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ANALYSIS OF“BIMODAL PATTERN”STORM ACTIVITY
CHARACTERISTICS OF THE BAY OF BENGAL
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Abstract: Storms that occur at the Bay of Bengal (BoB) are of a bimodal pattern, which is different from that of the
other sea areas. By using the NCEP, SST and JTWC data, the causes of the bimodal pattern storm activity of the BoB
are diagnosed and analyzed in this paper. The result shows that the seasonal variation of general atmosphere circulation
in East Asia has a regulating and controlling impact on the BoB storm activity, and the "bimodal period" of the storm
activity corresponds exactly to the seasonal conversion period of atmospheric circulation. The minor wind speed of
shear spring and autumn contributed to the storm, which was a crucial factor for the generation and occurrence of the
“bimodal pattern”storm activity in the BoB. The analysis on sea surface temperature (SST) shows that the SSTs of all
the year around in the BoB area meet the conditions required for the generation of tropical cyclones (TCs). However,
the SSTs in the central area of the bay are higher than that of the surrounding areas in spring and autumn, which
facilitates the occurrence of a “two-peak”storm activity pattern. The genesis potential index (GPI) quantifies and
reflects the environmental conditions for the generation of the BoB storms. For GPI, the intense low-level vortex
disturbance in the troposphere and high-humidity atmosphere are the sufficient conditions for storms, while large
maximum wind velocity of the ground vortex radius and small vertical wind shear are the necessary conditions of
storms.
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1 INTRODUCTION

Tropical cyclones (TCs), which are also known as
the typhoon and hurricane, can cause catastrophes, thus
having been a hot research topic in the meteorological
field. The generation condition of TC is one of the key
studies. Palmen pointed out that TC is formed only in
sea areas with a surface temperature of above 26℃ [1].
In fact, SST reflects the air-sea flux condition (Jiang
et al. [2]). Gray[3] elevated the temperature threshold to
26.5℃ , and pointed out that three thermal factors and
three dynamic factors respectively affected the
generation and development of TC. The dynamic factors
are Coriolis force, low level relative vorticity and
vertical wind shear, and the thermal factors are sea
temperature, relative humidity and static stability. Chen

et al.[4,5] believed that the basic conditions of TC are that
the sea temperature is above 26℃, there is convergence
in the low level or boundary layer, and the vertical wind
shear (V200 hPa-V850 hPa) is less than 10 m/s. Zhu[6]

believed that the necessary conditions for the generation
and development of TC are that the sea surface
temperature is higher than 26-27℃ , the vertical wind
shear in the troposphere is small and that there are
effects by low-level initial disturbance and high-level
divergence in the troposphere and certain Coriolis
forces. He also pointed out that, on a global level, 65%
of TCs occur within the 10-20°N area, 22% south of
10°N (mostly concentrated between 5-10°N), and 13%
north of 20°N. Based on these previous achievements,
Emanuel [7] and Nolan [8] proposed a genesis potential
index (GPI) to quantitatively assess the generation
conditions of TC, with consideration to the
environmental factors that have significant influence on
the generation of TC, such as sea surface temperature
(SST), thermal uplift, high- and low-level vertical shear,
humidity in the middle and low levels and absolute
vorticity. For absolute vorticity, the larger the initial
column integrates absolute vorticity, the greater the
genesis efficiency is. Given the same column-integrated
absolute vorticity, a bottom vortex has higher genesis
efficiency than a mid-level vortex (Ge et al. [9]). Given
the same column-integrated absolute vorticity, a bottom
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vortex has higher genesis efficiency than a mid-level
one. GPI is a quantitative factor which may accurately
represent the generation conditions of TC. GPI may
accurately reflect the generation condition of TC,
forecast the number of TC generated in each ocean, and
judge the contributions of different environmental
factors (Camargo[10-12]).

The Bay of Bengal (BoB) in the north Indian
Ocean (NIO) is one of the regions where tropical
cyclones (TCs) form frequently (Lin et al.[13]). A great
number of studies have been carried out regarding the
influences of storm activity in the BoB (Zhu et al. [14];
Yang et al.[15]; Xu et al.[16]; Zhang et al.[17]; Wang et al.[18];
Wang et al. [19]; Lv et al. [20]), but seldom has any cause
analysis of the storm activity reported. In addition, the
more important thing is that the tropical storm activity
in the BoB shows a bimodal pattern (Li[21]; Wu[22]; Wang
et al. [23]). The new data also confirmed the same
characteristics (Duan et al.[24-26]). Namely, the two peak
periods of storm activity in the BoB occurred in May
and from October to November of every year. However,
the tropical cyclone activity in other sea areas is
unimodal and occurs in summer. Obviously, more
analysis is needed for tropical cyclogenesis and
environmental field over the BoB. Especially, for
example, what causes the “bimodal pattern” storm
activity characteristics?

In this manuscript we use Joint Typhoon Warning
Center (JTWC) best-track data in conjunction with
reanalysis data of the National Center for Environment
Predictions (NCEP) and sea surface temperature (SST)
of National Oceanic and Atmospheric Administration
(NOAA). The above environmental conditions and
genesis potential index (GPI) are used as references for
the cause analysis of bimodal pattern storm activity in
the BoB. The remainder of the manuscript is organized
as follows. Section 2 describes the data and methods
used in this study. Section 3 presents the climatological
distribution of storm generation in the BoB. Section 4
discusses the climatological relation between the
seasonal transition of environmental field and tropical
cyclogenesis. Section 5 analyses the relation of storm
generation number and GPI. Section 6 summarizes the
characteristics of the environmental field responsible for
the cyclogenesis over the BoB.

2 DATA AND METHODS

2.1 Data
The data used in this paper are all for the period of

1981-2010. For the samples of the storms in the BoB
(which, according to the conventional reference in
countries around the North Indian Ocean, is a general
term for tropical storm <TS> and hurricane H1 -H5),
the data for the tropical cyclone path provided by the
JTWC (Joint Typhoon Warning Centre) are applied.
These data include the longitude and latitude

information of the tropical cyclone path, minimum
pressure in the center, and maximum wind velocity near
the center for every 6 h. For the sea surface temperature
information, the monthly average global 1° ×1° sea
surface temperature data of NOAA_OI_SST_V2
provided are applied. For the pressure, temperature,
wind and humidity of the atmosphere, as well as the
calculation of diagnostic quantity, the reanalysis data of
the monthly average 2.5° ×2.5° provided by
NCEP/NCAR are applied.
2.2 Methods

The GPI calculation formula defined by Emanuel[7]
is as follows:

GPI= 105η 3/2( H50 )3 ( Vpot

70 )3 (1+0.1Vshear)-2 (1)

where η is the absolute vorticity (s-1) of 850 hPa; H is
the relative humidity (%) of 700 hPa; is maximum TC
potential intensity (PI) defined by Emanuel, the
maximum wind velocity (m·s -1) at the radius of the
maximum wind velocity close to the ground; and Vshear is
the vertical wind shear (m·s-1).

The expression of Vpot is as follows (Emanuel[7]):
Vpot=Cp(Ts-To) Ts

To

Ck

CD
(lnθ

*

e -lnθe) (2)

In Vpot (PI) formula, Cp is the heat capacity at
constant pressure, Ts is the ocean temperature, To the
mean outflow temperature, Ck is the exchange
coefficient for enthalpy, CD is the drag coefficient, θ

*

e is
the saturation equivalent potential temperature at ocean
surface, and θe is the boundary layer equivalent potential
temperature.

The expression of Vshear is as follows:
Vshear=V200hPa-V850hPa (3)

where 200 hPa and 850 hPa are respectively the wind
velocities of 200 hPa and 850 hPa.

The calculation area of GPI is the BoB region (80-
100°E, 0-20°N).

3 BASIC DISTRIBUTION OF STORM GEN-
ERATION IN THE BOB

According to the statistics for the period of 1981-
2010 provided by the JTWC, during these 30 years a
total of 102 storms have occurred in the BoB. Fig.1a
shows the position of the storm at the initial stage
(generally tropical depression, TD), as well as the
position when the TD developed into a TS. It is clear
that the position of the TS is in the north of the TD in
the BoB region.

Figure 1b shows the monthly distribution of storms
that occurred in the BoB. Although the temporal limit
of the statistics is not exactly the same as that of other
studies (Li [21]; Wu [22]; Wang [23]; Duan et al. [24-25]), the
values show a clear “bimodal pattern”, i.e. the peak
periods of storm activity in the BoB occur in May and
from October to November every year. From the
distribution diagram, it may be seen that 78 storms
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occurred in May and from October to November,
occupying 76.5% of the total sample; no storms occur
in February or August; 56.9% occur to the north of 10°
N and 43.1% to the south of it; when the TD develops
into TS, the position clearly moves to the north; 79.4%
occur to the north of 10°N and 20.6% to the south of it;
and most of the storms in the south occur in winter.

4 ENVIRONMENTAL CONDITIONS OF
STORM

4.1 SST distribution
Figure 2 shows the monthly average distribution of

SST in the peak and valley months (the frequency of
storm occurrence is zero) in the BoB region for the
period of 1981-2010. In February, the SST distribution
of SST in the BoB region tends to be low in the north
and high in the south (Fig.2a). Except for the fact that
the northernmost SST is lower than 26 ℃ , most are
higher than 26 ℃ ; the SSTs to the south of 15°N are
higher than 27 ℃; and those to the south of 10°N are
higher than 28 ℃; but there is basically no area with a
temperature greater than 29 ℃. In May, the SST is the
highest (Fig.2b). It is high in the central area, and
relatively low in the northern and southern areas. The

SST in the 10-15°N areas reaches 30 ℃ ; those to the
north of 15°N and south of 10°N are all above 29.5 ℃.
In August, the SSTs present a northwest-southeast trend
(Fig.2c), i.e. the SSTs in the northwestern and
southeastern areas are higher, at about 28.5-29 ℃; the
other areas are lower, at about 28 -28.5 ℃ . In
November, the SST distribution is similar to that in
May (Fig.2b). The central area is relatively high, at
about 28.5-29 ℃ (Fig.2d); the SSTs in the north and
south are low. Through this analysis, it is clear that the
peak value of the storm activity is related to the high
SST in the central area of the BoB.

From the above analysis, it is clear that the SST
distribution of the BoB is high all through the year,
which conforms to the necessary condition of TC
(temperature above 26-27 ℃). Fig.3 shows the average
SST distribution for each month in the BoB, which is
similar to the “bimodal pattern”structure of storms.
Despite the fact that from June to July and September
the SSTs are higher than that from October to
December, few storms are generated during the former
period. This indicates that storms are affected by other
conditions of the atmospheric environment (discussed
later). On the other hand, the distribution type of the
SST is possibly related to the “bimodal pattern”
distribution of storms.

After further analysis, the SST distribution of the
BoB can be generally divided into four types, possibly
based on the occurrence frequency of storms. (1) The
first distribution type is from December to April of the
following year, when the SST decreases gradually from
the south to the north (as in Fig.2a). In terms of SST,
storms are more likely to occur in the south than in the
north, but the generation of TC involves a certain
Coriolis force, and the southern area is not conducive to
the generation of storms. Therefore, the occurrence
frequency of storms in these months is relatively low
(Fig.1b). (2) The second distribution type occurs in May
and November, when the central area of the BoB has a
high SST, and the northern and southern areas have low
ones. Thus May and November are the two peak
months of the storm. Comparatively speaking, the high
value range of SST in May occurs to the north of that
in November (Figs.2b and 2d). The frequency of storms
in November is higher than in May, the positions are
clearly located in the south (Fig.1). (3) The third
distribution type occurs from June to September, when
the SST in the central area of the BoB is low, and the
SSTs in the northern and southern areas are high (Fig.2c).
This is clearly the last distribution which may lead to
storms, as the higher SSTs are distributed in the
positions unfavorable for the occurrence of storms, i.e.
north and south. (4) The fourth distribution type occurs
in October, where the SST in the BoB increases
gradually from south to north (figure omitted). This is
different from the second distribution, but considering
that the northern area is unfavorable for the occurrence

Figure 1. Spatial (a) and temporal (b) distribution of storms in
the BoB from 1981 to 2010 (“°”represents the position of TC
at the initial stage; “·”is the position of TS developed from
TC).
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of storms, this distribution type can be regarded as the
same as the second type. Therefore, the occurrence

frequency of storms in October is as high as that in
May and November.

Figure 2. Monthly average SST distribution in peak and valley months in the BoB region for the period of 1981 to 2010 (unit: ℃).
(a): February; (b) May; (c): August; (d): November.

What needs attention is the phenomenon that, only
from the sea surface temperature and its distribution

analysis, May is more favorable time for tropical
cyclogenesis than November. However, the fact is that
the number of TC in November is higher than that in
May. This further verifies that SST is only one of the
factors for tropical cyclogenesis, a non-controlling
factor.
4.2 Vertical wind shear

It is generally believed (Chen [4]; Zhu et al.[6]) that
the vertical wind shear in the troposphere determines
whether the latent heat released by the convective
condensation of initial disturbance may be concentrated
to a limited space. If the vertical wind shear in the
troposphere is small, the relative movement of air at
high and low level of troposphere will be infrequent.
The latent heat of condensation produced by cumulus
convection in tropical disturbance will intensively heat
an air column in a limited space, which forms a
warm-center structure rapidly. This guarantees a
constant decrease in the pressure of initial disturbance

Figure 3. Monthly variation of SST in BoB region for the
period of 1981 to 2010 (Average in sea areas: 80 to 100°E, 0
to 20°N, unit: ℃).
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and eventually the formation of a storm. On the
contrary, if the vertical wind shear is large and has good
ventilation, the latent heat produced by cumulus
convection will soon be whirled away from the
disturbance area. Then the heat fails to be concentrated
in a limited space, which hinders the formation of
storms.

Figure 4 shows the monthly average distribution of
Vshear in the peak and valley months in the BoB region
for the period of 1981-2010. In February (Fig.4a),Vshear

<10m·s-1 to the south of 10°N, which is conducive to
the generation of storms. However, the low-latitude area
close to the Equator is a barrier, thus there are no
storms in February. The Vshear increases with the increase
of latitude to the north of 10°N, which is unfavorable
for the generation of storms. In May (Fig.4b), the
low-value range of Vshear is in the northernmost area in a
year. It is even less than 10 m·s-1 in the 10-22°N area

and less than 5 m·s-1 in the 15-20°N area. The central
and northern areas of the BoB are conducive to the
generation of storms, and the occurrence frequency at
these latitudes is high. These two favorable factors
contribute to the peak value of the generation number of
storms. In August (Fig.4c), in most areas of the BoB,
the peak value is larger than 20 m·s-1; to the south of
15°N, it is larger than 25 m·s-1; and to the south of 10°N,
it is larger than 30 m·s-1. This is most unfavorable for
the generation of storms. In November (Fig.4d), the
distribution of Vshear is similar to that in May. However,
the low-value range is found to the south of the central
BoB, covering a larger area than in May. Therefore,
November is the most favorable month for the
generation of storms. Compared with May (Fig.4b), the
small-value area of Vshear in November (Fig 4d) has the
following characteristics: larger area, smaller value and
more favorable position.

Figure 4. Monthly average distribution of Vshear in peak and valley months in the BoB region for the period of 1981—2010 (unit:
m·s-1). (a): February; (b) May; (c): August; (d): November.

The monthly variation of Vshear in the BoB region is
quite large. From the perspective of the monthly
average of the total area (80-100°E, 0-20°N) and the

area in the north of 10°E (80-100°N, 10-20°E, see
Fig.5), the monthly variation of Vshear is the highest from
June to September, at more than 20 m·s-1; and it is
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smallest from April to May and from October to
November, at less than 15 m·s-1. The “double valley”
months of Vshear correspond to the“double peak”months
in Fig.1b. If only the area to the north of 10°N is taken
into account, there is better correspondence. Moreover,
the Vshear in May and from October to November are
both smaller than 8 m·s-1, and this favors the generation
of storms.
4.3 Low -level initial disturbance and high -level
divergence in the troposphere

Through the flow fluid analysis of the monthly
averages of 850 hPa and 200 hPa (respectively
representing the low and high levels of the troposphere)
for the period of 1981-2010, the following observations
may be made:

From January to April, the 850 hPa of the areas of
the India Peninsula, the BoB and Indochina Peninsula is
basically controlled by the subtropical high (Wang[27]);
that of the area to the north of 20°N is controlled by the
westerlies system; and that of the area to the south of
10°N is controlled by the equatorial convergence zone
system (figure omitted). The 200 hPa of the area to the
north of 15°N is controlled by the intense westerlies
system; the South Asia high-pressure anticyclonic
circulation is located in the south and east; the average
ridge is near 10°N, with the westernmost point of the
ridge to the east of 110°E from January to February,
and extending to the place nearby from March to April
(figure omitted). Clearly, the convergence disturbance in
the low-level troposphere and the divergence in the
high-level troposphere in the BoB and surrounding areas
are not typical, which is unfavorable for the generation
of storms.

In May, with the establishment of the Somali
cross-equatorial flow and its spread to the east, radical
changes occur to the 850 hPa flow field of the BoB and
Indochina Peninsula areas (Fig.6a, see Wang[27]; Qian[28]).
The preceding east airflow changes to an intense

southwest airflow, and there is a clear vortex
convergence disturbance. The westerlies system of the
200 hPa withdraws to the north of 20°N, and the South
Asia high-pressure anticyclonic circulation controls the
Indochina Peninsula (Fig.6b). The South Asia High of
100 hPa is located in the northwest (figure omitted), and
intense airflow divergence appears in the high level of
the BoB. The circulation configuration of the
convergence disturbance in the low-level troposphere
and the divergence in the high-level troposphere favors
the generation of storms.

In June, the monsoon trough of 850 hPa in the
BoB region continues to enhance (figure omitted), and
clear convergence disturbance occurs (Wang[27]; Ding[29]).
However, the South Asia High of 200 hPa continues to
move to the north of India, Bangladesh and southern
Tibetan Plateau (figure omitted). At the same time, the
high-level airflow divergence in the BoB region

Figure 5. Monthly variation of average Vshear of the total area
(80-100°E, 0-20°N) and area to the north of 10°N (80-100°
N, 10-20°E) in the BoB region for the period of 1981-2010
(Unit: m·s-1).

Figure 6. Monthly average flow field (shadowed area: wind
velocity greater than 6 m·s-1) and height field in May for the
period of 1981 to 2010 (unit: m·s-1, dagpm).
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Figure 8. Monthly average flow field (shadowed area: wind
velocity larger than 6 m·s-1) and height field in November for
the period of 1981 to 2010 (unit: m·s-1, dagpm).

diminishes. The circulation configuration between the
high and low levels hinders the generation of storms.

From July to August, the monsoon low in the BoB
region develops to the peak (Wang[27]; Qian[28]; Ding[29]),
and clear convergence disturbance occurs (Fig.7a). At
this time, the South Asia High moves northward to the
Iranian Plateau and Tibetan Plateau (Fig.7b). Although
there is an intense vortex disturbance in the low-level
troposphere, the center of airflow divergence in the
high-level is located above the plateau. The high-level
above the BoB region lacks the driving force to develop
the vortex disturbance intensely and vertically in the
low-level.

In September, the southwest monsoon of 850 hPa
begins to diminish but remains strong in convergence
disturbance (figure omitted, see Wang [27]; Qian [28]). The
South Asia High of 200 hPa begins to withdraw from
the plateau and control the northern India, Bangladesh

and southern Tibetan Plateau areas (figure omitted). The
circulation configuration between the high- and
low-levels is similar to that in June. The high-level
divergence in the north of the BoB region enhances and
favors the generation of storms. However, in the
southern and central areas, it is unfavorable for the
generation of storms.

In October, the southwest monsoon of 850 hPa
weakens sharply (Wang [27]). The East Asian summer
monsoon begins to withdraw to the south and controls
the northern area of the Indochina Peninsula. The two
weakening monsoons meet near 100°E (figure omitted),
and the superimposed effect retains a strong divergence
disturbance in the BoB region. The South Asia High of
200 hPa withdraws to the India Peninsula, BoB and
Indochina Peninsula. Therefore, the circulation patterns
of high-level divergence and low-level convergence in
the BoB region are formed once again, which favors the
formation of storms.

Figure 7. Monthly average flow field (shadowed area: wind
velocity greater than 6 m·s -1) and height field in August for
the period of 1981 to 2010 (unit: m·s-1, dagpm).
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In November, the southwest monsoon in the BoB
region of 850 hPa is completely replaced by the
southeast monsoon (Fig.8a, see Wang [27]). Since the
position is in the north and the wind velocity is high,
intense convergence disturbance still remains. The
anticyclonic circulation of 200 hPa continues to
withdraw to the southeast, but it still controls the BoB
and Indochina Peninsula (Fig.8b). There is still intense
airflow over the central and southern areas of the BoB.
In addition, there is intense divergence in the high-level
and strong convergence in the low-level. This is
conducive to the generation of storms.

In December, the equatorial convergence zone of
850 hPa withdraws to the south of 10° N (figure
omitted), and the convergence disturbance in the BoB
region clearly weakens (especially in the central and
northern areas). The anticyclonic circulation of 200 hPa
continues to withdraw to the southeast until reaching the
Indochina Peninsula (figure omitted). The high-level
divergence and low-level convergence in the central and
northern areas of the BoB are both weak, which hinders
the generation of storms. The southern area still remains
in the stage of high-level divergence and low-level
convergence, which favors the generation of storms.
5 RELATION OF STORM GENERATION
NUMBER AND GPI

Using Eq.(1), the average GPI of the range (80-
100° N, 0 -20° E) is calculated. When analyzing the
relation between the GPI and the factors it contains and
the number of storms (NS), the data is homogenized, as
the units and dimensions are different and inconvenient
for comparison. The homogenization of the data is
calculated as follows:

Xi= xi-xmin
xmax-xmin

(4)

where Xi is the datum after the homogenization; xi, xmax
and xmin are respectively the raw datum, and maximum
and minimum values of the raw data sequence, i=1, 2,
…,12 (month).

In Fig.9, the monthly average GPI and monthly
variation of NS in the BoB region are provided. It can
be seen that there is a clear correspondence between the
two variables, and the “bimodal pattern”characteristic
of GPI is consistent with NS. Just during December to
the following January, the two variable trends are
slightly different. The cause is that the position of the
storms is in the south of the BoB (Fig.1b) in the two
months, but the GPI is the average value for the entire
BoB region.

Wu once used the “multi-voting” method to
quantitatively analyze the cause of the bimodal pattern
storm of the BoB based on the seasonal variation of
equatorial airflow, ITCZ, south branch of the westerly
tough, western Pacific Subtropical High, and South Asia
High [22]. Due to data limitations, there has been no
quantitative analysis on the atmospheric elements and
SST. In Eq.(1), the four constituting factors of GPI, η,

and Vpot are in direct proportion, and Vshear is in inverse
proportion. Fig.10 provides the monthly variations of η,
H , Vpot and Vshear for the variation of NS in the BoB
region from 1981 to 2010. Their relationship is
quantitatively analyzed in the following section.

The values of η (absolute vorticity: 850 hPa) in
summer and autumn are clearly higher than in winter
and spring. This is significantly affected by seasonal
change. In summer and autumn, the equatorial

Figure 9. Monthly average GPI and NS (homogenized data)
distribution in the BoB region (80-100°E, 0-20°N) for the
period of 1981 to 2010.

Figure 10. Monthly average GPI items and NS (homogenized
data) distribution in the BoB region (80-100°N, 0-20°E) for
the period of 1981 to 2010 (Vp meas Vpot,Vs means Vshear).
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convergence zone system is located in the north, and in
the BoB region the monsoon low is active. In winter
and spring, the westerlies system is located in the south,
and the BoB region is controlled by the subtropical
high. The intensity of η in the low level of the
troposphere is determined by this situaton. However, the
η still has two peak values in May and from October to
November (which may be related to the outburst and
weakening of the monsoon), which is consistent with
the peak values of NS and positively contributes to the
“bimodal pattern”structure of the GPI. If the factor η is
used alone in the measurement, storms may occur all
through May to November.

The variation of H (relative humidity of 700 hPa)
is smallest in February. It rises from March to July and
reaches its highest point in August, and then it reduces
gradually month by month until reaching its minimum
value in February. This is different from the NS in the
“bimodal pattern”structure. From the second item of
Eq. (1), it can be seen that, when >50% , the item is
larger than 1; otherwise, it is smaller than 1. Its third
power has a great influence on the GPI. Due to the fact
that the raw data of H from December to March of the
following year are smaller than 50%, those from May to
November are 50% . Therefore, the contribution of H
from May to November and from December to the
following March either increases or decreases sharply.
Clearly, the high humidity in the low level troposphere,
namely the humidity field from May to November,
especially from July to October, favors the generation of
storms.

The distribution of Vpot (maximum wind velocity at
the radius of maximum wind velocity close to the
ground) also shows a “bimodal pattern” structure,
which is basically consistent with NS. From the third
item of Eq.(1), it can be seen that when Vpot>70 m·s-1,
the item is larger than 1; otherwise, it is smaller than 1.
Its third power also has a great influence on the GPI.
The raw data of Vpot from December to February of the
following year and from July to September are smaller
than 70 m·s -1; those from March to June and from
October to November are larger than 70 m·s-1. This is
basically the same as the variation distribution of NS,
and it may be deduced that a large Vpot favors the
generation of storms.

The Vshear (vertical wind shear) is exactly opposite
to the “bimodal pattern”structure of the GPI and NS,
showing an “inverse bimodal pattern”. From the fourth
item of Eq. (1), it can be seen that the larger the Vshear

is, the smaller the GPI is. The period of June to
September is the most unfavorable time for the
generation of storms; from April to May and from
October to November are the most favorable times for
the generation of storms.

6 SUMMARY AND DISCUSSION

In this paper, through the analysis of atmospheric

environmental field and genesis potential index (GPI) in
the BoB and surrounding areas, the generation
conditions of storms in the BoB and the“bimodal
pattern”distribution caused by superimposed effects of
advantageous conditions are further studied.

(1) The SSTs in the BoB region are high all the
year round, which conforms to the necessary conditions
of TC. It is known from comparison analysis that the
SSTs in the central area of the BoB in May and from
October to November are higher than those in the
surrounding areas. This coincides with that of the global
sea areas (10-20°N) with the highest incidence of TC.
In April, with higher SST, the SSTs tend to be high in
the south and low in the north. From June to
September, the SSTs are lower in the surrounding areas
than in the central areas. The high SSTs are located in
either the north or south, where the occurrence
frequency of storms is low. This indicates that the
higher SSTs in the central area of the BoB than that of
its surroundings is one of the causes of the“bimodal
pattern”distribution of storms.

(2) The distribution of Vshear has a good
corresponding relationship with NS. The peak (valley)
distribution of NS is almost the same as the valley
(peak) of Vshear, which indicates that the accumulation
and diffusion of heat inside the troposphere is crucial to
the generation of storms. This also indicates that the
accumulation intensity of the“bimodal pattern”months
is clearly higher than that in other months.

(3) The convergence disturbance in the lower-level
troposphere in the BoB region is strong in all months,
except being weakest during January to April and
weaker in December. It is strongest from June to
August, which seems to have no close relation to the
“bimodal pattern”distribution of storms, and may even
be opposite to it. However, in addition to convergence
disturbance in the low-level, a strong divergence in the
upper-level is also required, which contributes to the
formation of vortex air column by propelling the
low-level airflow to the high-level, while dispersing the
high-level airflow. The atmospheric circulation in the
high-level troposphere varies depending on the season.
The high-level anticyclonic circulation (called the South
Asia High when larger than 100 hPa) representing the
airflow divergence in the East Asia area swings in the
northwest-southeast direction. In May and from October
to December, the circulation swings to the high level of
the BoB and Indochina Peninsula, and coordinating with
the convergence disturbance in the low-level, it
contributes to the favorable conditions of the vortex air
column. From July to August, when the convergence
disturbance in the low-level is the strongest, the
anticyclonic circulation in the high-level moves
northward to the Iranian Plateau and Tibetan Plateau.
There is no intense air divergence found north of the
BoB region, which hinders the formation of the vortex
air column. Therefore, it is believed that the seasonal
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variation of atmospheric circulation in the East Asia
area leads to the “bimodal pattern”distribution of
storms, since the conversion periods of winter and
summer circulations are exactly in the same periods of
May and October to November.

(4) The GPI is linked with the atmospheric element
fields relating to occurrence of TC, which
comprehensively reflects the potential conditions for
generation of TC. It also accurately represents the
“bimodal pattern” distribution of the BoB storms.
Through analysis of the items of the GPI in the BoB
region it can be seen that the intense vortex disturbance
in the low-level troposphere and the high-humidity
atmosphere are the sufficient conditions for storms,
while large maximum wind velocity of the ground
vortex radius and small vertical wind shear are the
necessary conditions of storms. Therefore, the“bimodal
pattern”distribution of storms is mainly determined by
the latter two conditions.

(5) The bimodal pattern storm activity of the BoB
is result of multiple factors. In two peak periods (May
and October—November), the SSTs in the central area
are higher than that of the surrounding areas and the
northern of the BoB, and small vertical wind shear, the
vortex disturbance in the lower-level troposphere and
the high-humidity atmosphere, the divergence of
anticyclonic circulation also appear in this area.
However, there is no such phenomenon in other time
periods.
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