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LETTER
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A global slowdown of tropical-cyclone translation

speed

James P. Kossin'*

As the Earth’s atmosphere warms, the atmospheric circulation
changes. These changes vary by region and time of year, but
there is evidence that anthropogenic warming causes a general
weakening of summertime tropical circulation'-®, Because tropical
cyclones are carried along within their ambient environmental
wind, there is a plausible a priori expectation that the translation
speed of tropical cyclones has slowed with warming. In addition
to circulation changes, anthropogenic warming causes increases in
atmospheric water-vapour capacity, which are generally expected
to increase precipitation rates®. Rain rates near the centres of
tropical cyclones are also expected to increase with increasing
global temperatures'® 2, The amount of tropical-cyclone-related
rainfall that any given local area will experience is proportional
to the rain rates and inversely proportional to the translation
speeds of tropical cyclones. Here 1 show that tropical-cyclone
translation speed has decreased globally by 10 per cent over the
period 1949-2016, which is very likely to have compounded, and
possibly dominated, any increases in local rainfall totals that may
have occurred as a result of increased tropical-cyclone rain rates.
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is proportional to the rate of rain produced in a tropical cyclone and
inversely proportional to its translation speed; that is, a proportional
unit of decrease in translation speed would have about the same effect
on local rainfall totals as the same proportional unit of increase in rain
rate.

Anthropogenic warming, both past and projected, is expected to
affect the strength and patterns of global atmospheric circulation' 5.
Tropical cyclones are generally carried along within these circulation
patterns so their past translation speeds may be indicative of past cir-
culation changes. In particular, warming is linked to a weakening of
tropical summertime circulation and there is a plausible a priori expec-
tation that tropical-cyclone translation speed may be decreasing. In
addition to changing circulation, anthropogenic warming is expected
to increase lower-tropospheric water-vapour capacity by about 7% per
degree (Celsius) of warming, as per the Clausius—Clapeyron relation-
ship®. Expectations of increased mean precipitation under global warm-
ing are well documented, but not as straightforward to quantify™'®.
Increases in global precipitation are constrained by the atmospheric
energy budget to about 1%-2% per degree of warming'®**"; those in
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Corrections

CORRECTIONS & AMENDMENTS

CORRECTION
https://doi.org/10.1038/541586-018-0585-1

Author Correction: A global
slowdown of tropical-cyclone
translation speed

James P. Kossin

Correction to: Nature https://doi.org/10.1038/s41586-018-0158-3,
published online 6 June 2018.

In this Letter, there are two errors in the methodology. These correc-
tions revise regional values; they do not affect the conclusions and none
of the global numbers (trend and statistics) change.

In the first error, data were inadvertently omitted just prior to and
subsequent to reporting times that were asynoptic (that is, when data
were not provided on the synoptic times of 00, 06, 12 and 18 hours
utc). These data have now been included.

n the second error, the ‘non-main’ track types (unusual tracks ideng
tified as ‘merge, ‘split’ or ‘other’ by the IBTrACS algorithm (see reaf.\;}
of the original Letter) in the data were not adequately screened. Such
screening is important when counting storms to obtain annual storm
frequency (see ref. 32 of the original Letter) but less so for calculating
metrics such as translation speed; however, a correction is nevertheless
warranted here. The non-main track types can represent physical cases
where two storms formed near each other or cases of vortex merger, but
they can also be spurious. To remove the spurious cases while retaining
the physical cases, I have now set a duration threshold of a minimum

\(;i.’:days because it is unlikely that a spurious track would exceed 2-3
'S,

The revised numbers, after inclusion of the data that were
inadvertently removed and additional screening for track type by
setting a conservative track duration threshold of 3 days, are tabulated

in Figs. 6 and 7, along with the original numbers from Extended Data
Tables 1 and 2 for comparison. Globally, as noted above, the transla-
tion speed trend, percentage change and 95% confidence interval do
not change. The slowing trend in the Northern Hemisphere increases
slightly and the trend in the Southern Hemisphere becomes statistically
significant. That is, the correction strengthens the trends on a hemi-
spheric scale in each hemisphere. The statement that slowingis observed
in every basin except the Northern Indian Ocean remains true.

On finer regional scales, the correctiondtas a number of varying
effects. For example, the slowing trerid in the western North Pacific
is reduced from 20% to 16%-i11 the basin as a whole and from 30% to
21% over land in that region, but both trends remain highly significant.
The slowing trends in the global latitude bands north of 25° N are
reduced-and are no longer significant with 95% confidence, whereas
the slowing trends from 0-15° N and 15-25° N both increase an
latter trend becomes statistically significant. Slowing over
Atlantic region is reduced from 20% to 16% and theConfidence level
of the trend drops below 95% (but remajns-above 90%). Slowing over
land in the Australia region increaseSTrom 18% to 22%. The speed-up
over land in the Norther ian Ocean region increases from 26% to
29% and becon gnificant. All of these changes have been made to
the text oftlie original Letter.
relevant original figures and tables (Figs. 1-3 and Extended
Data Figs. 1 and 2 and Extended Data Tables 1 and 2) have been
corrected and are shown below alongside the original figures for
comparison and transparency (see Figs. 1-7 of this Amendment).
All corrections provided here have been peer-reviewed. I thank
K. T. E Chan of the Guangdong Province Key Laboratory for Climate
Change and Natural Disaster Studies, School of Atmospheric Sciences,
Sun Yat-sen University, China, for pointing out the methodology
errors in the original paper. The original Letter has been corrected
online.

Error #1: Data that are asynoptic are
omitted.

Error #2: Data that are spurious are
not screened.

Kossin 2018, Nature
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LETTER
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A global slowdown of tropical-cyclone translation

speed

James P. Kossin!*

As the Earth’s atmosphere warms, the atmospheric circulation
changes. These changes vary by region and time of year, but
there is evidence that anthropogenic warming causes a general
weakening of summertime tropical circulation' 5. Because tropical
cyclones are carried along within their ambient environmental
wind, there is a plausible a priori expectation that the translation
speed of tropical cyclones has slowed with warming. In addition
to circulation changes, anthropogenic warming causes increases in
atmospheric water-vapour capacity, which are generally expected
to increase precipitation rates®. Rain rates near the centres of
tropical cyclones are also expected to increase with increasing
global temperatures!®!2. The amount of tropical-cyclone-related
rainfall that any given local area will experience is proportional
to the rain rates and inversely proportional to the translation
speeds of tropical cyclones. Here I show that tropical-cyclone
translation speed has decreased globally by 10 per cent over the
period 1949-2016, which is very likely to have compounded, and
possibly dominated, any increases in local rainfall totals that may
have occurred as a result of increased tropical-cyclone rain rates.

The magnitude of the slowdown varies substantially by region
and hv latitinde hnt ic oenerallyv cancictent with exnected chanoec

is proportional to the rate of rain produced in a tropical cyclone and
inversely proportional to its translation speed; that is, a proportional
unit of decrease in translation speed would have about the same effect
on local rainfall totals as the same proportional unit of increase in rain
rate.

Anthropogenic warming, both past and projected, is expected to
affect the strength and patterns of global atmospheric circulation!-.
Tropical cyclones are generally carried along within these circulation
patterns so their past translation speeds may be indicative of past cir-
culation changes. In particular, warming is linked to a weakening of
tropical summertime circulation and there is a plausible a priori expec-
tation that tropical-cyclone translation speed may be decreasing. In
addition to changing circulation, anthropogenic warming is expected
to increase lower-tropospheric water-vapour capacity by about 7% per
degree (Celsius) of warming, as per the Clausius-Clapeyron relation-
ship?. Expectations of increased mean precipitation under global warm-
ing are well documented, but not as straightforward to quantify®®,
Increases in global precipitation are constrained by the atmospheric
energy budget to about 1%-2% per degree of warming!'®?; those in
regional precipitation are further controlled by variability in moisture

convercence driven hv variahilitv in recional circnlation Precinitatinn

Kossin 2018, Nature
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Period 1949-2016 1970-2016
Globe 0.03 [-10] 20.01 [-2]
NH ~0.04[-12] ~0.00 [0]
SH 0.02[-10] 0.03 [-10]
NA ~0.02 [—6] 10.02 [-4]
WNP 0.05 [-16] ~0.00[-0]
ENP 0.01 [-3] ~0.05 [-13]
NI 10.01 [+8] 10.00[+0]
SH(<100°E) ~0.01 [—4] ~0.01[-2]
SH(>100°E) ~0.04[-14] ~0.05 [-14]
>35°N ~0.06 [-11] 10.07 [+9]
25-35°N ~0.02 [-8] 10.00[+1]
15-25°N ~0.01 [6] ~0.02 [-5]
0—15° N ~0.01[-3] ~0.02 [-4]
0-30° S ~0.02 [-9] 0.03 [-8]
~30°S 10.09[+21] —0.07 [-10]
Globe (water) —0.03 [-11] —0.01[-3]
Globe (land) +0.01 [+2] +0.05 [+13]
NA (land) ~0.06[-16] 10.06[+13]
WNP (land) ~0.08 [-21] 10,02 [+5]
ENP (land) ~0.02[-5] —0.05[~10]
NI (land) +0.06 [+30] 10.09[+30]
SH (<100° E, land) ~0.01 [-4] 10.03[+£10]
SH (>100° E, land) 0.06 [~20] 0.03 [-8]

Table 1. Trends of tropical-
cyclone translation speed over
the periods 1949-2016 and
1970-2016 by region. Trends are
in unit of km h= yr and values
in squared brackets are
percentage changes during
corresponding periods.
Significant trends, based on the
two-sided 95% confidence
interval, are shown in bold.

Chan 2019, Environmental Research Letters



Data Caveats

NCDC > WDC-Meteorology > IBTrACS y) SEARCH

NCDC

International Best Track Archive for Climate Stewardship (IBTrACS)

2 Introduction

Status

Principles
Workshops
Previous versions
Feedback

> IBTrACS News

2 IBTrACS Data Access

> Browse IBTrACS

> IBTrACS Climatology

> Data Sources
Original data

> IBTrACS Q&A
FAQ

> Terms of Use

(1] ] > ’ o« -
Data access Parameters Formats & samples Shapefiles
IBTrACS-All data

Version: v03r10

Check out the changes from v03r09 to v03r10.

Announcement

This is the last release of IBTrACS version 3. The next release (Sept. 2018) will be in the new IBTrACS version
4 format. This page provides more information.

IBTrACS News

Please join the news forum to be notified of: new releases, data set errors and other important information about

> Bibliography

> Contact Info

News

Jan 2016
All news about IBTrACS will be

|_announced using the news forum

IBTrACS.
Feedback

We welcome feedback on IBTrACS through our feedback form. You can also provide information on how you use
IBTrACS which helps us justify continued updates, support and improvements.

Caveats
The following caveats should be considered prior to using IBTrACS:
+ BUGS - Dataset errors will be noted on the status page.
-|:ue to t:e disparity between storm positions prior t é?OA some tracks during that period may not be properly I
merged.
« Dueto the disparities in time befween sources, some dates and imes were changed in one source {0 matc
another. However, it is not clear which source had the correct time or date. From the original 16,539 storm
tracks, only 255 required time adjustments.

NCDC Data set identification

« IBTrACS has been assigned NCDC data set identification (DSI) 9637
« ISO 19115-2 Metadata is also available

IBTrACS:

“Due to the disparities
between storm positions
prior to 1970, some tracks
during that period may not
be properly merged.”
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Period

1949-1969 1970-2016 Change

(Pre-satellite era) (Satellite era) (%)
Globe 1898 2594 +37
Globe (water) 1668 2391 +43
Globe (land) 230 203 -12
NH 1273 1818 +43
NH (water) 1111 1670 +50
NH (land) 162 148 -9
SH 625 777 +24
SH (water) 557 722 +30
SH (land) 68 55 -20
NA 343 379 +10
NA (water) 299 335 +12
NA (land) 44 44 +0
WNP 617 866 +40
WNP (water) 563 795 +41
WNP (land) 54 71 +31
ENP 151 447 +196
ENP (water) 146 440 +201
ENP (land) 4 7 +75
NI 163 126 -23
NI (water) 102 99 -3
NI (land) 60 27 -55
SH (<100°E) 289 386 +34
SH (< 100°E, 271 371 +37

water)
SH (< 100° E, land) 18 15 17
SH (>=100°E) 336 391 +16
SH (>100°E, 286 351 +23
water)

SH (>100° E, land) 50 40 20

Table 2. Annual-mean numbers
and percentage changes of
tropical-cyclone position records
by period and region. Significant
changes, based on the one-sided
95% confidence interval, are
shown in bold.

Increase in records is far beyond the natural or
external climate variabilities.

Records in pre-satellite era is likely incomplete,
hence, they cannot well represent the reality.

Chan 2019, Environmental Research Letters



<30°S 20-30°S 10-20°S 0-10°S - 0-10°N 10-20° N 20-30°N >30°N

NH 1949-1969 L70 552 433 218
1970-2016 | 156 959 471 232
Change (%) | [ +123 +74 +9 | +6
SH 19491969 31 176 382 36
1970-2016 22 170 514 70 |
Change (%) 29 -3 [+35 194 | I
NA 1949-1969 L2 88 123 130
1970-2016 Table 3. Annual-mean numbers and |2 117 121 139
Change (%) percentage changes of tropical- | +0 +33 -2 +7
WNP 1949-1969 cyclone position records by latitude .50 282 200 84
1970-2016 band, period and region. Significant | 122 419 239 86
Change (%) changes, based on the one-sided 95% D +144 +49 +20 | +2
ENP 1949-1969 confidence interval, are shown in | o 102 45 4
1970-2016 bold. The values 0 with asterisks : 10 345 36 7
Change (%) indicate no records are found in the l — 1238 191 | +75
NI 19491969 corresppnding latitude band, period | 19 30 64 0*
1970-2016 and region. L 78 25
Change (%) l +16 -3 —
SH(<100°E)  1949-1969 8 77 177 27|
1970-2016 10 84 243 50 -
Change (%) +25 +9 | +37 +85 | |
SH(>100°E)  1949-1969 22 100 205 9 |
1970-2016 12 87 272 20
Change (%) —45 13 533 +122 ] |

Chan 2019, Environmental Research Letters
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Modelling Study

Dynamical Downscaling Projections of Twenty-First-Century Atlantic Hurricane
Activity: CMIP3 and CMIPS Model-Based Scenarios

THOMAS R. KNUTSON,* JOSEPH J. SIRUTIS.,* GABRIEL A. VECCHL,* STEPHEN GARNER,* MING ZHAO,*
HYEONG-SEOG KIM,” MORRIS BENDER,* ROBERT E. TULEYA,” ISAAC M. HELD,*
AND GABRIELE VILLARINI®

* NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey
* Program in Atmospheric and Oceanic Sciences, Princeton University, Princeton, New Jersey
# Center for Coastal Physical Oceanography, Old Dominion University, Norfolk, Virginia
“ IIHR-Hydroscience and Engineering, The University of lowa, lowa City, lowa

(Manuscript received 27 July 2012, in final form 8 February 2013)

ABSTRACT

Twenty-first-century projections of Atlantic climate change are downscaled to explore the robustness of
potential changes in hurricane activity. Multimodel ensembles using the phase 3 of the Coupled Model In- . ..
tercomparison Project (CMIP3)/Special Report on Emissions Scenarios A1B (SRES A1B; late-twenty-first We have COmputed storm prOpagatlon Speed statistics

century) and phase 5 of the Coupled Model Intercomparison Project (CMIPS)/representative concentration

pathway 4.5 (RCP4.5; early- and late-twenty-first century) scenarios are examined. Ten individual CMIP3 from our storm Samples (labeled trans Speed in Tables 3
models are downscaled to assess the spread of results among the CMIP3 (but not the CMIP5) models. and 4) The results fOI‘ the CMIP3 and CMIPS ensembles

Downscaling simulations are compared for 18-km grid regional and 50-km grid global models. Storm cases from
the regional mrodcl are 1'1{rlhcr dc)\\-pscalcdrinlo lhc.(}cophxsicalrFlu‘id Dynanliq Lzﬂuﬁgl@;i (GFDL) hyrricamc indicate no Signiﬁcant Changes and Only 2 Of the 10 in_
model (9-km inner grid spacing, with ocean coupling) to simulate intense hurricanes at a finer resolution. ?

A significant reduction in tropical storm frequency is projected for the CMIP3 (=27%), CMIP5-early dividual CMIP3 model proj ecti()ns ShOW a Signiﬁcan‘[
(—20%) and CMIP5-late (—23%) ensembles and for 5 of the 10 individual CMIP3 models. Lifetime maxi- . . .
mum hurricane intensity increases significantly in the high-resolution experiments—by 4%—6% for CMIP3 and change (mcrease), In short, there 1s not a clear consistent
CMIPS ensembles. A significant increase (+87% ) in the frequency of very intense (categories 4 and 5) hurri- . . . . .
canes (winds = 59ms™") is projected using CMIP3, but smaller, only marginally significant increases are Slgnal m the storm prOPagatlon Speed prOJ ections.
projected (+45% and +39%) for the CMIP5-early and CMIP5-late scenarios. Hurricane rainfall rates increase
robustly for the CMIP3 and CMIPS5 scenarios. For the late-twenty-first century, this increase amounts to +20%
to +30% in the model hurricane’s inner core, with a smaller increase (~10% ) for averaging radii of 200 km or
larger. The fractional increase in precipitation at large radii (200-400km) approximates that expected from
environmental water vapor content scaling, while increases for the inner core exceed this level.

Knutson et al. 2013, Journal of Climate



Multidecadal Variability of Tropical Cyclone Translation Speed over the Western
North Pacific

Relevant Concerns

YI-PENG GUO®," ZHE-MIN TAN®,* AND XU CHEN"

‘eather, Ministry of Education, and School of Atmospheric Sciences, Nanjing University,
Nanjing, China

* Key Laboratory of Mesoscale Severe

(Manuscript received 3 October 2022, in final form 4 April 2023, accepted 2 May 2023)

https://doi.org/10.1038/s41586-019-1222-3

MATTERS ARISING

ABSTRACT: Tropical cyclone (TC) translation speed (TCS) over the western North Pacific (WNP) has experienced a
long-term decreasing trend. To date, however, little is known about the multidecadal variability of TCS and its possible in-
fluence on this trend. This study investigated the multidecadal variability of the WNP TCS and the underlying physical
mechanisms. Results show that the WNP TCS presents robust multidecadal variability during the past seven decades.
which is dominated by the TCS over the extratropics. Further analysis shows that the Atlantic multidecadal oscillation
(AMO) is responsible for the TCS multidecadal variability. AMO positive (negative) phases lead to favorable (unfavor-
able) large-scale environmental conditions for maintaining TCs over the extratropics, which results in longer (shorter) resi-
dence time for TCs having been accelerated by the midlatitude westerlies, thus, leading to higher (lower) TCS. The TCS
phase shift strongly offsets its slowdown trend, leading to the inconsistent trends during past decades. This inconsistency
may also relate to the influence of extratropical transitioned cyclones without being totally excluded. These cyclones may
be inhomogeneously recorded due to the absence of satellite observation before the 1980s. Our results indicate that inter-
nal variation such as AMO may dominate TCS low-frequency variations over the past several decades. Previous studies
have attributed the inconsistent trends of TCS during different subperiods to data inhomogeneity. This study shows that
AMO can modulate the TCS trends in different subperiods with phase shift, thus providing new evidence for the recent

Climate change and tropical cyclone trend

I1-Ju Moon'*, Sung-Hun Kim'* & Johnny C. L. Chan?

ARISING FROM J. P. Kossin Nature https://www.nature.com/articles/s41586-018 M ! TTE RS ! RISING

Understanding the response of tropical cyclones to a changing climate  appros
has become a topic of great interest and research. Kossin' showed that  the fac controversial TCS slowdown.
tropical-cyclone translation speed (TCS) has decreased globally by ~ missed

10% over the period 1949-2016 and stated that this is consistent with  tions
the expected changes in atmospheric circulation forced by anthro- Anc : : : : :
p()gen}i)c warming.gHowever. wepquestion the robustness o} his con-  speeds Uncertamtles ln troplc a]. - CYClOne tranSlatlon
clusions' for the following reasons: (1) TCSs generally increase with ~ era. F
the latitude of the tropical cyclones and are therefore very sensitive  for 30 Speed
to the bias of tropical-cyclone detection with respect to latitude; and ~ annua

(2) in the pre-satellite era (1949-1965), there is a high possibility that 35 kno
systematic biases in the detection of tropical cyclones exist in the best-  icantly
track data, which could produce spurious trends in TCS. Therefore, 129% i
the slowdown of TCS stated' may not be a real climate signal or it may ~ climat
be exaggerated. 8% in

Guo et al. 2023,
Journal of Climate

John R. Lanzante'
ARISING FROM J. P. Kossin Nature https://www.nature.com/articles/s41586-018-0158-3 (2018)

In the scientific literature there have been suggestions that anthropo- Time series for the six basins used by Kossin' (NA, North Atlantic;

Moon et al. 2019, Nature

genic climate change (ACC) may lead to slower movement of tropical
cyclones, potentially resulting in more intense precipitation in their
path. Motivated by this, a recent innovative study' suggested that
over about the past 70 years there has been a considerable monotonic
slowdown in translational speed in many regions of the world. Here
I raise doubt as to the veracity of that finding, because the long-term
changes appear to be due primarily to a few abrupt, step-like changes,
both natural and artificial, in the early part of the record. This greatly
reduces the likelihood that the apparent slowdown is driven primarily
by anthropogenic causes.

EP, Eastern Pacific; WP, Western Pacific; NI, Northern Indian; SP,
Southern Pacific; and SI, Southern Indian), constructed in a simi-
lar fashion (see Supplementary Methods) are given in Fig. 1, along
with those for three aggregate regions (GL, Global; NH, Northern
Hemisphere; SH, Southern Hemisphere). In addition, Fig. 1 displays
the steps formed by the change-points and the relative likelihoods (see
Extended Data Table 2).

Although the character of the TCS time series in Fig. 1 varies between
regions, the results of the BIC analyses are consistent in that the FS
model is selected as most likely in all cases except for in the WP in

Lanzante 2019, Nature
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Conclusions

* No rigorous and significant observational and modelling evidences show
that global tropical cyclones are moving slower in a warming climate.

 The local tropical-cyclone-related rainfall totals over land are more likely to
decrease. The potential increase in local rainfall totals over land by the
tropical cyclones in the future climate suggested by Kossin (2018a) is
suspicious.

 The data artefacts introduced by the changes in measurement practices,
particularly the since the
1970s, are likely the

* Thousands of cares must be taken when dealing with the tropical-cyclone
best-track data in the pre-satellite era.

19
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Background

Li and Chakraborty 2020, Nature @ 7°

Moist simulations Over ocean Over land
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Role of moisture is important.




Matters Arising
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[based on raw data without smoothing]
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Matters Arising

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Matters Arising

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Significance
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Matters Arising

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Matters Arising

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Matters Arising

Latitude

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Matters Arising

Chan et al. 2022, Nature

[based on raw data without smoothing]
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Questions

Chan et al. 2022, npj Climate and Atmospheric Science
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Basin-Dependent
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Landfall intensity > 64 kt

Data-Dependent

 Given the same study period, different
sources of best-track data exhibit
different trends even In the same basin.

 These inconsistencies are very likely
due to the heterogeneities of
operational procedures between the
agencies, particularly the discrepancies
In the estimation of TC intensity.

Chan et al. 2022, npj Climate and Atmospheric Science



Study Period-Dependent

* Even within the same basin and from
the same data source, the trends and
their corresponding significances are
not consistent with time.

Chan et al. 2022, npj Climate and Atmospheric Science
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Landfall intensity = 34 kt

Land-sea Mask-Dependent
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Conclusions

* This global study further consolidates that the trends of TC landfall
decay are uncertain and insignificant.

* Trends are basin, data, study period, landfall intensity, land-sea mask,
and statistical technigue-dependent.

 The decay highly depends on the landfalling track modes (likely
results from the subtropical high variability) rather than the SST, with
the effective area of moisture supply from the ocean playing a vital
role.

IMPORTANT: Do not take a part for the whole, there i1s no consensus Yyet.
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TC Size Asymmetry

Climatologically (1979-2019),

Globe R34, = 90 NM

NH R34, = 94 NM

SH R34 = 84 NM

WNP R34, = 105 NM (largest)
ENP R34 = 63 NM (smallest)

Globally,

West-small, east-large

In NH,

R34, IS smallest

In SH,

R34,y IS smallest

W

~ Globe
n = 24730

R34ppr =90

R3dngp =104

R34y =79

R3dsp = 101

S

[EW

E

Zhang and

Chan 2023,
International
Journal of

Climatology

49



(=]
(=]

— N W B
[ R ]
(=R -]

No. of Samples

Interannual Variations

(o]
o O

(o
(=

Interannual variation
* Obvious

(=]
(=)

e " VS B N
S
)

No. of Samples
=

(=]
(]

| [——NE ——NW SW ——SE ——EFF

(o]
(=)

Trend

* No significant long-term trend is found in
a warming world except the R34, R34,
and R34 in SI (5.2 NM, 3.9 NM, and
3.6 NM per decade, respectively)

—_ D W B
(I
o O
T

No. of Samples

(o]
(=)
I

o

—‘—NE —NW SW ——SE ——EFF

(o]
(=)

84 | 150 _
=300 100%
* R34, is smallest S 100 e 1% =
0 1 1 | L 0

Zhang and | | _SP |
In SH, Chan2023, £*° " " * f1s0 _
R34, is smallest International ;' 0 Z
Journal of ;100 lso

Climatology

]



ENSO Index (Jul-Oct)

Interannual Variations
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Monthly Variations

* In boreal early-to-mid summer (June, July, August,
and September), the size of TC generally shows a
west-small east-large asymmetric structure in NA and
WNP.

* The R34, becomes smaller and the R34,,, becomes
larger in late season (since September). Such
asymmetry transits to south-small north-large in the
WNP.

 [tis noted that the R34 in all quadrants gradually
increase from July to September in NA and WNP.
This suggests that the size of TC is increasing during
the main TC season.

Zhang and Chan 2023, International Journal of Climatology
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Monthly Variations

» The late-season TCs are typically larger than those in
the early season.

* The increase in R34,,, from June to December in the
WNP is prominent. This suggests that there could be
an existence of seasonal system (e.g., the build-up of
the continental high) to the NW of TCs that
contributes the expansion of R34,

* Inthe ENP, the R34, is the smallest, while the
R34, Is the largest in general. The size in the
southern flank shows a bimodal seasonal variation
such that R34,,, and R34, are large in the early and
late seasons, but small in peak summer.

Zhang and Chan 2023, International Journal of Climatology
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Conclusions

 A4l-year Cf1979—2019) ERADS global climatology of TC size asymmetry is
established.

» TC size asymmetry varies with space (hemispheric, basin, and intrabasin)
and time (interannual, interseasonal, and intraseasonal).

* No apparent long-term trend is found, except in SI. This suggests that the
relationship between the long-term variability of TC size and global
warming needs further investigation.

* The ENSO could have influence on the interannual variations in the
Northern Hemisphere.

* The season-variant systems (e.g., the continental high, subtropical high,
monsoon, etc.) could contribute to the seasonal variations of TC size
asymmetry.
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Not generic and incomplete (merely measure the degree of asymmetry; pattern of asymmetry is missed)
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