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ARTICLE INFO ABSTRACT

Received: 3" October 2024 The Bay of Bengal (BoB) is a cyclone hotspot as it's warmer than the Arabian Sea. The North Indian Ocean,

Accepted: 16 November according to Neumann, was home to 7% of all worldwide Tropical Cyclones (TCs) (NIO). TCS was relatively

2024 common in the Bay of Bengal (BoB), accounting for 5% of all worldwide TCs. May, October, and November
were the months with the greatest TC activity, while January, April, and July had the weakest TC activity. To
evaluate the distribution of TC rainfall throughout an inter-annual and monthly timescale, rainfall data from the
Tropical Rainfall Measurement Mission (TRMM) were employed (i.e., how much TC contributed to total
rainfall). Using TC best track data from the Indian Meteorological Department, this article initially examined
TC activity in this region from 2015 to 2019 (January—December) (IMD). The present study describes the role
of cyclones in seasonal rainfall over the period from 2015 to 2019. The precipitation does not depend upon any
stage of cyclones, it sometimes peaks higher value at the D stage, sometimes also at its mature stage. The study
also concludes that the maximum rainfall does not have to be proportional to the intensity. The rainfall areas of
a TC are not proportional to its intensity; Therefore, TC categories with higher intensities do not generate
excessive rainfall.
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INTRODUCTION

According to Neumann (2019), the North Indian Ocean accounts for 7% of all Tropical Cyclones (TCs) worldwide (NI10O).
Each year, only five to six tropical cyclones develop in the basin. Tropical cyclones form between March and June and between
October and December, with May and November being the busiest months. The Bay of Bengal is where the largest of these
storms develop. Tropical cyclones (TCs) that make landfall Rodgers et al. (2000, 2001) in the Bay of Bengal (BoB) area usually
dump a lot of rain, sometimes causing coastal flooding and a lot of damage. Tropical cyclones can bring a lot of rain, which is
one of the most dangerous hazards they can bring. Most rain is produced by tropical cyclones that are large, slow-moving, and
not sharing. Rainfall is observed to be strongest within a degree latitude of the eyewall or central thick overcast of a tropical
cyclone, with smaller amounts farther out. Thakur et al. (2018) evaluated the distribution of TC rainfall using inter-annual and
monthly rainfall data from the Tropical Rainfall Measurement Mission (TRMM) (i.e., how much TC was involved in overall
rainfall). The amount of TC precipitation in the BoB region varies substantially from one TC to the next, and even from time
to time within the same TC. Now, we're looking at the TC rainfall distribution in the BOB region using TRMM satellite data
from 2015 to 2019. Because the BoB basin had more than three times the number of TCs at the time, we concentrated on it and
ignored the AS basin. We also calculate the total precipitation and how many days the cyclone stays over BoB, and at that time
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how many precipitation rates change. Jiang and Zipser (2010) discovered that the TC rainfall distribution (i.e., how much TC
was responsible for the overall amount of rainfall) in the North Atlantic, east-central Pacific, western North Pacific, NIO, south
Indian Ocean, and South Pacific were 8-9 per cent, 7 per cent, 11 per cent, 5 per cent, 7-8 per cent, and 3-4 per cent,
respectively.

Total column water vapour (TCWYV), relative humidity (RH), lower tropospheric temperature (LTT), sea surface
temperature (SST), and upper ocean heat content (UOHC), all these variables were higher in the BoB than in the AS, making
it an active basin for cyclone generation. Dhar (1980) investigated the depression's effects or tropical storms on monsoon
rainfall over specific months. As a result, we investigate the TC rainfall distribution in this region by applying TRMM satellite
data over the BoB area from 2015 to 2019 and analysing TC activity and its rainfall distribution over BoB, and how they are
dependent on each other. The present work aims to study the role of cyclones in seasonal rainfall and the dispersion of rainfall
within the rain-receiving zones of the environment.

DATA AND METHODOLOGY

Study Domain

The Study Region that has been chosen for study is extended from 76°E — 100°E and 4°N —24°N. This region is a part of
the North Indian Ocean (NIO). For the cyclonic study, we took the BoB region, in the period of pre-monsoon month (April-
May) and post-monsoon months (October—December).

TCS Best Track Data Set

We have used the IMD best track dataset to know the path of the cyclone that is residing over the Bay of Bengal region.
(http:/Awww.rsmcnewdelhi.imd.gov.in).

Rainfall Data

In this paper, we used TRMM (Tropical Rainfall Measurement Mission), Daily accumulated precipitation (ir) with HQ
calibration (mm), and 25 km resolution. Source: https://disc.gsfc.nasa.gov/datasets/TRMM_3B42_Daily_7/summary. The
Tropical Rainfall Measuring Mission, or TRMM, was a research satellite that was operational from 1997 until 2015 and was
meant to assist us in gaining a deeper comprehension of the distribution and variability of precipitation in tropical regions as
an element of the water cycle that is a component of the present climate system. TRMM provided much-needed information
on rainfall over the sea surface and by spanning the tropical and subtropical parts of the Earth; it serves to fuel the global
atmospheric circulation, which affects both weather and climate, by releasing heat. The Tropical Rainfall Measuring Mission
(TRMM) improved our understanding of the relationships between water vapour, clouds, and precipitation that are essential to
the regulation of Earth's climate by collecting a significant quantity of information on precipitation using many space-borne
sensors in collaboration with other satellites in NASA's Earth Observing System. TRMM provides crucial data on rainfall and
the heat release associated with it that serves to fuel the global atmospheric circulation that determines both the weather and
climate by covering tropical and subtropical parts of the Eart.

RESULTS AND DISCUSSION
We have listed some of the cyclones that occurred between 2015 and 2019 in Table 1 so that we can easily identify the
changes in rates of precipitation during different cyclones and know how they are relatable with each other over the Bay of

Bengal region.

Table 1: List of Tropical cyclones, Date of formation, and Lifetimes
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Cyclone Name Duration Lifetime in No. of days
KOMEN (2015) 26 July — 2 Aug 8
ROANU (2016) 16 May — 22 May 6
KYANT (2016) 22 Oct — 28 Oct 8
MAARUTHA (2017) 15 Apr — 17 Apr 3
TITLI (2018) 8 Oct — 12 Oct 5
BULBUL (2019) 5 Nov — 11 Nov 7
FANI (2019) 26 Apr — 4 May 9

Here we mainly examined the KOMEN, ROANU, and BULBUL cyclones to identify the rates of precipitation during the
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different stages of these cyclones.
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Figure 1: (a) Spatial distribution of rainfall in the KOMEN cyclonic period by TRMM, (b) Bar plots of precipitation rate in KOMEN cyclone, (c)

Bar plots of Area covered by rainfall in the KOMEN cyclone period.
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The cyclonic rainstorm (CS), KOMEN, emerged over the Bay of Bengal (BoB) on July 25th evening from a trough of
low pressure that passed through north-eastern BoB and abutting Bangladesh and Gangetic West Bengal and then formed into
a storm over the same area on July 26th morning. During 1400 and 1500 UTC on July 30th, it flew in a semi-circular path
above the northeast Bay of Bengal, and after that, it travelled through the Bangladeshi coastline between Hatia and Sandwip at
latitude 22.50N and longitude 91.40E. It travelled north-northwestward, then west and west-south-west after making landfall,
moving across Bangladesh, Gangetic West Bengal, and Jharkhand. Around 1200 UTC on August 2, it quickly degraded into a
distinct low-pressure region that covered Jharkhand and the neighbouring states of north Odisha and north Chhattisgarh. The
cyclonic storm Komen caused heavy to heavy rainfall over the Bay of Bengal at that time.

In Figure 1 (a), we can see how precipitation changes during the development stages of cyclone Komen. We see that
during the developed stage of cyclones on 26th July the precipitation is maximum i.e. 229.86 mm compared to the mature stage
of the cyclone. However, in the CS stage, the precipitation rate is 183.42 mm. Here we take the area of 50% of the maximum
area covered by the cyclone, so precipitation is measured in that area. Figure (b) shows the precipitation amount during different
stages of the Komen cyclone and figure (c) shows the area covered means the number of grids covered by cyclone Komen in
that life period. It covered the maximum area i.e. 468 grid points on the 31st of July, at that time the precipitation amount was
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158.76 mm. During the developed stage of the cyclone depression stage on 26 July the precipitation rate was very high but it
covered very little area.

Figure 2: (a) Spatial distribution of rainfall in ROANU cyclonic period by TRMM, (b) Bar plots of precipitation rate in ROANU cyclone, (c) Bar
plots of Area covered by rainfall in ROANU cyclone period.
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At 0300 UTC on May 15, 2016, a low-pressure region appeared over Southwest Bay and neighbouring locations off the
coast of Sri Lanka. At 0900 UTC on the same day, it deepened into a well-marked low over the same zone. At 0600 UTC on
May 17, 2016, the system proceeded north-northwestward before condensing into a Depression over Southwest Bay and the
adjacent areas (Latitude 11.0°N, Longitude 81.0°E). The system then drifted north, intensifying into a Deep Depression over
West-Central Bay and neighbouring Southwest Bay around 1200 UTC on May 17, 2016 (Latitude 13.5°N, Longitude 81.0°E).
Later, it became stronger and moved across West-Central Bay and nearby Bay, becoming Cyclonic Storm (CS) "Roanu.”
(Latitude 15.0°N, Longitude 81.2°E). In conjunction, cyclone 'Roanu’ has made landfall.

Their cyclonic storm (CS), reaches its maximum amount of total rain falling around 313.71mm on 19th May. After that,
the total rainfall of 50% of the area that the cyclone covered is starting to decrease. The minimum amount of total rainfall of
that 50% of the total area covered by the cyclone is very low around 148.08mm on 21st May at their depression stage. But



when the intensification of cyclones is getting low means of 22 May it covers a large area around 227 grid points but
precipitation is lower than its CS stage.
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Figure 3: (a) Spatial distribution of rainfall in BULBUL cyclonic period by TRMM, (b) Bar plots of precipitation rate in BULBUL cyclone, and
Bar plots of Area covered by rainfall in BULBUL cyclone period
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On October 28, a Very Severe Cyclonic Storm (VSCS) called "BULBUL" developed over the western Pacific Ocean. On
November 2, it moved into the north Andaman Sea. It erupted as a low-pressure system over the northern Andaman Sea early
on November 4th. In the afternoon of November 4th, It developed into a low-pressure region that was centred over the northern
Andaman Sea and its environs. In the early morning of November 5th, it intensified into a Depression (D) over east-central and
bordering southeast Bay of Bengal (BoB) due to favourable climatic circumstances. In the early hours of the morning of
November 6th, it deepened into a deep depression (DD) across east-central and neighbouring southeast BoB, moving almost
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west-northwestwards. On 6th November it moved north-northwestward and developed into a severe coastal storm on the
evening of November 7th. It further intensified into VSCS on the morning of 8th November. It continued to move northwards
until 9th November, and it weakened into SCS on the night of 9th November further it weakened into CS in the early morning
of 10th November. It then moved east northward and weakened into DD and then D in the morning of 11th November.

We see that during the developed stage of cyclone Bulbul on 5th November 2019, the precipitation was low at 92.94 mm.
But in the DD stage, the precipitation rate started to increase to around 165.99 mm on 6th November. But in its VSCS stage, it
peaks its maximum total precipitation at around 202.53mm on 8th November and precipitation peaked maximum on 9th
November at around 245.37mm. Fig (b) shows the precipitation amount during different stages of the BULBUL cyclone and
also shows the area covered means the number of grids covered by cyclone BULBUL in that life period. It covered the
maximum area, i.e. 95 grid points on the 8th of November in its VSCS stage, at that time the precipitation amount was very
high. During the weakened stage of a cyclone the D stage on the 11th of November the precipitation rate was getting low also
it covered less area than its intensified stage.

CONCLUSION

Using the rainfall data collected by TRMM, this study investigated the impact that tropical cyclones had on the dispersion
of precipitation in the Bay of Bengal between the years 2015 and 2019.

Table 2: List of Cyclones, Date of formation, and Precipitation
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Cyclone Name Duration Peak Value of Precipitation Stages of peak precipitation
KOMEN (2015) 26 July — 2 Aug 229.86 D (26th July)

ROANU (2016) 16 May — 22 May 313.71 CS (19th May)

BULBUL (2019) 5 Nov — 11 Nov 245.37 SCS (9th Nov)

Table 2 shows at what stage of the cyclone the precipitation is maximum and how it varies. We here can see that
precipitation does not depend upon any stage of cyclones, it sometimes peaks higher value at the D stage, sometimes also at its
mature stage. The greatest increase in precipitation was observed on average at the separate cyclone centres throughout the
Bay of Bengal area during the passage of the storm. In addition, the maximum rainfall does not have to be proportionate to the
intensity, according to the study. Because a TC's rainfall area is not proportionate to its intensity, higher-intensity TC categories
do not produce more rain. Over the vastness of the ocean and the TC's track region in general, the biggest rainfall volume and
contribution of a TC were discovered. The quantity of rain and contribution provided by TCs diminished considerably as they
progressed inland and made landfall. More intense tropical cyclones produce significantly more rainfall over the ocean.
According to Prat and Nelson, intense TCs are not necessarily connected with significant rainfall, even though they often
produce torrential rain over large areas in a short period. A TC's strongest rainfall volume and contribution were frequently
reported over the ocean and along the TC's track zone. The quantity of rain and contribution provided by TCs diminished
considerably as they moved inland and made landfall. So The study concludes that the maximum rainfall does not have to be
proportional to the intensity. The area of rainfall of a TC is not proportional to the intensity of cyclones, hence more rain doesn't
come from higher-intensity TC categories.
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