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ABSTRACT

Climate change 15 expected to significantly increase the frequency of extreme events, with
storm events increasing by 21% for every -16.78 °C increase 1n ocean femperature, leading to
severe consequences such as floods, structural damage, and crop loss. Detecting and
understanding climate change through trend analysis 1s an emerging field. though many
uncertainties remaim. While many studies have focused on warming trends, studies on the
coldest years or decades, particularly regarding mimmum temperature ( Twin), are rare. Tmn 15
an important vanable in climate models, influencing human health, agnculture, and
biodiversity. This study aims to analyze and compare the trends of gndded Twin data at two
resolutions (12 = 1° observed and 0.5° x 0.5° interpolated) over the Indian state of West
Bengal (WB) from 1951 to 2022. Using Innovative Polygon Trend Analysis (IPTA), the study
examines seasonal, monthly, and decadal trends to understand past and predict future climatic
conditions. The findings reveal that the finer 0.5° resolution data gives more detaled results
compared to that of 1° resolution, particularly mn the central to southem regions of WB.
Although the decadal companson shows mummal differences. Division-wise statistical
analysis mdicates that trend length (TL) is more consistent than trend slope (TS), with mean
TL wielding more stable outputs. IPTA patterns for monthly and seasonal mean Twin are
identified as nearly identical across divisions, while sigmficant differences are observed i
the IPTA of monthly and seasonal standard deviations. This study highlights the persistent
Timin discrepancies between north and south Bengal, with finer resolutions suggesting more
advanced fluctuations. Recent trends show a higher magnitude of slope than historical
decades, emphasizing the increasing sensitivity to climate change. This research contnbutes
to understanding the spatiotemporal vanations of hydroclimatic vanables, offenng insights
for miigating the impacts of climate change on natural and human resources. Future studies
should focus on the broader implications of these changes on water resources, human health,
and overall climate resilience.
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Chapter 1
INTRODUCTION

In sustamnable development, changes in weather are considered critical factors, with their
impacts visible across vanous regions around the globe (Dioha and Eumar, 2020). Climate
change refers to long-term alterations in temperatures and weather patterns, largely driven by
human activities since the 1800s. The burning of fossil fuels such as coal, oil, and gas has
been a major contributor, releasing heat-trapping gases mto the atmosphere. This has led to
more frequent and severe droughts, storms, heat waves, nsing sea levels, melting glaciers,
and warmung oceans. These changes pose sigmficant risks to ecosystems, human livelihoods,
and the overall health of the planet. People must come together to find solutions to mitigate
climate change for a better future. Researchers worldwide have observed changes m
precipitation and air temperature patterns (Sharma and Ghosh, 2022). Recent global warming
and 1ts associated climate change impacts are expected to accelerate shifts in the averages of
hydro-meteorological vanables and increase their vanability. To address these challenges
effectively, objective methodologies should be employed to manage and control these
changes (Sen et al., 2019).

The mmpact of global warnung on climate change has been evident in every region of
the world. Some areas are expeniencing water scarcity, while others are facing floods, both of
which pose significant challenges to society. Consequenily, it 15 crucial to mmplement
measures based on predictive models to address these changes on a regional scale (National
Geographic Society, 2023). MNumerous researchers have conducted extensive studies
worldwide to examine climate change and its effects on key parameters such as temperature,
precipitation, water resources, and agriculture (Aktas, 2020). Global warming 1s a critical
1ssue that the world 1s currently struggling with, and 1ts effects are particularly severe 1 Indha,
where 1t poses sigmficant challenges to the nation's economy. The crucial concern anses from
the fact that a large portion of India's economy relies heavily on agnculture, making the
country vulnerable to the unpredictable situations created by nising temperatures (Mondal et
al., 2012). As global warming mtensifies, the type, frequency, and seventy of extreme events,
such as tropical droughts and heavy rainfall, are expected to mncrease, even with relatively
small rises 1n average temperature. Given these developments, trend analysis in climatology
has become essential.

1.1 What is trend analysis?

A trend 15 defined as a "long-term change in the mean level," which can occur gradually as a
trend or abruptly as a step change (Choudhan, 2016). Trend analysis 15 a highly effective
method for assessing the impacts of climate change on hydro-meteorological vanables. Many
hydro-climatic variables, including precipitation, temperature, streamflow discharge, wind
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speed, relative humidity, evaporation, and evapotranspiration. are inherently complex and
stochastic. While analyzing their trends can offer valuable msights into water resources and
meteorological sciences, the mherent charactenistics of these vanables necessitate speciahized
approaches for trend analysis. These methods must avoid restrictive assumptions, such as
normality, independence, and record length. As a result, the use of trend analysis with non-
parametric tests has become mncreasingly common.

Trend detection analysis holds a crucial role m the statistical examination of time series
data across various fields, including hydro-meteorology, economics, geophysics, quality
control, and similar studies. While temporal trends are often the primary focus, spatial trend
analysis 1s also significant, particularly in regional assessments within geology and
engineering. The nise of climate change and global warming has significantly increased the
application of trend analysis 1n hydro-meteorological time series, including variables such as
temperature, humidity, precipitation, evaporation, and streamflow (Sen et al., 2019). Notably,
trend analysis 1s particularly critical for temperature records compared to precipitation records
when evaluating the impacts of climate change (Hirca et al., 2021).

Since the pioneering works of Mann (1945) and Kendall (1975), which collectively
miroduced the classical Mann-Kendall (MEK) trend test, the number of studies focusing on
trend analysis has significantly increased. This traditional method has been widely applied in
vanous research efforts (Jamn and Kumar, 2012; Saboohi et al | 2012; Wagholikar et al , 2014;
Ehan et al., 2015 and 2017; Radhaknshnan et al., 2017; Rangarajan et al., 2017; Datta and
Das, 2019; Kundu and Mondal, 2019; Nengzouzam et al., 2019; Esit et al., 2022; Chowdan
et al, 2023; Halder et al., 2023; Singh et al., 2023; Patel et al., 2024). Additionally, many
studies have applied the MEK test with other modified approaches, such as Inmovative Trend
Amnalysis (ITA), Inverse Polygon Trend Analysis, and Innovative Polygon Trend Analysis
(IPTA). These advanced techmiques have been utilized to analyze various meteorological
vanables across multiple weather events and locations worldwide.

1.2 Classifications of meteorological substances

When conducting trend analysis in meteorology, various classifications of meteorological
events are commonly employed. These classifications are essential for identifying patterns,
understanding trends, and predicting future events. Some of the key classifications include:

1.2.1 Extreme Weather Events
These include events such as hurricanes, tornadoes, heat waves, and heavy ramfall, which
are frequently analyzed to assess theirr frequency, intensity, and impact over time
(Radovic and Iglesias, 2019).

1.2.2 Hydro-meteorclogical Events
This category encompasses events related to water and weather, including floods,

droughts, and storms. Trend analysis in this area 15 essential for effective water resource
management and disaster preparedness (Almazrow and Sen, 2020).



1.2.3 Seasonal Variahility

Analyzing seasonal patterns, such as monsoons and dry seasons, 1s crucial for agricultural
planming and water resource management (Thakur et al., 2022).

1.2.4 Morphological Weather Classifications

These classifications are used for general climatic descriptions and have applications in bio-
meteorological studies, including climate therapy for spa resorts and agricultural climatology
(Piotrowicz and Ciaranak, 2020).

1.2.5 Temperature and Precipitation Trends

Temperature and precipitation are the most fundamental and widely analyzed meteorological
variables. Understanding trends in these vanables is crucial for climate change research
(Shea, 2014). Among vanous meteorological events, researchers prmanly focus on
temperature and precipitation trends. In preciprtation trend analysis, several types are
typically considered, each with distinct characteristics and implications for climate studies.
These types include:

* Rain

*  Snow

* Hal

*  Sleet

* Freezing rain
To analyze these types of precipitation, various statistical methods are employed., such as:

* Linear Regression
* Mann-Kendall (MEK) Test
* Sen’s Slope Estimator

These methods are essential for understanding how precipitation patterns are evolving over
time, which 1s crucial for climate modeling and forecasting future chimate scenarios. Research
on precipitation trends 1s more extensive compared to temperature trends.

Temperature trend analysis generally focuses on two key types:

# Maximum Temperature: Ty, represents the highest temperature recorded at a location
dunng a specific penod, typically measured during the day or early afternoon when the
sun is at its peak. T 1s recorded in degrees Celsius (°C) or degrees Fahrenhest (°F).
Factors mfluencing Time include: Latitude, Altitude, Proximity to water bodies, and Cloud
cover.

# Minimum Temperature: Twn 15 the lowest temperature recorded at a location during a
specific penod, typically measured in the early morning or late night when the sun 1s at
its lowest. Tmm 15 recorded in degrees Celsms (°C) or Fahrenheit (°F). The factors
mfluencing T also affect T However, T 15 particularly relevant to human health,
agriculture, and biodiversity. It represents the temperature of the coldest day in a given
period, such as a year, season, or month. As part of the Cold Spell and Frost Hazard
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categories within the Heat and Cold classification, a lower Tun value indicates colder
temperatures, which can increase cold stress on both people and the environment (Rao,
2024). Climate change could cause a substantial increase m extreme storms. For every -
16.78 °C (1.8 °F) nise in ocean temperatures, 21% more storms form, the researchers
found. More storms mean more flooding. more stmuctural damage, more crop damage and
so on unless mitigating measures are implemented (NASA Science Editonial Team, 2024).
That 15 why, Tmin 15 a crucial parameter for trend analysis and future climate predictions.

Analyzing trends over large areas requires both collected (measured) and calculated (gndded)

data. The difference between measured and gndded temperature data can be substantial,

particularly in regions with complex terram or varying elevations. Key points to consider
mchude:

<+ Measured Temperature Data: This data 1s gathered directly from weather stations or
sensors at specific locations, offering accurate temperature readings for those precise
ponts.

*+ Gridded Temperature Data: This data 1s generated by averaging measurements over a
larger spatial area, resulting i a grid of temperature values. Whle 1t 1s valuable for large-
scale climate studies, 1t may not accurately capture local vaniations.

++ Differences and Challenges:

s Elevation Effects: Gridded datasets may not accurately reflect temperature changes
with elevation (Tercek et al., 2021).

s Heatwave Definitions: There can be discrepancies mn how exireme heat events are
represented in different gndded datasets, especially in tropical regions (Coughlan de
Perez et al, 2023).

» Data Aggregation: Gridded data aggregates pomnt-level measurements, which can
lead to differences 1n the distribution and behavior of temperature data (Director and
Bornn. 2015).

Understanding these differences i1s crucial for accurate climate modeling and ecological

studies.

1.3 Classification of climatological factors

Climatology 1s the study of climate and 1ts vanations, focusing on long-term weather patterns
over time and space and the factors that create Earth's diverse climatic conditions. Observed
climatic pattems are categorized mto regions that form the basis of climate classification. Also
known as climate science, climatology examines the Earth's climate, typically defined as
weather conditions averaged over at least 30 years. It 1s a branch of atmospheric sciences and
a subfield of physical geography, which falls under Earth sciences.

This field considers vanous elements such as atmospheric pressure, wind, and
precipitation, which interact to shape the weather of a particular place. Consequently, a
location's weather and climate mfluence daily aspects like clothing choices, food, and living
conditions. To clanfy commonly used terms: Weather refers to the temporary atmosphenc
conditions at a specific location, resulting from the interaction of factors like temperature,



pressure, and humidity. Climate represents the average weather conditions over a large area
across several years. The factors (Mamishsiq, 2023) influence by climate include:

1.3.1 Latitude

Places at lower latitudes are generally warmer than those at higher latitudes. This 1s because
the sun’s rays strike the equator more directly, while they hit the temperate and polar regions
at a more oblique angle.

1.3.2 Altitude

The Earth's atmosphere primanly receives heat from terrestrial radiation. The air near the
surface absorbs more heat than the upper layers of the atmosphere. On average, temperature
decreases by about 1°C for every vertical nse of 165 meters. Therefore, as altitude increases,

temperature generally decreases.
1.3.3 Distance from the Sea

Water has a high specific heat capacity, meaning it heats up and cools down more slowly than
land. This results in a moderating effect in coastal areas due to the presence of the sea. As a
result, coastal regions expenience a reduced daily temperature range and increased hummdity
compared to inland areas.

1.3.4 Nature of the Prevailing Winds

On-shore winds, which blow from the sea toward the land, carry moisture and can lead to
rainfall in the areas they pass over. In contrast, off-shore winds, which blow from the land
toward the sea, are typically dry, facilitate evaporation, and do not generally cause
precipitation.

1.3.5 Cloud Cover

Cloudless areas receive more direct insolation and expenence faster escape of terrestrial heat.
As a result, sunny regions often have a high dumnal temperature range, meaming there 1s a
sigmificant difference between daytime and mghttime temperatures. In contrast, cloudy areas
tend to have a lower diumal temperature range due to the cloud cover's insulating effect,
which helps retain heat and reduces temperature fluctuations.

1.3.6 Ocean Currents

Warm ocean currents increase coastal temperatures and add moisture to the air, which can
lead to precipitation. Conversely, cold ocean cumrents lower coastal temperatures and reduce
the air's moisture-carrying capacity. Onshore winds that pass over the ocean can either raise
or lower the temperature of the mtenior, depending on the temperature of the ocean current

they oniginate from.



1.3.7 Mountain Ranges

Mountain ranges serve as natural windbreaks. Moisture-laden winds ascending along the
mountams can lead to sigmficant ramnfall on the windward side. However, as the wind
descends on the leeward side, it becomes dner and results in much less precipitation.
Additionally, mountain ranges help moderate extreme temperatures by blocking very cold or
hot winds. When a mountain range runs parallel to the prevailing wind direction, it typically
results in minimal rainfall, as seen with the Aravalli Range.

1.3.8 Nature of Scil and Vegetation Cover

Rocky or sandy soils are effective conductors of heat, while black soil absorbs heat more
quickly. Bare surfaces of the Earth radiate heat rapidly, resulting in a ligher dmmal
temperature range compared to areas with vegetative cover. Forests, through the process of
transpiration, release moisture mto the air, which can contribute to precipitation.

1.3.9 Slope

Heat concentration i1s higher on gentler slopes. such as in plains, which raises the air
temperature in these areas. Conversely, steeper slopes have lower heat concentrations, leading
to reduced temperatures.

Climate classifications provide a simplified way to understand the typical conditions a
region experiences throughout the year Instead of descnibing the full range of conditions
observed each month or season, a classification scheme uses just two or three terms to convey
the expected climate charactenistics.

Climate change 1s an mcreasmngly senous issue that requires effective understanding
and the implementation of appropmate adaptation and mitigation strategies. Accurate
assessment of climate change 1s crucial for selecting the best strategies. There are vanious
trend analysis techniques available for this purpose, but the field 1s still evolving, and many
uncertainties remain in climate change assessment and prediction. Therefore, continued
research 1s essential to achieve more precise and reliable climate change assessments.



Chapter 2

OBJECTIVES

The main objective of this research 1s to compare and analyze the trend of mimimum
temperature (Tmin) data of different resolutions over West Bengal (WB). The results will not
only help to understand the past climatic conditions, timing and seventy of extreme events,
but also support to forecast the future climatic conditions, extreme events and their sevenity.
Stepwise sub-objectives of this thesis are mentioned below:

To utilize the higher resolution data for trend analysis.

To compare the trends using different resolutions.

To deternune the patterns using a decade wise analysis.

To conduct the monthly and seasonal analysis for T

To evaluate the trend statistics to understand the nature of the trend.
To visualize the spatial vaniation for Tin.
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Chapter 3
LITERATURE SURVEY

The primary goal of this chapter 1s to conduct a thorough literature review of previous climate
change trend analysis studies. This review aims to identify the pattemns of change in
meteorological data, with a particular focus on mimmum temperature (T, trends m West
Bengal (WB). in relation to varying resolutions of gridded data. This chapter presents studies
from the past 12 years that have focused on modified interpolation methods and updated trend
analysis applied to temperature and rainfall data worldwide. Brief descriptions of these studies
are given below:

3.1 Literature Review

Jain and Kumar (2012) analyzed trends in ramfall and temperature across India. Their
research mghlighted the importance of understanding the spatial and temporal distnibution, as
well as the changing trends in ramfall, across 22 nver basins for effective water resource
planning and management. Their study showed an increase in the annual rainfall trend in six
river basins in India ranging from 0.27 to 10.16 mm, and a decrease in 15 river basins ranging
from 045 to 4.93 mm.

Further investigations of rainy days revealed a nsing trend i four niver basins, wlile
fifteen miver basins showed a declimng trend. Seasonal analysis indicated that rainfall
mcreased i mine river basins duning the pre-monsoon season (with four basins expenencing
more rainy days), six basins dunng the monsoon season (with four basins also having more
rainy days), 13 basins i the post-monsoon season (with four basins showing an mcrease in
rainy days), and 18 basins duning the winter season. According to the study, rainfall decreased
m 13 river basins before the monsoon, 16 river basins durning the monsoon, and eight nver
basins after the monsoon, some of which were major and water-deficient basins.

Furthermore, the majority of the basins did not show any significant increasmg or
decreasing trend in seasonal ramnfall and rainy days. The lack of significant change in the
number of rainy days indicated no clear evidence of major changes m ramnfall mntensities.
However, the temperature data exlibited nearly consistent nising trends, although the behavior
Of Tinax and Toin varied across different locations.

Another observation was that most of the data used for trend detection came from
stations located in urban areas, which act as heat 1slands. Therefore, using this data might not
accurately reflect reality. Consequently, the study concluded that there 1s a need for an
mtegrated nationwide program for change detection, impact assessment, and adoption of
mitigation strategies.



Saboohi et al. (2012) conducted a trend analysis of long-term annual and monthly trends n
mean maximum, mean minimum, and mean temperature at 35 synoptic stations in Iran using
the Mann- Kendall (MEK) test.

The analysis revealed sigmficant trends in the monthly mean maximum temperature
(Twax) time senes dunng spring, summer, and autumn at most of the stations i Iran
Additionally, 1t was found that the mean annual Twaex exhibited sigmificant positive trends at
34% of the stations. The results of the MEK test for the annual and monthly mean Ty time
series revealed that most of the stations 1n Iran exhibited an mcreasing trend. Although the
strongest trends were observed in November and December, the most significant trends
occurred in summer. Only two stations i the west and northwest regions of Iran exhibited
significant negative trends m annual mean nmuinimum temperature, while the 21 stations
showed significant positive trends.

The ME test results for mean temperature showed no sigmficant positive trends in
March, but widespread significant positive trends in August. Significant positive trends were
particularly evident during the summer and autumn months in the northwest and northeast, as
well as in some regions in the center, southwest, and southeast. Approximately 46% of the
stations n Iran exhibited a sigmificant positive trend 1 the mean anmal temperature time

SETIES.

Sen (2012) established the method of Innovative Trend Analysis (ITA). As the MK test,
Spearman’s Rho (SR test and Regression methodology were the only methods available for
calculating trend magnitude, and 1t requires assumptions for theoretical validation 1n real-
world applications. This research has introduced a new methodology using subsection time
series graphs on a Cartesian coordmnate system. In this illustration, trend-free time series
subsections appear along a 45° straight line.

The proposed methodology was applied to several yearly nunoff and rainfall series from
Turkey, as well as annual Danube River flows. The validity of the methodology was illustrated
by means of Monte-Carlo simulations applied to the annual munoff, precipitation, and Danube
Raver flows i Turkey. The first quadrant of the Cartesian coordinate system was where the
increasing fendencies in the time senes place them, according to the results.

Furthermore, the segmentation of the 1:1 line scatter method into three clusters (low,
medium, and high) provided mnsight into the mntemal trend structure of the time senes under
consideration. The trend magmtude decreases as the cluster of points approaches the 1:1 line.
If a straight line 1s parallel to the 1:1 line, the time senes has a monotonic trend. Otherwise,
there are many trends or trend-free parts.

This new approach avoids all of the aforementioned assumptions in the MK and SR
tests, and it also allows for the calculation of trend magnitude using square area plots. This
methodology was applied to a vaniety of precipitation and runoff time senies from around the
world.

Pai et al. (2014) developed a new high spatial resolution (0.25° = 0.25%) dataset of daily
gridded ramfall covering a long period of 110 years (1901-2010) over India. This dataset was
compared with existing datasets covenng the Indian mamland. The study compared the newly
developed IMD4 dataset with four other existing daily gndded rainfall datasets that vaned in
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spatial resolutions and time periods. To prepare the new gridded dataset, daily ramnfall records
from 6955 ramn gauge stations across India were utilized.

The gridded dataset was created after performing quality control of the basic ramn gauge
stations. The comparison of IMD4 with other datasets indicated that the climatological and
varability features of ramnfall over India denved from IMD4 were similar to those of the
existing gndded daly ranfall datasets. Additionally, the study observed that the spatial
distribution of ramfall, such as heavy rainfall areas in the orographic regions of the west coast
and over the northeast, as well as low rainfall in the leeward side of the Western Ghats, was
more realistic and accurately represented 1n IMD<.

To prepare the gridded data for each day of the study peniod, an average of about 3500
stations, ranging from 1450 to 3900, were used. Before interpolating the Ty, data onto fixed
spatial gnid points, vanious standard quality checking tests were apphed to the data. For
mterpolation, the study employed the IDW interpolation method proposed by Shepard (1968),
which was also used for the preparation of IMD1, IMD?2, and IMD3. For the period 1901-
2010, the all India annual and southwest monsoon season mean rainfalls were computed using
IMD4 as 3.09 mmm/day and 6.99 mm/day, respectively, with standard deviations of 0.27
mm/day and 0 66 mm/day, respectively.

The study compared the interannual vanation of all India's southwest monsoon season
ramnfall denved from vanous gndded datasets. It was observed that the large-scale
climatological features in the mean annual rainfall and the seasonal mean ramfall patterns
dunng each of the four seasons were nearly similar in all the datasets. The zone of higher
rainfall areas along the west coast was narrower in the higher resolution datasets compared to
that 1n IMD1 and IMD2. The mean annual cycle of all India ramnfall in all the datasets was
also identical, with a peak during the middle of the monsoon season and a nunimum during
the winter season.

The all India mean annual ramnfall was lughest in IMD1 (3.21 mm/day) and lowest in
APHRO (2.68 mm/day) for northem parts of Uttarakhand, northern parts of the east coast,
Sikkim, and Arunachal Pradesh, with IMD4 being dner than the former value by about 4%
and wetter than the latter value by about 13%. It was also observed that the highest 10 rainfall
vears and lowest 10 rainfall vears 1n the time senes of both IMD4 and IMD _OP (operational
time series of all India) were nearly the same except for differences in rank.

The study concluded that updating this IMD dataset i real-time could be used for
important operational services such as real-time drought momtoring at various spatial and
temporal scales, flood forecasting, stream flow forecasting, etc.

Wagholikar et al. (2014) investigated trends in seasonal temperatures across India using a
high-resolution daily gridded dataset prepared by the IMD for the period 1969-2005. The
study utihized IMD's high-resolution (1° x 1%) daily gndded data to analyze trends in
maximum, mummum, and mean temperatures over the Indian landmass dunng the winter
(January and February). pre-monsoon (March-May), southwest monsoon (June-September),
and post-monsoon {(October-December) seasons.

The Ty over India's west coast has shown an upward trend dunng the winter,
southwest monsoon, and post-monsoon seasons, while there has been no decreasing trend 1n
maximum temperatures across the rest of the region. On the other hand, T has been nising
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in North Indian states throughout the year, as well as on the west coast of India dunng the
winter and southwest monsoon seasons.

It was observed that mean temperatures on India's west coast showed a nsing trend
dunng the winter and southwest monsoon seasons. Conversely, the temperature range 1n
North India decreased across all seasons due to an increase i Tmin. Dunng the pre-monsoon,
southwest monsoon, and post-monsoon seasons, certamn areas of India's west coast and
southern states expenienced an increase in temperature range. North and northeast Indian
states showed a declining trend in temperature range, with no sigmificant increase in
maximum temperature but a substantial mcrease in minimum temperature.

These observations mndicated that nising Twin led to a decrease in temperature range. In
summary, mean maximum and mean temperatures over the west coast of India and southern
Indian states showed an increasing tendency duning the winter, southwest monsoon, and post-
monsoon seasons. Additionally, 1t was noted that the average T in north Indian states was
higher than that in south Indian states.

Khan et al. (2015) examined the long-term (1941-2010) vanability of temperature trends and
changes in surface air temperature at the Kolkata weather observatory in WB, India. The
impact of climate change on annual air temperature has been a crucial pomnt for climate
scientists globally. Air temperature 15 a key component of climate parameters and 1s
commonly monitored as an imtial step in comprehending climate varability and change.

The MK test 1s commonly paired with Theil-Sen's robust estimate of linear trends to
analyze trends. This approach allows for the identification of general increasing and declining
trends with varying degrees of significance. The analysis of monthly and seasonal
temperatures indicated a warming tendency in both the annual and seasonal datasets.

The findings showed that the average temperature decreased for four months-JTanuary,
February, March, and December while increasing for the other eight months. The warming
trend for the summer and winter seasons was statistically significant, with rates of mcrease at
0.034°C and 0.032°C per year, respectively. Overall, both monthly and seasonally efficient
time series displayed positive trends.

The study concluded that the Kolkata weather observatory 1s situated in a rapadly
urbamzing area. Temperature trends could sigmificantly impact human existence and
urbamzation in this region, with climate vanabality potentially contributing to long-term
temperature mcreases.

Khan et al. (2017) conducted a study on air temperature vanability and trend analysis using
non-parametric tests at the Kolkata observatory in WB, India. Like their earlier research, this
study found a decreasmg trend in average temperature for January, February, March, and
December, while the other eight months showed an increasing trend. Furthermore, the study
highlighted that most trends, both seasonal and monthly, pointed towards rising temperatures
during the monsoon and post-monsoon peniods.

Over the past 70 years (1941-2010), 1t has been observed that winter temperatures have
increased more than summer temperatures. The most sigmificant temperature nse occurred
December and Febmary, followed by November and October. In Kolkata, the highest increase
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i mean temperature during this period was recorded in the post-monsoon or colder months
of November and December, with a nise of 0.9°C.

The warming trend has been evident throughout the vear but 1s more pronounced i the
post-monsoon and winter months. This trend could lead to a reduction in the amount of solar
radiation reaching the Earth's surface, resulting m less warmth dunng the pre-monsoon or
summer months compared to the post-monsoon and winter months.

Radhakrishnan et al. (2017) analyzed the climate trends of annual and seasonal mean
rainfall and temperature in India from 1901 to 2014. The study evaluated the long-term trends
of rainfall and temperature using linear regression and the ME test, with the magmtude of the
trend assessed by Sen's Slope.

Following the analysis, 1t 1s evident that 64.5% of the states in India exhibited an
mcreasing trend in mean winter temperatures. Only one state out of 31 showed a statistically
significant negative trend. For summer and monsoon seasons, 10 and 16 states, respectively,
displayed an increasing trend in mean temperature. Duning the post-monsoon season, all states
showed a rising trend 1n mean temperature, with 95% of states showing an mcrease, one state
showing a decrease, and no trend observed for Punjab (2 5% state).

Over the last 30 years (1985-2014), both anmual and summer ramnfall significantly
decreased, while seasonal temperature nearly doubled compared to the monsoon season. The
anmual mean temperature increased by 0.86°C from the first two decades to the last two
decades.

Temperature and rainfall are crucial climate variables that impact people's livelihoods,
particularly those dependent on agriculture and related fields. This study concludes that India
15 susceptible to climate vanability, and climate change is likely to worsen these conditions.

Rangarajan et al. (2017) conducted a trend analysis of temperature using nonparametric tests
m Commbatore, Tamil Nadu, India. The study applied well-established nonparametric tests
such as the MK test, Sen's slope, and Petiitt's test to detenmine the nature of trends and detect
change points in the T and Twin of the city from 1902 to 2002.

The trend analysis using the MEK test and Sen's slope revealed a positive trend in both
minimum and maximum temperature series between 1902 and 2002. From 1902 to 1950, an
msignificant trend was observed, but a significant nsing trend was evident from 1941 to 2002.
The Sen's slope values further supported the temperature increase after 1940.

Additionally, the analysis confirmed an mcreasing trend in both Tinex and T m all
months and seasons post-1950. The study concluded that this temperature increase could alter
the hydrological cycle, ultimately impacting crop production and agnicultural activities.

Datta and Das (2019) conducted an analysis of the long-term (1901-2002) seasonal and
anmual temperature trends in North Bengal, India. The study area has expenenced substantial
changes in its natural landscape over the past century due to factors such as resource
exploitation, population growth, and agncultural expansion.

The study focuses on analyzing long-term trends in Ty, and Ty 1n six northern distnicts
of WB, collectively known as North Bengal Using the non-parametric MK test and Theil-
Sen's slope estimator, the study identified warming trends i both T and Tmn With the
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exception of the monsoon season, most distnicts exhibited a sigmificant wamung trend.
Speafically, dunng the post-monsoon and winter seasons, there was sigmificant warmung of
both Tz and Twin compared to the monsoon and pre-monsoon seasons. This suggests that the
nising temperatures durning the post-monsoon and winter months primanly contnbute to the
overall annual warming trend.

Malda experienced the most significant increase i both Tnex and Tiwin duning the post-
monsoon and winter seasons. In the region, Tun Were mcreasing at a faster rate than Tinax,
except during the post-monsoon season. Sequential MK tests revealed penodic fluctuations
in trends, especially dunng the pre-monsoon and monsoon seasons.

These findings align with previous broader-scale studies, although differences may anise
due to regional vanations m the climate system or the use of different trend-detection
methods. The results of this study provide important evidence of wanming trends over the
20th century, which can inform adaptation and mitigation strategies.

Kundu and Mondal (2019) conducted a study on the long-term (1901-2002) annual and
seasonal rainfall trends, as well as change pomts, i WB, India. They analyzed monthly
rainfall data from 18 ranfall stations. The study utilized several methods including the WME
test, Theil-Sen's slope estimator, trend-free pre-whitening method, percentage change over
mean ramnfall, Pettitt-Mann-Whitney test, and standard normal homogeneity test to identify
rainfall trends and change points.

In the northern and western parts of WB, all rainfall stations exhibit decreasing trends,
with significant decreases noted in Uttar Dinajpur, Malda, and Birbhum for annual rainfall.
Conversely, the southern part of the state shows a sigmficant positive Z value of the MK test
for annual and monsoon rainfall, with post-monsoon rainfall mcreasing significantly, except
in Jalpaigun and Darjeching.

Pre-monsocon rainfall in WB does not sigmficantly decrease, while eight raimnfall stations
in the western and southem regions of the state demonstrate a significant increase in post-
monsoon ranfall Winter ramnfall in West Bengal has not decreased sigmificantly, except for
four stations in the south.

However, posi-change pomi. there was a decrease in the south but an increase in the
north and west. This research focuses on regional vanables such as topographical variances,
agricultural land use, urbanization, aerosol emmissions, and deforestation to mvestigate rainfall
changes 11 WB. The results could support further research on intra-regional hydrological
modeling for livelihood sustanability and improve agricultural planning, regional crop-water
management, and rainwater harvesting strategies.

Malik et al. (2019) examined the spatial-temporal trend analysis of seasonal and annual
rainfall (1966—2015) using the ITA method with a sigmificance test at 13 stations located
the central Himalayan region of the Uttarakhand State of India.

The ITA results were compared to the MK test at a sigmificance level of 5%. The
companson's findings showed that ITA (sigmficantly positive mm 19 ttme senes and
substantially negative in 32 time senies) can successfully identify the trend that the MK test
(s1igmficantly positive in 3 time senes and significantly negative in 6 time senes) found.
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The ITA method discovered sigmficant trends 1n seasonal and annual rainfall senes that
the MK method mussed. This would help accurately analyze ludden vanations in ramnfall
trends in the research region. The companson results showed that the ITA approach exceeded
the MK method. The ITA approach graphically illustrates data on a Cartesian coordinate
system, allowing for additional mterpretations through visual mspection (Sen, 2017).

Furthermore, the ITA approach has several benefiis, including being easy to understand
and calculate, and not relying on distnbution assumptions, serial correlation, or seasonal
cycles. The study found that the ITA method outperformed the MK test in identifying hidden
trends in seasonal and yearly rainfall time series data for the study region.

The spatial maps created will assist citizens and water management in understanding
the hazards and vulnerabilities associated with climate change caused by human activity in
the region.

Nengzouzam et al. (2019) conducted a detailed analysis of spatial and temporal trends in
Tmax and T across India using high-resolution gridded temperature data. Covening the
period from 1969 to 2005, the study utilized daily data with a spatial resolution of 12 = 12
They applied the MK non-parametric test at significance levels of 1%, 5%, and 10% to
wdentify trends. Their companison of gndded data with station data revealed that more than
130 stations exhibited estimations that were nearly perfect for both T and Tiwin.

This study amms to explain the spatio-temporal vanations m daily Twmex and Twn,
mcluding their dinmal range, across India. [t examines the monthly and annual temporal
trends of these temperatures and analyzes the spatial patterns of these trends. The results
mdicate significant decreasing trends in Tmax across the entire Indo-Gangetic plains, extending
up to the north-eastern region. In contrast, the southem region 15 experiencing warming
trends.

Regionally, the Southem region exhibited consistent increasing trends in all three
parameters, while Odisha, Chhattisgarh, and Jamnmu and Kashmir experienced decreasing
trends. On a seasonal scale, the pre-monsoon and monsoon months (April through October,
excluding August) primanly showed no clear trends in all three parameters, with occasional
patches of slight increases 1n a few months.

The results also showed that the months from November through March, excluding
January, were predominantly expenencing warming trends. Furthermore, the most significant
decreasing trends were observed durnng the dner part of the year (January to May), while the
most significant increasing trends were reported dunng wetter days (June to December).

Moreover, the higher Sen Slope value for the yearly maximum increase in T indicated
a steeper mcrease N Tum compared t0 Tax.

Sen et al. (2019) discussed the basic concepts of Innovative Polygon Trend Analysis (IPTA)
and its application. The paper explained a non-parametric approach to smmphfy the
methodology and avoid most difficulties.

This approach not only identifies trends in a given senes but also detects trend
transitions between successive sections of two equal segments from the onginal hydro-
meteorological time senies, resulting 1n a trend polygon. This polygon serves as a useful basis

14



for detailed interpretation, including linguistic and numerical interpolations and inferences,
from the time senes.

In this study, the IPTA method was applied to analyze three hydro-meteorological
records from diverse locations worldwide (New Jersey, USA; Danube River, Romama; and
Goksu River, Turkey) in terms of precipitation and runoff. The paper provided practical IPTA
templates that offer valuable lingmstic and mumernical information, mcluding trends between
successive months, their slopes and lengths, monthly amounts, homogeneities, 1sotropies, and
other relevant data.

Achite et al. (2021) utilized the IPTA techmque to discover precipitation trends at seven sites
sttuated in the Wadi Sly basin, Algeria, which was spanmng with a half-century (1968-2018)
data. The study emphasizes the importance of analyzing fiture changes in precipitation data
due to climate variability and its impact on water resources, agriculture, and ecosystems.

The IPTA method was introduced as a novel approach for detectng trends m
precipitation data, offering a simple qualitative method for trend amalysis. This study
compares the results of the IPTA method with traditional trend analysis methods such as the
MEK test and Sen’s slope estimator, highlighting the effectiveness and agreement between
these approaches.

The findings suggest that the IPTA method can be used for preliminary trend analysis
of monthly precipitation data, indicating its potential utility m assessing climate change
impacts on precipitation pattems.

The study mghlighted the importance of paymng attention to flood nsk management
during stormy seasons and drought risk management in transitional seasons based on the
observed precipitation trends in the study area of Algenia. There was good agreement across
all approaches when companng the trend analysis results from the IPTA method with the other
assessed tests. This demonstrates that monthly precpitation trends can be preliminary
analyzed using the IPTA approach.

Ceribasi et al. (2021) analyzed temperature data from the Susurluk Basm, Turkey, using the
IPTA and the trend polygon star concept methods. These techmques were applied to monthly
average temperature data spanming 22 years (1996-2017). The study generated IPTA and
Trend Polygon Star Concept visualizations and calculated trend slopes and lengths of the
temperature data.

The study computed monthly average temperature data for each station. The graphs they
generated represent the distance between two months, divided mto four sections, and were
examined for each station. However, the anithmetic means and std of Bandirma Station did
not display a regular polygon in IPTA.

The analysis of the arithmetic mean indicated a nsing trend in most months. The graph
of Bandirma Station's anthmetic average, constructed using the Trend Polygon Star Concept
Method, showed a shift between two months 1n the first and third regions. The standard
dewiation (std) graph revealed two-month transitions across all four locations.

In conclusion, a more comprehensive trend analysis of a hydro-meteorological
parameter (such as precipitation, hummdity, or snow) can be achieved by utilizing both the
methods emploved 1n this study.
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Hirca et al. (2021) imnvestigated the listonical vanations of hydroclimatic vanables and
changes in water resources within the water cycle of eight measunng stations in the Eastern
Black Sea Basin (EBSB). This basin, situated on the northeast coast of Turkey, receives one
of the highest significant amounts of annual precipitation and possesses considerable
hydroelectnc potential. The study had two main objectives: (1) Investigating poteniial
changes in monthly precipitation and (2) Companng the outcomes obtained using a traditional
trend analysis method, the MK method, with one of the latest trend analysis methods
described 1n the literature, IPTA

The methods were applied to 56 years of precipitation data. A comparison of the trend
analysis results obtained by IPTA and MEK revealed a significant discrepancy m the number
of months with detected trends. IPTA was found to be relatively more sensitive in identifying
trends.

The main reason for this discrepancy was that IPTA 1s more sensitive than MK in
determuming trends. Additionally, the polygons formed by the mean IPTA graphs were
narrower and relatively smoother compared to the standard dewviation graphs. Specifically,
IPTA and ME identified trends m approximately 8125% and 12 5% of all months,
respectively. The polygons developed by IPTA for the mean and standard deviation graphs
provided a vearly cycle, offening valuable information for water utility sectors and decision-
makers in the study area.

The study's findings significantly contributed to the broader research endeavour aimed
at understanding spatiotemporal vanations of hydroclimatic vanables worldwide. This
research not only enhances our understanding of changes 1n the water cycle but also helps
assess the impacts of climate change. The IPTA graphics suggest a need to examine the
parameters that influence precipitation durmg relevant peniods. This study 15 crucial for
understanding the complexity of precipitation patterns and the reasons belund abrupt
transitions between successive months.

San et al. (2021) explained the applications of IPTA for rainfall data in Vietnam. Among the
approaches highlighted was the IPTA, denved from the ITA, which stands out for its
assumption-free nature. This study seeks to compare the methodologies of IPTA, ITA,
Significance Test, and MK test.

They analyzed monthly ramnfall trends at 15 stations in Vietnam's Vu Gia-Thu Bon River
Basin using data from 1979 to 2016. After verifying the homogeneity of the data, five stations
were excluded from the study. Consequently, for the remaining 10 stations, they employed
the MK method, ITA with a Sigmficance Test, and IPTA.

This research revealed a significant increase in rainfall in March and a decrease in June
at nearly all stations. The IPTA, ITA. and MK tests identified pattems 1n 88%, 93%, and 26%
of all months, respectively. Both IPTA and ITA demonstrated higher sensitivity in detecting
trends.

The ITA and TPTA showed mcreasing trends, except in May, June, and Ociober
Additionally, in most stations, the polygons nesting around the global regression line
mndicated a natural equulibrium 1 the mean graph. The IPTA graphics highlighted October as
a trend conversion point for all stations. According to IPTA, the lack of a trend slope in the
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MK test and the general trends identified by ME and ITA were significant drawbacks. In
conclusion, IPTA offers both quantitative and qualitative mterpretations of penodicity,
sequential behavior, and temporal intemal vanability.

Acar et al. (2022) explained the application of IPTA with star graphs to analyze rainfall and
temperature data from mne selected stations i agncultural regmons of Turkey, using 52 vears
(1969 to 2020) of data provided by the Meteorological Service. The analysis showed no
pattemn in approximately 96% of the monthly rainfall mstances according to the MK test.
However, both innovative approaches indicated that almost all stations exhibited a tendency
to increase around November (and September). Regarding temperature, the data revealed
either an increasing tendency or no trend overall. Except for Aprl, the innovative approaches
showed growing patterns throughout the year.

In recent decades, temperatures have experienced significant increases year-round
across all locations. Furthermore, utilizing IPTA, 1t was discemned that all agncultural regions
exhibit a persistent and rather complex seasonal intemal vanability of ramfall over the entire
period, including the last 30 vears.

The findings mndicate that crop productivity was adversely affected at all stations,
necessitating additional imigation due to mregular variations in rainfall and nsing
temperatures. Ramnfall often increases in winter, summer, and autumn, bui decreases in the
spring. Moreover, the companson of trend methods revealed that mnovative approaches
placed a strong emphasis on trend identification and provided further msights through visual
analysis of trend behaviors. This study examines the impact of climate change on agricultural
crop yield by analyzing meteorological data.

Esit (2022) presented the new graphical method IPTA, MK, and ITA with significance tests
on monthly and annual hydrometeorological data for Ankara province in Turkey. The study
mainly focused on monitoring hydrometeorological trends, crucial due to climate change. ITA
with sigmificance tests and IPTA both are introduced as new methods for trend analysis.

Traditional method like the MK test was compared with ITA and IPTA for monthly and
annual hydrometeorological data in the Ankara region. Sequential Mamnn-Kendall (SQ-MEK),
CUSUM (or cumulative sum control chart), and Standard Normal Homogeneity Test (SNHT)
were also used to detect abrupt changes in the data.

These results showed that IPTA and ITA with significance tests are more sensitive than
the MK test, which has the lowest in the evapotranspiration senies and the highest in the
precipitation senies. Furthermore, because of the increased trends. three techmaques are useful
for identifying patterns 1n evapotranspiration series. As a result, the MK test 15 unable to
identify time series’ hidden trends, particularly in precipitation data. Consequently, the ITA
and IPTA graphical approaches successfully capture the underlying trend 1n precipitation.

Sharma and Ghosh (2022) conducted a temporal trend analysis of monthly climate data,
including T, Tmin, and ramfall, using the IPTA method for the Hardwar district in the
western part of Uttarakhand, India, over a 40-year period from 1981 to 2020.

As a result of this analysis, IPTA graphics were generated for the study area,
incorporating TL and TS evaluations for the monthly parameters. It was observed that, on a
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monthly scale, no single or regular polygon was formed in the IPTA graphics for average
mimmum temperature and rainfall, indicating thewr lack of homogeneous and isotropic
behavior.

In the case of average Timax, a regular and single polygon appearance was observed in
IPTA graphics, indicating homogeneous and isotropic behavior An increasing trend was
noticed 1n Tmi data for all monthly points, whereas for T and rainfall, there was both an
mcreasing and decreasing trend observed for different monthly points. The length and slope
of the trend provided insights into the vanation during the months. This study suggested that
the IPTA method could be applied to other meteorological parameters, which could be
beneficial for vanous applications related to water supply and agncultural activities in the
future.

Chowdari et al. (2023) applied ITA on seasonal and annual rainfall derived from monthly
datasets spanning 102 years (1901-2002) for 11 districts of the semi-and of Karnataka, India.
The two-step homogeneity test was applied to all time senies. Then, lag-1 autocormrelation was
applied solely to homogenous time series.

Only 78.18% of time series data were homogeneous, whereas 95.35% had no
significant autocorrelation. The ITA approach was used for 43 homogeneous ramnfall time
series, 41 MK and SR tests, and two modified MK tests. The MK and SR tests showed a
significant trend in 14.63% of the data.

The MK and SR experiments found substantial trends 1 two districts' winter and post-
monsoon season precipitation, but only one district's summer and annual ramnfall. No trend
was found in monsoon season precipitation. The modified MK test demonstrated a posttive
trend dunng the post-monsoon season in one area.

The ITA approach revealed sigmficant trends for all seasons in the majonty of districts.
Out of all the distnicts studied for obscure trend analysis, the distnict of Belagavi expenenced
the highest increasing trend magnitude on an annual basis (2027 mm/vear). This means the
district expenienced the likelihood of more food occumrences. On the other hand, the district
of Haven experienced almost simular trend magnitude (21.28 mm/year), but a decreasing one.
That means the district had likely undergone drought to some extent. The sub-trend analysis
showed tendencies that previous approaches failed to discover.

Halder et al. (2023) conducted a long-term trend analysis of annual and seasonal ramfall in
West Bengal, India, spanning the period 1901 to 2020. They used a gndded rainfall dataset
with a resolution of 0.25% = 0.25° and applied the non-parametric MK test, SQME test, and
Sen's slope estimator to analyze the data.

The findings indicated that, except for the winter season, which showed a non-
significant decrease, annual and seasonal rainfall i most districts of Sub-Himalayan West
Bengal (SHWB) increased non-significantly. However, there was a slight decrease m annual
rainfall. In contrast, there was a significant increase in anmual precipitation in the majornity of
Gangetic West Bengal (GWB) districts, with an increase of 1.8 mm to 2.9 mm per year.

In the Dakshin Dinajpur district of SHWB, monsoon ranfall decreased sigmificantly by
3.2 nmm per year, while in GWB, 1t increased significantly from 1.4 mm to 2.1 mm per vear.
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Additionally, post-monsoon season rainfall increased significantly across GWB, from 0.5 mm
to 0.9 mm per year. There was a negligible decrease mn winter ramnfall in every district.

The overall conclusion suggests that the decreased annual and seasonal ramnfall 1 the
districts has heightened the nisk of drought and water scarcity. Agranan economies and
resource-poor farming communities must adapt to these shifting rainfall pattems and climates
to sustain their livelihoods. This study aims to enhance understanding of the seasonal water
budget, which 1s crucial for crop planning, water security, and livelihood secunty for resource-
poor farmers in the state.

Karacosta et al. (2023) utilized the non-parametric trend analysis methodology IPTA 1n a
case study on the precipitation of Thessaloniki, Greece, spanning 50 years. In this study, IPTA
was proposed as an altemmative to classical trend analysis methodologies. Momnthly
precipitation measurements from Thessaloniki were analyzed for the peniod 1971-2020,
divided into two consecutive equal periods, to identify mherent trends among months and
seasons, respectively.

The study provided a detailed mnterpretation of trends with physical and numencal
explanations, leading to the obtained results. Total monthly and seasonal precipitation values,
along with their associated standard deviations, trend slopes, and trend lengths, were depicted.
It was observed that the second sub-peniod (1996-2020) showed a sigmficant increase in
precipitation compared to the first one.

As aresult, the study concluded that the majonity of months indicated increasing trends,
particularly noting sharp transitions from decreasing to increasing trends from August to
September and November to December. Moreover, sharp transitions led to very large values
of trend length and trend slopes. These conclusions were further supported by strong
increasing trends in monthly precipitation tendencies observed in standard deviation polygons
and numerous, stronger transitions towards the mncreasing trend area shown mn the
precipitation range polygon. Consequently, sigmficant increasing precipitation trends were
identified between the two sub-periods (1971-1995 and 1996-2020) for the winter and
autumn seasons, while spning and summer showed almost no trend.

Patel et al. (2023) conducted a case study in Eastern India, comparing extreme temperature
trends over the last two decades (2001-2020) with the preceding seven decades (1951-2020).
Their main focus was investigating extreme temperatures, crucial for the region's cropland
and work cultures, which heavily depend on favourable climatic conditions. Identifying trends
in climatic scenarios was considered important for understanding the pattemn of extreme
temperatures.

They analyzed various decadal periods using the Innovative Trend Analysis Method
(TTAM). Subsequently, they selected annual and seasonal extreme temperature vanations over
70 years (1951-2020) at 11 gnd points in the Kangsabat—Silabati-Keliaghar Dwarkeswar
basins of West Bengal. The outcomes from two different time peniods, the historical decade
(1951-2020) and the recent decade (2001-2020), revealed some surprising results. During
the historical decade, Ty exhibited negative sloping patterns in the monsoon and awtumn
seasons, with approximately 100% positive trends at gnds. Conversely, the winter, summer,
and annual seasons showed decreasing trends at 80% of the selected gnds.
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On the other hand, for Tmw, all seasons showed increasing trends at more than 80% of
the gnds. In the case of the recent decade, Tmax exlubited positive slopes in the annual,
monsoon, and autumn seasons at around 64% of the gnds, while the summer and winter
seasons showed negative slopes at around 90% of the gnds with very high magmitudes.
Finally, T for the recent decade showed negative slopes in all three seasons at more than
82% of the gnds, except for the monsoon season, which showed a positive trend with a very
significant magnitude for 100% of the gnds.

Singh et al. (2023) explored the spatiotemporal vanability and trends in ramfall and
temperature i the Damodar Canal region of Eastern India, discussing their implications. The
study analyzed long-term trends and vanability in these two key climatic variables, using data
from 14 weather stations situated in this sub-tropical region. At the 1% level of significance,
1t was found that the temporal and spatial fluctuations in monthly temperatures (T, Tmin,
and mean temperature) and annual rainfall are statistically sigmficant.

The analysis of yearly rainfall patterns revealed "no trend" at most meteorological
stations, except for Burdwan-1 and Mejhia, which showed sigmificant increasing trends of
1898 mm and 20 61 mm annually, respectively. However, notable declining trends in the Tine
time senies were observed 1n July, September, October, and November, ranging from -0.022°C
to -0.064°C annually. In contrast, the T time series for May showed substantial increasing
trends at most locations, ranging from 0.023°C to 0.03°C each year.

The results of this study can be used to develop climate-resilient and adaptive methods
for efficient planning and management of water resources, which will support the region's
livelihoods, environment, and agncultural output. This study contnbutes to a better
understanding of climate change on a large scale across the Indian subcontinent. Temperature
and rainfall data provide crucial regional and national msights into global warming and
climate-induced disasters. This study can help decision-makers and water managers enhance
plans for sustainable food production and water resource management in Eastern India and
other subtropical regions of India. Additionally, the methodology of this study may be
applicable globally.

Patel et al. (2024) investigated the optimal method for analyzing long-term (120 years)
anmual and seasonal rainfall trends in four East-Indian River basins (Keliaghai, Kangsabati,
Silabati, and Dwarkeswer). This study examined ramfall changes between 1901 and 2020
using several tests, including the MK Test, Modified MK Test (MMEKT), Spearman Rank
Correlation (SRC), Sen Slope Estimator (SSE), and ITAM. The focus was on yearly,
monsoon, autumn, summer, and winter patterns, amnmng to understand their implications for
agricultural production and climate conditions.

The MET, MMEKT, SRC, and SSE did not reveal significant trends 1n the winter season.
However, the ITAM 1dentified a notable trend 1n 88%; of the grid points across the study area.
In other seasons, the MKT, MMET, SRC, and SSE detected trends in 76% of the gnd ponts,
albeit with lower significance compared to the TTAM. The ITAM and MMET approaches
were more sensitive in detecting trends compared to other methods.

This study offered a scientific foundation for identifying and managing the
consequences of climate change on water resources, thereby reducing the potential impact of
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climate change. It emphasizes the importance of selecting appropriate methods and statistical
techniques m both research and practical applications. The study suggested the potential for
regional-scale seasonal pattemn research, as well as the development of water-related project
planning and mitigation sirategies.

Out of 27 literatures, 15 consisted of some old traditional methods like the ME test, SQME
test, SSE, and MMEK test. There are some limitations in the methods used to determine the
trends of hydro-meteorological vamables (1e, Ramnfall Mimmum and Maximum
Temperature, Runoff etc). For mstance, the data are senally imndependent and normally
distributed, and the data 1s of a certain length. For the ITA method developed by Sen (2012),
there 15 no hinutation in the data length, and consequently, it can be applied to any time senes.
Six literatures considering ITA was also included in this study’s literature review. As an
improved version of ITA, IPTA was considered in this study and nine literatures were
included.

3.2 Research Gaps

There are already many articles that use the MEK test, as well as [TA and very few studies on
IPTA, have illustrated mn literature review. However, the aforementioned researches are
lacking and have several limitations, which are mentioned below as research gaps.
# Limited investigations on climatological changes in Twis across WB
Despite the significance of understanding climate change impacts on regional scales,
there has been a lack of comprehensive studies focusing on the Twin changes across
the entire regron of WB.
# Lack of integrated high-resolution trend and spatiotemporal analysis
Exusting studies have typically employed either trend anmalysis or spatiotemporal
analysis independently, often using datasets with limited spatial and temporal
resolution. None of the available studies have combined high-resolution datasets to
conduct a comparative trend analysis alongside detailed spatiotemporal analysis ona
monthly and seasonal basis with decadal companison. This gap highlights the need
for integrated methodologies that can provide a better understanding of climate at
finer scales.
# Insufficient discussion on IPTA in Tmin research
IPTA has shown promise i identifying and characterizing climate trends with greater
precision. However, 1ts application in the context of T analysis remams limated.

The study area and data collections are described in the next chapter keeping the previously
mentioned shortcomings in mind.
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Chapter 4
STUDY AREA anp DATA COLLECTIONS

4.1 Study Area

West Bengal (WB) 1s a sigmificant state in India, known for its physical and socio-economic
diversity (Kundu and Mondal, 2019). It 1s one of India's 28 states, located in the eastemn part
of the country (between 21° 25" 02" to 27° 13’ 15" N latitudes and 85° 49" 20" to 89° 53' 04"
E longitudes), covering an area of about 88,000 km?® (Halder et al., 2023). The altitude ranges
from 3,636 meters in the north (Sandakphu at Singalila range) to less than 3 meters in the
south (at Sagar Island), with an average of 44 meters above sea level. This wide range of
altitudes and different landforms gives WB a vanety of climates, from tropical wet-dry in the
south to hurmd subtropical in the north (Kundu and Mondal, 2019). The state shares its border
with five Indian states (Sikkim, Bihar, Assam_ Jharkhand and Odisha) and three countries
(Bangladesh, Nepal, and Bhutan). Figure 4.1 shows the location of WB.
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Fig. 4.1 Location of the study area
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4.2 Data Collected

The dataset used in this study consists of 72 years of Twin gridded data from the IMD, Pune.
The data 1s gridded at a resolution of 1°x1°, as developed by Stivastava et al. (2009). This
study analyzes various seasons, including summer (March, Apnl, May - MAM), monsoon
(June, July, August, September - JTAS), autumn (October, November - ON), and winter
(December, Janmary, Febmuary - DIF) (WPCB 2016). The study area, comprising a total of 56
grids, 15 shown in Fig. 4.2. This figure represents the gndded data positions with resolutions
of 1°=1° and 0.5%=0.5°, presented 1 green and blue colour respectively, across WB.
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Fig. 4.2 Study area with the gndded position of 21 known (1°x1° from IMD-Pune
collected) and 35 unknown (0.5°=0.5° IDW interpolated) gnds of West Bengal
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4.3 Representation of known and unknown grids

The conversion from 17 to 0.5° resolution 1s a crucial process in this study for better
representation of results. Table 4.1 represents the known gnds as EG and mnterpolated

unknown grids as UG which 1s calculated by using the IDW method for this study.

Table 4.1 Representation of gnds throughout the study area

Latitude Longitude Latitude Longitude
Gl (in %) @) HE (in %) @)
EG1 225 855 UGl 23 {4
EG2 235 855 uG2 235 bifi]
EG3 215 86.5 UG3 23 86.5
EG4 25 865 UG4 22 ’7
EG5 235 86.5 UGs 225 g7
EG6 245 86.5 UGo 23 g7
EG7T 215 875 UG7 235 E7
EGE 225 875 UGE 24 g7
EGY 235 875 UGo 22 g7.5
EGI10 245 875 UGl10 23 g7.5
EKGI11 255 875 UGl11 24 875
EG12 26.5 875 UGl12 21.5 BB
EG13 215 885 UG13 22 88
EGl4 225 885 UGl4 225 BB
EG15 235 885 UG15 23 g
EGlo 245 885 UGle 235 E8
EG17 255 885 UGl17 24 BB
EGIE 26.5 88.5 UGILE 245 EB
EGI19 275 885 UGl19 25 BB
EG20 26.5 895 UG20 255 BB
EG21 275 895 UG21 26 BB
UuG22 26.5 BB
UG23 27 EB
UG24 22 88.5
UG2s 23 BB.5
UG26 24 88.5
UGy 25 8B.5
UG28 27 8B.5
UG29 21.5 g9
UG30 22 g9
UG31 225 g9
UG32 26.5 g9
UG33 27 g9
UG34 26 895
UG35 27 895
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A group of distnicts forms a diviston, which 1s admimistered by a “Divisional
Commissioner”. The Indian state of WB 1s divided into five administrative divisions. The
district-wise divisional combinations along with their respective grids are represented in Table
4.2 (Source: https://en wikipedia org/Mtitle=Admimstrative _divisions of West Bengal & o 1
did =1139523251).

Table 4.2 Grouping of the 23 districts under five divisions

Divisions Districts Grids

Alipurduar, Cooch Behar,  pryy payg kG190, KG20, KG21, UG22,

Jalpaiguri Darjeeling, L“;ﬁ;’g“”’ Kalim 17003 UG8 UG32, UG33, UG34, UG3S
i Dakshin Dinajpur, Uttar KG11, KG16, KG17, UG17, UG18, UG19,

Dinajpur, Malda, Murshidabad UG20, UG21, UG26, UG27

Birbhum, Hooghly, Paschim
Burdwan Bardhhaman, Purba
Bardhhaman

EG6, KG9 KG10, UGS, UG11. UG135,
UGl6

Bankura, JThargram. Paschim KEGl, KG2, KEG3, KG4, EG3, KG7, KGS,
Medinipur Medinipur, Purba Medinipur, UGL, UG2, UG3, UG4, UGS, UGS, UGT,
Purulia UGY, UG10, UG13

Howrah, Kolkata, Nadia, North
Presidency 24 Parganas, South 24
Parganas

EGI13, KG14, KG15, UG12, UG14, UG24,
UG25, UG25, UG29, UG30, UG31

Currently, there are 69 subdivisions across 23 distnicts in WB. Since this analysis
already includes 56 gnds and adopts a divisional combination approach, there 1s no need to
incorporate the subdivision approach. Therefore, the study area is drvided into five divisions,
as shown in Fig_ 4.3. The arc map representation consists solely of these divisions. There are
12 gnds in the Jalpaigun division, 10 in the Malda division, 7 in the Bardhhaman division,
17 m the Medinipur division, and the remaiming 10 gnds are in the Presidency division. In
this study, several boundary gnds were selected for detailed analysis in each division. These
grids are represented i Fig. 4.3 as highlighted m green symbols. Figures 42 and
4 3 both show that almost 12 gnids of the 21 KG are not actually located within WB. It 1s clear
that 57% of known gnds (KG1, KG2, KG3, KG4, KG6, KG10, KG11, KG12, KG13, EG16,
KG19, and KG21) are located outside of the WB limit. The interpolation of igher resolution
grids 15 requred for those outsider gnds. The mnext chapter addresses the
detailed methodology applied for this study.
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Chapter 5
METHODOLOGY

In this study, a 72-year trend analysis of minimum temperature (Twin) data was conducted
using IPTA. Additionally, decadal, monthly, and seasonal temperature vanations were
investigated with the IPTA method. Daily gridded T data were utilized for this analysis.
Imitially, the data were orgamzed and analyzed using ArcGIS. Following this, trends for the
period from 1951 to 2022 were exanuned across 56 gnids usmg different ways. The detailed
methodology of this study 1s depicted m a flowchart (Fig. 5.1).

Collect the daily gnidded Tg, data from IMD- Pune over India of 1° = 1° resolution
for the vears of 1951 to 2022 (72 vears)

N

Sort and filter such Tin data to upgrade into West Bengal (WB) daily gridded T
data of 72 vears

]

Plot the coordinates inArcGI?suﬂwme to fix the study area

f

Interpolate the 1° < 1° resolution’s fixed ﬁ:mda.ta of WB to convert 1t into 0.5% x 0.5°
resolution’s Tmin using Inverse Distance Weighted (IDW) method manually in MS
Excel

Gt

After getting 21 KuuumGﬁds(KG)anﬂ;gUnkmmmGﬁds{UG)DfWB,platiheaﬂ
56 gnds 1n ArcGIS for specific study area and the other analyzes

Anmgﬂmdataseismmbyminihﬂﬁuﬂvnwinngys—dﬂeme,ymrmm
wise, month wise and season wise i MS Excel using pivot table
A
Plot the decade wise comparison of 1° resolution and 0.5° resolution mean Tiwin data
of 72 years (which split into 7 decades) using ArcGIS

B

AmlyIFIAfcrnmﬂlEmﬂsea&malamlysis

0

T Fer e T e e e e 2

Fig. 5.1 Flow chart of the methodology
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5.1 Development of the new gridded daily minimum temperature (Imin)
data over West Bengal (WB)

The Twin for WB, spanning 72 years, were orgamized after filtenng the yearly 1° x 1°
resolution data. These data were subsequently divided into seven decades for further analysis.
Before interpolating the 1° resolution gridded Twn data, the outsider gnds were sorted out,
and the positional information of the gnid pomnts was venfied. If any missing data was
wdentified. 1t was corrected by interpolating between the Twin data of the preceding and
subsequent dates. Finally, the data was interpolated at fixed spatial gnd pomnts of 0.5° = 0.5°
resolution.

A common approach for converting the IMD 1° resolution Twin data into 0.5° resolution
gridded Touin data 15 spatial mterpolation. Interpolation methods can be broadly divided mto
determumstic and geostatistical methods (Pa1 et al, 2014). Deternumistic interpolation
methods assign values to gnd pomnts based on the measured temperature from surrounding
gnd ponts (at IMD gnd pomnts) and use specified mathematical formulas to calculate the
temperature values. These methods rely etther on the degree of smmlanty (eg., inverse
distance weighting, natural neighbor) or the degree of smoothing in relation to neighbornng
station data points (e.g. trend analysis, multi-quadratic surface fitting). Geostatistical
methods utilize both mathematical and statistical techniques, incorporating autocorrelation
(the statistical relationship among gndded temperature data). Due to this capability,
geostatistical techmiques not only generate an estimation surface of the vanable but also
provide a measure of certamnty or accuracy for the estimations.

5.2 Inverse Distance Weighted (IDW) method

In developing the new dataset, Pai et al. (2014) used the simplest form of the IDW
mterpolation scheme proposed by Shepard (1968). It 15 a widely utilized interpolation
techmique 1n spatial analysis and Geographic Information System (GIS) to estimate values at
unknown gnd points based on nearby measured points. IDW interpolation is especially
valuable for handling spatially distributed data, such as climate vanables and elevations. The
fundamental principle of IDW 1is that the impact of a known data point decreases as the
distance from the unknown gnd increases. This 1s accomplished by assigning weights to the
known data points based on their distances from the unknown grid (UG) points. IDW 1s a
straightforward and intuitive method for spatial interpolation, and its results can be effectively
visualized using contour maps or heat maps (Pai et al., 2014). The general formmla of this
method 15 as follows in Eq. 5.1.

$7
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where, Tugrepresents the temperature of unknown grids, T; denotes the temperature of known
gnds (KG), Dy sigmfies the distance from known gnds to unknown gnds, and n denotes the
number of known grids temperature.

Interpolated values are computed as a weighted sum of surrounding observations in the
IDW method. This technique operates under the assumption that interpolating locations are
primanly influenced by nearby gnds and less by more distant ones. For computational
efficiency, only Twn data from the nearest neighbour grids (ranging from a minimum of 4
points to a maximum of 6 points) within radial distances of 0.5 degrees, 0.707 degrees, and
1.118 degrees around the unknown gnd pomt are used to calculate the weighted average.
Figure 5.2 illustrates the detailed calculations of UG30 using IDW mnterpolation.

Fig. 5.2 Representation of UG30 for [IDW determination where Dy, D» and Ds are the radial
distances of 0.5, 0.707 and 1.118 degrees, respectively

5.3 Trend Methodology

In general, trend methods are categonzed into two mam groups: parametric and
nonparametric tests. Classical parametric tests are typically unsuitable for analyzing hydro-
climatological time series due to their reliance on assumptions such as normality, hineanty,
and mdependence. The MK test (Mann, 1945; Kendall, 1975), a prominent nonparametric
method, 15 widely utilized for trend analysis in time series within climate and water sciences.
However, the ME test also has notable limitations (Hirca et al., 2021). Unlike the MK test
and other parametric or nonparametric trend methods, graphical methods that do not rely on
assumptions have gamed populanty in recent years. One such method, Innovative Trend
Analysis (ITA), categorically examines trends in hydro-meteorological data by grouping them
as low, medium, and high, distinguishing them from all classical trend methods (Sen, 2012).
ITA facilitates trend identification from both mductive and deductive perspectives. In its
application, ITA does not impose restnictive assumptions, allowing for subjective visual
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mterpretations that lead to objective linguistic inferences (Sen et al., 2019). Finally, a new
approach named Innovative Polygon Trend Analysis (IPTA), an enhanced version of ITA
proposed by Sen et al. (2019), has been introduced as a trend analysis method. IPTA
methodologies involve distinct procedures for identifying potential trend components mn a
given time series.

5.4 Innovative Polygon Trend Analysis (IPTA)

IPTA is an innovative and improved method for analyzing trends mn recent years without
relying on specific mathematical assumptions. It's widely regarded as effective and popular
in trend analysis because 1t avoids the complexities of traditional methods that assume certain
data distributions. One of its key strengths 15 its ability to analyze trends by companng
different sets of time-series data. In a monthly time frame, comparing the first half of the time-
senies with the second half would mvolve analyzing 12 sets of respective parameters (Fig.
5.3). In contrast, for seasonal data, there would be four sets (summer, monsoon, autumn, and
winter) of respective parameters. Seasonal trend analysis 1s particularly useful for managing
imigation, agriculture, and water resource systems, where IPTA helps identify trends across
specific seasonal sequences. IPTA depicts the trend size and slope between consecutive
potnts, resulting in a trend polygon. This polygon serves as a robust foundation for enhanced
linguistic and numencal mterpretation and deduction of trends. This method can assess the
hydrological balance over a calendar year. IPTA can evaluate the isotropy, homogeneity, and
distnbution of hydrometeorological data, considering temporal internal variability within the
hydrological cycle (Sen et al., 2019). The step-by-step computational methodology of IPTA
for both monthly and seasonal cases 1s illustrated 1n Fig. 5.4 as a flowchart.

In statistical terms, the IPTA template typically employs the statistical techmques of
anithmetic mean and standard deviation. The mean represents the average value in a dataset,
while the standard dewiation mdicates the spread of values relative to the mean Both
parameters are crucial for trend analysis. Figure 5.3 illustrates a schematic view of monthly
Tmin, depicting a hypothetical IPTA template. An ideal line, known as the 1:1 (45 degrees)
trendless line or “No trend line”, 1s drawn. The above left portion i1s the “Increasing Trend
Region™ and the below night portion of this line 15 called the “Decreasing Trend Region”™.
Hence, the points plotted above this line indicate an inclining trend, while those below
mdicates a declining trend. Successive monthly points are connected by straight lines in Fig.
5.3, showing trend information and transitions from one month to the next. The distnbution
of points across the graph reflects the outcomes of various meteorological activities
throughout the seasons. Typically, a regular polygon exhibits a rising limb followed by a
decliming sequence. For example, 1n Fig. 5.3, starting from January through poimnts February,
March, Aprl, May, and up to June, the monthly values show an upward trend. From June to
Tuly, the line remains constant, indicating no nse or fall 1n values.

Conversely, after a nunor rise from July to August, the trend from August through
September, October, November, December, and ending in January shows a decreasing trend.
In the IPTA template, each of the 12 months 1s connected by straght lines of varying length
and slope. In general, stmply a straight-line expression can be obtained after knowing the
coordinates of each successive month on the IPTA template, hence each trend line or slope
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can be calculated. The length between points 1s termed "TL", while the slope represents the
"TS" between consecutive months.

54.1 Trend Length (TL)

It sigmfies the distance between two consecutive months (or seasons) on the polygons,
indicating the presence of a weak or strong trend transition from one month (or season) to the
next. A longer trend length indicates greater climatological differences between months (or
seasons ). Trend length cannot be negative but may be expressed in units such as degrees
Celss (°C) when applied to temperature trends. The general method for determining trend
length 15 shown 1n Eq. 5.2.

II.=J{I2—X|J|2+{J‘1 _.'F"ljl1 (5.2)

where, X, and x, are two consecutive points in the first part in the horizontal axis, on
the other hand. y, and y, are two consecutive points in the second part, respectively.
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5.4.2 Trend Slope (TS)

It illustrates the rate of change from one month (or season) to the next, comparing the first
half with the last half of the time senes record duration. The trend slope is umtless. The
general formula for detenmining trend slope 1s as follows (Eq. 5.3):

rs{%2=%) (53)
{II—JCIJ
Generally, considering two consecutive months (or seasons) leads to the followmg

mterpretations:

# If the slope 1s positive, 1t indicates that the trend moves from one month (or season) to
another 1n the same direction on both axes of the polygonal pattern. This means there
15 either an increase or decrease over the two halves of the available hydro-
meteorological record.

If the slope is negative, 1t means the trend of one month (or season) moves in the
opposite direction between the first and second halves of the record duration.

# If the slope 1s less than 1, 1t indicates that the vanation of the parameter (monthly or
seasonal average Tmin) between the two months (or seasons) m the first half of the time
series 15 wider than in the second half

# If the slope exceeds 1, 1t sigmfies that the vanation is greater in the second half
compared to the first half of the time series.

In the results and discussion section, the tables present statistical values for all grids, analyzed
using the IPTA method, which offers valuable mnsights for quantitative studies. Overall, an
IPTA template for monthly records provides comprehensive information about the hydro-
meteorological system, leading to the following key insights.

# A straight line between two consecutive months indicates the change in monthly
values. A closed polygon represents the natural balance of the hydro-meteorological
variable over the course of one year.

If the slope of each straight line i the IPTA template 1s sinmlar in both vertical and
honizontal directions, 1t indicates that the relative monthly rates contnbute
msigmficantly to the overall mean of the hydro-meteorological vanation for each
consecutive month.

# The smaller the overall slope of the polygon relative to the honizontal axis, the more
mtensive the occurrence of hydro-meteorological events.

For any water resources project involving planning, operation, maintenance, and
development, the IPTA template offers values that facilitate effective and systematic
assessment.

These general charactenstics of the polygon diagram reflect many quantitative and qualitative
properties of the hydro-meteorological phenomena. In Fig. 5.3, the polygon of the IPTA
template 1s very namow, which means that the mtemal change within the hydro-
meteorological variable 1s quite homogeneous, 1sotropic, and has umform vanation behaviour.
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Monthly Seasonal

| A
| | [ |
Daily gridded data are converted Monthly data are arranged
into monthly data set into seasonal data set
Obtained monthly data is Obtained seasonal data is
separated info two equal time separated into two equal time
periods as 1%t Half (1951-1986) periods as 1%t Half (1951-1986)
and 2 Half (1987-2022) and 2 Half (1987-2022)

iy igs

Funda&e;ta[ ztatés;tjics_i_g_, Fundamental statistics for each
mean:a SREMTCLevicINn season i.e., Summer, Monsoon,

for each month (e.g., Jan, Feb, Ao Wistor s

Mar, ...) are calculated for both :
L z calculated by averaging the
e fmepenod (bothkee) basic staﬁzhy'rcs datg ;Q the

{v T X ms,,j:

The 1=t half is placed on the horizontal axis and the 2 hm placed on the
vertical axis in IPTA plot, while 12 points are marked for monthly approaches
and 4 points are marked for seasonal approaches

JT

The points of the consecutive months (or seasons) are connected
by straight lines forming a polygon

ngs

The length and slope of the line between any two successive points are
calculated using the equations for TL (Trend Length) and TS (Trend
Slope), respectively. Due to the extensive data simulation required for
this study, the RStudio IDE is utilized for the computations.

Fig. 5.4 Flowchart illustrating the TPTA applied for the present study
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Chapter 6
RESULTS anp DISCUSSION

The outcomes of this study reveal mainly the trend 1 terms of its length and slope from the
monthly (or seasonal) mean and standard deviations (std). Finer resolution 1s expected to
produce better results in trend analyzes. That 1s why this study compares the vanability of
gridded minimum temperature (Tw,) trends in between one degree and 0.5 degrees resolution,
primarily in decadal analysis. Furthermore, monthly and seasonal spatiotemporal analyzes
have been conducted for the 56 grids in West Bengal (WB), India. ArcGIS has been used to
create all types of spatiotemporal maps as well as the interpolation plot. The following results
are accomplished one by one applying the methodology discussed in Chapter 5.

6.1 Performance of Inverse Distance Weighted (IDW)

Using a 1? = 1° resolution, there are 21 known gnids (KG) that have been interpolated using
IDW to obtain 0.5° = 0.5° resolutions for unknown gnds across WB. Within the IMD dataset
at 1° resolution, this interpolation process results m 35 unknown grids (UG) spanning WB.
Over a long period of 72 years, numerous datasets are formed across different decades. We
select grnd UG30 to 1llustrate detailed calculations and results, serving as a representative

example.

Fig. 6.1 Tiin calculation format of UG30

where, D1=05. D: = J0.5 +05 =0.707. D: =05 +1* =1.118.
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The Twin values for UG30 are computed using Eq. 5.1, with radial distances determined as
described in the previous section.

[- ¥ p— \l+ [ — ] : { Toiajuen J 3 { Tinixens) J : [ —

D3- DZ 'Dl DZ Dl
NDW T : ' P \ ! ; H A
e 1 [ 1) [ 1 W
. Ly D,_ L Dz J D)

Limllom )i 1 [m—] {85) e
[1 1113]+[u;n?]"L[ns]J'[um?]J’[nls]

where, Twinvesn, Twnwes), Tmugcid, Tmnme., Tmnmeis, and Twngcs represents the
minimum temperature of UG30, UG25, KG14, UG24, KG13 and UG25 respectively.

6.2 Special observation in historical data

The selection of boundary gnds for different divisional zones 1s based on specific
observations in historical data. Grids were selected based on the date 05/01/1955, when the
Timin Was the lowest among all gnid points in WB during the study period (1951-2022). These
selections are presented 1 Table 6.1, including their district-wise positions.

Table 6.1 Interpolated data of selective 8 representative boundary grids for 5® January 1955

Zomes Selected Grids Tmin (*C) District! State wise positions
uG2 224 Purulia north-west end (Jharkhand state border)
E UG 6.28 Jhargram west end (Odisha state border)
= Purva Bardhhaman south east end (Border of Hooghly
E UG13 519 R
UG30 6.85 South 24 Parganas
P : - :
E UGLT 1.96 Junction of Birbhum east, Murshidabad south and Purva
Bardhhaman north end
'g UG20 1.66 Tmection of Ma]da_um'fh, Uttar Dinajpur south and
Z Dakshin Dinajpur west end
E UG28 376 Mid-west of Kalimpong
% UG34 4.30 Cooch Bihar south east end

6.3 Decade wise spatial analysis

The companson of Tmn data resolution between 1% x 19 and 0.5? = 0.5° over WB was
represented by seven different decade-wise plots. Establishing the decade-wise mean was the
primary task. Due to the vast dataset spanning a long peniod, pivot table creation in Excel was
applied for efficient and accurate determination of decade-wise means. Initially, the daily
dataset from the IMD was converted into yearly datasets. From these yearly datasets, decade-
wise Tmin datasets were formed.
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Fig. 6.2 Spatial representation of mimmum temperature over West Bengal for Decadal mean
of 1951-1960 (a) 0.5° resolution and (b) 1° resolution
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Fig. 6.3 Spatial representation of nummum temperature over West Bengal for Decadal mean
of 1961-1970 (a) 0.5° resolution and (b) 1° resolution
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Fig. 6.4 Spatial representation of minimum temperature over West Bengal for Decadal mean

Fig. 6.5 Spatial representation of minimum temperature over West Bengal for Decadal mean
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Fig. 6.6 Spatial representation of minimum temperature over West Bengal for Decadal mean
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Fig. 6.7 Spatial representation of minimum temperature over West Bengal for Decadal

mean of 2001-2010 (a) 0.5° resolution and (b) 1° resolution
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Fig. 6.8 Spatial representation of minimum temperature over West Bengal for Decadal mean
of 2011-2022 (a) 0.5° resolution and (b) 1° resolution

Figures 6.2-6.8 show the decade-by-decade mean Twin companison for the two different data
resolutions from 1951 to 2022. At a glance, 1t 15 difficult to distinguish between these
comparisons of decadal mean Twin, but the fact 1s that 0.5° resolution T data provides more
detailed and precise representations than 1° resolution mean Twin data. The mean decadal T
in WB demonstrates a gradual decline from the South Bengal to the North Bengal.

The visualization clearly shows that the decadal T in North Bengal 1s approximately
17 »C, while the southwest region of WB has a decadal Tiwin of about 23 °C. The middle region
of the state has an average decadal Twin of around 20 °C. The data reveal a steady decrease in
mean Tmin from the first decade (1951-60) to the third decade (1971-80) across the state.
Subsequently, the temperature shows a consistent mcrease from the third to the sixth decade
(2001-10). Finally, in the decade of 2011-22, there has been a shight increase in Tmin,
particularly in the northern part of WB.

As aresult of each decade-wise comparison (Figs. 6.2-6 8), the most noticeable changes
have occurred between the muid-west zone and the southwest zone of West Bengal This
indicates that Tmn fluctuations consistently ranged between 0.5° and 1° each decade.
However, the most accurate compansons are observed between Figures 6.6(a) and 6.6(b),
Figures 6.7(a) and 6.7(b), and Figures 6.8(a) and 6.8(b). It demonstrates that Fig 6.6(a), Fig
6.7(a) and Fig 6.8(a) contain five contours each. On the other side, at 1 degree resolution,
three contours are created in the companson figures [Figs 6.6 (b). 6.7 (b) and 6.8 (b)]. These
contours represent the changes in temperature within the state. In the comparative analysis,
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notable similarities are observed between the first decade (1951-60) and the second decade
(1961-70) as shown 1n Fig. 6.2 and Fig. 6.3, respectively, as well as between the third decade
(1971—-80) and the fourth decade (1981-90) as shown 1n Fig. 6.4 and Fig. 6.5, respectively.

6.4 Division wise location details of all (56) grids of WB

Understanding the location of each grid 1s crucial before conducting any trend analysis. This
knowledge helps in recogmzing the sigmificance of nearby towns and villages as landmarks
or understanding the rationale behind the selection of certan gnds. Table 6.2 provides a
comprehensive list of division-wise addresses for all gr62ids. Out of the 56 gnds, 20 are
sttuated outside the boundary of West Bengal. These grids are located within neighboring
states or countries. Consequently, while West Bengal was the primary focus of this thesis, 1t

became necessary to include data from these neighbouring regions as well.

Table 6.2 Division wise location details of 56 grids

Location Details
Divisions Grids
Villages/Cities Districts Dimics
{Country)
Bamcuyn viliape Pashchimi Tharkhand
EGl (Goil Eera Singhbhum (India)
Subdivision)
Jhiri village (Ormanjhi i Jharkhand
KG2 Block) Ranchi (India)
Mahisasuri village - - )
EG3 (Sharata tehsi) Mayurbhan; Odisha (India)
Gohala village under o Jharkhand
KEG4 Potka Purbi Singhbhum (India)
Birkicha village (Para - :
EG3 Sbdivision) Purulia WE (India)
KGT Bay of Bengal - south of Digha (SW of Purba Medinipur
district, WB, India)
— Shata Chak village Paschim :
"’[I}E_’“".”?P“f Lt (Keshpur Subdivision) ~ Medinipur W lnka
ivision
UGl Dimuidh village Saraikela Jharkhand
(Chandil Subdivision) Eharsawan (India)
Jogidih village
uG? (Pathargama Godda mg;li:;“i
Subdivision)
Hatnadih village
UG3 (Barabazar Purulia WE (India)
Subdivision)
Mahulkundia village ; . -
UG4 (Sulinpada tehsil) Mayurbhanj Odisha (India)
Dahijuri village Paschim ‘
e (Binpur I Subdivision) Medinipur WE (indw)
Kuldiha village (Debra Paschim .
uGs Subdivision) Medinipur W (k)
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Patdoha village
UG7 (Saltora
Subdivision)
Nankar Kadamgerya
uGoe village (Potashpur I
Subdivision)
Ashurali village
(Jaypur Block)
Mandigram (Haldia
Subdivision)

Bankura WB (India)

Purba Medinipur ~ WB (India)

UG10 Bankura WB (India)

UG13 Purba Medinipur ~ WB (India)

Bay of Bengal (South of Bulcherry Island, South 24 Parganas

s district, WB, India)
Bhangar I town .
EGl4 (Baruipur Subdivision) South 24 Parganas WE (India)
Dhubulia village
EG135 (Erishnanagar Sadar Nadia WE (India)
Subdivision)
uG1? Bay of Bengal (SW of Sagar Island, South 24 Parganas
district, WB, India)
Presidency UG14 Uluberia city Howrah WE (India)
Division Ta It
ynagar IT town .
UG24 (Baruipur Subdivision) South 24 Parganas WE (India)
Madanpur village g !
UG2 (Chakdah Subdivision) Nadia WE (ndin)
UG29 Bay of Bengal (SE of Sundarbans National Park, South 24
Parganas district, WB, India)
. . Khulna division
UG30 Shyamnagar upazila Satkhira (Bangladesh)
rui : : Ehulna division
UG31 Kaliganj upazila Satkhira (Bangladesh)
Asta village (Dumri Jharkhand
RGG Subdivision) i ke (India)
Paduma village Paschim .
on (Ausgram II tehsil) Bardhhaman WE (indi)
Madhuban town
KG10 (Dharihad Sadar Dhanbad ]h:ﬁihl;’d
Subdivision)
Burdwan Semnuldubi village Tharkhand
Division Uk (Fatehpur Block) Juslars (India)
BRaspur village
UG11 (Mchammad Bazar Birbhum WE (India)
Subdivision)
Jaragram village Purba .
LS (Tamalper Block) Bardihaman Wk (clax)
Nigan/MNegun village Purba :
Hada (Mangolkote Block) Bardhhaman WE (Indw)
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Sukhasan village

KG11 (Singheshwar Madhepura Bihar (India)
Subdivision)
Rajshahi
EGle Nundapur village Fajshahi division
(Bangladesh)
KG17 Lohaganja village iy Dinaipur ' WB (India)
{Eushmundi Block)
Khargram village A ;
UG17 ( : Subdivision) Murshidabad WEB (India)
Ahiran village . ;
D@._ja UG18 i Babibesasi) Murshidabad WEB (India)
e UG19 English Bazar city Malda WB (India)
Chanchal village :
UG20 (Chanchal - T Block) Malda WEB (India)
Saur village
UG21 (Goalpokhar II Uttar Dinajpur WEB (India)
Subdivision)
Garibpur village . ;
UG26 o I Subdivision) Murshidabad WEB (India)
Porsha town (upazila), Ra]shal:u
uG27 NW of D Naogaon division
ks (Bangladesh)
KG12 Darbesha village Morang K"(;qh;;;}m
Rangpur
EG18 Tetulia Upazila Panchagarh division
(Bangladesh)
Barfok village North Sikklim ; .
mong (Mangan Subdivision) (Mangan) Sikle lricha)
Chapatali village : :
KG20 (Alipurduar-T Block) Alipurduar WEB (India)
4 Paro valley
EG21 Jidekha town Paro (Bhutan)
UG22 Jaltha; villa Tha soufl eastetn
B R e (Nepal)
Jalpaiguri UG23 Pyang village Ilam Eastern (Nepal)
Division Singi Khasmahal
UG28 village (Kalim pong - I Kalim pong WE (India)
Block)
Jnankata Adhikari
UG3z2 village (Mekliganj Cooch Bihar WE (India)
Subdivision)
Tashichhoeling
UG33 Singyegang village Di‘:m g,  Gewongblock
gkha (Bhutan)
Rangpur
UG34 h::f:““:;i?:f Lalmonirhat division
ay (Bangladesh)
UG35 Gaedu /Gedu town Chukha “““(Ehl """St;“
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6.5 Monthly trend analysis

Division-wise monthly trend length (TL) and trend slope (TS) for all 56 gnids are presented
in the section. Figure 6.9 illustrates the distnbution of gnds across divisions. Despite being
the same as Fig. 4.3 in the study area section, this image 15 utilized once more to enhance the
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Fig. 6.9 Division wise all grids and lughlighted representative 8 boundary gnds of WB

The representation of IPTA statistics for mean and std both across all divisions 1s shown
in Tables 6.3-6.12. These tables display the monthly TL (in °C) and TS (unitless) for each
grid. The values have been compared across months as well as yearly for a better
understanding of trends.
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Table 6.3 Representation of trend length (in °C) and trend slope (unitless) for monthly mean across the Medinipur Division

Grids IF_IA_L an Feb Mar Apr May Jun Jul Aung Sep Oct Nov Dec
Statistics
KG1 TL 4119 6.334 6.323 3.083 0.259 1.252 0.309 0.767 4.164 7.354 5.781 0.567
T8 1.242 1.018 0.916 0.908 2.539 0.745 1.200 0875 1.015 0.937 1.093 6.041
K TL 4120 6.450 6.625 3243 0.579 1.186 0278 0.845 4.406 T7.700 5829 0.765
5 1.289 0.994 0.916 0.909 1.622 0.686 1.045 0.883 1.038 0.944 1.060 4.681
KG3 TL 4 468 5.981 4.710 2.051 0.295 0.943 0.079 0.440 3.053 6.866 5.722 0.522
TS 1.185 1.044 0.897 0.863 4147 0.762 6.315 1.022 1.007 0.933 1.064 -40.841
TL 4.440 6.312 5.697 2.609 0.381 0.890 0.182 0.628 3.7 T7.224 6.048 0.776
bl TS 1.252 1.005 0.936 0.882 2572 0.728 1.395 0.896 1.018 0.940 1.076 4.647
KGS TL 4273 6.494 6.325 2.762 0.662 0.824 0.259 0.704 3972 7.512 6.144 1.172
T8 1.355 0.991 0918 0886 1.838 0.621 1.129 0912 1.022 0.952 1.057 1110
TL 4608 6.026 4218 1.809 0321 0.748 0.087 0.317 2.640 6.604 5.655 0.979
K1 T8 1.202 1.030 0901 0.809 5.185 0.741 22253 1.010 0.996 0.934 1.038 3211
KGS TL 4936 6.335 4.869 1.927 0.540 0.649 0.076 0.448 3.046 7.216 6.364 1.128
T8 1.250 1.001 0.920 0.830 1.925 0.665 41.739 0.041 0.995 0.936 1.045 3.206
UGt TL 4237 6.398 6243 2924 0.469 1.037 0.257 0.736 4078 7.448 5976 0.819
5 1.284 1.002 0921 0.897 1.958 0.699 1.168 0.890 1.024 0.943 1.071 4.108
UG TL 4214 6.474 6.397 2939 0.626 0.969 0.251 0.764 4121 7.580 6.063 0.978
T8 1316 0.996 0.915 0.896 1.699 0.657 1.149 0.896 1.026 0.947 1.061 3.350
UGs TL 4297 6.415 6.147 2.798 0.526 0.927 0.236 0.703 3.975 7.430 6.057 0.932
TS 1.299 0.999 0.922 0.890 1.945 0.678 1.195 0.899 1.023 0.945 1.066 3.648
G4 TL 4613 6.218 4 873 2.099 0.382 0.807 0.102 0.458 3.130 6.978 5.947 0.845
T8 1.222 1.019 0.915 0.849 2.785 0.728 3.133 0.955 1.005 0.936 1.056 4.235
UGS TL 4593 6.372 5.337 2323 0.451 0.810 0.138 0.548 3441 7.195 6.107 0.919
T8 1.251 1.006 0.924 0864 2232 0.703 1.827 0919 1.010 0.939 1.060 31.796
UGS TL 4455 6.457 5.748 2466 0.564 0.788 0.165 0612 3615 7.336 6.174 1.072
T8 1.291 0.999 0921 0871 1916 0.671 1.446 0918 1.012 0.941 1.059 3.153




UGT TL 4273 6.532 6.137 2594 0.789 0.709 0.169 0.684 3.757 7.527 6241 1.299
TS 1.340 0.997 0.911 0.873 1.607 0.609 1.394 0923 1.009 0.945 1.053 1571
UGo TL 4.670 6.254 4776 2021 0.405 0.770 0.094 0.435 3.039 6.970 5980 0.920
TS 1.225 1.017 0913 0.840 2624 0.718 4.268 0.960 1.002 0936 1.051 3.768
UG1o TL 4500 6.520 5.629 2303 0.650 0.696 0.123 0.380 3435 7.345 6269 1.223
TS 1.298 0.998 0916 0.859 1.770 0.650 1.795 0.933 1.003 0.939 1.053 .77
UG13 TL 4747 6.354 4559 1.823 0457 0.667 0.076 0.383 2.769 6.8396 6.033 1.188
TS 1.227 1.010 0911 0.829 2342 0.699 -98.690 0984 0.995 0935 1.040 2.642
Note: Bold represents the highest values along the row
Table 6.4 Representation of trend length (in °C) and trend slope (unitless) for monthly standard deviation across the Medinipur Division
; IPTA
Grids . Jan Feb Mar Apr May Jun Jul Ang Sep Oct Nov Dec
Statistics
TL 0372 0225 0248 0.365 0334 0.453 0.014 0.063 0.304 0.740 0347 0.149
Rel TS 0607 -1.120 -2098 1623  -0.347 1344 0.109 -3.602 0857 0.642 0.875 -3.234
KC2 TL 0290 0114 0.142 0.247 0.298 0.447 0.033 0.053 0.386 0.595 0427 0260
TS 1.302 0087 -0383 -1736  -0292 1.369 0.895 0.730 0929 0.610 1.019 -13.147
TL 0344 03238 0292 0.388 0.269 0288 0.043 0.046 0345 0.715 0.249 0.162
Kea TS 0094 3342 2209 2415 0.009 1.221 -0.352 -1.087 0712 0.635 1.639 1.505
KG4 TL 0.263 0.096 0232 0358 0362 0.295 0.046 0.062 0404 0.670 0360 0244
TS 0472 1293 2003 -1.636 0238 0.953 2.146 -4.263 0854 0.647 1.842 -166.957
KCS TL 0.181 0.091 0203 0358 0.300 0.305 0.096 0.056 0.306 0.526 0.406 0347
TS 1.767 -0.390  -0.BOE  -2085 0.043 1.093 1.247 0914 0972 0.786 1.691 -11.062
KCT TL 0.195 0.096 0242 0357 0252 0.255 0.032 0.074 0314 0.683 0337 0310
TS 0404 -1128 0735 3122 0.400 1.018 1.209 -1.684 0.831 0.673 2346 -24.607
KCS TL 0164  0.089 0266 0.405 0.296 0237 0.066 0.095 0337 0.675 0.330 0253
TS 0637 0300 -0.692 2384 0344 0.827 3.410 -2.191 1228 0.644 3272 -5.249
UGl TL 0280 0125 0201 0334 0320 0380 0.057 0.064 0.309 0.627 0387 0258
TS 0886 0537 -1.1890 1761  -0.093 1.283 1.325 7344 0892 0.640 1241 -10.924

45



UG TL 0251 0.107 0.170 0313 0314 0.353 0.077 0.061 0.330 0.543 0390 0.303
TS 1546 0095 0629 -1859 0126 1.250 1.251 1.300 0.941 0.674 1351 -8.000
TL 0239 0.104 0202 0344 0324 0.333 0.071 0.060 0487 0.594 0387 0286
s TS 0936 0493 -1.124  -1819 0.029 1.172 1.378 3654 0912 0.675 1.493 -12.482
e TL 0247 0.123 0257 0.380 0.297 0.268 0.044 0078 0349 0.693 0324 0245
TS 0341  -1454  -1.232 2336 0233 1.067 1.325 -2.139 0892 0.648 2230 -100.718
UGs TL 0229 0.102 0242 0.373 0319 0280 0.057 0.077 0383 0.670 0.349 0255
TS 0326 0820 -1.159 -2.038 0221 1.024 1.941 -3.300 0954 0.648 2088 -14.469
UGe TL 0208 0.009 0226 0377 0324 0277 0.075 0.061 0.431 0.602 0366 0286
TS 0816 0446 -0998 2010 0.138 1.077 1.620 -77.974 0995 0.686 2.044 -9.890
ver TL 0.199 0.093 0.197 0374 0327 0.248 0.084 0.040 0462 0.483 03354 0329
TS 2.060 0.033 -0.702 2027 0.031 1.043 1.471 1.642 1.022 0.749 22328 -6.478
UGe TL 0224 0111 0256 0.383 0288 0.261 0.048 0.082 0343 0.688 0328 0257
TS 0394 -1.112 -1017  -2461 0.264 1.041 1.582 -2242 0942 0.650 2416 -20.751
UC1o TL 0.188 0.099 0232 0.395 0320 0.244 0.080 0.056 0414 0.574 0352 0.203
TS 0983 0203 0815 -2137 0.139 1.034 1.643 -11.501 1.076 0.703 2385 -6.933
ve1s TL 0178 0.079 0242 0.412 0.280 0.242 0.054 0.087 0325 0.662 0327 0281
TS 0425 0775 -0.778 263 0250 1.063 2208 -2.141 1.075 0.666 3358 -7.545
Note: Bold represents the mghest values along the row
Table 6.5 Representation of trend length (in °C) and trend slope (umitless) for monthly mean across the Presidency Division
i IPTA
Grids o Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec
Statistics
KG13 TL 4.733 6.379 4241 1.644 0.463 0.630 0.064 0324 2436 6.652 5.061 1.443
TS 1.209 1.006 0917 0.813 2.407 0.704 -12.827 0979 1.000 0.938 1.028 2.100
KG14 TL 4850 6.655 4720 1.663 0616 0.486 0.067 0.394 2.640 7.103 6314 1.601
TS 1257 0.092 0904 0.854 1.763 0.621 -1.568 1.057 0.980 0927 1.035 1.103
KG15 TL 4.497 6.702 5.450 1.977 0.860 0414 0.063 0.521 2882 7.275 6663 1.831
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TS 1.322 0.997 0.897 0.873 1.422 0.481 -0.005 0.981 0977 0.935 1.032 2.049
UG TL 4.726 6.312 4477 1.801 0438 0.674 0.076 0.368 2714 6.827 59073 1.188
TS 1222 1.012 0911 0.825 2497 0.706 -240.235 0986 0.996 0.935 1.038 2.600
uGl4 TL 4761 6478 4872 1919 0.534 0.643 0.079 0.440 2052 7.099 6.201 1228
TS 1.250 1.003 0913 0.842 1.983 0.673 15.511 0.973 0.995 0934 1.044 1.666
TL 4.766 6.441 4.561 1.758 4201 3.113 1.125 0.352 2.685 6.909 6.098 1.345
Hey TS 1.233 1.004 0911 0.832 -19.578  -6.051 129.430 0.853 0993 0.934 1.036 2337
TL 4.634 6.614 5195 1945 0.703 0.327 0.055 0.485 2045 7.220 6.401 1.342
Heh TS 1287 0.997 0905 0.857 1.629 0.599 -3.015 0985 0987 0933 1.039 2334
UG29 TL 4.764 6.439 4 465 1.709 0.499 0.607 0.067 0.361 2.596 6.841 6.071 1.399
TS 1227 1.003 0912 0.828 2158 0.686 -6.246 1.000 0.994 0.934 1.034 23228
UG30 TL 4.760 6488 4580 1.728 0538 0.582 0.065 0.379 2638 6.916 6.141 1.447
TS 1.237 1.001 0910 0.835 1.998 0.669 -4.355 1.004 0.991 0.933 1.034 2203
uGs1 TL 4.730 6.571 4826 1.785 0618 0.533 0.039 0419 2732 7.060 6.286 1.530
TS 1.259 0.998 0.906 0.848 1.764 0.630 -2.120 1.008 0986 0932 1.036 2.179
Note: Bold represents the highest values along the row
Table 6.6 Representation of trend length (in °C) and trend slope (unitless) for monthly standard deviation across the Presidency Division
] IPTA
Grids Siatiiie Jan Feb Mar Apr May Jun Jul Ang Sep Oct Nov Dec
KG13 TL 0.152 0.073 0211 0.442 0250 0.255 0.044 0.095 0312 0.673 0.330 0.302
TS 0.165 -2.073 -0.691 -2.732 0.186 1.115 3518 -1544 1.133 0.668 3763 -4.718
KG14 TL 0.142 0.064 0218 0.459 0.311 0.199 0.063 0.078 0.309 0.564 0.307 0.285
TS 0.647 0.289 -0.661 2696 0103 1.311 3254 -2.400 1.315 0.716 11.705 -4.539
KGLS TL 0.176 0.074 0.198 0.450 0.346 0.117 0.080 0.035 0376 0421 0.265 0.312
TS 1.876 0.340 -0.637 -2.505 0112 1.135 1.793 63.940 1.337 0816  -300.785 -3.864
uG1? TL 0.178 0.080 0218 0.409 0273 0.246 0.030 0.086 0322 0.668 0.329 0.287
TS 0.393 -0.928 -0.769 -2.709 0.260 1.068 2198 -2.020 1.047 0.666 3258 -7.742
UGl4 TL 0.176 0.081 0.244 0.418 0299 0.235 0.067 0.084 0344 0.636 0.327 0.273
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TS 0.5372 -0.377 -0.771 -2.475 0210 1.047 2377 -2.667 1.147 0.672 3535 -6.500
ua TL 0.162 0.066 0.231 0.433 0.386 0.208 0.406 0.206 0323 0.640 0.323 0.285
TS 0.426 -0.616 -0.738 -2.657 -0964 0882 19.898 5.479 1.159 0.677 4228 -5.744
UGS TL 0.164 0.080 0212 0.442 0324 0.186 0.081 0.061 0.365 0.527 0.308 0.296
TS 1.036 0.113 -0.690 2456 0122 1.153 1.966 -4.886 1.264 0.734 6.362 -4.786
Ua29 TL 0.156 0.063 0215 0.440 0276 0.238 0.053 0.089 0319 0.644 0.323 0.289
TS 0.356 -0.822 -0.724 -2.691 0.181 1.146 2752 -1935 1.170 0.677 4390 -5.250
Ua30 TL 0.154 0.060 0215 0.445 0287 0.229 0.058 0.085 0325 0.621 0.320 0.289
TS 0.452 -0.4900 -0.718 -2.659 0.159 1.180 2574 -2.166 1212 0688 5.043 -5.036
UG TL 0.154 0.063 0213 0.451 0309 0.203 0.069 0.073 0337 0.569 0.310 0.2900
TS 0.708 -0.031 -0.703 -2.604 0132 1.226 2201 -2 888 1.274 0713 6.981 -4.753
Note: Bold represents the highest values along the row
Table 6.7 Representation of trend length (in °C) and trend slope (unitless) for monthly mean across the Burdwan Division
; IPTA
Grids .. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Statistics
KG6 TL 4243 6.662 6383 2.681 1.030 0.661 0.159 0.807 3014 7.753 6.393 1.360
TS 1.360 1.003 0.893 0873 1.459 0502 1.706 0.985 1.011 0952 1.054 2.195
KGO TL 4207 6.644 6.115 2297 0.894 0.361 0.095 0.630 3411 7.461 6.402 1.642
TS 1373 0.991 0.907 0854 1.585 0.390 1.527 0.960 0.992 0936 1.050 2.218
KG10 TL 4.005 6.601 6.368 2748 1.561 0328 0.074 0.801 3.860 8.060 6.406 1.837
TS 1.399 1.012 0.881 0849 1.266 0247 -3.794 0940 0981 0.950 1.026 1.904
UGS TL 4206 6.381 6.257 2616 0.966 0.621 0.148 0717 3.781 7.653 6.308 1.454
TS 1363 0.998 0.903 0869 1476 0.350 1.594 0.928 1.004 0.947 1.047 2.319
UG11 TL 4173 6.600 6244 2575 1.065 0353 0.117 0717 371 7.694 6.350 1.558
TS 1.369 1.000 0.899 0.863 1425 0519 2.001 0.935 0.997 0945 1.044 2.188
UG1S TL 4.625 6.381 3273 2.026 0.670 0386 0.070 0.503 3.077 7.246 6.353 1.414
TS 1.286 0.997 0910 0852 1.704 0627  10.207 0967 0.992 0935 1.044 2411
UG16 TL 4408 6.616 3716 2209 0823 0353 0.070 0.583 3.269 7.389 6421 1.552
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TS 1.327 0.996 0.906 0860 1551 0.380 3.985 0.956 0.992 0938 1.044 2.260
Note: Bold represents the highest values along the row
Table 6.8 Representation of trend length (in °C) and trend slope (unitless) for monthly standard deviation across the Burdwan Division
Grids Stl::li::s Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KG6 TL 0.324 0139 0.160 0327 0.354 0.231 0.094 0.137 0.457 0308 0278 0.361
TS -8.900 1.196 0.187  -1.730  -0.043 0989 1.342 1.483 1.115 0974 3733 -3.950
KGO TL 0.175 0.108 0.208 0.409 0.329 0.172 0.088 0.011 0.429 0428 0.348 0.343
TS 2414 0230 -0.639 2235 0021 1.050 1.339 0.074 1.114 0.844 3482 -5.765
KG10 TL 0257 0.102 0.155 0372 0.311 0.165 0.042 0.013 0.392 0256 0231 0.365
TS -3.089 3138 -0256  -2.196 0078 0369  24.732 -0.438 1.076 0.855 9332 -3.688
UGs TL 0.213 0.092 0.181 0.368 0.330 0217 0.079 0.033 0.455 0.403 0324 0.350
TS 6.635 0410 -0.483 2013 0.000 0919 1.500 0.658 1.045 0.798 2.698 -3.139
UGl1 TL 0.215 0.096 0.181 0.376 0.331 0.194 0.073 0.023 0.440 0.375 0.308 0.351
TS 12.722 0.624 -0.440 2048 0011 0.833 1.668 0512 1.063 0812 3317 -4.664
UGLS TL 0.168 0.087 0.232 0.428 0.318 0208 0.081 0.063 0376 0.558 0325 0.292
TS 0944 -0.044 -0.718  -2.375 0.144 1.074 1.868 -4.798 1.208 0717 4.198 -5.382
UGL6 TL 0.177 0.093 0.212 0.418 0.331 0.182 0.086 0.035 0408 0472 0320 0319
TS 1.730 0.182 -0.633 2269 0084 1.042 1.621 0921 1.175 0.771 4276 -5.067
Note: Bold represents the highest values along the row
Table 6.9 Representation of trend length (in °C) and trend slope (unitless) for monthly mean across the Malda Drvision
. IPTA
Grids Sttt Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
KG11 TL 3.673 6222 6.349 3.031 2072 0316 0.155 0924 3939 8.251 6.639 1.985
TS 1.329 1036 0915 0948 1.184 3312 0.410 1.178 1.008 0984 1.036 1.490
KG16 TL 3925 6403 6.148 2.551 1.502 0122 0.136 0.719 3480 7.005 6566 2.069
TS 1.348 1017 0901 0917 1241 -0.940 0.382 1.098 1.000 0963 1.021 1.634
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KG1T TL 3526 6.174 6288 3.058 2224 0307 0.247 1.020 4.074 8.210 6384 2.096
TS 1.318 1.040 0014 0.964 1.151 1.600 0.385 1.107 1.017 0088 1.033 1.377
TL 4213 6596 6.004 2392 1.109 0425 0.051 0.660 3444 7.620 6.458 1.723

batd TS 1354 1.002 0.899 0.868 1.384 0.460 -5.832 0973 0.991 0944 1.037 2022

UG1s TL 4029 6511 6204 2615 1.429 0270 0.053 0.746 3.655 7.875 6.473 1.831
TS 1.364 1011 0.897 0.883 1285 0.197 -0.663 1.011 0.993 0955 1.032 1.828

UG1o TL 3.847 6392 6266 2.786 1.749 0145 0.107 0834 3.794 8.046 6.329 1.951
TS 1353 1022 0901 0.911 1220 -1.575 0.212 1.063 1.000 0967 1.030 1.633

UG TL 3.644 6222 6218 2949 1.907 0275 0.148 0919 30941 8.064 6.471 1.906
TS 1.344 1031 0907 0932 1.184 3612 0.362 1.102 1.004 0976 1.034 1.508

Ut TL 3373 5954 5088 3017 2.190 0.462 0.188 0.997 3005 7.844 6227 2.062
TS 1.332 1035 0912 0953 1.161 1.750 0.436 1.127 1.006 0983 1.035 1.304

UG TL 4214 6566 5.807 2340 1.167 0332 0.052 0.643 3331 7.610 6.326 1.814
TS 1.342 1.004 0.900 0.882 1341 0.369 -0.325 1.009 0.991 0.947 1.032 1.911

UG27 TL 3.789 6337 6227 2793 1.809 0178 0.139 0849 3.788 8.027 6.532 1.997
TS 1.345 1024 0904 0924 1.206 -23.443 0367 1.081 1.004 0970 1.029 1.571

Note: Bold represents the highest values along the row

Table 6.10 Representation of trend length (in °C) and trend slope (umitless) for monthly standard deviation across the Malda Division

. IPTA
Grids .. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Statistics

RG11 TL 0.194 0.114 0.099 0.303 0.367 0.083 0.026 0.057 0345 0.082 0235 0153
TS -0368 -0.705 0.348 -5.865 -0.118 -0.004 5577 -0.361 1.004 2830 -0.821 -0.999

KG16 TL 0177 0.112 0118 0.369 0.380 0.008 0.052 0.023 0329 0219 0280 0343
T8 -2.013 -0.870 -0.222 -3.662 0.131 -5.861 -4 838 0.578 1278 1.043 -1.568  -2355

RG1T TL 0222 0.112 0.046 0.325 0.301 0.052 0.053 0.046 0.304 0.040 0.169 0.164
T8 -0.0355 -0.439 0422 9424 0.002 0.088 11.414 -0.331 0.890 7823 -0.536  -0.954

UG1T TL 0.190 0.080 0.180 0.401 0.342 0.138 0.072 0.019 0.402 0.366 0287 0342
TS 7128 0.863 -0.525 -2.338 0.067 0885 2139 2.016 1.146 0.832 10.292  -3932
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UG1s TL 0201 0.078 0.142 0.380 0.350 0.106 0.047 0.017 0.334 0.267 0.255 0336
TS 4517 8172 -0.350 -2.557 0.043 0.536 4354 0.261 1.123 0912 -1.771 -3.066
UG19 TL 0.188 0.092 0.102 0.364 0.348 0.082 0.012 0.026 0.358 017 0.227 0.284
TS -1302 -1.724 -0.166 -3.837 0.004 0.160 -1.524 0.341 1.064 1.085 -2.122 -2221
UG TL 0.189 0.105 0.079 0.339 0.347 0.083 0.018 0.045 0.347 0.094 0.199 0212
TS -0.549 -1.009 0.163 -6.187 -0.069 0.042 19.142 0.406 0928 1.626 -1.245 -1.654
UG TL 0.188 0.113 0.067 0.309 0.355 0.064 0.032 0.066 0.339 0.040 0.182 0.151
TS -0.101 -0.525 0.678 -15.782 -0.084 -0.129 -3.305 -0.312 0.823 -71.693 0.776 -1.307
UG26 TL 0178 0.066 0.166 0.406 0.335 0.100 0.066 0.023 0.380 0340 0272 0334
TS 91374 1.650 0521 -2.582 0.085 0.963 2764 3972 1.197 0834 -11.435 3276
UG TL 0.179 0.098 0.089 0.362 0.348 0.063 0.008 0.028 0.346 0151 0.221 0.269
TS -0.943 -1.128 -0.133 5275 0.014 0.036 -0.741 -0.209 1.042 1.136 -1.666 -2.013
Note: Bold represents the highest values along the row
Table 6.11 Representation of trend length (in °C) and trend slope (unitless) of monthly across the Jalpaigun Division
Grids _TIA 4 Feb Mar Apr May Jum Jul Awg Sep Oct Nov  Dec
Statistics
KG12 TL 3.029 5574 3.510 3.096 2312 0.578 0.173 0980 4.009 T7.368 5.782 2072
TS 1353 1.030 0.912 0950 1.144 1.450 0.310 1.158 0.996 0977 1.047 1332
KG18 TL 2879 5.467 5481 2978 2426 0.738 0.234 1.165 4014 T7.237 5536 2192
TS 1.309 1.032 0.916 0980 1.1319 1.302 0.469 1.107 1.008 0.096 1.024 1.257
KG19 TL 2. 868 5.464 3.362 2952 2412 0.740 0.225 1.134 3.990 7.150 3.526 2197
TS 1.280 1.025 0.929 0.997 1.113 1.194 0.492 1.112 1.000 0991 1.024 1249
KG20 TL 2826 5413 5.217 2782 2488 0.793 0.188 1.069 3870 6.908 3458 2380
TS 1.258 1.000 0.931 1.043 1.083 1.113 0.445 1.079 1.000 0.094 1.002 1.258
KG21 TL 2.666 5.245 3.365 2974 2.540 0.798 0.152 1.169 4106 6.976 5415 2.046
TS 1220 1.005 0.913 1.074 1.076 1.202 0.389 1.063 1.007 0.997 0.996 1.235
vG2? TL 31.064 5.630 3.621 3.020 2323 0.611 0201 1.061 4004 T.440 5.812 2120
TS 1.326 1.034 0.915 0.963 1.143 1.410 0.422 1.127 1.003 0.986 1.034 1314
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UG TL 2970 5.546 5.306 3.012 2364 0.661 0.207 1.085 4.004 7.312 5.682 2143
TS 1.318 1.033 0018 0972 1.136 1.333 0429 1.125 1.002 0.087 1.033 1.289
vG2s TL 20936 5520 5.482 2988 2386 0.693 0.218 1.115 4.003 1272 5.631 2.166
TS 1.207 1.031 0.920 0979 1.132 1.294 0.457 1.117 1.003 0.990 1.028 1.274
UG TL 2847 5435 5.379 2922 2448 0.752 0.207 1.125 3.980 7.110 5522 221
TS 1.280 1.021 0922 1.010 1111 1216 0.456 1.096 1.004 0.994 1.015 1257
veas TL 2844 5.430 5.387 2933 2.446 0.749 0.205 1.129 3993 7.119 5523 2200
TS 1.278 1.021 0922 1011 1.110 1.220 0.455 1.097 1.004 0.993 1.016 1.236
ey TL 2844 5.431 5336 2880 2.459 0.765 0.204 1.111 3.046 7.056 5.504 2273
TS 1.276 1.019 0924 1.017 1.105 1.188 0.454 1.092 1.003 0.994 1.012 1.257
UG3s TL 2830 5308 5.355 2922 2430 0.756 0.178 1112 3007 7.063 5502 2183
TS 1.230 1.015 0.921 1.020 1.142 1.241 0.499 1.123 1.000 0.992 1.005 1.289
Note: Bold represents the highest value along the row
Table 6.12 Representation of trend length (in ®C) and trend slope (unitless) of monthly standard deviation across the Jalpaigun Division
Grids T Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Statistics :
KG12 TL 0177 0.139 0.104 0284 0.398 0.063 0.023 0084 0362 0059 0.154 0.099
TS 0.015 -0.728 1.657 -8.069 -0.166 -0.161  -15914 0327 0635 -0481 -0.781 -1.980
TL 0.198 0.121 0.051 0273 0.339 0.046 0.048 0.095 0321  0.041 0.158 0.100
KG18 TS 0.328 0.145 26.749 7879 -0.021 -1.004 -1.112 0.182 0778 0.448 -0.430 -1.065
KG19 TL 0230 0.102 0.131 0245 0335 0.071 0.039 0096  0.347 0.058 0.141 0.072
TS 0.707 -0.188 1513 64.852 0.039 -2925 -1.499 -0346 0697 0229 -0.388 -0.035
KG20 TL 0290 0.116 0.062 0254 0.323 0.060 0.086 0121 0320 0.022 0.047 0.051
TS 0.882 1.024 4.251 2202 0278 0.994 -0.493 -0.096 0914 -0163  -0341 0.072
KG21 TL 0.240 0.141 0.102 0208 0302 0.034 0113 0.101 0.309 0.063 0.100 0.030
TS 1.033 0.586 -0.827 1.646 0287 1.869 -0.620 -0.211  0.837  0.033 -0.169 1.450
UGa2 TL 0.187 0.117 0.078 0285 0.362 0.053 0.039 0086 0343 0038 0.159 0.106
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UG23

UG28

UG32

UG33

UG34

UG3s

ARArArArAC A @

0225
0.193
0.363
0.202
0477
0.234
0.719
0.230
0.718
0.249
0.764
0.193
1.296

-0.330
0117
-0.274
0113
-0.140
0113
0283
0114
0226
0112
0.466
0113
-0.417

1.549
0.089
1.795
0.086
1.921
0.071
7303
0.075
7337
0.066
6.850
0.071
25,775

-41.545
0274
-108.454
0.269
33131
0234
4.609
0250
5.019
0257
3.526
0.233
14.147

0.075
0.360
0057
0.348
-0.020
0.331
0.098
0.330
0.094
0.329
0.140
0.579
0.085

-0.557
0.053
-0.913
0.054
-1.291
0.046
-67.633
0.048
-13.339
0.047
3.663
0.053
1.745

-1.501
0.043
-1.466
0.049
-1.305
0.069
0778
0.070
0812
0.072
-0.671
0.101
-0.506

-0.273
0.092
-0.277
0.094
-0.263
0.107
-0.205
0.105
-0225
0.111
-0.167
0.186
-0.116

0.7122
0.344
0.700
0.339
0.721
0.326
0.804
0.327
0.787
0.323
0.844
0227
2.065

-0.232
0.047
0.022
0.047
0.168
0.046
0251
0.050
03228
0.037
0.245
0.041
0219

0610
0.151
-0.541
0.151
-0.479
0.115
-0.367
0.119
-0.339
0.095
-0.363
0.051
-0.746

-1.223
0.089
-1.021
0.085
-0.800
0.060
-0.446
0.058
-0.390
0.058
-0.370
0.154
0.050

Note: Bold represents the highest values along the row
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According to the analysis, TL (Trend Length) shows consistent pattems in the monthly
mean across all five divisions, with the lughest integer values typically occurnng from
October to November. However, TS (Trend Slope) exhibits more variability across divisions.
The vanations i the monthly mean TS of T are described as follows:

# Medinipur Division: The maximum TS values for the monthly mean (Table 6.3) are

found m July at three gnds: KGE (Shata Chak willage), UG9 (Nankar Kadamgerya

village), and UGI13 (Nandigram, WB). Additionally, KG7 (near Baleshwar district,

Odisha) show the highest TS in May, while the remaining 13 gnids in this division reach

their maximum TS in December.

Presidency Division: While the maximum TL values have already been discussed, the

TS for the monthly mean (Table 6.5) reaches its peak in July at grids UG12, KG13, and

UG29, which are located along the Bay of Bengal, as well as UG25 (Chakdaha town) and

UG30 (Shyamnagar upazila). At UG24 (Jaynagar town), the highest TS values are

observed m May, while the remammng four gnds in the Presidency division show

maximum TS in December.

# Burdwan Division: The highest TS values (Table 6.7) are found in December for five

grids and in July for two gnds: KG10 (Madhuban town) and UG15 (Jaragram village).

Malda Division: The mazximum TL values for the monthly mean (Table 6.9) consistently

occur from October to November across all gnds. However, the highest TS values are

found in December for 60% of the gnds in this division, in June for three gnds-KG17

(Lohagan village), UG21 (Saur Village), and UG27 (Porsha town)-and m July for UG17

(Ehargram).

# Jalpaiguri Division: In this division (Table 6.11), TS values peak in December for KG2
(Jidekha town) and UG35 (Gaedu town), while KG12 (Darbesha village), UG22 (Jalthal
village), and UG23 (Pyang village) show their highest TS values m June. The remaining
seven grids in the Jalpaigun division exhibit their aghest TS values 1n January.

Now, the vanations of monthly standard dewiation (std) along the divisions are as
follows 1n separate paragraphs with respect to the above tables:

Similarly, all 17 gnds in Table 6.4 exhibat the highest integer values for TL (Trend
Length) of monthly std in October. Conversely, the maximum TS (Trend Slope) values are
observed m December for 15 gnds, while the remaiming two grids UG6H (Kuldiha village) and
UG10 (Ashurali village) in Medimipur division show their mghest TS values in August.

In Table 6.6, although mine grids in the Presidency division reach their highest TL
values for monthly std in October, one gnd namely KG15 (Dhubuliya village)}—has its peak
trend length 1 April-May. For TS, the maximum values are observed in November for four
grids namely KG14 (Bhangar town), KG15, UG30, and UG31 (Kaligan upazila). Another
four grids namely KG13, UG12, UG14 (Uluberia city), and UG29 show the highest TS values
i December. Additionally, the peak TS values for monthly std are found 1 July at UG24 and
m August at UG25 1n the Presidency division.

In Table 6.8, the highest TL values for monthly std are observed in September for three
gnds: UGS, UG11, and three known grids in the Burdwan division. The remaming grids show
maximum TL values in October at UG15 (Jaragram wvillage) and in April at UGL6 (Negun
village). TS wvalues in the Burdwan division are lighly vanable, with the highest slopes

v

v
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occurring in Jamary at Asta (KG6), Senmldubi (UGSE), and Raspur (UG11) villages, m July
at Paduma (KG9) and Madhuban (KG10) wvillages, and in December at UG15 and UG16.

In Table 6.10, the highest TL values for monthly std 1n the Malda drvision are observed
1in September for s1x gnds located 1 the Malda, Murshidabad, and Dakshin Dinajpur districts,
in April for two external grids in Bangladesh (KG16 and UG27), and i May for the remaining
two gnds. For the monthly standard deviation of TS, the maximum values are observed n
July at KG17 (Lahagany village), UG19 (English Bazar), and UG20 (Chanchal), while three
grids in Murshidabad district show peak TS values in November. Additional peaks occur in
April at EG11 (Sukhasan willage) and UG27 (Porsha town), m June at KG16 (Nundapur
village). and in October at UG21 (Saur village) in Malda division.

In Table 6.12, the highest TL values for monthly std in the Jalpaigun division are
observed m May for 10 gnds. Two extemal grids-KG19 (Barfok village, Sikkim) and KG21
(Jidekha town, Bhutan) reach their highest TL values in September. The maximum TS values
are observed in March at KG18 (Tetulia upazila), KG20 (Chapatali village), UG34 (Mogolhat
railway station), and UG35 (Gedu town). In Apnl, the peak TS values are found 1n four gnds,
including three external gnds and one in the Kalimpong district. Additionally, m June, three
onds-KG21, UG32, and UG33-show the highest TS values, while the maximum TS 1 July
15 observed at the external gnd KG12 (Drabesha willage).

6.6 Monthly IPTA for representative boundary grids

Due to the large number of grids, representing the data using IPTA poses challenges.
Therefore, to facilitate a better understanding, eight gnds representing boundary conditions
are considered for the analysis. Out of all 56 gnds listed throughout West Bengal, these eight
have been designated to represent the entire state. They can be approximately divided into
two sections: UG28, UG34, UG20, and UG17 are the four gnds located in the north and
middle of West Bengal, while UG2, UG15, UG4, and UG30 are the four gnds selected from
the souwth of the state. The exact location (state/district-wise positions) of the eight
representative grids, which are already mentioned in Table 6.1, are mostly found along the
boundary of any division to cover the entire Tmin of West Bengal. These locations are shown
in Fig. 6.10.
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Fig. 6.10 Representative eight boundary grnids of West Bengal

6.6.1 Monthly Mean

The Tmin does not appear in a regular and stable form, and no single polygon 1s visible m the
graph of four different southem district boundary gnds in Fig. 6.11. It 1s observed that almost
all months lie near the no-trend line i the four grids. From the figures below, for UG2 (North-
West end of Pumulia district), it can be concluded that Febmary, March, July, August,
September, October, November and December exhibit an increasing trend, while Tanmary and
May show a decreasing trend. Apnil and June display no noticeable trend. For UG4 (west end
of Jhargram), the pattem 1s similar to UG2, with the exception of Apnil. which shows an
mcreasing trend. Conversely, Fig. 6.11(m1) for UG15 (southeast end of Purba Bardhhaman
district) reveals that Febmuary, March, Apnl, June, July, August, September, October,
MNovember, and December exhibit an increasing trend, while January shows a decreasing trend
and May shows no visible trend. In the case of UG30, in the district of South 24 Parganas, the
pattern is similar to UGLS (mid-north border of Hooghly district), except for the month of
June, which 1s approximately in the no-trend area.
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Fig. 6.11 IPTA graphs for the south zone of West Bengal, monthly mean of minimum
temperature records from some representative boundary gnds (1) UG2, (1) UGH, (1) UG15,
and (1v) UG30.

Although the four grids m Fig 6.12 are primarily from the north and middle zones of
West Bengal, they show similanties to the previously discussed four gnds in Fig 6.11. It 1s
evident that the monthly mean Tiwin does not exhibit a regular or stable pattern, and no distinct
polygon 15 visible. It is observed that almost all months are close to the no-trend line Tt can
be easily noticed that February, March, Apnl, June, July, August, September, October,
MNovember, and December show an increasing trend, while January shows a decreasing trend,
and May shows no trend 1n both UG17 (located at the junction of Birbhum, Murshidabad, and
Purva Bardhhaman districts) and UG20 (located at the junction of Malda, Uttar Dinajpur, and
Dakshin Dinajpur districts). In the mid-west of Kalimpong distnict (UG28) and the southeast
of Cooch Bihar district (UG34), only the month of January shows no trend, while the other
11 months show an increasing trend. Since UG17 and UG20 are located in the nmd-zone of
West Bengal, they are hotter than the northern grids of UG28 and UG34.
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Fig. 6.12 IPTA graphs for the mid and north zone of West Bengal, monthly of

minimum temperature records from some representative boundary gnids (v) UG17, (vi)
UG20, (vii) UG2S, and (viii) UG34.

6.6.2 Monthly Standard deviation

From Fig 6.13, it 1s observed that the monthly standard deviation (std) graphs form more
complex polygons compared to the monthly mean graphs. In Fig 6.13(1), 1t 15 evident that
almost all months hie below the trendless line, with Apnil above this 45° line and January
showing no trend in the northwest end of Purulia distnict (UG2). The remaining three grids
(UG4 in Jhargram, UG5 in Purba Bardhhaman, and UG30 in South 24 Parganas) exhibit a
similar pattern. In these gnds, only April lies in the increasing trend area, while all other 11
months are in the decreasing trend zone. Although all of these gnids are located in the southern
zone of West Bengal, UG2 shows a shightly different trend in the monthly std of IPTA.
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Fig. 6.13 IPTA graphs for the south zone of West Bengal, the monthly standard deviation of
mimmum temperature records from some representative boundary gnds (1) UG2, (1) UGH,
(ii1) UG15, and (iv) UG30.

As usnal, the monthly std of Tiwin 15 more complex than the monthly mean Although the
four graphs in Fig 6.14 are mainly from the northem and mmddle gnds of WB, they are similar
to those in Fig 6.13. It is observed that the junction of Burbhum, Murshidabad and Purva
Bardhhaman distnicts (UG17) shows an exceptional pattem with an increasing trend m
January and Apnl, whle the other 10 months are in the decreasing trend area. At the junction
of Malda, Uttar Dinajpur and Dakshin Dinajpur distnicts (UG20), decreasing trends are
observed in all the zones for all months except for August which shows no trend. At the mad-
west of Kalimpong district (UG28) and at the south-east of Cooch Bihar distnict (UG34), both
have similar patterns, where only July and August are above the no-trend line, September
shows no trend, and the remaining months are found to be in decreasing trend zone.
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deviation of mimimum temperature records from some representative boundary gnds (v)
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As per the previously plotted T graphs of IPTA for the representative eight boundary
gnids of monthly mean and monthly std, the below Tables 6.13 and 6.14 are formed to
summarise the no trend, increasing trend and decreasing trend with the help of three different
sign conveniions. In contrast, 1t 15 obvious that maximum trends i monthly means T are
increasing, while maximum trends in monthly standard deviations are decreasing in most of
the cases.

Table 6.13 Representation of monthly mean IPTA trend of representative gnds

Grids Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

UuG2 | > + T
UG4
UG15
UG30
UG17
UG20
UG28
UG34 1 T

I Teecececee
e T I
332
e e
»231T T«
e T T T P i S
333335
33333355
333D
e I I
333333
33II2IDD

MNote: € represents no trend; ‘[*represents increasing trend; | represents decreasing trend

Table 6.14 Representation of monthly standard deviation IPTA trend of representative grids

Grids Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

uG2 A T T T T T S T T TR
uG4 L S T S 2 T T Y R SR 4
UG15 NN S T . T T U Y S SR
UG30 L . S A S 2 T T T . SR 2
uGl7 ™ 4 1T
UG20 L S S T T S T S T T R
UG28 U S . T T & 4 4 4
e 4+ 4 4+ 4 4+ 7 T e J4 4 4

MNote: € represents no trend; ‘[*represents increasing trend; | represents decreasing trend

With the exception of January and May, Table 6.13 displays a generally positive trend
for each month. Except for North Bengal (UG28 and UG34), every gnd shows a decreasing
trend 1 January. For UG28 and UG34, there 1s no trend in January. On the northern side of
West Bengal, the typical increasing monthly Twin pattern is maintained in May.
However, in the months of May and April, a declining tendency 15 also noticed 1n the westem
distnicts of West Bengal (UG2 and UGH), although no trend 1s seen at UG2 in Apnil. In May,
neither an upward nor a downward trend 1s observed from the mddle districts (UG17, UG20)
to the southern districts (UG15, UG30) of West Bengal. In June, no trend is seen in the
distnicts of Jhargram (UG4), Purulia (UG2), and South 24 Parganas (UG30). As these are the
representative gnids of all over WB, the conclusion may suspect that the average Tiin of more
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or less all gnds has increased n last 36 years (1987-2022) companng by the year of 1951 to
1986 of Tmin data. There will be a probability of Tiwin increasing (month wise) vearly.

Table 6.14 indicates a mostly negative trend, with the exception of Apnil. From the top
of the WB to Malda district, there are three representative boundary gnds UG28, UG34, and
UG20 where the monthly std decreases m Apnil. However, the remaming five gnid points
UG2, UG4, UG15, UG30, and UG17 of South Bengal show a positive trend 1n that month.
There are only two gnds in the Jalpaigun division (UG28 and UG34) that indicate an
mcreasing tendency in July and August, but no trend in September. There 1s additionally no
trend developing at UG2 in January and UG20 1n August. UG17 (within Purva Bardhhaman
districts) 1n the month of January displays an inclining tendency.

The TS and TL of eight representative boundary gnids of the south and mud-north zones
for monthly mean are shown in Table 6.15. Though the highest TL of all gnds occurs 1n the
month of October that represents the rapid change in Tiin are happened in October-November,
the lowest integer values of TL of all the above eight representative grids are observed in July
which means, the T are almost the same 1n the month of July and August. The umque aspect
of this table 1s the month of July, when the maximum or minimum values of all gnids for TL
and TS are obtained, except for the TS of the western gnds (UG2 and UG4). As the trend
slope has no systematic approach, the lowest TS integer values are observed 1n June, except
for the northemn three gnds, which have the lowest slopes mn July that represent the rate of
change of mean Ty 1s the smallest in July-August. However, the highest integer values of
TS are observed in December for the western grids (UG2 and UGH) and at the southeast of
Cooch Bihar district (UG34). The highest TS 15 recorded in June near the mtersection of the
districts of Malda, Uttar Dinajpur, and Dakshin Dinajpur (1.e., UG20), while the largest slope
15 observed in January at the Kalimpong district (UG28).

62



Table 6.15 Trend length (in °C) and trend slope (unitless) of eight representative boundary grids for monthly data

South Zone Mid and North Zone
Grids UG2 UG4 UG15 UG30 UGl17 UG20 UGS UG34
Month TL TS TL TS TL s TL TS TL TS TL TS TL TS TL TS
Jan 4214 1316 4613 1222 4625 1286 4760 1237 | 4213 1354 3644 1344 2936 1307 2844 1276
Feb 6474 0996 6218 1019 6581 0997 6488 1001 | 6596 1002 6222 1031 5520 1031 5431 1019
Mar 6.397 0915 4873 0915 53273 0910 4580 0910 | 6.004 0299 6218 0907 5482 0920 5336 0924
Apr 2939 089 2099 O0B49 2026 0852 1728 (835 | 2392 0868 2949 0932 2988 0979 2880 1017
May 0626 1699 0382 278 0670 1704 0538 10998 | 1.109 1384 1997 1.184 2386 1.132 2450 1103
Jun 0969 0.657 0807 0.728 058 0.627 0582 0.669 | 0425 0460 0275 3612 0693 1294 0765 1188
Jul 0.251 1149 0102 3133 0070 10207 0.065 -4.355| 0.051 -5.832 0.148 0.362 0218 0457 0204 0454
Aug 0764 089 0458 0955 0503 0967 0379 1004 | 0660 0973 0919 1.102 1.115 1117 1.111 1.092
Sep 4121 1026 3130 1005 3077 0992 2638 00991 | 3444 0991 3941 1.004 4003 1003 3946 1003
Oct 7.580 0947 6978 00936 7.246 0935 6916 00933 | 7.620 0944 B8.064 0976 7272 0990 T.056 00994
Nov 6063 1061 5947 103 6353 1.044 6141 1034 | 6458 1037 6471 1034 5631 1028 5504 1012
Dec 0978 3350 0845 4235 1414 2411 1447 2203 | 1723 2022 1996 1308 2166 1274 2273 1.257
Note: Bolds represent column wise highest and lowest values.
Table 6.16 Trend length (i °C) and irend slope (umtless) of eight representative boundary gnds for monthly standard deviation data
South Zone Mid and North Zone
Grids UG2 UG4 UG5 UG30 UG17 UG UG1s UG34
Month TL s TL TS TL TS TL TS TL TS TL TS TL TS TL TS5
Jan 0231 1546 0247 0341 0168 0944 0154 0452 | 0190 7128 0189 0549 0202 0477 0249 0764
Feb 0107 -0.095 0123 -1454 0.087 -0.044 0060 -0490 | 0080 0865 0105 -1009 0113 -0.140 0.112 0466
Mar 0170 -0.629 0257  -1.232 0232 0718 0225 -0.718 | 0180 -0525 0079 0163 0086 1921 0066 6.850
Apr 0313 -1.859 0380 -2336 0428 -2375 0445 -2659 | 0401 -2338 0339 6187 0269 33131 0257 3326
May 0314 -0.126 0297 0.233 0318 0.144 0287 0159 | 0342 0.067 0347 -0.069 0348 -0.020 0.329 0.140
Jun 0353 1250 0268 1067 0208 1074 0220 1.180 |0.138 (0885  0.083 0.042 0054 -1291 0.047 3.663
Jul 0077 1251 0.044 1325 00B1 1868 0.058 2574 (0072 21309 0.018 19142 00490 -1305 0072 -0671
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Aug
Sep
Oect
Nov
Dec

0.061
03530
0.543
0.390
0303

1.390
0941

0.674
1.351
-5.990

0.078
0.349
0.693
0.324
0.245

-2.159
0592
0.648
2.230

-100.718

0.063
0.376
0.558
0.325
0.292

-4.798
1.208
0717
4198

-5.382

0.085
0325
0.621
0320
0289

-2.166
1.212
0.688
5.043

-5.036

0.019
0.402
0.366
0.287
0342

2016

1.146

0832
10.292
-3932

0.045
0.347
0.094
0.199
0.212

-0.406
0.928
1626

-1.245

-1.654

0.094
0339
0.047
0.151
0.085

-0.263
0721
0.168
-0.479
-0.800

0111
0323
0.037
0.095
0.058

-0.167
0844
0.245

0365

-0370

WNote: Bolds represent column wise highest and lowest values

The summary of monthly standard deviations for the eight representative gnids 1s provided in Table 6.16. The most rapid changes in Ty, indicated
by the highest TL (Trend Length). occur in October for the South Bengal grids UG2, UG4, UG15, and UG30. For the North Bengal grids UG20,
UG28, and UG34, the maximum TL values are observed in May, while UG17, a central grid in West Bengal, shows the highest TL in September.
The smallest TL values are observed in August for UG2 (north-western Purulia district), UG15 (mid-northern border of Hooghly district), and
UG17 (the junction of Birtbhum, Murshidabad, and Purba Bardhhaman districts). In July, the shortest TL 1s noted in two South Bengal gnds (UG4
and UG30) and at UG20, located at the junction of Malda, Uttar Dinajpur, and Dakshin Dinajpur districts. The remaining northern grids UG28
and UG34 exhibit the lowest TL values in October. In terms of TS (Trend Slope), the longest values are recorded in December for three South
Bengal gnids, in November for UG17 and UG30, in July for UG20 (the junction of Malda, Uttar Dinajpur, and Dakshin Dinajpur districts), i Apnl
for the Kalim pong district grid, and in March for the Cooch Bihar grid. The lowest TS values occur in May for the southermmost grids (UG4 and
UG30), the central gnd (UG17), and the northernmost grids (UG28 and UG34). In February, UG2 and UG15 show the lowest TS. Finally, i June,
the lowest TS 1s observed m UG20, the gnid located in the mid-zone and north-zone of the region.
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6.7 Monthly spatiotemporal analysis

Spatial analysis relates to the amangement of objects in space, while temporal analysis
pertains to the sequencing of events or moments in time (Rehman and Anf 2024). In this
context, spatial analysis refers to changes in mimmum temperature conceming grid pomt
locations. Conversely, temporal analysis vanes with respect to seasons or months.

It 15 clearly observed from the spatiotemporal plot 1 Fig 6.15 that the 0.5° resolution
data for all months are more precise than the 1° resolution data. This improvement i precision
anses because the 0.5° resolution Tmin data were derived through IDW interpolation of the
course 1° resolution data. In simple terms, IDW interpolation uses the values from nearby
points to eshmate temperatures at a finer resolution. By interpolating the 1° resolution data,
the 0.5° resolution data effectively provides a more detailed and refined picture of the spatial
variation 11 Tmin This method improves the granulanty and accuracy of the temperature
estimates, malang the finer resolution data appear more precise and informative.

From the monthly spatiotemporal analysis, 1t 1s very clear that January 1s the coldest
month and June 1s the hottest month of the year. Though it 1s observed that, July is a little bt
hotter than August 10 some specific locations, but 1t may be said that the mean mimmum
temperatures of July and August are almost the same over WB. The monthly temperature
sequence from hottest to coldest of any year can be represented in the following way: June =
July = August = May = September > April = October > March > November > February =
December > January.
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Fig. 6.15 Monthly spatiotemporal vanation of average mimmum temperature 1n West Bengal using gridded data at (a) 0.5° and (b) 1°
resolutions, based on the 72-year (1951-2022)
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6.8 Seasonal trend analysis

Division wise seasonal trend length and trend slope of all 56 gnids are as follows in the tables where, TL represents the Trend Length (in °C) and
TS represents the Trend Slope correspondingly, they both are IPTA statistics, same as before mentioned in monthly trend analysis.

Table 6.17 Representation of trend length (in °C) and trend slope (unitless) for seasonal mean and standard deviation across the Medimipur Division

Grids IPTA Seasonal Mean Seasonal Standard deviation
T Statistics Summer Monsoon Autumn Winter Summer Monsoon Auntumn Winter
KG1 TL 3122 2878 8395 14.148 0.520 0.775 0.085 0.220
TS 1.030 0.965 1.051 1.001 0.643 0797 -0.024 2.432
EG2 TL 3.706 9318 8843 14.453 0.558 0.787 0.129 0.111
TS 1.060 0975 1.039 0.992 0.707 0.745 0.457 l.616
EG3 TL 2.341 T.080 7.908 12.645 0483 0.617 0.115 0.248
TS 1.033 0.968 1.048 1.005 0809 0.761 0.899 0.729
EG4 TL 3078 8.162 8621 13.701 0.577 0.663 0.031 0.113
TS 1.053 0970 1.054 1.003 0.863 0.813 -0.291 0.303
EG3 TL ENTES 8.585 9188 14.097 0.571 0.687 0.051 0.076
TS 1.072 0974 1.050 0.998 0.904 0.867 0.114 1.355
EG7T TL 2.203 6.405 8.003 12.203 0.553 0.584 0.109 0.159
TS 1.031 0.965 1.040 1.001 1.069 0.860 0.645 0223
KEGE TL 2.799 7.176 9.001 13.376 0.582 0.602 0.110 0.119
TS 1.036 0.961 1.043 1.000 1.033 1.067 0.036 0.215
UGl TL 3.393 8.736 8761 14.009 0.560 0.735 0.068 0.114
TS 1.054 0971 1.048 0.998 0777 0.797 0.353 1.342
uG2 TL 3.066 8.845 9032 14.209 0.557 0.719 0.081 0.092
TS 1.059 0973 1.044 0.9946 0.768 0.810 0.421 1.952
UG3 TL 3.437 8.561 8 890 14.012 0.569 0.703 0.047 0.088
TS 1.060 0.972 1.049 0,999 0.835 0.822 0.481 0.955
UG4 TL 26035 T7.206 8 383 12.981 0.553 0.620 0.084 0.156
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TS 1.039 0.966 1.046 1.002 0.947 0.870 0374 0.388

UGs TL 2.044 7.714 8710 13.478 0572 0.644 0.051 0.120
TS 1.047 0967 1.048 1.001 0.924 0.889 0.026 0.365

UGS TL 3.280 8.016 9.002 13.735 0573 0.654 0.019 0.086
TS 1.052 0968 1.048 0.999 0.909 0.900 -0.876 0.509

UGT TL 3.767 8.288 0386 13.905 0.548 0.628 0.025 0.056
TS 1.046 0.967 1.044 0997 0.853 0.905 1492 1.298

uGo TL 2.384 7079 8445 12.937 0.559 0.613 0.090 0.149
TS 1.038 0.965 1.044 1.002 0.981 0.904 0334 0.340

UG10 TL 3318 1771 9.190 13.640 0.566 0.624 0.038 0.077
TS 1.044 0.964 1.045 0998 0.930 0.962 -0.384 0.469

UG13 TL 2.5337 6.604 8628 12.782 0.563 0.587 0.108 0.142
TS 1.038 0.963 1.039 0999 1.078 0.987 0312 0.230

Note: Bold represents the highest values along the seasonal row

Table 6.18 Representation of trend length (in °C) and trend slope (unitless) for seasonal mean and standard deviation across the Presidency
Division

Grids IPTA Seasonal Mean Seasonal Standard deviation
g Statistics Summer Monsoon Autumn Winter Summer Monzoon Autumn Winter

KG13 TL 2364 6.180 2622 12.436 0.551 0.574 0.118 0.160
TS 1.053 0.965 1.035 0.996 1.222 1.031 0.5343 0272

KG14 TL 2811 6.611 9263 13.061 0.552 0.331 0.124 0.106
TS 1.033 0.956 1.033 0.993 1.103 1.115 0.147 0.040

KGI15 TL 1575 6.986 9971 13.379 0.523 0.534 0.086 0.082
TS 1.024 0.952 1.036 0.094 1.020 1.153 0.208 0.700

UG1? TL 2472 6.596 8542 12.664 0.560 0.586 0.109 0.147
TS 1.039 0.963 1.039 0.999 1.094 0.975 0.377 0.235

UGl4 TL 2701 7.019 2017 13.142 0.568 0.591 0.098 0.119




TS 1.038 0.962 1.040 0.995 1.036 1.020 0133 0.229
UG TL 1.837 5.670 8.803 12.806 0.390 0.412 0113 0.135
TS 0215 0.650 1.037 0.997 0.285 0.259 0284 0.205
UGS TL 3189 7.058 9.438 13.304 0.552 0.564 0.087 0.087
TS 1.032 0957 1.037 0.995 1.031 1.092 0.066 0.307
UGI9 TL 2532 6.455 8782 12.704 0.558 0.571 0116 0.141
TS 1.043 0.962 1.036 0.996 1.145 1.044 0.340 0.215
UG30 TL 2.643 6.539 022 12.816 0.558 0.567 0113 0.130
TS 1.040 0.961 1.036 0.996 1.129 1.065 0275 0.201
UG31 TL 2885 6.715 9204 13.032 0.556 0.558 0.108 0.109
TS 1.034 0958 1.035 0.995 1.092 1.099 0.173 0.201

Note: Bold represents the highest values along the seasonal row

Table 6.19 Representation of trend length (in °C) and trend slope (unitless) for seasonal mean and standard deviation across the Burdwan Division

; S Seasonal Mean Seasonal Standard deviation
Grids IPTA Statistics Summer Monszoon Autumn Winter Summer Monsoon Autumn Winter
KG6 TL 4172 g.629 8719 14.175 0.532 0.608 0.036 0.111
TS 1.043 0.975 1.037 0.997 0.734 1.126 4.026 -3.184
KGO TL 3824 7.795 9769 13.738 0.521 0.561 0.025 0.028
TS 1.041 0.957 1.042 0.993 0.892 0.973 -3.938 0.998
KG10 TL 5.065 g.580 10.288 13.800 0.479 0.470 0.036 0.036
TS 1.000 0.961 1.025 0.993 0.813 0.993 0.201 -12.853
UGs TL 4073 8.365 0648 13.938 0.527 0.589 0.022 0.050
TS 1.037 0.966 1.039 0.995 0.811 0924 1.876 3842
UG11 TL 4210 8.293 9.805 13.887 0.516 0.561 0.020 0.041
TS 1.029 0.963 1.034 0.993 0.810 0.944 3.076 54.323
UGts TL 3170 7247 91316 13.389 0.560 0.585 0.075 0.087
TS 1.037 0.959 1.040 0.996 1.005 1.055 -0.007 0322
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TL 3.600 T.564 0.624 13.584 0.540 0.574 0.045 0.059

HEes TS 1.034 0.959 1.040 0.995 0.942 1.028 -0.226 0.620

Note: Bold represents the highest values along the seasonal row

Table 6.20 Representation of trend length (in °C) and trend slope (unitless) for seasonal mean and standard deviation across the Malda Division

. IPTA Seasonal Mean Seasonal Standard deviation
L Statistics  Summer Monsoon Autumn Winter Summer Monsoon Autumn Winter
KGI1 TL 6.249 8.635 10.851 13.236 0.438 0.397 0.192 0.083
TS 1.029 1.008 1.032 1.017 0.390 1.011 0324 1.186
KG16 TL 5.200 7.900 10.565 13.264 0.451 0.440 0.164 0.124
TS 1.018 0.987 1.024 1.004 (0.865 1.084 0.003 0.239
KG17 TL 6.586 £.700 10.905 13.019 0.416 0.345 0.147 0.036
TS 1.020 1.012 1.026 1.019 0.557 0.939 0.079 1.335
uG1? TL 4206 7.863 9.966 13.622 0.508 0.529 0.049 0.049
TS 1.024 0.963 1.034 0.996 0.2889 1.020 0223 0.766
UG1s TL 4 875 £.203 10.254 13.580 0476 0.482 0.078 0.033
TS 1.018 0.973 1.029 0.999 0.790 1.020 0.206 0.841
UG19 TL 5.542 8.389 10.548 13.395 0.448 0.432 0117 0.060
TS 1.018 0.987 1.027 1.006 0.665 1.017 0171 0.891
UG TL 6.042 8.534 10.605 13.096 0.437 0.397 0.134 0.057
TS 1.019 0.998 1.028 1.012 0.519 0.937 0188 1.350
UG TL 6.361 g.465 10.392 12.495 0.431 0.374 0.146 0.061
TS 1.020 1.007 1.027 1.016 0.434 0.827 0125 1.310
UG2s TL 4300 7.681 10.094 13.473 0498 0.508 0.082 0.067
TS 1.022 0.967 1.032 0.998 0.906 1.065 0078 0.496
uG27 TL 3.676 8344 10.595 13.262 0.444 0.420 0.128 0.067
TS 1.018 0.992 1.027 1.008 0.664 1.002 0.102 0.717

Note: Bold represents the highest values along the seasonal row

70



Table 6.21 Representation of trend length (in °C) and trend slope (umitless) for seasonal and standard deviation across the Jalpaigun Division

: iy Seasonal Mean Seasonal Standard deviation
Grids IPTA Statistics
Summer Monzoon Autumn Winter Summer Monzoon Autumn Winter
KG12 TL 6.461 8214 0834 11.587 0.437 0381 0.126 0.052
TS 1.012 1.004 1.028 1.020 0.337 0.625 -0.180 1.210
KG18 TL 6.600 8212 9675 11.287 0.410 0345 0.139 0.069
TS 1.023 1.017 1.020 1.016 0.406 0719 0.064 1.439
KG1D TL 6.540 8.123 9608 11.191 0.402 0368 0.118 0.067
TS 1.018 1.012 1.020 1.016 0.409 0.693 -0.097 0.961
G20 TL 6.493 7.840 0.553 10.900 0.420 0374 0.087 0.074
TS 1.020 1.011 1.014 1.008 0.586 0.829 0.661 -34.163
RG21 TL 6.680 8203 9376 10.599 0.389 0322 0114 0.067
TS 1.030 1.012 1.008 0998 0.507 0931 0212 -393.281
TL 6.483 8274 9920 11.712 0.424 0367 0.134 0.061
HeE TS 1.019 1.010 1.024 1.017 0.390 0.703 -0.074 1.237
UG23 TL 6.517 g212 9774 11.469 0.419 0.366 0.129 0.062
TS 1.018 1.011 1.023 1.017 0.384 0.677 -0.063 1.166
UGS TL 6.539 2200 8731 11.391 0.413 0362 0.129 0.065
TS 1.019 1.013 1.022 1.016 0.396 0.695 -0.036 1.183
uGa? TL 6.561 g.004 9.607 11.140 0.407 0.355 0.113 0.066
TS 1.022 1.013 1.017 1.012 0462 0.761 0.149 2.439
UG33 TL 6.567 g.116 9.601 11.150 0.405 0.354 0.115 0.065
TS 1.022 1.013 1.017 1.011 0.453 0.758 0114 2.204
UG TL 6.543 g.020 9.597 11.075 0.411 0360 0.105 0.068
TS 1.022 1.013 1.017 1.011 0.496 0.780 0262 3.773
UGS TL 6.527 g.089 9537 11.099 0.595 0282 0.164 0.236
TS 1.039 1.011 1.018 1.001 0.309 1.219 0.130 -0.282

Note: Bold represents the highest value along the seasonal row
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The highest integer values of Trend Length (TL) for all gnds across the five divisions
of Jalpaigun, Malda, Bardhhaman, Medimpur, and Presidency are observed dunng winter
and summer for the seasonal mean, as detailed in Tables 6.17 to 6.21. In the Medimpur
division, the highest TL values for all 17 gnids occur during the Monsoon season for seasonal
standard deviation (std). Specifically, in Table 6.18, the maxinmum TL values for all grids are
observed in Monsoon, except for KG14 (Bhangar town) 1n the Presidency division, where the
peak 1s in summer. Simularly, for seasonal std in Table 6.19, the highest TL values for all
grids occur in Monsoon, except for KG10 (Madhuban town of Dhanbad), where the peak is
also 1n Summer. In the Malda division, the highest TL values for seasonal std are found n
Summer for seven gnids, while the remaining three gnds UG17, UG18, and UG26 1n the
IMurshidabad district have their highest values 1n Monsoon. Additionally, for seasonal std in
Table 6.21, the highest TL values for all 12 gnds of the Jalpaigun division occur in Summer.

Trend Slope (TS) values exhibit more fluctuations (especially in the case of standard
deviation), making the analysis of TL more straightforward than TS. Now, the detailed
explanation of seasonal TS based on Tables 6.17 to 6.21 1s as follows: The maximum TS
values for seasonal mean are observed in Autumn for 10 gnds in Table 6.17, with the
remaiming seven grids KG2, UG1, UG?2 in Jharkhand, KG5, UG3 in Purulia district, UG6 m
Euldiha village, and UG7 m Patdoha village showing the highest values in Summer. The
highest TS values for seasonal std 1n the Medintpur division are observed in Winter for nine
grids, 1 Summer for six gnds KG4, KG7, UG4, UGS, UG9, and UG13, and in Monsoon for
the remaining two grids (KG8 in Shata Chak village and UG10 m Ashurali village). In the
Presidency division, the maximum TS values for the seasonal mean are observed tn autumn
for six gnds. while the remaining four grids (three above the Bay of Bengal and UG30 1n
Bangladesh) show the highest values in summer. In Table 6.18, the maximum TS values for
seasonal std occur in Summer for six gnds KG13, UG12, UG14, UG24, UG29, and UG30,
while the remaiming four grids KG14, KG15 i Dhubulia village, UG25 1n Madanpur village,
and UG31 in Kaligan) upazila show the highest values n the Monsoon.

In the Burdwan division, the highest TS values for all gnids occur in autumn, except for
EKG6 (1n Asta village). where the peak 1s in summer for the seasonal mean. For TS in seasonal
std, the highest values are observed in Winter for four grids KG9 m Paduma willage, KG10
m Madhuban town, UGS in Semuldubi village, and UG11 1n Raspur village, in Monsoon for
two gnids 1 Purba Bardhhaman district, and i Awtunm for KG6. In Table 6.20, the highest
TS wvalues for all gnds occur 10 autumn, except for Lahagan) village (KG17) and Chanchal
village (UG20), where they peak 1n summer for the seasonal mean. In the Malda division, the
highest TS values are observed in winter for five gnds, while the remaining grids KG16 in
MNundapur, UG17 in Khargram, UG18 in Ahiran, UGI19 in Enghsh Bazar, and UG26 m
Garibpur show the highest values in Monsoon. The TS values for all grids in Table 6.21 reach
their maximum in winter, except for UG35, where 1t occurs in Monsoon for seasonal std. For
the seasonal mean in the Jalpaigun drvision, the lughest TS values occur in Summer for gnds
EKG18. KG19, KG20, KG21, UG32, UG33, UG34, and UG35, while the remaining four grids
peak in Autunmm.
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6.9 Seasonal IPTA for representative boundary grids

The eight representative boundary grids, already mentioned m Fig 6.10 for the monthly
analysis, have been chosen and selected for the discussion of the IPTA for the seasonal
analysis as well.

6.9.1

Seasonal Mean

The minimum temperature does not exhibit a regular and stable pattern, and there 15 no distinct
polygon visible in the graph for the four different southem district boundary gnds in IPTA Tt
15 observed that almost all months lie on or near the no-trend line in the IPTA graphs for these
four gnds. For UG2 and UGH, the pattern 1s sumilar, with no trend observed in summer and
winter, while monsoon and autumn show an increasing trend. However, for UG15 and UG30,
both IPTA graphs are consistent, with all four seasons falling within the increasing trend zone.
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temperature records from some representative boundary gnds (1) UG2, (1) UG, (1) UG15,
and (1v) UG30.
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From Fig 6.16 and the analysis of the four grids, 1t 1s observed that UG2 is notably
cooler than the other three grids. This 1s because the trends for the other three gnids are shafted
towards the upper-right corner, a pattern also evident in the monthly mean IPTA graphs for
UG4, UG15, and UG30.
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Fig. 6.17 IPTA graphs for the mid and north zone of West Bengal, seasonal mean of
mimmum temperature records from some representative boundary gnds (v) UG17, (vi)
UG20, (vii) UG2S, and (viii) UG34.

Figure 6.17 shows that the four gnds, poimanly from the northem and middle zones of
West Bengal, are very simular to the previously discussed grids in Fig 6.16. It 15 clear that the
seasonal minimum temperature does not exhibit a stable form and no distinct polygon
15 visible; instead, the data generally follow a linear pattern. Almost all seasons lie above the
no-trend line 1n the IPTA graphs for these four grids, indicating an increasing trend across all
seasons (summer, monsoon, autumn, and winter). Additionally, UG17 and UG20, located 1n
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the mid-zone of West Bengal, are hotter than the northem gnds UG28 and UG34, which 1s
why the graphs 1n Figs. 6.17(v11) and (vi11) are shifted towards the lower-left corner.

6.9.2 Seasonal Standard deviation

It 15 observed that the IPTA seasonal standard deviation creates one or two polygons m the
four grids from the southem zone of West Bengal shown in Fig. 6.18. All seasons lie below
the trendless line, indicating a decreasing trend for these gnids. Although all the grids are
located in the southem zone of West Bengal, UG2 exhibits a slightly different trend 1n the
seasonal standard dewviation IPTA, as it creates two tniangular polygons (1e., the state of
instability, mhomogeneity, and complexity, where the two different types of temperature
present 1n this particular grid each year rather than a steady state), while the remaiming three
grids form similar single polygons which represents the regulanty i terms of Ty
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Fig. 6.18 IPTA graphs for the south zone of West Bengal, the seasonal standard deviation of

mimmum temperature records from some representative boundary gnds (1) UG2, (1) UGH,
(ii1) UG1S, and (iv) UG30.
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As usual, the monthly standard deviation of minimum temperature IPTA graphs 15 more
complex than the seasonal standard deviation IPTA graphs. Although the four graphs 1n Fig.
6.19 are primarnly from the northern and middle grids of West Bengal, they are quite similar
to the graphs in Figure 6.18. Notably, UG28 and UG34 exhibit a somewhat exceptional
pattem with an mncreasing trend in Monsoon, while all other seasons are in the decreasing
trend area. In contrast, for UG17 and UG20, all four seasons are located in the decreasing
trend zone, forming a single type of polygon.
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deviation of minimum temperature records from some representative boundary grids (v)
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Based on the previously plotted IPTA graphs for the eight representative boundary grids
of seasonal mean and seasonal standard dewiation, Table 6.22 has been developed to
summarize the no trend, mcreasing trend, and decreasing trend using three specific sign
conventions.

Table 6.22 Representation of seasonal mean and seasonal standard deviation IPTA trend

Seasonal Mean Seasonal Standard Deviation

it Summer Monsoon Autumn Winter | Summer Monseon Autumn Winter

UG2
UG4
UG15
TUG30
UG17
TG0
UG28
UG34

29335511
e I R R R R
e I B T B
29955571
DD E ECE e €

CEE e e
CEEC e e
A

Note: €2 represents no trend; ‘['represents increasing trend; |- represents decreasing trend

It 1s observed that for both summer and winter, UG2 and UG4 exhibit no trends in
seasonal mean. Conversely, in terms of seasonal standard deviation, UG28 and UG34 show
increasing trends during Monsoon. Table 6.22, which 1s quite simmlar to the monthly trends,
indicates that the maximum trends for the seasonal mean are generally increasing, whale for
seasonal standard deviation, the trends are mostly decreasing. As these grids represent various
regions across West Bengal, the conclusion suggests that the average mimimum temperature
has generally increased over the past 36 years (1987-2022) compared to the period from 1951
to 1986. There 1s a likelihood of a seasonal increase in Twin each vear.
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Table 6.23 Trend length (1n °C) and trend slope (unitless) of eight representative boundary grids for seasonal mean data

South Zone Mid and North Zone
Grids UG2 UG4 UG15 UG30 UG17 UG0 UGS UG34
Seasons TL TS TL TS TL TS TL TS TL TS TL TS TL TS TL TS
Sommer 3666 1.059 2605 1039 3170 1037 2.643 1.040 | 4206 1024 6042 1019 6539 1019 6.543 1.022
Monsoon 8845 0973 7206 0966 7247 0959 63539 0961 | TE63 0.963 8534 0998 8200 1.013 8020 1013
Autvmn 9032 1044 8383 1046 9316 1.040 £0922 1036 | 9966 1.034 10605 1.028 9731 1.022 93597 1017
Winter 14209 0995 12981 1002 13389 0995 12816 0995 | 13.622 0996 13.096 1012 11.391 1016 11.075 1.011

Note: Bold represents column wise the highest and the lowest values

Table 6.24 Trend length (1n °C) and trend slope (unitless) of eight representative boundary grids for seasonal standard deviation data

South Zone Mid and Nerth Zone
Grids UG2 UG4 UG15 UG30 UG17 UG20 UG28 UG34
Seasons TL TS TL TS TL s TL TS TL TS TL TS TL s TL s
Summer 0357 0768 035333 0947 03560 1005 0558 1129 | 0508 0889 0437 0319 0413 0396 0411 0496
Monsoon 0.719 0810 0.620 0870 0585 1.055 0.567 1065 | 05290 1020 0397 0937 0362 0695 0360 0780
Avtomn 0081 0.421 0.084 0.374 0075 -0.007 0113 0275 | 0049 -0.223 0134 0188 0129 _0.036 0105 0.262
Winter 0092 1952 0156 0388 0087 0322 0130 0201 | 0.049 0766 0.057 1350 0.065 1.133 0.068 3773

Note: Bold represents colummn wise the highest and the lowest values
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Table 6.23 presents a summary of the seasonal Trend Length (TL) and Trend Slope
(TS) of the mean mimimum temperature (Fmn) across West Bengal. It reveals that the highest
TL values for all gnds occur in winter, while the lowest TL values are observed 1 summer.
The TS does not follow a consistent patten: UG2 (Purulia distnct), UG30 (South 24
Parganas), and UG34 (southeast of Cooch Bihar distnict) show their maximum TS 1n summer,
whereas the remaining five grids have their highest TS in awtumn. The lowest TS values are
observed in the Monsoon season for all representative gnds, except for the gnd of Cooch
Bihar (UG34), which has its lowest TS in winter.

Table 6.24 provides a summary of the seasonal standard dewviation for the eight
representative grids. The highest TL values are recorded for the grid of Malda district (UG20),
mid-west of Kalim pong district (UG28), and southeast of Cooch Bihar district (UG34) 1n
summer, while the maximum TL for the remaiming five grids 1s observed duning the Monsoon
season. The lowest TL values are found in autumn for four grids in the southem zone and in
winter for four gnds in the mid-northem zone of West Bengal. The lighest TS values are
observed mn summer for the southemnmost boundary gnds UG4 and UG30, in Monsoon for
UG15 (southeast end of Purba Bardhhaman district) and UG17 (the central grid among the
representative grids), and mn winter for the remaming gnds. Most of the lowest TS values
occur i autumn for all grnids except UG30 (South 24 Parganas), which has the lowest TS m
winter.

6.10 Seasonal spatiotemporal analysis

The spatiotemporal analysis of mimimum temperature (Tp,) has been previously
discussed i the context of monthly vanations (Section 6.7). Here, the focus shifts to
understanding how Tmin changes with respect to grid point locations (spatial) and seasons
(temporal).

For a more detailed companison, Figures 6.20(a) and 6.20(b) present the seasonal Timin
data based on 72 years of mean data. Figure 6.20(a) shows the Twin across 56 grids at a 0.5°
resolution, while Figure 6.20(b) displays the Twmin across 21 grids at a 1° resolution. Both
figures illustrate the seasonal T for Summer (MAM), Monsoon (JTAS), Autumn (ON), and
Winter (DJF).

As observed, the 0.5° resolution data in Figure 6.20(a) provides a more precise depiction
of mean Ty vanation compared to the 1° resolution data in Figure 6.20(b). This increased
precision is due to the IDW interpolation of the 1° resolution data to obtain the 0.5° resolution
Tmin data.

The figures indicate that mean T ranges from 17°C to 26°C in summer, 22°C to 27°C
in Monsoon, 16°C to 25°C i autumn, and 9°C to 16°C i winter. While summer 15 generally
considered the hottest season, the high humidity during the monsoon can make it feel even
hotter. The analysis confirms that winter 1s the coldest season, while monsoon 1s the hottest.
The seasonal temperature sequence from hottest to coldest 1s summarized as: Monsoon =
Summer > Autumn > Winter.
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Chapter 7

CoNcLUSIONS anp FUTURE
RECOMMENDATIONS

7.1 Conclusions

The identification of trend elements 1s a crucial aspect of analyzing hstorical and projected

time series data. In this study, trends i minimum temperature (Twin) Were assessed for the

entire state of West Bengal (WB) in India, with some gnds from neighboning states or
countries included for comparative purposes. This companson involved two different
resolutions: 0.5 and 1°, with the 0.5-degree resolution data obtamned using the Inverse

Distance Weighted (IDW) method. Trend analysis was performed using the non-parametric

Innovative Polygon Trend Analysis (IPTA) method over a study penod of 72 years (1951-

2022). The analysis revealed both positive and negative trends m monthly and seasonal mean

Twin, with some instances showing no significant trend. The conclusions drawn from this

study are as follows:

# Despite the fact that the T data set of grids at 0.5 degrees resolution was extracted using
the IDW approach, some rare climatological conditions may cause this data to be shightly
inexact in all of the gnds. Since IDW is one of the strongest methods for interpolating
accessible, 1t has been deliberately uwtilized mamually to reduce mustakes and improve
consequences.

#* Durning the 72-year Timin data analysis in MS-Excel, among all grids of West Bengal, the
lowest Ty was identified on the date 05 January, 1955.

#+ Decadal analysis was primanly aimed at companng 1° and 0.5° resolutions. Notable
differences were observed in the nuddle southern region of West Bengal including paris
of Medmipur, Burdwan, and the Presidency division, where variations were relatively
minor. It was found that hmgher resolutions might vield more accurate results. A specific
visualization for decadal analysis showed that the average Twin from 1951 to 1960 closely
mirrored the mean T from 1961 to 1970, Similarly, mean Tmin values for the decades
1971-1980 and 1981-1990 showed mummal wvanation Differences between the
subsequent three decades 1990-2000, 2001-2010, and 2011-2022 were nearly
indistinguishable. Additionally, each decade displayed an average T of approximately
20°C from north to south across the state.

++ Throughout the grids of West Bengal, the lhighest values of TL consistently occurred in
the months of October and November, while the shortest values were observed in July and
Aungust. Seasonally, the highest TL was recorded 1n Winter, and the smallest TL was noted
in Summer. However, a few gnids exhibited unusual pattemns according to the analysis of
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standard deviation. This inconsistency indicates that the mean T may display non-
1sotropic behavior and complexity in certain grids.

¢ The length and slope of trends for monthly and seasonal mean Twam illustrate vanations
throughout the months. The maximmum TL 15 observed as 8.21°C at gnd pomt KG17
(located near Lahagan) village in Malda division) for monthly mean T and 14.012°C at
UG3 (located near Hatnadih willage in Medimipur division) for seasonal mean Tiwin. For
the Trend Slope (TS). the highest positive value 1s +41.739 at KG8 (located near Shata
Chak village in Paschim Medinipur district) and the lowest negative value 1s -98.69 at
UG13 (located near Nandigram in Purba Medinipur district) for monthly mean Twin. The
highest trend slope for the seasonal mean Twin 1s +1.072 at KG5 (located near Birkicha
village in Pumlia district).

<+ According to 72 years of IPTA results, nearly all gnids 11 West Bengal exlubited an
mcreasing trend in mean Twin actoss each month. However, several grids in the southem
and central regions of the state showed a decreasing trend, and no trend was observed in
North Bengal during January. In terms of seasonal means, all trends mdicate an increase,
except for the western grids of West Bengal, where no trend was observed in both summer
and winter seasons.

++ The 72-year spatiotemporal mean Ty, data for the state revealed a slightly more refined
vanation at the 0.5° resolution compared to the 1° resolution. Given the minor difference
observed, utilizing a higher resolution, such as 0.25° may yield even more accurate

findings for comparison.

7.2 Future Scopes
# It1s recommended to continue the analysis by focusing on the maximum temperature
(Tmx) in addition to the minimum temperature ( Tmin) across West Bengal.

# Future research could benefit from applying Standardized Innovative Polygon Trend
Analysis (S-IPTA) to study and analyze the trends of key meteorological parameters
at the same locations.

The recent analysis could be extended to other Indian states to predict temperature
trends and enhance climatological research across the country.

Converting the dataset to a higher resolution (e.g., 0.25° x 0.25°) and companing 1t
with the previously analyzed data could provide more detaled immsights and
potentially reveal finer-scale vanations in temperature trends.
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