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ABSTRACT

This study undertakes a thorough analysis of the elements that influence the variability of tropical cyclones (TC) in
the North Indian Ocean (NIO) from 1960 to 2020, with a specific focus on the periods before and after the monsoon season.
The study utilizes historical satellite data to investigate the factors that impact the formation, strength, and trajectories
of cyclones. The primary method for evaluating cyclone strength is by calculating the Accumulated Cyclone Energy
(ACE). The study observes a decreasing trend in ACE levels during 1991-2005, which started increasing just after from
2006 to 2020. The Bay of Bengal (BoB) has a more uniform distribution of ACE in comparison to the Arabian Sea (AS),
with higher average values and more variability over the Main Development Region (MDR), which is the area where
cyclone development occurs most frequently. Cyclones of greater intensity generally occur following the monsoon season.
Examination of storm paths reveals that cyclones with greater intensity frequently hit the northeastern and southeastern
coastal regions of India. The study emphasizes notable discrepancies in parameters within the MDR, which impact cyclone
strength and ACE values throughout various periods.
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1. Introduction

The North Indian Ocean (NIO) is distinguished due
to its unique thermodynamic conditions and intricate natu-
ral processes, encompassing two different basins: the Bay
of Bengal (BoB) and the Arabian Sea (AS). Both locations
are conducive to the production of tropical cyclones (TCs)
due to many variables. These factors consist of elevated
sea surface temperature (SST) beyond 26 °C, the Coriolis
force, significant humidity, low vertical wind shear (VWS),
and the presence of pre-existing weak low-pressure systems
and upper-level divergence!'™#. Tropical storms in the NIO
mostly occur during two specific seasons: April-May, known
as the pre-monsoon season, and October—November, known
as the post-monsoon season. These cyclones have a con-
siderable influence on the eastern coast of India, altering
local climates and populations every year. According to his-
torical statistics from the National Cyclone Risk Mitigation
Project!®), the eastern coast witnessed over 308 cyclones
between 1890 and 2000; whereas the western coast experi-
enced only 48. In the study of cyclonic disturbances over five
decades (1961-2010), where they observed that changes in
translational speed increased as compared to the AS[®!. This
suggests that cyclonic activity varies across these two basins
and needs to be analyzed deeply on a smaller time scale. The
frequency of TCs over the BoB (AS) has exhibited a decline
(increase) over the recent three-decade period (1990-2019)
in comparison to the past three decades (1960-1989)[71. A
decline in TC activity over BoB was noted in November,
attributed to a notable reduction in mid-level relative humid-
ity The findings of the study indicate a potential decline
in the frequency of landfalling TCs in the region. However,
there is a notable shift in the spatial distribution of landfalling
TCs, with a heightened incidence of TCs occurring across
northern India and Bangladesh. This shift may result in
increased exposure to TC-related hazards in these regions[®].

A recent study emphasized the need to improve sea-
sonal forecasting by extending the time frame to reduce the
risks associated with cyclones more effectively!'%l. They
highlighted the necessity of being prepared and having a
well-coordinated response to disasters. By contrast, the vari-
ations in the ability to identify cyclones among different
maritime regions are also studied!"!). Climate variability
variables, such as El-Nifio, La-Nifia, and local air pollution,

have had a substantial impact on long-term tropical cyclone

patterns since 19801121,

Although there have been improvements, there are still
gaps in our understanding of the long-term variations in cy-
clone frequency, the variables that influence them, and the
predictability of storm trajectories on a seasonal and monthly
basis. Our research attempts to fill these gaps by examin-
ing certain characteristics and patterns of tropical cyclones
from 1960 to 2020 during three unique periods. We chose
the months of April and May as the pre-monsoon season
and for the post-monsoon season, the months of October
and November are selected and the parameters are further
evaluated based on these periods. We first analyzed the
variability of ACE and its spatial distribution over the NIO
region to identify the regions most favorable to the cyclonic
activity that affects ACE. Then, the tracks and landfall loca-
tions were examined based on different categories to check
the frequency and intensity of TC events. We further studied
the variations in parameters that influence cyclonic activity
and help cyclones reach their maximum intensity, speed, and
movement across the basin on monthly and seasonal time
scales. By analyzing observational data and parameters, our
goal is to deepen our understanding of TC dynamics and
boost our ability to predict them to reduce the human and

material damage they cause in the Indian region.

2. Data and Methodology
2.1. Data Used

This study employs satellite and best-track datasets cov-
ering the period from 1960 to 2020 to examine atmospheric
and oceanic characteristics. Our study specifically examines
pre-monsoon (April and May) and post-monsoon (October
and November) over the NIO regions (AS and BOB).

The Joint Typhoon Warning Center (JTWC) generated
six-hourly TC track data that are utilized in this research!3].
Each best-track file contains information about the centers
and intensities of TCs, which are determined based on the
highest sustained 10 m wind speed observed over one minute.

The ACE is a quantitative measure of the entire amount
of energy discharged by a tropical cyclone throughout its
lifespan. The study of ACE offers invaluable insight into the
behavior and impacts of tropical cyclones. The ACE index
was initially devised and employed by William Gray in 1988
to analyze the damage caused by TC winds and their impact

14



Journal of Atmospheric Science Research | Volume 07 | Issue 04 | October 2024

on storm surges, and for the estimation of ACE, wind speeds
over 34 knots have been taken into account!'¥l. The principal
objective of the ACE study is to ascertain the destructive ca-
pacity of a TC and to calculate the seasonality of such events.
A higher ACE value indicates a more destructive cyclone and
a more active season. Globally, ACE has shown a decreasing
trend as per a recent study from 1991 to 202131, The wind
speed dataset used for the calculation of ACE is obtained
from the IBTrACS project!!® 7],

This study also examines many significant parame-
ters that impact the development of cyclones, such as VWS,
wind speed, SST, relative vorticity (RV), and relative hu-
midity (RH). The analysis employs ERAS5 datasets from
the European Centre for Medium-Range Weather Forecasts
(ECMWF), which give different time intervals and a geo-
graphical resolution of 0.25° x 0.25°[18 191 Tropical cyclone
heat potential (TCHP) is determined by using potential tem-
perature data obtained and calculated from the Ocean Reanal-
ysis System 5 (ORASS5) monthly dataset, which ECMWF

manages.

2.2. Methodology

The calculation of vertical wind shear in the atmosphere
follows the methodology described in previous work 2%, as
shown in Equation (1).

VWS = \/(Usso - U200)2 + (vsso — ”200)2 M

ugsp and usgg represent the zonal wind components
at 850 and 200 hPa pressure levels. Similarly, vss9 and
V9o represent the meridional wind components at 850 and
200 hPa pressure levels averaged over the region of interest
(60°E—100°E and 5°N-25°N).

The TCHP is calculated using Equation (2),

Da2g

TCHP = pCp / [T — 26] d= )

0

The function T represents the temperature of the con-
sidered water layer at depth z, Dyg indicates the depth at
which the isotherms reach a temperature of 26 °C. The spe-
cific heat capacity of salt water, denoted as C,,, is taken as 4
KJkg='K~1; p is the density of the considered water layer.
A greater value of TCHP signifies a more elevated temper-
ature in the ocean, which induces a higher amount of heat

available for TC convection due to the transfer of thermal

energy between the uppermost layer of the ocean and the
atmosphere through evaporation 4.

To compute the ACE, we followed the steps of Waple
et al.[?!. This ACE can be used as a climatic indicator for

TC seasonal activity and is given by Equation (3).

A3)
The ACE is determined by adding up the squared fair

ACE=10"")" v

all days max

value of the estimated maximum sustained winds in knots for
the required time when tropical cyclones are present and then
converting it to (m-s~1)2
the ACE for TC that occurs in the NIO region, given that

their maximum persistent wind speed should be greater than

for simplification. We calculate

17.5 meters per second. This computation includes all days
during the months of April, May, October, and November.

Relative vorticity is calculated at the level of 850 hPa
by the Equation (4):

“4)

where v is the meridional wind component, and u is the
zonal wind component at 850 hPa pressure level averaged
over the region of interest (60°E—100°E and 5°N-25°N).

We characterized the TC as per the IMD criteria, which
is given below in Table 1[2%]:

Table 1. Categorization of tropical cyclones as per Indian Meteoro-
logical Department (IMD) classification.

SI. No. Type of Disturbance (Storm) Associated
Maximum
Sustained
Wind in Knots
1 Low-pressure Less than 17
2 Depression 17 to 27
3 Deep depression 28 to 33
4 Cyclonic 34 to 47
5 Severe cyclonic 48 to 63
6 Very severe cyclonic 64 to 90
7 Extremely severe cyclonic 91 tol19
8 Super cyclonic 120 and above

3. Results and Discussion

We divided the 60 years of the study period into three
shorter times for analysis based on several parameters. How-
ever, due to the unavailability of ACE data from 1960-1990,
we divided the analysis period of ACE into only two differ-
ent periods for analysis while keeping three time periods for

cyclones and other parameters. For ACE, we divided the
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time into two sub-periods, from 1991-2005 and 2006-2020.
The time is divided into three sub-periods for the oceanic and
atmospheric parameters: 1960—1990 as Epoch-1,1991-2005
as Epoch-2, and 2006-2020 as Epoch-3, respectively. We
selected April and May as pre-monsoon (AM) months and
October and November as post-monsoon (ON) months. We
did not consider March in our study, as no cyclonic activity
was reported during that month. Our study was done using

these selected months for all the parameters.

3.1. ACE and Its Variability over the Years

Figure 1 depicts the rate of change in the NIO region
over the study period, as determined by ACE trend analysis.
The whole energy of the storm that occurred in the NIO basin
is accounted for in the ACE for the specified months (AM and
ON). Between 1991 and 2005, the ACE trend value showed
an annual decreasing trend of —0.22 (m-s~')? with a p-value
of 0.192. However, it experienced an increasing trend after
2005, reaching an annual rise of +0.94 (m-s~1)? with a p-
value of 0.044. This means that the trend of Epoch-3 is more
significant than that of Epoch-2. While there may be fluctua-
tions in annual variability, the ACE has exhibited a consistent
increasing trend of approximately +0.26 (m-s~!)? between
1991 and 2020. In 2019, an ACE above 30 (m-s~!)? was
recorded, the highest value observed during the period. Also,
the previous research indicates that the twofold increase in
ACE can be primarily attributed to a rise in the frequency
and length of very severe cyclonic storms (VSCS) having

wind speed above 64 knots!?3],

—*: Trend Epoch-2: -0.22 (m/s)? per year, p:0.192
1 —*. Trend Epoch-3: 0.94 (m/s)? per year, p:0.044
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Figure 1. Yearly ACE and trend analysis for 1991-2020.

Figure 2 shows ACE’s mean and standard deviation
and its spatial distribution across the NIO region from 1991
to 2020. Our study reveals that the vicinity near the Andaman
region and the central AS has exhibited more susceptibility

to cyclone formation. These specific regions manifest the

highest levels of variability across the area, with the central
AS showcasing an exceptional standard deviation value ex-
ceeding 5 points within designated regions. The distribution
of cyclonic activity is notably more widespread in the BoB
than in the AS. The eastern coast experiences a more intense

cyclonic influence than the western counterpart.
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Figure 2. Spatial distribution of ACE over NIO region for
1991-2020.

Despite accounting for fewer than ten percent of the
world’s TCs, the NIO is significant because it can produce
extremely destructive cyclones. This result emphasizes the
various paths cyclones might take, highlighting the weak-
nesses of these coastal regions. On the other hand, the BoB
frequently encounters numerous cyclones that reach the coast,
particularly affecting Odisha, West Bengal, and the northeast-
ern regions of India. Moreover, substantial cyclonic activity
also impacts the Andhra Pradesh and Tamil Nadu states. Sub-
sequently, we conducted a thorough monthly examination of
the trajectory and point of impact of the tropical cyclones in
the NIO. The findings are presented below.

Figure 3 displays the monthly trajectory of cyclones at
three distinct time intervals, as previously delineated for the
top four categories. The image depicts the paths of cyclones

classified by month; due to a lack of cyclones in March, no
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track of that month has been included in our study. Hence,
our investigation was centered on the pre-monsoon and post-
monsoon seasons during three independent time intervals.
This study follows the IMD’s criteria for the categorization of
cyclonic disturbances in the NIO region. Between 1960 and
1990, the eastern coast of India encountered a greater occur-
rence of cyclones in the period before the monsoon, which
then moved towards the southeastern coast in the period after
the monsoon. The cyclones that affected the eastern coast
were intense and severe storms commonly associated with

the development of low-pressure systems in that region.

(1960-1990) (1991-2005) (2006-2020)

%40 45 50 55 60 65 70 75 0 85 90 95 100105 40 45 50 55 60 65 70 75 80 85 90 95 100105
Longitude Longitude

%0 45 50 55 60 65 70 75 80 85 90 95 100265
Longitude.

Figure 3. Monthly cyclone track of the top four categories of the
cyclone during the different specified periods.

Between 1990 and 2005, northeastern India saw severe
cyclones of considerable strength in the pre-monsoon season,
with several intense cyclones forming post-monsoon and
affecting the southeastern regions. Some cyclones traversed
the Indian peninsula, regaining strength and intensifying
upon entering the AS.

From 2006 to 2020, similar patterns persisted, with
cyclones making landfall both before and after the monsoon
seasons, predominantly impacting the southern coast of India,
including Andhra Pradesh, Tamil Nadu, the eastern regions
near Odisha and West Bengal. While fewer storms reached
northeastern India, those that did were powerful cyclones of
significant magnitude.

In the NIO basin, approximately 42 cyclonic events
(the precise number is unclear due to the unavailability of
data) were recorded during 1960—1990, approximately 30
cyclonic activities during 1991-2005, and approximately 41
cyclonic activities during 2006—-2020.
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3.2. Spatial Distribution and Influence of Vari-
ous Atmospheric and Oceanic Parameters

High SST, VWS, Tropical Cyclone Heat Potential
(TCHP), Wind, Relative Vorticity (RV), and Specific Hu-
midity (SH) are all elements required for cyclogenesis and
also control the intensity and movement of the cyclone along

3,4,24-26] ' The NIO basin is a good place for cyclone

its pathl
development since all the conditions exist. To determine
if these factors meet the requirements for cyclogenesis, we
investigate the monthly variation of these parameters over
three-time scales from 1960 to 2020 on a selected monthly

basis.

3.2.1. Variations of Wind Climatology for Dif-
ferent Epochs

Seasonal variance of wind during different Epochs is
shown in Figure 4. Wind is a vital component in the process
of cyclogenesis. In April, we observed that the wind speeds
were consistently below 2 (m-s~1)2. In May, the wind vari-
ance remains rather high, reaching around 4.5 (m-s~!)2. In
some regions, it may surpass this number, particularly in
the pre-monsoon season. During the post-monsoon season,
wind speed variance fluctuates between 4—6 (m-s~1)?, which
is observed in both months in the zones of cyclogenesis in
southern India and the Andaman region. The wind values
in central AS were higher in May but lower in April during
Epoch-1. However, the area near the equator has an increase
in value after the monsoon season. Epoch-2 had comparable
monthly trends; however, Epoch-3 experienced a decline in
values throughout the pre-monsoon season. During the pre-
monsoon season, there is minimal wind variability, with fluc-

tuations of less than 1 (m-s~1)2. Similar to the pre-monsoon
season, November has a comparatively lower value ranging
from 1.5 to 2.5 (m-s~!)?, whereas October has a consider-

ably higher value ranging from 4 to 6 (m-s~!)? and above
over some parts. The BoB region shows higher variation than
the AS region in all the periods in almost all of the months
except in May during Epoch-2. Typically, the months of
May, October, and November see higher wind speeds during
the periods before and after the monsoon season compared
to April. Cyclogenesis needs a greater wind value, and the
post-monsoon season offers largely ideal conditions for the

development of cyclones of higher categories.
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Figure 4. Monthly variance of wind value from 1960 to 2020 for
different epochs.

3.2.2. Variations of Specific Humidity Clima-
tology for Different Epochs

The seasonal variance of SH during different Epochs
is shown in Figure 5. As previous studies show, humidity
helps intensify TCs and their movement. An increase in
the humidity at a particular place may favor cyclogenesis if
other environmental conditions are satisfied. When we look
at specific humidity, the months of April, May, and Novem-
ber exhibit larger variances in their values, ranging from
1.75%107° to 2.2x107° (kg-kg~1). But during Epoch-2,
the month of May exhibits more than 2.5x1076 (kg-kg=!)?
variance. Furthermore, substantial fluctuations in SH levels
are observed along the western coast and in the northern
BoB region throughout the entire post-monsoon season in
November in most of the epochs. This suggests that the re-
gion contains a substantial amount of SH, which is required
for the formation of cyclones. The elevated levels of SH
are strongly associated with the strengthening of TCs and
show more number of extreme cyclones during Epoch-3,
although the numbers are less. During Epoch-2, more higher
category cyclones have been recorded during post-monsoon
season. During the pre-monsoon period, a considerable de-
gree of variability in SH levels was observed in the central
AS and the southwestern coast of India. The MDR in AS has
exhibited a considerable degree of variability, which could

potentially impact the rapid intensification of cyclones.

3.2.3. Variations of Relative Vorticity Climatol-
ogy for Different Epochs

Seasonal variance of RV during different Epochs is
shown in Figure 6. The curvature of an airflow is measured
by its vorticity. Cyclone formation is encouraged by a favor-

able vorticity environment. The main environmental compo-

nent influencing TC intensification is vorticity. Positive RV
readings result in rapid ascent?”]. RV shows a very small
change in its variance, but the southern Indian peninsula and
northeastern part of India show the maxmium variance value
for all the periods from 1960 to 2020. For TCs to develop and
intensify, momentum, mass, and water vapor must be contin-
uously imported. Assuming all other conditions are suitable
and stay stable, the formation of TCs might be closely linked
81, The RV
values exhibited reduced variability throughout the ocean

to the strength of the low-level tropospheric RV 2

in both the pre-monsoon and post-monsoon periods. How-
ever, during Epoch-3, there was an increase in the value of
the variable, particularly over the ocean region where MDR
is situated, having a value of more than 1.02 x 10719 s~ 1,
compared to earlier periods. This rise favored the formation

of cyclones.
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Figure 5. Monthly variance of specific humidity from 1960 to 2020
for different epochs.
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Figure 6. Monthly variance of relative vorticity from 1960 to 2020
for different epochs.

3.2.4. Variations of Sea Surface Temperature
Climatology for Different Epochs

Seasonal variance of SST during different Epochs is

shown in Figure 7. The SST is the main component that af-
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fects the TC formation, especially in the NIO, because of its
proximity near to the equator and the surrounding physical
characteristics. The BoB has more SST variations in compar-
ison to the AS. Between 1960 and 2020, the fluctuation in
SST has usually been more during the pre-monsoon season
than during the post-monsoon season. During the months
following the monsoon season, the SST varies between 0.2
and 0.3 °C2. In the period before the monsoon season, the
normal range of SST fluctuations is between 0.1 and 0.2 °C2.

During Epoch-1, notable SST variations were recorded
along the western coast of India near the Gujarat region dur-
ing April, October, and November months, surpassing 0.25
°C2. During the post-monsoon season, significant variabil-
ity was seen along the west coast of India and central AS
compared to the BoB. In contrast, Epoch-2 exhibited sim-
ilar or higher values in some places than in the previous
epoch during the post-monsoon season. During Epoch-3, the
pre-monsoon season in the BoB saw a higher range of SST
fluctuation, ranging from 0.24 to 0.3 °C? near the Andaman
region. If we look at Figure 3, it may be concluded that
higher SST variance in April over MDR in BoB is one of the
major causes that enhance the TC activity in the BoB region
compared to the previous two epochs. The post-monsoon
season shows lesser changes, ranging from 0.07 to 0.12 °C?
over the region. November shows lower SST variance, which

results in lower TC activity during that period.

epoch-1
latitude

epoch-2
latitude

epoch-3
latitude

Longitude

Longitude Longitude

Longitude
1

0.0000 0.0408 0.0816 0.1224 0.1633 0.2041 0.2449 0.2857 0.3265 0.3673
SST (°C)?

Figure 7. Monthly variance of sea surface temperature from 1960
to 2020 for different epochs.

3.2.5. Variations of VWS Climatology for Dif-
ferent Epochs

Seasonal variance of VWS during different epochs is
shown in Figure 8. The presence of VWS in the atmo-
sphere has a good influence on the structure and intensity of
TC?%-3% Increased VWS negatively impacts cyclone for-

mation, as demonstrated in the study of Kerns and Chen[3!],

32-34] that suggests mild to mod-

However, there is evidence!
erate VWS is advantageous for the formation of cyclones.
Prior research has demonstrated that a reduction in VWS
benefits the development of cyclones.

Across all epochs (from 1960 to 2020), there was a
notable variation in May and October, with a prevailing
occurrence of high VWS over a few regions near MDR. Con-
sequently, this may result in a deficiency of cyclogenesis
over a few locations during that particular month. All prior
pre-monsoon and post-monsoon seasons have demonstrated
favorable low VWS during all epochs over the MDR. During
all months over the MDR, where the majority of cyclogen-
esis in both the AS and BoB occurs, the VWS variance is
observed to be weak, with a value of less than 5 (m-s—?).
Higher variance in VWS was observed across all three time
periods, from 1960 to 2020, during October near the equato-
rial region. In the pre-monsoon season, April exhibits slightly
higher VWS variance if we look into the MDR in AS than in
May; this may be the reason for less cyclonic activity during
this time, while the region proximate to the MDR in BoB
displays a higher value in May. Additionally, elevated VWS
variance is evident over the Deccan Plateau of India and the

southern Indian region in October.
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Figure 8. Monthly variance of vertical wind shear from 1960 to
2020 for different epochs.

3.2.6. Variations of TCHP Climatology for Dif-
ferent Epochs

Seasonal variance of TCHP during different epochs
is shown in Figure 9. This measure is calculated world-
wide using upper ocean vertical temperature profiles ac-
quired from altimeters/®). High TCHP readings correlate
strongly with TC intensification!*3]. The lesser variance

was observed during the first two epochs, with a range of
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200-—250 (KJ-ecm~2)? in April, and in contrast, the third
period exhibited a higher variance, with a range of 430-530
(KJ-ecm~2)? in the AS region. In May, the first two epochs ex-
hibited a lesser degree of variance in comparison to the third
period, during which a variance exceeding 450 (KJ-cm™~2)?
was observed across numerous locations in both basins. The
Central BoB demonstrates a higher degree of variation, with
values ranging between 300 and 400 (KJ-cm™2)2.
Meanwhile, during the post-monsoon season, a
markedly elevated TCHP variance was observed in October
and November, reaching over 500 (KJ-cm~2)? in the vicin-
ity of the northeastern coast of India. In contrast, the three
post-monsoon season epochs exhibited a markedly reduced
variance value in comparison to the pre-monsoon season
over the MDR. SST and TCHP are correlated and key factors

for cyclogenesis over that region.

epoch-1
latitude

epoch-2
latitude

epoch-3
latitude

Longitude

Longitude L Longitude

0.0 612 122.4 183.7 244.9 306.1 367.3 428.6 489.8 551.0
TCHP (KJ/em?)?

Figure 9. Monthly variance of tropical cyclone heat potential mean
from 1960 to 2020 for different epochs.

4. Conclusions

The study period of 1960-2020 is divided into three
subperiods to analyze the long-term variations in the atmo-
spheric and oceanic parameters that influence cyclonic ac-
tivity. The ACE index demonstrates a negative trend during
Epoch-1 but a positive trend during Epoch-2, with a higher
level of statistical significance. Following 2013, higher val-
ues in ACE can be observed, with the highest recorded value
occurring in 2019 at over 30 (m-s~1)2. The ACE was most
prevalent in the BoB region in comparison to AS, exhibiting a
lesser degree of deviation from its mean value. The majority
of cyclones that occurred in the BoB region were of a higher
category than those that occurred in the AS region. During
the pre-monsoon period, the majority of cyclones make land-

fall in the northeastern region of India, yet make landfall in

the southeastern region of India during the post-monsoon
season. A greater number of extreme cyclones were recorded
during the post-monsoon period.

The BoB is renowned for its proclivity to spawn higher-
category cyclones, particularly during the monsoon sea-
son. Upon thorough examination of the parameters, the
phenomenon becomes evident. It experiences a greater
frequency of cyclonic disturbances. From 1990 to 2020,
there has been a consistent increase in the intensity of trop-
ical cyclones (severe cyclonic storms and stronger) in the
NIO, which is different from the previous three decades
(1960-1990). The findings indicate that higher SST, RH,
RV, SH, wind, and TCHP values are identified as significant
contributors to the ACE essential for cyclone genesis and
intensification.

Furthermore, the combination of elevated SST and RH,
along with low VWS, creates optimal atmospheric condi-
tions for sustaining cyclones at their maximum intensity, and
these variables show maximum variability across the basins.
Conversely, the incidence of tropical cyclones over the BoB
has exhibited a decline over the same period. The higher
category cyclones majorly occurred in the post-monsoon sea-
son, which contributes to higher ACE values as the higher the
category, the higher the ACE related to it. During epoch 3,
there is a notable pattern of variances across different basins.
Specifically, BoB exhibits a lower SH variance, particularly
in November and May, and a lower SST variance in October
and November.

Additionally, the variance of VWS over the MDR is
reduced in both basins during May and November. Overall,
there is a generally higher variance of TCHP across all basins
during Epoch-3. The BoB experienced reduced events in the
month of November as well as in the month of May, which
may be due to decreased SH levels. However, lower VWS
and higher SST/ TCHP may have the reason of increased
extreme/ super TC events in the month of May. A notable
shift in SH between the BoB and AS during epoch 3 may
explain the high number of super cyclonic storms.

Overall, the study reveals significant fluctuations in
TC features and severity in May and November, with Octo-
ber and November showing the most pronounced alterations.
These findings highlight the interplay between regional ther-
modynamic and dynamic elements influencing TC activity in

the NIO. This can be improved by understanding the parame-
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ters and their correlation with TC activity and facilitating the
prediction of TCs using diverse models and machine learning
methodologies.
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