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Abstract

The present study is an attempt to investigate the spatial and temporal climatology of tropical cyclone (TC) activity in the Bay of
Bengal (BoB) based on the Joint Typhoon Waring Centre (JTWC) best track data for the period 1972-2017. A total of 152 TCs,
with a rate of 3.30 TCs per year, were formed in the BoB during the 46-year period. A large interannual variability was witnessed
in TC activity with non-significant upward or downward trend in their frequency, intensity, duration, accumulated cyclone energy
(ACE), and power dissipation index (PDI). Majority of TCs were formed between the 5° N to 16° N latitudes and made their
landfall over the coasts of India, Bangladesh, Myanmar, and Sri Lanka. About two-thirds of annual TCs occurred during the post-
monsoon season, whereas monthly distribution exhibited a unique bimodal pattern. The number of cyclonic storms (3447 kt)
showed a slightly increasing trend, whereas intense cyclonic storms (> 48 kt) showed a slightly decreasing trend. Additionally,
about 40% and 11% of the TC events were found intensifying at 15 kt 24 h™" and rapidly intensifying at 30 kt 24 h™*, respectively
in the BoB. It is believed that the results of the present study will update the current knowledge which will assist the scientific

community as well as academicians.

1 Introduction

A tropical cyclone (TC) is the generic term for a non-frontal
low pressure system of synoptic scale with organized convec-
tion over tropical or sub-tropical waters, having maximum
wind speed of 34 kt or more for at least one 6-h period.
These TCs are one of the most powerful and devastating
weather phenomena with extreme societal and economic im-
pacts on earth (Pielke et al. 2003, 2008; Peduzzi et al. 2012).
Gray (1979) identified six important thermodynamic and dy-
namic factors for the formation of TCs, such as high sea sur-
face temperature (SST) (> 26.5 °C), low magnitude of vertical
wind shear (VWS), high low level vorticity, significant
Coriolis force, and high mid-tropospheric relative humidity
(RH). Usually, the TCs are energized by latent heat released
from water vapor condensation (Rosenfeld et al. 2012).
Therefore, most tropical ocean basins witness the peak occur-
rence of cyclones during late summer and early autumn period
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when SST is high (Gutzler et al. 2013; Zhao and Raga 2015).
Other factors such as the seasonal variation of the monsoon
trough location are also important (Frank 1987; McBride
1995).

Historical records show that approximately 80—90 TCs in
number form annually in global ocean basins (Gray 1979).
The North Indian Ocean, including the BoB and the Arabian
Sea, accounts for just 7% of global TCs on average (Neumann
1993). About 80% of North Indian Ocean TCs form in the
BoB (IMD 2011), which tend to be the deadliest of any TCs
around the globe. For example, Orissa super cyclone of 1999
resulted in about 10,000 deaths and cyclone Nargis of 2008
caused about 138,000 deaths in Myanmar (Chittibabu et al.
2004; Fritz et al. 2009). Likewise, adjoining coastal countries
including Bangladesh, India, and Myanmar reported more
than 75% of the casualties caused by BoB TCs (Chowdhury
2002).

Recently, researchers have extensively studied the BoB TCs
activity using different approaches. Singh et al. (2001) displayed
an increasing trend in the frequency of intense TCs over the
North Indian Ocean. Pattanaik (2005) associated the high- and
low-frequency periods of TC occurrence to the variability of
large-scale atmospheric circulation, instead of SST. Besides, nu-
merous studies have explored the impact of oceanic and atmo-
spheric conditions on the modulation of TC activity in the
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BoB (Ali et al. 2007; Sengupta et al. 2007; Lin et al. 2009).
Singh (2008) showed the association between September
and October dipole mode index (DMI) and frequency of
cyclones during the month of November in the BoB. TC
activity in the BoB is also strongly modulated by the trop-
ical intraseasonal oscillation (Kikuchi and Wang 2010;
Yanase et al. 2012). Girishkumar and Ravichandran
(2012), Felton et al. (2013), and Bhardwaj et al. (2019a)
revealed that the frequency and intensity of BoB TCs is
relatively high during the La Nifia than El Nifio years. Ng
and Chan (2012) observed a large interannual variation in
the frequency of TCs over BoB. Pattanaik and Mohapatra
(2016) examined the variability of cyclonic disturbances
frequency over BoB to identify the suitable predictors hav-
ing significant correlations with the seasonal frequency of
cyclonic disturbances during October—December.
Bhardwaj et al. (2019b) examined the impact of the MJO
on BoB TCs activity and MJO-driven modulations in large-
scale environmental conditions during the two peak TC sea-
sons, i.e., April-June and October—December. In addition,
Evan and Camargo (2011) documented the climatology of
Arabian Sea cyclones despite the very less occurrence of
cyclones.

The above review divulges that several studies are
available pertaining to the different aspects of BoB
TCs. However, most of these studies were limited for
a small period, particular season and few TC parame-
ters. A dedicated study on climatology of BoB TCs has
not been undertaken as yet. Therefore, to fill this re-
search gap, the present study has been attempted to
develop a comprehensive and long-term climatology of
BoB TCs (1972-2017; 46 years). The present study
seeks to answer the following questions:

1. Is there a spatial variation in the formation of TCs and
their tracks during different months and seasons?

2. Is there a trend in number of TCs, intensity of TCs, dura-
tion, accumulated cyclone energy (ACE), power dissipa-
tion index (PDI)?

3. Is there a difference between total distance traveled by
TCs during different seasons and TCs of different
intensity?

4. Is there any relationship exists between the minimum sea
level pressure (MSLP) and maximum sustained wind
(MSW) over BoB?

The remainder of this paper is organized as follows:
Section 2 describes the datasets and the methods employed.
Section 3 discusses the main results including the spatial and
temporal characteristics of the TCs. Section 4 summarizes the
major findings of this study.

2 Data and methodology

For North Indian Ocean, India Meteorological Department
(IMD), New Delhi, and Joint Typhoon Warning Centre
(JTWC), USA, provides the TCs best track data. IMD’s data
set provides the detailed information of location and intensity
information of BoB TCs for every 6-h intervals only since
1990. However, JTWC started the satellite detection of BoB
TCs for North Indian Ocean from 1972 onwards (Singh
2010). Therefore, in this study, JTWC best track data was used
for the analysis of BoB TCs during 1972-2017 (46 years),
available at www.npmoc.navy.mil/jtwc.html (Chu et al.
2002). This JTWC dataset is appropriate and reliable for the
long-term climatological study of BoB TCs. The dataset com-
prises information of TCs name, position (latitude and longi-
tude), MSLP, and 1-min MSW speed at 6-h intervals (0000,
0600, 1200, and 1800UTC). Although, World Meteorological
Organization (WMO) standard for TCs is the 10-min MSW
speed within a storm at an elevation of 10 m with an

Table 1 IMD’s classification of
cyclonic disturbances in the North
Indian Ocean (Bay of Bengal and
Arabian Sea) since 2015

Type Wind speed Wind speed in Number of closed isobars

in km/h knot (mps) at interval of 2 hPa within
5° latitude/longitude square

Low pressure area (L) Less than 31  Lessthan 17 (09) 1

Depression (D) 31-49 1727 (9-14) 2

Deep depression (DD) 50-61 28-33 (15-17) 3

Cyclonic storm (CS) 62-88 3447 (18-24) 4-7

Severe cyclonic storm (SCS) 89-118 48-63 (25-32) 8-10

Very severe cyclonic storm (VSCS) 119-165 64-89 (33-46) 11-25

Extremely severe cyclonic storm (ESCS) 166220 90-119 (47-61) 26-39

Super cyclonic storm (SupCS) 221 or more 120 (62) or more 40 or more

Generic names like tropical cyclone or cyclone are used to represent CS, SCS, VSCS, ESCS, and SupCS as a

whole
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Fig. 1 Distribution of genesis locations (dots) and tracks (lines) of TCs formed in the BoB during the period 1972-2017

unobstructed surface. However, different agencies apply dif-
ferent time lengths such as the USA (1-min mean), IMD New
Delhi (3-min mean), and Tokyo (10-min mean) for averaging
MSW speed (Knapp and Kruk 2010). JTWC identified very
weak and short-lived storms whose MSW speeds peaked just
above 34 kt for one or two 6-hourly periods, which were not

identified in the IMD analysis. Therefore, IMD’s intensity
estimates are 5—10 kt lower than JTWC, which may be a result
of differences in mean MSW speed period (Knapp et al.
2010). For example, as per the IMD observations, the MSW
of cyclone Sidr (November 2007) and Phailin (October 2013)
were 115 kt. However, in JTWC dataset, 1-min MSW of these
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Fig. 3 a—d Seasonal and e-p monthly distribution of genesis locations (dots) and tracks (lines) of TCs formed in the BoB during the period 1972-2017

two cyclones is 140 kt (25 kt higher than IMD observations).
Similarly, a cyclone was formed in April 1991 over the BoB
with MSW of 140 kt (13 kt higher than IMD observations).

Table 2 Monthly mean genesis location of TCs in the BoB during the
period 1972-2017

Month Longitude Latitude
January 86.7 5.1
February - -
March 96.1 6.3
April 90.1 10.3
May 90.5 10.4
June 89.0 14.3
July 89.7 19.9
August - -
September 91.8 16.9
October 90.1 12.4
November 91.8 9.8
December 87.9 7.3

@ Springer

Further, following the IMD classification, TCs were
classified into different categories based on MSW speed
(Table 1). However, in this study, TCs were considered
when MSW speed is greater than 34 kt. The severe cyclon-
ic storm (SCS), very severe cyclonic storm (VSCS), ex-
tremely severe cyclonic storm (ESCS), and super cyclonic
storm (SupCS) were together considered as intense cyclon-
ic storms (ICSs). If any TC happens to cross a month or a
year, then that cyclone is counted in the previous month or
year. Apart from this, all those TCs which formed in the
western Pacific and later entered or redeveloped in the BoB
were also included in this study.

Alone, the number of TCs during a season may not capture
the true impact of that season. Therefore, in this study, ACE
(Bell et al. 2000) and PDI (Emanuel 2005) were computed to
define the overall TCs activity. The ACE and PDI energy
metrics provide more accurate assessments of the strength of
the TC season. ACE can be defined as ACE = EVim having
units (10% kt?), where Vi, is the intensity (MSW) of TC.
ACE is the sum of Vy,,,, squared at all 6-hourly periods when
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the TC is at least of tropical storm strength (> 34 kt). The  kt®), analogous to ACE, is a widely used parameter to charac-
annual ACE was calculated by summing up the ACE of all  terize the destructive potential of TCs. Both energy metrics
TCs in a year. PDI, defined as PDI = V3 having units (10®  take into account the frequency, intensity, and duration of all

max
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Table 3 Mean number of TCs,

ACE, and PDI in the BoB during Period Mean CV Mean ACE CvV Mean PDI CvV
the period 1972-2017 TCs
Annual 3.30 46.39 12.97 71.18 9.38 91.50
Winter 0.13 261.05 0.16 269.18 0.06 276.21
Pre-monsoon 0.72 91.35 3.53 134.97 2.64 166.79
Monsoon 0.35 184.01 0.42 268.00 0.22 313.78
Post-monsoon 2.11 64.20 8.85 103.28 6.46 131.55

The total distance traveled by a TC was measured from the
first (genesis location) to the last observation point
(dissipation) in the dataset. For seasonal analysis, a year was
divided into four seasons as per the classification of IMD,
namely, winter (January—February), pre-monsoon (March—
May), Monsoon (June—September), and post-monsoon
(October—December).

To summarize the data, simple descriptive statistics, i.c.,
sum, percentage, mean, standard deviation (SD), coefficient
of variation (CV), were used. Additionally, the Mann-Kendall
trend test was performed to identify the trends in the TCs
activity (Mann 1945; Kendall 1975). A trend was con-
sidered significant if the p value was smaller than 0.05.
The correlation analysis was performed by using Karl-
Pearson’s method. The analyzed data was summarized
in the form of tables, graphs, and maps. The maps of

genesis locations and tracks of TCs were prepared by
using the ArcGIS 10.2.

3 Results and discussion
3.1 Spatial distribution
3.1.1 Annual distribution

Figure 1 exhibits the annual distribution of genesis locations
and tracks of TCs formed in the BoB during the 46-year peri-
od. The TCs were formed in all the parts of the BoB and made
their landfall over the coasts of India, Bangladesh, Myanmar,
and Sri Lanka. Only 10% of TCs were dissipated over the
BoB basin. Majority of TCs were formed between the 5° N

Fig. 7 a Seasonal and b monthly
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to 16° N latitudes. A few TCs were formed in the lower lati-
tudes (Fig. 2). The TCs formation increases with latitudes and
the maximum number of TCs were formed between 8° N to
10° N latitudes. After that, the TCs formation decreases sys-
tematically. Similarly, wide variations have been observed in
the longitudinal variations in the TCs formation. The maxi-
mum number of TCs was formed in the domain of 88° E to
92° E longitudes and TCs formation decreases continuously
on both sides of this domain.

3.1.2 Seasonal and monthly distribution

Figure 3a—d shows the seasonal distribution of genesis loca-
tions and tracks of TCs in the BoB. During the winter season,
the frequency of TCs was very less and formed in southern
parts of the BoB and followed the westward track (Fig. 3a). In
the pre-monsoon season, the frequency of TCs increases rap-
idly with a shift in their genesis locations towards north (Fig.
3b). Most of the TCs of this season had followed the north-
ward track and made their landfall over Bangladesh and
Myanmar coast. The genesis locations continuously shifted
towards north and majority of TCs were formed in the mon-
soon trough region near the head of the BoB during the mon-
soon season; however, the TC genesis significantly reduced
(Fig. 3c). The TCs of the monsoon season usually cross over
the coast of Orissa state of India. During the post-monsoon
season, frequency of TCs had increased significantly and was
formed in all parts of the BoB (Fig. 3d). The entire eastern
coast of India was severely affected by the landfall of TCs
during this season.

Figure 3e—p shows the monthly distribution of TCs genesis
locations and tracks in the BoB. A large variation in the TCs
genesis locations and tracks was witnessed in different
months. The mean genesis location of BoB TCs almost
followed the northward and southward shifting of Sun
(Table 2). The mean genesis location of TCs shifted northward
from the month of January to July and then moved southwards
continuously, although no TCs were formed during the
months of February and August in the BoB during a 46-year
study period.

3.1.3 Intensity-wise distribution

Figure 4 exhibits the distribution of the genesis locations
and tracks of TCs of different intensities. TCs of differ-
ent intensity were formed in all the parts of the BoB.
Likewise, no definite pattern was observed in their gen-
esis locations and tracks. Although, the majority of CSs,
SCSs, and VSCSs were formed in the central parts,
while ESCSs and SupCSs were formed in the central-
eastern parts of the BoB.

@ Springer

3.1.4 Total distance traveled

Figure 5 shows the total distance traveled by the TCs from the
genesis location to dissipation point. Majority of the TCs (ap-
proximately 77%) had traveled the distance between 1000 and
2500 km with dual peaks. The first peak was observed be-
tween 1000 to 1500 km and the second peak was between
2000 and 2500 km (Fig. 5a). In addition, TCs traveling more
than 4000 km distance were far less and formed in the post-
monsoon season only. A TC formed in the BoB on October

Table4 TCs formed in the BoB during the period 1972-2017 for one-
third monthly intervals

Month Date (one-third Number of TC Av. TC per year
of a month)
January 1-10 2 0.043
January 10-20 2 0.043
January 20-31 2 0.043
February 1-10 0 0.000
February 10-20 0 0.000
February 20-28 0 0.000
March 1-10 0 0.000
March 10-20 1 0.022
March 20-31 0 0.000
April 1-10 1 0.022
April 10-20 2 0.043
April 20-30 6 0.130
May 1-10 7 0.152
May 10-20 9 0.196
May 20-31 7 0.152
June 1-10 1 0.022
June 10-20 2 0.043
June 20-30 2 0.043
July 1-10 1 0.022
July 10-20 0 0.000
July 20-31 2 0.043
August 1-10 0 0.000
August 10-20 0 0.000
August 20-31 0 0.000
September 1-10 3 0.065
September 10-20 3 0.065
September 20-30 2 0.043
October 1-10 7 0.152
October 10-20 11 0.239
October 20-31 15 0.326
November 1-10 17 0.370
November 10-20 15 0.326
November 20-30 12 0.261
December 1-10 11 0.239
December 10-20 5 0.109
December 20-31 4 0.087




Climatological characteristics of Bay of Bengal tropical cyclones: 1972-2017

623

14, 1996, had covered the longest distance (approximately
6036 km) during the study period. The mean distance traveled
by TCs of the pre- and post-monsoon seasons was approxi-
mately 1884 (SD = 698) and 2024 (SD = 1142) km, respec-
tively. Apart from this, Fig. 5b displays that the highest mean
distance had been traveled by the ESCSs followed by VSCSs,
SupCSs, SCSs, and CSs.

3.2 Temporal distribution
3.2.1 Annual distribution

Figure 6a presents the annual number of TCs during 1972—
2017 in the BoB. A total of 152 TCs were formed at the rate of
3.30 cyclones per year, with a SD of 1.53. The interannual
variability in the frequency of TCs ranges from 0 (2001) to 7
(1987). However, the trend line did not show any statistically

significant upward and downward trend in the frequency of
TCs (p = 0.748). The mean annual ACE and PDI value is
12.97 (SD = 9.23) and 9.38 (SD = 8.58), respectively
(Table 3). Similar to the TCs frequency, annual ACE and
PDI exhibit the large fluctuations with the lowest value in
2001 (0) and maximum in 2013 (44 and 38) (Fig. 6b).
Likewise, no statistically significant upward and downward
trend was detected in ACE (p = 0.788) and PDI (p = 0.589).

3.2.2 Seasonal and monthly distribution

Figure 7 shows the seasonal and monthly frequency of TCs
and mean ACE and PDI during 1972-2017. The maximum
number of TCs was formed during the post-monsoon (about
64%) followed by pre-monsoon (about 21%), monsoon
(about 11%), and winter (about 4%) season (Fig. 7a).
Annual TCs frequency was strongly correlated with the

Fig. 8 Annual distribution of TCs 3 (a) y= 0.0034x + 0.6377
a pre-monsoon and b post- 3 R>=0.0048
monsoon seasons, ¢ and d shows : 2
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Fig. 9 Intensity-wise number of 60
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post-monsoon season (correlation coefficient value = 0.75,
significant at the 99% confidence level). Monthly frequency
exhibited a unique bimodal pattern in the occurrence of BoB
TCs and their ACE and PDI (Fig. 7b). The first peak was
witnessed in the month of May (0.5 TC/year), while the

second peak in the month of November (1 TC/year). No TC
was formed in February and August.

In addition, a year was divided into 10-day interval to iden-
tify the most favored TCs development periods within differ-
ent months. Table 4 presents the total and mean number of

Table 5 Intensity-wise top ten
TCs in the BoB during the period Date and year
19722017

30 April-5 May 1982

3-11 May 1990

22-30 April 1991

26 April-3 May 1994

15-18 October 1999

25 October—03 November 1999
24-29 April 2006

10-15 November 2007

19-24 October 2010

7-13 October 2013

Duration (h) MSW (knots) Equivalent to ACE PDI
hurricane category
132 120 4 9.61 8.77
192 125 4 16.23 16.04
198 140 5 17.56 18.03
168 125 4 9.86 9.30
090 120 4 8.29 8.12
228 140 5 17.52 19.11
132 120 4 10.66 9.80
132 140 5 20.367 2426
108 135 4 6.83 6.76
150 140 5 19.80 24.07
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TCs formed during different 10-day interval period. First one-
third period of November and second one-third period of May
had experienced the two peaks in the BoB. Overall, during the
pre-monsoon season, most of TCs were formed during the last
one-third of the April and the entire month of May. Similarly,
during the post-monsoon season, TCs formation was higher in
the entire month of October and November and first one-third
of December. Thus, these results indicate that approximately
77% of the total TCs were formed in the 11 out of 36 10-day
interval periods in a year.

3.2.3 TCs frequency during two peak seasons

Figure 8 shows the annual distribution of TCs during the
pre- and post-monsoon season for the period 1972-

2017. The mean frequency of TCs during these seasons
is 0.72 and 2.11, respectively. A large interannual vari-
ability of TCs was observed in the BoB without any
significant increasing and decreasing trend during both
pre-monsoon (p = 0.646) and post-monsoon (p = 0.774)
seasons (Fig. 8a—b). The ACE and PDI values had also
represented large interannual variability with a constant
trend during both seasons (Fig. 8c—d). The mean ACE
values during the pre- and post-monsoon seasons were
observed to be 3.53 and 8.85, respectively. Similarly,
the mean PDI values during the pre- and post-
monsoon seasons were found to be 2.64 and 6.46, re-
spectively. The mean ACE and PDI values of the post-
monsoon season were approximately 68% of the mean
annual values.
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3.3 Intensity of TCs

Figure 9a shows that out of the total 152, the maximum num-
bers of TCs were of CS intensity (38%), and approximately
27,21, 8, and 7% TCs reached at the intensity of SCS, VSCS,
ESCS, and SupCS, respectively. As per the Saffir-Simpson
Hurricane Wind Scale, 54 TCs (approximately 36%) reached
at the hurricane category in the BoB (Fig. 9b). Out of these 54
TCs, 27 (50%), 9 (17%), 5 (9%), 9 (17%), and 4 (7%) TCs
were of category 1, 2, 3, 4, and 5, respectively during the 46-
year study period. Besides, Table 5 shows the top ten TC
events in terms of intensity (MSW) formed in the BoB.

On average, 1.24 CSs (MSW 34-47 kt) and 2.06 intense
cyclonic storms (ICSs; MSW > 48 kt) were formed every year
in the BoB. Interestingly, the number of CSs (p = 0.071) and
their ACE (p = 0.148) and PDI (p = 0.133) values showed a
slightly non-significant increasing trend (Fig. 10a-b).
Conversely, a number of ICSs (p = 0.186) showed a slightly

non-significant decreasing trend with constant trend in their
ACE (p =0.985) and PDI (p = 0.665) values (Fig. 10a and ¢).
This constant trend in ACE and PDI values of ICSs can be
attributed to the increasing trend in severity of TCs in terms of
MSW speed (p = 0.246) (Fig. 10d). Of the total 10 SupCS, 8
occurred in April and October (4 each) and 2 occurred in May
and November (1 each). Further, it was observed that the
conversion rate of CSs to ICSs (ratio of number of ICSs to
the number of total cyclones) is higher during the pre-
monsoon (0.88) than post-monsoon (0.63) season. All the
TCs of April month were reached at the category of SCSs,
VSCSs, ESCSs, and SupCSs (Fig. 7b).

3.4 Intensification and rapid intensification
Intensification and rapid intensification of TCs pose signifi-

cant operational difficulties (Rappaport et al. 2012; Elsberry
2014; Wang et al. 2017). Since 1972, approximately 40 and
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Fig. 12 a Total number of TCs 20 -
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distribution of MSLP, and ¢
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11% TCs were observed to be intensified and rapidly intensi-
fied, respectively in the BoB. These intensification and rapid
intensification rates are almost equal to the North Atlantic TCs
(Yaukey 2014). The intensification and rapid intensification
rates were relatively higher during the pre-monsoon than the
post-monsoon season. The maximum magnitude (a 65-kt in-
crease over just 24 h) of rapid intensification was reported for
TCs Giri in 2010 and Phailin in 2013.

3.5 Duration of TCs

The mean annual duration of TCs (h) over BoB was 235.6 h.
This means, the number of TCs days per year in the BoB was
approximately 10. Figure 11a shows the interannual vari-
ability in duration of TCs which ranged from 0 (2001) to
690 (1996) h (SD = 137.6). The mean duration of each TC
was approximately 71 h (3 days). The frequency distribu-
tion of duration shows that the maximum TCs lie between

12 and 114 h and the long-lasting cyclones are rare (Fig.
11b). In some cases, the TCs last for an extremely long
time. For example, on November 26, 1996, a cyclone
was formed over the BoB with duration of 210 h (8.8 days)
and another cyclone was formed on May 8, 2003, with
duration of 192 h (8 days).

Figure 11c reveals that the mean monthly duration of TCs
(h) was maximum during the month of April (90 h) followed
by November (87.8 h), May (81.9 h), and December (77.4 h).
Interestingly, the number of TCs was very less in the month of
April; however, their mean duration was very high. The higher
mean duration of April TCs can be a major cause for their
higher rate of intensification during the pre-monsoon season.

3.6 MSLP and MSW

The mean MSLP during the TCs was approximately 960 mb,
ranging from 918 to 1000 mb in the BoB. Majority of the TCs
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had MSLP between 980 and 1000 mb (Fig. 12a). MSLP was
much lower than 950 mb during the SupCSs and ESCSs.
Apart from this, opposite to the trend of MSW speed, the
annual distribution of MSLP showed a decreasing trend dur-
ing the TCs in the BoB (p = 0.162) (Fig. 12b). A strong
negative correlation (CC = — 0.97) was observed between
annual MSLP and MSW (significant at 99% confidence level)
(Fig. 120).

4 Summary and conclusions

The present study is an attempt to develop a long-term clima-
tology of BoB TCs based on JTWC dataset for the period
1972-2017. A total of 152 TCs with an average of 3.30 TCs
per year were formed in the BoB without any significant in-
creasing or decreasing trend. Similarly, non-significant in-
creasing or decreasing trends were observed in their ACE
and PDI values. The TCs were formed in all parts of the
BoB and made their landfall over the coasts of India,
Bangladesh, Myanmar, and Sri Lanka. A wide variation in
the genesis locations and tracks was observed during two peak
TC seasons (pre- and post-monsoon seasons). During the pre-
monsoon season, most of the TCs had followed the northward
track and made their landfall over Bangladesh and Myanmar
coasts, whereas TCs of the post-monsoon season affected the
entire coast of BoB. Monthly spatial pattern of BoB TCs ex-
hibited that genesis locations and tracks had almost followed
the northward and southward shifting of Sun. The mean gen-
esis location of TCs shifts northward from the month of
January to July and then it moves southwards continuously.
Majority of the TCs traveled a distance between 1000 and
2500 km, while the mean distance traveled by post-monsoon
TCs was higher than the pre-monsoon season. Of the total,
approximately 40% and 11% TCs were found to be intensified
and rapidly intensified, respectively. The intensification and
rapid intensification rates were relatively higher during the
pre-monsoon than the post-monsoon season. As per the
Saffir-Simpson Hurricane Wind Scale, 54 TCs (approximately
36% of total) were reached at the hurricane category in the
BoB. Further, a unique bimodal pattern was observed in
monthly occurrence of TCs, ACE, and PDI. The first peak
was witnessed in the month of May (0.5 TC/year), while the
second in the month of November (1 TC/year). The maximum
number of TCs was formed during post-monsoon (approxi-
mately 64%), while the lowest during winters (approximately
4%). The mean annual duration of TCs was 235.6 h. The
duration of the maximum number of TCs lies between 12 to
114 h, whereas the long-lasting cyclones were rare.
Interestingly, the number of CSs and their ACE and PDI
values showed a slightly non-significant increasing trend.
Conversely, the number of ICSs showed a slightly non-
significant decreasing trend with constant trend in their ACE
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and PDI values. This constant trend in ACE and PDI values of
ICSs can be attributed to the increasing trend in severity of
TCs in terms of MSW speed. A significant negative correla-
tion was observed between annual MSLP and MSW. Overall,
this study addressed the above-stated research questions in
detail and provided comprehensive information pertaining to
the long-term climatology of BoB TCs in terms of their annu-
al, seasonal, and monthly spatial and temporal distributions
along with their intensity, ACE, PDI, intensification and rapid
intensification rates, MSLP, duration, and total distance trav-
eled. The results of this study will update the current knowl-
edge of BoB TCs and may be beneficial for academicians,
scientists, and disaster managers.
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