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Abstract

Size of tropical cyclone (TC) is often asymmetric in nature. Yet, there is a lack of systematic, clean, and intuitive definition/
expression to specify the asymmetry of TC size. Here, we introduce a novel index, TC size asymmetry index (SAI), which
specifies both the degree and pattern of the asymmetry synthetically. In particular, the symbolic form of SAI is vividly
designated for identifying the latter. The SAI proposes 1 quasi-symmetric pattern and 28 asymmetric patterns in total. The
41-year (1979-2019) global climatology of SAI shows that the distribution of the degree of TC size asymmetry is trimodal.
Elementarily, the degree and pattern of asymmetry are found to be TC intensity, TC movement, time, and space dependent.
The introduction of SAI provides an insight into the subject and lays an important foundation for future applications and
research. Furthermore, besides meteorology, it could inspire other fields to index the geometric asymmetries of other kinds.
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1 Introduction

Size of tropical cyclone (TC) is an important metric that speci-
fies how large the influence of a TC is (Chan and Chan 2018).
Enhancing the understanding on how the TC size evolves sub-
stantially helps the forecast, advisory, and disaster prepared-
ness (e.g., rain, wind, storm surges, storm tides, and tornados;
McCaul 1991; Irish et al. 2008; Lin et al. 2014; Paredes et al.
2021; Wang et al. 2022). Most studies defined TC size by tak-
ing the azimuthally-averaged radii of particular wind speeds
(Chan and Chan 2018). They made use of the best-track data
(Kimball and Mulekar 2004; Yuan et al. 2007; Song and Klotz-
bach 2016; Song et al. 2020), satellite-based observations (Liu
and Chan 1999; Dean et al. 2009; Chavas and Emanuel 2010;
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Knaff et al. 2011, 2014; Chan and Chan 2012, 2015a; Chavas
et al. 2016; Klotz and Jiang 2016; Chen et al. 2021; Zhuo and
Tan 2021), reanalyses (Liu and Chan 2002; Chan and Chan
2013; Schenkel et al. 2017, 2018; Mok et al. 2018; Bian et al.
2021; Yang et al. 2022), and idealized numerical models (Hill
and Lackmann 2009; Xu and Wang 2010a, b; Chan and Chan
2014, 2015b, 2016; Chavas and Emanuel 2014; Wang et al.
2015; Wang and Toumi 2019, 2022; Lu and Chavas 2022) to
examine the climatology, characteristics, and possible mecha-
nisms governing the TC size.

Nonetheless, as a matter of fact, the size of TC is often
asymmetric or irregular. The surface horizontal circulation
of TC can vary remarkably in time and space (Song and
Klotzbach 2016; Klotz and Jiang 2016, 2017; Olfateh et al.
2017; Sun et al. 2019; Tamizi et al. 2020). A single azi-
muthally-averaged value, hence, cannot depict the TC size
sufficiently. The research on TC size asymmetry is therefore
warranted but limited and inadequate (Olfateh et al. 2017,
Sun et al. 2019; Hong et al. 2020). Zhang and Chan (2023)
recently evaluated the fidelity of the ERAS reanalysis data
in estimating the outer-core sizes [R34, the radius of 10-m
gale-force (34-kt) winds from the TC center] in four cardinal
quadrants of TCs. They established a 41-year (1979-2019)
global TC size database and exhibited the global climatol-
ogy. Such a long and homogeneous database lays impor-
tant groundwork that allows us to study and understand the
asymmetry of TC size more possible.
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Notably, although several attempts have been made to
define the degree of TC size asymmetry (e.g., Klotz and
Jiang 2016; Olfateh et al. 2017; Sun et al. 2019; Hong et al.
2020), they are not generic (not applicable in all circum-
stances) and not sufficient (no specification on the pattern/
shape of TC size asymmetry) enough. This paper, a follow-
up of Zhang and Chan (2023), proposes a novel TC size
asymmetry index (SAI) to specify the degree and pattern of
the asymmetry of TC size in a synthetic way. The introduc-
tion of SAI fills the aforementioned deficiencies systemati-
cally, which is skillful for interpretation and documentation
in applications and research. An elementary global clima-
tology and the power of SAI are revealed and demonstrated
stepwise in this study.

2 Data

The global TC size database (Zhang and Chan 2023) inferred
from the fifth generation of European Centre for Medium-
Range Weather Forecasts (ECMWF) atmospheric reanaly-
sis of the global climate (ERAS5; Hersbach et al. 2022) is
employed. It is validated by the Quick Scatterometer (Quik-
SCAT) satellite data. It provides the 41-year (1979-2019)
6-hourly homogeneous estimates of R34 in four cardinal
quadrants of TCs over the western North Pacific (WNP),
eastern North Pacific (ENP), North Atlantic (NA), South
Indian Ocean (SI), and South Pacific (SP). The correspond-
ing elementary best-track data including TC locations, maxi-
mum sustained wind speeds (Vy;5x), and minimum sea-level
pressure are also provided. It is noted that although some
mainstream best-track data provide sophisticated TC size
estimates, they are not employed because of the heterogenei-
ties in operation, estimation, and data availability among dif-
ferent meteorological agencies (Chan and Chan 2012; Chan
et al. 2022a, b; Kim et al. 2022).

3 Size asymmetry index (SAI)

Neither the degree nor pattern of asymmetry alone can suf-
ficiently specify the essential asymmetric structure of TC
size because they complement each other. In view of this,
a novel index, size asymmetry index (SAI), is pertinently
introduced and defined as follows.

First, being in line with most of the operational meteoro-
logical agencies [e.g., Japan Meteorological Agency (JMA),
China Meteorological Administration (CMA), and Joint
Typhoon Warning Center (JTWC)], the surface horizontal
circulation of TC is divided into four cardinal quadrants in
space. Quadrant 1, 2, 3, and 4 correspond to the northeast
(NE), northwest (NW), southwest (SW), and southeast (SE)
quadrants about the TC center, respectively.

Second, the degree of TC size asymmetry (a) is defined
as the ratio of the maximum R34 among the 4 quadrants
(R34y4x) to the effective R34 (R34ypp) minus 1:

 R34yax
* = Rtger

R34y;4y = max (R34yg, R34y, R34gy, R34g;)

R34yp? + R34y ” + R34gy” + R34
R34gpp = T

where the R34, the radius of 10-m gale-force (34-kt) winds
from the TC center, is one of the most typical metrics that
has been widely used for specifying the outer-core size of
TC (Chan and Chan 2018). The @ and R34 range between
0 and 1, and 0.5 R34,,,x and R34,,,x, respectively. The
larger the a, the more asymmetric of the TC size is. At the
low end (a=0; R34gz=R34,,,x), the R34 of four quadrants
are identical (R34 =R34yw=R344y =R345z =R34y,x)
such that the TC size is axisymmetric. At the high end
(a=1; R345pr=0.5 R34y,,x), there is only one quadrant
where R34 > 0 such that the TC size is highly asymmetric.
The denominator R34 gy is taken as the reference rather than
the 4-quadrant mean R34 because it specifies how large the
effective areal influence of a TC is, which is more physical
and consistent with the concept of TC size (Zhang and Chan
2023).

Third, utilizing the @ and R34ypg, the asymmetry is cat-
egorized into five types (7; Fig. 1). For the cases a <critical
a (a £ ac-=0.13), they are categorized as Type O. The cases
within such 13% variability are categorized as the quasi-
symmetric type. It accounts for 15.03% of the global sam-
ples (Fig. 2; Table 1). The a is derived from the 41-year TC
size climatology (1979-2019; Zhang and Chan 2023) in the
Northern Hemisphere (NH) and Southern Hemisphere (SH):
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Fig.1 Ideas and constitutions of SAIL In this study, quadrants in
black (white) indicate the corresponding R34 are larger (smaller) than
R34gge. Quadrant with white dot specifies the quadrant of R34y, x.

Distinguishing from the asymmetries in Types H, X, C, and L, the
archery target symbol in Type O denotes the TC size which is quasi-
symmetric
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Fig.2 Global climatological probability density functions of a and 7.
Climatological probability density functions of a and T in the globe
(GL), Northern Hemisphere (NH), Southern Hemisphere (SH), west-

It assumes the general distributions of atmospheric cir-
culation, temperature, moisture, and planetary vorticity
are hemispherically-flipped along the equator, and the
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ern North Pacific (WNP), South Indian Ocean (SI), eastern North
Pacific (ENP), South Pacific (SP), and North Atlantic (NA). The dash
vertical reference line indicates the a¢ (0.13 in this study)

circulation of TC is axisymmetric in a quiescent and uni-
form environment. Taking an average between the NH and
SH would therefore largely smooth out the hemispheric-flip
and external effects that could contribute to the asymmetry,
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Table 1 Climatological statistics of SAI over the western North Pacific (WNP), eastern North Pacific (ENP), North Atlantic (NA), South
Indian Ocean (SI), South Pacific (SP), Northern Hemisphere (NH=WNP+NA +ENP), Southern Hemisphere (SH=SI+SP), and globe

(GL=NH+SH) in 1979-2019

WNP ENP NA SI Sp NH SH GL
No. of samples 10,050 2823 4001 4852 3004 16,874 7856 24,730
No. of TCs 768 259 638 402 262 1665 664 2329
a
Mean 0.41 0.48 0.49 0.44 0.47 0.44 0.45 0.44
Standard deviation  0.31 0.34 0.32 0.32 0.32 0.32 0.32 0.32
25th percentile 0.16 0.20 0.21 0.18 0.20 0.18 0.19 0.18
75th percentile 0.57 1 0.70 0.60 0.65 0.61 0.61 0.61
T (%)
o 17.64 14.84 10.07 15.44 12.38 15.38 14.27 15.03
H 45.65 45.84 47.84 47.49 43.01 46.20 45.77 46.07
X 1.55 0.32 0.87 0.95 3.03 1.19 1.74 1.36
C 4.76 9.67 6.02 6.90 6.62 5.88 6.80 6.17
L 30.40 29.33 35.19 29.23 34.95 31.36 31.42 31.37
0 (%)
® 17.64 14.84 10.07 15.44 12.38 15.38 14.27 15.03
® 14.42 28.27 14.42 5.15 9.39 16.74 6.77 13.57
© 1.82 0.46 2.87 1.96 3.03 1.84 2.37 2.01
=) 5.75 1.88 10.30 23.95 12.42 6.18 19.54 10.42
() 23.66 15.23 20.24 16.43 18.18 21.44 17.1 20.06
) 0.13 0.18 0.07 0.80 2.90 0.12 1.6 0.59
") 1.42 0.14 0.80 0.14 0.13 1.06 0.14 0.77
© 0.25 0.74 0.25 1.2 1.33 0.33 1.25 0.62
[~ 0.83 0.07 1.35 0.70 0.50 0.82 0.62 0.76
d 1.04 1.31 1.02 4.23 3.76 1.08 4.05 2.03
9 2.64 7.55 3.40 0.78 1.03 3.64 0.88 2.76
¢ 13.05 20.30 13.87 5.71 15.78 14.46 9.56 12.9
) 6.35 3.44 6.42 2.12 1.33 5.88 1.82 4.59
© 0.65 0.53 2.07 6.92 9.89 0.97 8.06 3.22
€ 10.35 5.07 12.82 14.47 7.96 10.05 11.98 10.66
0 (%)
1 37.11 59.55 38.39 18.30 38.32 41.17 25.95 36.34
2 13.04 9.67 11.35 6.10 5.63 12.08 5.92 10.12
3 2.87 1.81 6.72 15.17 19.61 3.60 16.87 7.82
4 29.33 14.13 33.47 44.99 24.07 27.78 36.99 30.70

and hence, generally remaining the TC circulation and inter-
nal forcings themselves. By contrary, for the cases a> a¢
(84.97% of the global samples), they are categorized as the
asymmetric types: wavenumber-1, wavenumber-2, 3-quarter,
and 1-quarter types (Fig. 1). For ease of presentation, they
are vividly indexed by the forms of characters H, X, C, and
L, respectively.

Fourth, all possible orientations (O) in each type are
further classified. Types O, H, X, C, and L possess 1, 4, 2,
4, and 4 orientations, respectively. The corresponding ori-
entations and indices are shown in Fig. 1. It is noted that

a single indistinguishable orientation is classified in Type
O because it is quasi-symmetric. Further classification is
ambiguous and not meaningfully necessary.

Finally, integrating all the above elements, the code/text
form of SAI is synthetically indexed as

SAI = [a][TOQ]

where Q specifies the quadrant of R34,,,x, the largest
areal influence quadrant where we mostly pay attention
to. The first term, a, quantifies the degree of size asymme-
try, whereas the second term, 7OQ, depicts the pattern of
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size asymmetry. Again, as Type O is quasi-symmetric, it is
ambiguous to specify Q and simply indexed as O (Fig. 1).

Figure 1 shows the full ideas and constitutions of SAI.
There are 29 patterns (1 quasi-symmetric and 28 asymmetric
patterns) in total. To be more presentable and applicable, a
set of symbols is vividly designated correspondingly. For
example, the SAT 0.07 ®,032®,0.43%,0.36®, and 1.00
@ are equivalent to 0.07000, 0.32Hal, 0.43Xb2, 0.36Cb3,
and 1.00Ld4, respectively. The symbolic form of SAI is
clean, intuitive, and powerful that helps the interpretation
and documentation in applications and research considerably
(see e.g., next sections).

4 Overall climatology

The overall distributions of SAI are summarized in Fig. 2
and Table 1. A 41-year global climatology (1979-2019) evi-
dently shows that the sizes of TCs are often asymmetric in
nature. The global mean « is 0.44; the hemispheric mean
in the NH and SH are 0.44 and 0.45, respectively; and the
basin mean « in the WNP, ENP, NA, SI, and SP are 0.41,
0.48, 0.49, 0.44, and 0.47, accordingly. They are all > a.
In general, the TCs over NA are the most asymmetric and
those over the WNP are the least. Consistent with Zhang
and Chan (2023), as the samples in the North Indian Ocean
(NI) are too small that are not representative for a climato-
logical study, the TCs over the NI are not included in this
study either.

Table 1 shows that the distribution of T is basin inde-
pendent, while those of O and Q are not. The majority
of TC size structure appears in Type H, which accounts
for 43.01-47.84% among the basins, followed by Type
L (29.23-35.19%), Type O (10.07-17.64%), Type C
(4.76-9.67%), and Type X (0.32-3.03%), sequentially.
However, the proportions of O and Q are found to be basin
dependent suggesting that there should exist interbasin vari-
abilities in dynamics (e.g., basin-dependent monsoon sys-
tems, subtropical highs, vertical wind shear, nature of vortex
circulations in the NH and SH, etc.) and/or thermodynamics
(e.g., basin-dependent moisture transport, dry air intrusions,
temperature distributions, etc.). For instance, the largest pro-
portions of O in the WNP, ENP, NA, SI, and SP are 0.®
D, @, and D, followed by @, ®, &, D, and O, correspond-
ingly; and the largest proportions of Q are 1, 1, 1, 4, and 1,
followed by 4, 4, 4, 1, and 4, correspondingly. These are
largely consistent with Zhang and Chan (2023).

The climatology shows that the a exhibits a trimodal dis-
tribution universally (Fig. 2). On global average, the first,
second, and third peaks peak at 0.1-0.15, 0.45-0.50, and 1,
respectively. The first and second peaks are relatively low
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and blunt, where the former is higher than the latter. The first
peak is the mixture of Type O, H, C, and L TCs, whereas
the second peak is largely featured by the Type H TCs. By
contrast, the third peak is relatively high and sharp, isolated,
and Type L exclusive. Remarkably, on basin average, the
distribution in the ENP is distinctly different from those in
other basins. Its first and second peaks are comparable and
the third peak is the highest. These suggest that the dis-
tribution of TC size asymmetry over the ENP is generally
less variant. It is likely because (1) the sample size in the
ENP is small; and (2) the seasonal variability of subtropical
high over the ENP is low such that the ENP TCs are largely
confined at low-latitude regions and constrained by similar
environment throughout the TC season.

Noticeably, Table 2 shows that about half of the tropi-
cal storms are Type L. The proportion of Type L TCs
decreases significantly with TC intensity (from 49.88%
at intensity of tropical storm to 22.21% at intensity of
super typhoon), while that of Type O TCs increases con-
siderably from 3.82 to 22.53%. The corresponding mean
a decreases with TC intensity (from 0.67 to 0.30), which
agrees with previous studies (Klotz and Jiang 2017; Sun
et al. 2019). The correlation coefficient between a and TC
intensity is statistically significant at 0.39. Results imply
that both the pattern and degree of TC asymmetry are TC
intensity dependent. Climatologically, weak TCs are more
asymmetric, whereas strong TCs are less asymmetric. It
is physical because a weaker TC possesses lower inertial
stability to resist perturbations from the environment con-
tributing to the size asymmetry, and vice versa (Liang and
Chan 2021).

Previous studies macroscopically suggested that the
sizes of slow-moving TCs are less asymmetric, while
those of fast-moving TCs are more asymmetric in gen-
eral (Klotz and Jiang 2017; Olfateh et al. 2017; Tamizi
et al. 2020). This statement can also be largely reflected
from the present study (Table 2). The mean a increases
with TC translation speed (from 0.40 at very slow trans-
lation speed to 0.55 at very fast translation speed). How-
ever, microscopically, this study reveals that the state-
ment is largely true for the fast-moving TCs, but not the
slow-moving TCs. The dependence of TC translation
speed on the TC size asymmetry is non-linear. Among
the fast-moving TCs, the Type H and Type L TCs domi-
nate (47.46-54.05% and 34.54-41.19%, respectively).
The sizes of fast-moving TCs are therefore more asym-
metric in general. Nonetheless, among the slow-moving
TCs, the proportions of Type O, Type H, and Type L
TCs are comparable (22.34-28.28%, 33.65-41.18%, and
27.40-29.02%, respectively). The slow-moving TCs are
thus not solely prevailed by the less asymmetric TCs.
They can be highly asymmetric either. This implies that
when the movement of TC is slow, the factors other than
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Table 2. Mean o and . Category n Type O TypeH TypeX TypeC TypeL a

proportions of samples (unit: %)

iq different a'symmfetric types at Intensity Vyax (kt)

glyfffnr;flfu(r:;‘:Lift‘;;ié“‘zfg‘md 34<Vyux <48 Tropical storm 3847 382 3985 174 470 4988  0.67

speed, Vi 4x) and translation 48 <Vyax <64  Severe tropical storm 5042 8.61 45.82 1.77 6.23 3758 054

speeds (M) in 1979-2019 64 <Vyax < 81  Typhoon 6186 15.87 47.66 120 6.66 28.61 043
81 <Vyax < 100 Severe typhoon 3580 2190 47.09 1.17 6.76 23.07 034
Vmax = 100 Super typhoon 6075 2253 4798 1.07 6.21 2221 030

Translation speed M (km h™1)

M<8 Very slow 2719 2828  33.65 1.03 8.02 29.02 040
8§<M<16 Slow 7722 2234 4118  0.73 8.35 2740 040
16<M<24 Medium 7685 11.61 51.02 1.12 5.31 3094 044
24<M<32 Fast 3671 5091 54.05 1.61 3.90 3454 050
M2>32 Very fast 2933 3.85 4746  3.68 3.82 41.19 055

The n is the number of samples
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Fig.3 Time-series and trends of annual mean « in different regions. Only the trends that are statistically significant at the 95% confidence level

are shown

the TC translation speed contributing to the size asym-
metry become effective.

5 Temporal variations

The interannual variations of « are apparent (Fig. 3).
The variabilities are notably larger in the ENP and
NA. Meanwhile, the global mean a is found to be sig-
nificantly decreasing in 1979-2019 (= 0.01 decade™ 1),
in which the trends are particularly evident in the ENP
(—0.05 decade™ '), NA (= 0.05 decade™ '), and SI (- 0.03
decade™!) while those in the WNP and SP are insignifi-
cant. However, the reasons for these are not clear. Prelimi-
narily, (1) the a in the WNP is found to have significant
negative correlations with the El Nifio-Southern Oscilla-
tion (ENSO; r=—0.58; one of the most important signals
of interannual climate variability in the tropics; examined
by the contemporaneous July—August—September—Octo-
ber Nifio 3.4 index) and the Indian Ocean Basin-Wide

Mode (IOBW; r=—0.38; examined by the contempora-
neous July—August—September—October IOBW index); (2)
the a in the ENP shows significant negative correlations
with the Arctic Oscillation (AO; r=—0.35; examined by
the contemporaneous January—February—March—April
AO index) and the North Atlantic Oscillation (NAO;
r=—0.33; examined by the contemporaneous Janu-
ary—February—March—April NAO index); (3) the @ in NA
has significant correlations with the Atlantic Meridional
Mode (AMM; r=—-0.42; examined by the contempora-
neous July—August—September—October AMM index),
the Pacific Decadal Oscillation (PDO; r=0.33; examined
by the contemporaneous July—August—September—Octo-
ber PDO index), the Atlantic Multidecadal Oscillation
(AMO; r=—0.45; examined by the contemporaneous
July—August—-September—October AMO index), and the
Southern Annular Mode (SAM; r=—0.32; examined by
the contemporaneous January—February—March—April
SAM index); and (4) the signs of long-term « trends and
translation speeds are not fully matched, for example,
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the translation speeds of NA TCs are increasing over
1970-2016 (Chan 2019) but the corresponding a exhibits
the other way round. All these suggest that the interannual
variations and trends of @ could be a compound of various
factors which require future investigations.

In addition, the seasonal variations of a are remarkable
(Fig. 4). The a generally decreases from the early summer,
reaches the minimum in the fall, and then rebounds. It is
partly because (1) more Type H and Type L TCs are in early
and late TC season; and (2) the intensity of TCs is generally
stronger in mid-to-late TC season such that more Type O
TCs appear in the late summer and early fall agreeing the
aforementioned inertial stability concept. It is noted that the
monthly TC translation speed is weakly correlated with the
monthly a (not shown). To comprehend the spatial varia-
tions with season in detail, the spatiotemporal variations of
TOQ are examined next.

6 Spatiotemporal variations

The global climatological spatiotemporal distributions show
that the TC size asymmetry patterns 7OQ vary with time
and space (Figs. 5, 6, 7 and 8). Their seasonal, intrabasin,
and interbasin variations are apparent. The proportions of
asymmetric types are observed not evenly distributed along
the TC season, within the basin, and across basins. In this
study, the main TC season from July to October in the NH
and that from January to April in the SH are investigated.

In the ENP, @ and ® prevail in early TC season (& and ®
in particular), and more  and @ appear at higher latitudes
(® and @ in particular) from mid to late season gradually.
Type X TCs are rare throughout the TC season. In the WNP
and NA, the main orientation of Type H TCs transits from
@ at low latitudes to @ and @ at higher latitudes, while
that of Type L TCs transits from @ to @ correspondingly.
These could be probably attributed to the TC track or move-
ment, that is, the superposition of the large-scale subtropical
high-driven steering and the TC circulation itself. The west-
northwestward steering at low latitudes and the northward-
to-northeastward steering under TC recurvature at higher
latitudes could lead to these asymmetries.

Comparing to those in the NH, the spatiotemporal dis-
tributions of size asymmetry patterns are more diverse in
the SH, especially in SP. Type X TCs are slightly more in
the SH. The main orientations of asymmetry are @ and O,
which are north-south flipped from those in the NH.

In addition, the proportions of Type O TCs are found
to increase broadly along the TC season. This suggests
that the aforementioned seasonal increases in Type O
TCs (Fig. 4) are not featured by the small regional scale
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increases in Type O TCs, but the basin-wide or world-
wide increases. This could be related to the large-scale
seasonal variability. Meanwhile, the occurrence of Type
O TCs becomes more scattered along the TC season over
NA. Furthermore, it is notable that the R34,,,x generally
appears in quadrants 1 and 4 globally. More than 60% of
Q are found in these two quadrants (Table 1). In particular,
for Type L, the majority of Q does not change from July
to September in some regions (e.g., 15-30° N, 135-150°
E) where @ is the commonest. These could be related to
the intrinsic properties of TC itself, self-rotating earth, or
regional environmental factor(s).

More investigations are needed to consolidate, advance,
and understand the above climatology. Note that the size
asymmetry variation in synoptic time scale is also evident
(not shown) and will be explicitly examined based on the
SAI framework in future studies.

7 Conclusions and discussion

A novel TC size asymmetry index (SAI) is proposed to
specify the degree and pattern of TC size asymmetry syn-
thetically. It provides an additional metric that effectively
describes the horizontal damaging wind distribution of a TC.
It is practically essential, intuitive, and useful for interpreta-
tion and documentation in application and research fields. A
41-year global climatology (1979-2019) and the power of
SAI are elementarily revealed and demonstrated. The dis-
tribution of the degree of TC size asymmetry is trimodal.
The size asymmetry of TC is found to be TC intensity, TC
movement, time, and space dependent. In general, the weak
or fast-moving TCs are more asymmetric. The interannual
variations and long-term trends of a could be a compound
of various factors. The seasonal variation of a generally
decreases from the early summer, reaches the minimum in
the fall, and then rebounds. The proportions of asymmetric
types are not evenly distributed along the TC season, within
the basin, and across basins.

This study serves as an introduction and promotion of
SAI which lays an important foundation for future applica-
tions and research. The in-depth examinations of TC size
asymmetry in each basin utilizing SAI are effectively mean-
ingful. The corresponding underlying factors/mechanisms
leading to long-term trends and different patterns of TC size
asymmetry (especially the changes in synoptic time scale)
are warranted. All these form a series of follow-ups which
are on-going stepwise. Enlighteningly, besides meteorology,
this work could inspire other fields to index or specify the
geometric asymmetries of other kinds.
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Fig.5 Global climatological
spatiotemporal distributions of
TOQ in NH July and SH Janu-
ary. In each 7, the most cor-
responding prominent 70Q in
each 5° latitude X 5° longitude
grid is shown by the corre-
sponding symbol. The colour of
symbol depicts the proportion
(unit: %) of the corresponding T’
within the grid. Note that when
there are two or more TOQ
sharing the same maximum pro-
portion in the same grid, only
the corresponding 7 symbol is
shown
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Fig.6 Asin Fig. 5, but in NH August and SH February
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Fig.8 Asin Fig. 5, but in NH October and SH April
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