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Abstract

This study compared estimates of gale-force wind radii (R30 or R34) and storm-force wind radii (R50) of tropical cyclones
(TC) by three agencies—the Korea Meteorological Administration (KMA), the Regional Specialized Meteorological Center
(RSMC) Tokyo, and the Joint Typhoon Warning Center (JTWC)—in the western North Pacific during 2015-2018 and inves-
tigated the characteristics of these estimates. The results showed that the KMA’s R30 and R50 estimates were smaller (38%
and 29%, respectively) than those of the RSMC Tokyo, and larger (11%) for R30 and smaller (12%) for R50 than those of the
JTWC. The differences between these agencies seem to be largely determined by whether the agency estimates wind radii
based only on a TC’s own winds or on TC winds combined with other mid-latitude synoptic systems to make TC warnings
more comprehensive. The former is mainly the practice of the KMA and JTWC, whereas the latter is mainly the practice of
the RSMC Tokyo. The factors considered for estimating wind radii also differ between the agencies: the KMA heavily relies
on TC intensity—the higher the intensity, the larger the radius—while the RSMC Tokyo and JTWC rely less on TC intensity
than the KMA but additionally consider the latitude and storm translation speed in their estimations. In particular, the TC
translation speed considered by the RSMC Tokyo and JTWC explains why their estimated wind radii exhibit, on average,
greater asymmetries (i.e., greater differences between the longest and shortest radii) than those estimated by the KMA. The
findings of agency-dependent characteristics of TC wind radius data help to better determining and understanding the TC
impact areas for TC risk reduction and management.
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1 Introduction

The size of a tropical cyclone (TC), which is directly related
to the extent of its damage area, is important information
that global TC warning centers provide as part of their TC
advisory and warning processes. Global TC warning centers
estimate the TC size based on the maximum radial extent of
critical wind speed thresholds, such as 30-, 34-, and 50-kt

Responsible Editor: Dong-Hyun Cha

< 11-Ju Moon
ijmoon @jejunu.ac.kr

Typhoon Research Center/ Graduate School

of Interdisciplinary Program in Marine Meteorology,
Jeju National University, 102 Jejudaehak-ro, Jeju 632-43,
South Korea

National Typhoon Center, Korea Meteorological
Administration, Jeju, South Korea

wind radii, from the storm center (hereafter R30, R34, R50,
respectively). The TC size is mainly used for wind-based
risk and impact assessments, as well as wave and surge
forecasting (Knaff et al. 2017). However, studies on the TC
size have received little attention compared to studies using
other metrics, such as TC track and intensity, despite the
importance of the TC size in operational forecasts (Chavas
et al. 2015). This is partly because the TC size is usually
estimated in a subjective way, which reduces the accuracy
and consistency of the data (Landsea and Franklin 2013;
Knaff et al. 2017; Cha et al. 2020), making the study of the
TC size difficult. Indeed, although global TC warning cent-
ers make significant efforts to produce accurate TC size data,
they exhibit significant differences between them (Song and
Klotzbach 2016).

In general, TC wind radii are estimated based on avail-
able information using numerical models, statistical wind
radius climatology and persistence (CLIPER) models, and
satellite-derived data from various operational agencies
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(McAdie 2004; Sampson and Knaff 2015; Knaff et al. 2016).
In particular, satellite winds are primary observation sources
for estimating the wind radius by agencies instead of aircraft
reconnaissance and surface observations that are not rou-
tinely available (Brennan et al. 2009). In U.S. TC warning
centers, namely the National Hurricane Center, the Central
Pacific Hurricane Center (NHC), and the Joint Typhoon
Warning Center (JTWC), numerous scatterometers such as
Quick scattrometer (Lungu and Callahan 2006), WindSat,
Oceansat-2, Advanced Scattrometer (ASCAT) (Bentamy
et al. 2008), Scatterometer Satellite (Misra et al. 2019) and
more recently Haiyang-2 scatterometer (Zhao and Zhao
2019) are used to postseason subjective and objective rea-
nalysis of wind radii (Sampson et al. 2017, 2018; Knaff et al.
2021). In the Regional Specialized Meteorological Center
(RSMC) Tokyo, TC parameters including R30 and R50
are determined with overall available observations such as
Himawari-8 satellite images, Radar, surface synoptic obser-
vations, ship, buoy, and ASCAT. In the absence of neces-
sary observations, the RSMC Tokyo estimates R30 and R50
from regression equation between central pressure and wind
radius (Muroi 2018). In the Korea Meteorological Admin-
istration (KMA), the postseason analysis of wind radii is
primary based on direct estimates from satellite observations
such as ASCAT, Multiplatform Tropical Cyclone Surface
Wind Analysis (MTCSWA) (Knaff et al. 2011), and Micro-
wave Radiometers (Hong and Shin 2013). When these data
are not available, the KMA indirectly estimates TC wind
radii from the regression between wind radii and maximum
wind speed (Vmax) using the KMA infrared satellite data
(Kwon 2012; Lee and Kwon 2015). As such, agencies gener-
ally use similar data in their postseason analysis to generate
wind radius, but each agency has its own method of estimat-
ing TC wind radii, which results in different estimates of the
same storm. For instance, Song and Klotzbach (2016) found
a considerable discrepancy in wind radius estimates between
the RSMC Tokyo and the JTWC due to differences in their
detailed estimation techniques.

Understanding such differences in wind radius esti-
mates among agencies is a prerequisite for performing TC
size-related studies. The International Best Track Archive
for Climate Stewardship (IBTrACS) has been providing TC
wind radii since version 4, in which the RSMC Tokyo has
provided the longest and shortest R30 and R50 for gale-force
and storm-force wind radii, respectively, from 1979 to the
present (Knaff et al. 2021). Meanwhile, the JTWC has pro-
vided R34 and R50 data from 2001 to the present (Lee et al.
2010). The KMA has also provided postseason reanalysis
or best tracking of wind radii, which include the longest and
shortest R30 and R50, since 2015 (KMA 2019). However,
how the wind radius estimates of the KMA, RSMC Tokyo,
and JTWC differ from each other and whether they have
unique characteristics have not yet been evaluated.
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The TC size is known to be related to the Vmax, latitude,
TC translation speed (TCTS), and storm age (Merrill 1984;
Weatherford and Gray 1988; Bell and Ray 2004; Kimball
and Mulekar 2004; Knaff et al. 2007; Kossin et al. 2007; Wu
et al. 2015). Such parameters are used for the development
of statistical models, such as the CLIPER model, which is
one of the operational models of the NHC and the JTWC
(Knaff et al. 2007). In particular, the relationship between
Vmax and R34, which show a strong positive correlation,
has been widely used in operations (Weatherford and Gray
1988; Chan and Chan 2012; Song and Klotzbach 2016).
Latitude is the most frequently used factor for TC size esti-
mations after Vmax—the higher the latitude, the larger the
TC size (Merrill 1984; DeMaria and Pickle 1988). It has also
been reported that fast poleward-moving TCs increase their
angular momentum, which is associated with an increase in
TC size, suggesting that the TC size can be affected by the
TCTS as well as the latitude (Chan and Chan 2013). The
latitude and TCTS are key factors affecting not only wind
radii but also their asymmetries: the higher the latitude and
the faster the TCTS, the greater the asymmetry (Frank and
Gray 1980; Dougherty and Davis 2014; Knaff et al. 2016).
Storm age is closely related to Vmax and latitude—as storm
age increases, the TC moves to higher latitudes and Vmax
tends to increase (Knaff et al. 2016), resulting in a high cor-
relation between storm age and TC size (Kossin et al. 2007;
Dolling et al. 2016; Schenkel et al. 2017). Therefore, it is
important to know how each agency considers these TC
size—related parameters in its wind radius estimations, as
this helps to understand wind radius estimation discrepan-
cies among agencies.

This study aimed to investigate the characteristics of
R30, R34, and R50 estimated by three agencies—the KMA,
RSMC Tokyo, and JTWC—including their asymmetrical
characteristics in terms of Vmax and spatial distributions.
We also aimed to examine how each agency considers TC
size-related factors (Vmax, latitude, TCTS, and storm age)
in its TC wind radius estimations by comparing the correla-
tion coefficients between these factors and the TC wind radii.

The rest of this paper is organized as follows. Section 2
describes the data and methods used. Section 3 presents the
results of the comparison of wind radius estimates between
the three agencies. Section 4 describes how each agency
considers the factors affecting the TC size. The final section
summarizes the results and concludes the paper.

2 Data and Methods

RSMC Tokyo and JTWC best track data from 2015 to
2018 were obtained from IBTrACS version 4, which
includes TC position, intensity, and wind radius informa-
tion at 6-h intervals. KMA best track data were obtained



Comparison of Tropical Cyclone Wind Radius Estimates between the KMA, RSMC Tokyo, and JTWC

565

from the National Typhoon Center of the KMA. For a
unified analysis, all wind radius data (R30, R34, and R50)
were reconstructed by averaging the longest and short-
est radius estimates of the KMA and RSMC Tokyo and
four-quadrant wind radii (northeast, southeast, southwest,
and northwest) for the JTWC based on KMA informa-
tion. The R30 data were the 30-kt wind radii used by both
the RSMC Tokyo and the KMA based on 10-min mean
wind speeds, while the R34 data were the 34-kt wind radii
used by the JTWC based on 1-min mean wind speeds. The
definition difference in wind speeds between the RSMC
Tokyo/KMA and the JTWC can make a direct compari-
son between R30 and R34 difficult. However, a sensitivity
experiment that converted the data to the same wind speed
definition showed that the difference had a minor effect.
This may be because 34 kts in 1-min mean wind speed
intervals is about 30 kts in 10-min mean wind speed inter-
vals when a conversion factor of 1.14 is used (Barcikowska
et al. 2012). Therefore, we directly compared R30 and
R34 (hereafter, for convenience, the JTWC’s R34 is used
as R30). Meanwhile, the JTWC’s R50 have been analyzed
after applying the conversion factor.

The ways in which each agency considers TC
size—related factors (Vmax, latitude, and TCTS) in its TC
wind radius estimations were examined by comparing the
correlation coefficients between these factors and the esti-
mated TC wind radii. The results were also used to inves-
tigate the agency-dependent asymmetrical characteristics
of wind radii. The TCTS was calculated using centered
time differencing based on changes in latitude and longi-
tude at 12-h intervals, except for the first and last cases, in
which one-sided time differencing was used (Xu and Wang
2018). The asymmetries in wind radii were calculated as

the differences between the longest and shortest radii of
the TCs divided by 2 (Song and Klotzbach 2016).

3 Results

3.1 Comparison of Wind Radius Estimates
between the Three Agencies

To examine the characteristics of the TC wind radii esti-
mated by the KMA, RSMC Tokyo, and JTWC, the corre-
lations and mean values were first compared between the
three agencies. The first observation was that the correlation
coefficient (0.75-0.81) of R30 was overall higher than that
of R50 (0.57-0.70). This suggests that the agencies have
greater difficulty estimating TC wind radii in stronger winds
due to the relatively smaller sample and few tools available
for radius estimation. The KMA and RSMC Tokyo showed
the strongest correlations in R30 and R50 (0.81 and 0.70,
respectively; Fig. 1a, d), while the KMA and JTWC showed
the weakest correlations (0.75 and 0.57, respectively;
Fig. 1b, e). The RSMC Tokyo showed strong R30 and R50
correlations with the other two agencies (Fig. 1a, c, d, and f).

A comparison between the mean values of each agency
showed that the RSMC Tokyo had the largest mean
value (334 + 134 km) for R30, followed by the KMA
(242 +92 km) and the JTWC (216 +£95 km). The mean
R30 value of the RSMC Tokyo was about 91 and 117 km
larger than those of the KMA and JTWC, respectively
(Table 1). The KMA’s mean R30 was smaller than that of
the RSMC Tokyo but larger than that of the JTWC. For
R50, the RSMC Tokyo also had the largest mean value
(129 + 52 km), followed by the JTWC (113 +45 km)
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Table 1 Comparison of mean tropical cyclone wind radius values
and their standard deviations between the KMA, RSMC Tokyo, and
JTWC. “N” indicates the number of samples. The parenthetical val-

ues represent the difference between KMA and other agencies, and
the ratio of the difference to the KMA value

KMA RSMC Tokyo JITWC
R30 (Num=1913) 242.3+92.3 km 333.7+133.6 km 216.2+95.4 km

(=91.4 km, —38%) (26.1 km, 11%)
RS0 (Num=1081) 100.4 +34.5 km 129.3+51.5 km 112.7£45.0 km

(—=28.9 km, —29%) (=123 km, —12%)

and the KMA (100 + 35 km). The KMA’s mean value
was about 12-29 km smaller than those of the other two
agencies.

To determine the range in which differences in TC wind
radii mainly appeared between the agencies, the differ-
ences were compared by dividing R30 and R50 into bins at
100- and 50-km intervals, respectively (Fig. 2). In R30, the
difference between the RSMC Tokyo and JTWC showed
positive values in all ranges, while the difference between
the KMA and RSMC had negative values (blue and black
lines, respectively, in Fig. 2a). This suggests that the RSMC
Tokyo estimated larger R30 values than the JTWC and KMA
in all ranges. The JTWC had larger R30 values than the
KMA in wind radii of less than 100 km but smaller values
than the KMA in radii of over 200 km. The absolute differ-
ences between the agencies increased as the TC wind radii
increased.

In R50 (Fig. 2b), the differences both between the KMA
and RSMC (black) and between the KMA and JTWC (red)
had negative values except over 200 km. This suggests that
the KMA estimated smaller R50 values than the RSMC
Tokyo and JTWC in most ranges. The JTWC had smaller
R50 values than the RSMC Tokyo except over 200 km.

Unlike R30, the absolute differences between the agencies
did not change significantly as the TC wind radii increased.

To compare the spatial distributions of estimated TC
wind radii between the agencies, the wind radii of all TCs
occurring during the study period were averaged for the grid
of 2°X2° using a moving window of 4° by 4° to remove out-
liers with large spatial variability (Fig. 3). In R30, all three
agencies had larger values than average in the central region
of the WNP (120-160°E, 15—45°N) and relatively small val-
ues at low latitudes (below 15°N), the South China Sea,
and the inland area of East Asia (Fig. 3a—c). The difference
between the KMA and RSMC Tokyo showed negative val-
ues (Fig. 4a), while the difference between the RSMC Tokyo
and JTWC showed positive values (Fig. 4c). This suggests
that the RSMC Tokyo estimated larger R30 values than the
JTWC and KMA in most regions. In particular, the RSMC
Tokyo had larger R30 values than the other two agencies at
higher latitudes. The JTWC had larger R30 values than the
KMA in the inland area of China and along the coast of the
Korean Peninsula but smaller R30 values than the KMA at
latitudes below 20°N (Fig. 4b).

In R50, the RSMC Tokyo and JTWC showed similar
spatial distributions, especially in that they have large

(@) R30 (b) R50
400 150
KMA - RSMC Tokyo
= KMA - JTWC
£ 300 100 1 RSMC Tokyo - JTWC
3 200 50
2 100 0
s
B 0 -50
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400 7 400
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Fig.2 Mean differences in wind radius estimates between the KMA
and RSMC Tokyo (black), between the KMA and JTWC (red), and
between the RSMC Tokyo and JTWC (blue) for each bin of R30 (a)
and R50 (b). The bins were divided based on the tropical cyclone
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wind radius estimates of the KMA. The error bars indicate standard
deviations. The gray bar graph represents the numbers (V) of R30 and
R50 samples for each bin at 100- and 50-km intervals, respectively.
The filled circles indicate significant differences at the 95% level
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Fig.4 Comparisons of the spatial distributions of mean differences in
tropical cyclone R30 (top panels) and R50 (bottom panels) between
the KMA and RSMC Tokyo (a, d), between the KMA and JTWC

values near Japan and Taiwan, but the KMA showed dif-
ferent distributions overall (Fig. 3d—f). The spatial dif-
ferences between the agencies showed that the KMA had
smaller R50 values than the RSMC Tokyo and JTWC in
most regions except low latitudes below 10°N (Fig. 4d

150°E  165°E

180° 105°E 120°E 135°E 150°E 165°E 180°

(b, e), and between the RSMC Tokyo and JTWC (c, f) during 2015-
2018. In each grid, the values were averaged along a moving window
of 4° by 4° to smooth the wind radius of each grid

and e). For the RSMC Tokyo and JTWC significant
differences were found in the open seas east of 150°E
(Fig. 4f).
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3.2 Relationship between Wind Radii and Potential
TC Size—Related Environmental Variables

To examine the extent to which the four key parameters
related to the TC size (Vmax, latitude, TCTS, and storm
age) affected the three agencies’ estimations of TC wind
radii, the correlations between the four parameters and the
TC wind radii were examined (Table 2). The results showed
that of the four parameters, Vmax had the strongest correla-
tions with R30 and R50 overall, with stronger correlations
in the KMA (0.61-0.62) estimations than in the estimations
of the other two agencies (0.27-0.44). The similarity of the
spatial distribution of Vmax to that of R30 and R50 sup-
ports the strong correlation between them (see Figs. 3 and
5a). Latitude did not correlate with wind radii in the KMA
estimates (—0.04 to 0.05) but had weak correlations in the
RSMC Tokyo and JTWC estimates (0.20-0.28). Similarly,
the TCTS showed little correlation with wind radii in the
KMA estimates (—0.02 to 0.06) and weak correlations in
the RSMC Tokyo and JTWC estimates (0.10-0.19). These
results indicate that the KMA mainly consider only Vmax
when estimating TC wind radii (Lee and Kwon 2015), while
the RSMC Tokyo and JTWC additionally consider the lati-
tude and TCTS in addition to Vmax (Knaff et al. 2007).
Meanwhile, storm age had a significant correlation with
wind radii of all agencies (RSMC Tokyo, 0.35~0.37; JTWC,
0.23~0.41; KMA, 0.18 ~0.37). The high correlations can
be explained by the fact that storm age is correlated with

Table 2 Pearson’s correlation coefficients and their p-values between
tropical cyclone wind radii (R30, R50) and tropical cyclone size—
related environmental variables (maximum wind speed, latitude, TC
translation speed, and storm age) for the three agencies. The units
of Vmax, Latitude, TCTS, and Storm age are kt, °N, ms~'and day,
respectively

TC wind radii Correlation coefficient

KMA RSMC Tokyo JTWC
R30 Vmax 0.62 0.38 0.44
(» <0.01) (p<0.01) (p <0.01)
Latitude 0.05 0.24 0.28
(» <0.01) (p<0.01) (p <0.01)
TCTS 0.06 0.18 0.19
(» <0.01) (p<0.01) (p <0.01)
Storm age 0.37 0.37 0.41
(» <0.01) (p<0.01) (p <0.01)
R50 Vmax 0.61 0.41 0.27
(» <0.01) (p<0.01) (p <0.01)
Latitude —0.04 0.20 0.24
(»=090) (p<0.01) (p <0.01)
TCTS -0.02 0.10 0.17
(»=0.206) (p<0.01) (p <0.01)
Storm age 0.18 0.35 0.23
(» <0.01) (p<0.01) (p <0.01)
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Fig.5 Spatial distributions of maximum wind speed (Vmax) (a), TC
translation speed (TCTS) (b), and storm age (Age) (c) based on the
KMA best track data during 2015-2018. In each grid, the values were
averaged along a moving window of 4° by 4° for smoothing

Vmax (0.34 ~0.43) and latitude (0.40~0.46), respectively.
On the other hand, the large difference in wind radii (espe-
cially in R50) between the KMA and other agencies in the
East Sea and the eastern seas of Japan (Fig. 3) seems to be
due to the influence of TCTS and storm age, which have
large values in the vicinity (Fig. 5b and c). This is because
the KMA considers TCTS and storm age relatively less than
other agencies.

To determine the range in which the wind radius differ-
ences between the three agencies were large for Vmax, lati-
tude, TCTS, and storm age, the mean wind radii and their
standard deviations were compared by dividing the param-
eters into bins at intervals of 10 kts, 5°, 2 ms~', and 1 day,
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respectively. The spacing of bins were determined such that
the sample size of each bin was sufficient for statistical anal-
ysis. In terms of Vmax (Fig. 6a and e), R30 and R50 tended
to increase as Vmax increased in all agencies’ estimations.
Specifically, the RSMC Tokyo had the largest R30 values
in all bins, followed by the KMA and JTWC. For R50, the
RSMC Tokyo also had the largest values in all bins, followed
by the JTWC and KMA. The order, by agency, for R30 and
R50 is also generally similar for latitude, TCTS, and storm
age (Fig. 6b—d and f-h).

Regarding latitude (Fig. 6b and f), R30 and R50 tended
to increase as the latitude increased in the RSMC Tokyo and
JTWC estimates but did not change significantly in the KMA
estimates. These results are consistent with the finding that
the TC wind radii in the KMA estimates did not correlate
with latitude. Because of this tendency, the KMA'’s estimates
of wind radii at low latitudes were similar to those of other
agencies, but the differences gradually increased at higher
latitudes. The TCTS trends were similar to the latitude
trends (Fig. 6¢ and g). This is because the TCTS correlates
strongly with latitude, increasing with higher latitudes. For
storm age, as it increases, R30 and R50 tended to increase
in all agencies (Fig. 6d and h), which can be explained by
the fact that storm age is significantly correlated with both
Vmax and latitude. In particular, for a high storm ages of

more than 6 days, it is more similar to the trend of latitude
than Vmax.

3.3 Asymmetrical Characteristics

The asymmetries in wind radii estimated by the three agen-
cies were investigated, and the ways in which they were
related to Vmax, latitude, TCTS, and storm age in each
agency’s estimations were specifically examined. First, a
comparison of the mean R30 asymmetry values between
the agencies showed that the KMA had the smallest value
(29.7 km), followed by the JTWC (43.6 km) and RSMC
Tokyo (48.6 km) (Table 3). For the normalized asym-
metries, the order was changed—the smallest KMA (0.14)
and RSMC Tokyo (0.14), followed by JTWC (0.21). In terms

Table3 Same as in Table 1, but for mean asymmetry of tropical
cyclone wind radii. Normalized values are shown in parentheses

Mean Asymmetry KMA RSMC Tokyo JTWC

R30 29.7+10.8 km 48.6+47.3km 43.6+31.1 km
(Normalized) (0.14+0.06)  (0.14+0.13)  (0.21+0.15)
R50 11.5+57km 47+133km 21.5+15.7km
(Normalized) (0.13+£0.07)  (0.04+0.09)  (0.19+0.12)
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of the spatial distributions of the asymmetries (Fig. 7a—c),
the KMA showed uniform distributions with relatively small
values (20—40 km) in most regions, while the RSMC Tokyo
and JTWC showed significant regional variations, with
large (small) values in the eastern seas of Japan and near
the KP (South China seas and tropical seas). The regional

RSMC

differences in the estimated asymmetries between the agen-
cies depended on how each agency considered the factors
affecting them. A comparison of the mean R30 asymmetries
related to Vmax, latitude, TCTS, and storm age in each agen-
cy’s estimations is shown in Fig. 8a-d. The RSMC Tokyo
and JTWC showed a tendency toward increased asymmetries
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as the latitude and STS increased, whereas the KMA esti-
mates did not depend on the latitude or the STS.

For R50’s asymmetry, mean and normalized values were
the smallest in the RSMC Tokyo (4.7 km and 0.04) and the
greatest in the JTWC (21.5 km and 0.19) (Table 3). In nor-
malized comparisons, the JTWC estimates show, on average,
the greatest asymmetries for both R30 and R50. On the other
hand, the RSMC Tokyo showed almost zero asymmetries
for R50 in most regions, except for the eastern seas of Japan
(Fig. 7b and e), while the KMA and JTWC showed similar
patterns in the spatial distributions of R30 and R50 (Fig. 7a,
¢, d, and f). This suggests that the KMA and JTWC used
similar techniques for R30 and R50 estimations, whereas
the RSMC Tokyo seems to have used a different method for
each. In R50, the JTWC heavily relied on the latitude and
TCTS, whereas the KMA hardly relied on these variables
(Fig. 8e-h). The RSMC Tokyo showed constant and weak
asymmetries at low latitudes (below 20°) and at slow TCTSs
(below 6 m s~1), but the asymmetries tended to increase
rapidly at higher latitudes and at faster TCTSs (more than
8 m s™!; Fig. 8f—g). For storm age, the JTWC and RSMC
Tokyo showed a similar pattern of asymmetry increasing
with storm age up to 8-9 days, but decreasing thereafter,
whereas the KMA did not depend on storm age (Fig. 8e-h).
On the other hand, Vmax did not influence the asymmetries
for either R30 or R50 in any agency’s estimations (Fig. 8a
and e).

3.4 Case Studies Comparing TC Wind Radius
Estimates

The TC cases that showed significant differences in mean
values and asymmetries in wind radii estimates between
the three agencies (reported in the previous section) were
selected to investigate the respective wind radius estima-
tion characteristics. The first case was Typhoon Jebi (2018),
which showed a large difference in mean R30 between the
RSMC Tokyo and the other two agencies (Figs. 9 and 10).
Around 00:00 UTC on August 31, when Jebi had the strong-
est intensity (gray line in Fig. 9), the mean R30 values of the
three agencies were similar. Subsequently, as Jebi weakened,
the difference between the RSMC Tokyo and KMA/JTWC
gradually increased, reaching over 500 km at the decay stage
of the typhoon (12:00 UTC on September 4; red, blue, and
green lines in Fig. 9). Interestingly, the RSMC Tokyo, unlike
the KMA and JTWC, estimated a sharp increase in R30 as
Jebi rapidly weakened.

To examine why the RSMC Tokyo estimated a signifi-
cantly larger R30 value than the other two agencies during
the rapid weakening stage, we compared the R30 values
of the three agencies with a 1000-hPa wind field from the
Global Forecast System (GFS) analysis data (Fig. 10). The
model-estimated mean R30 (MM-R30, solid black lines)

100071+ 7 71 T 1
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Fig.9 Comparison of mean R30 value estimates of the KMA (blue),
RSMC Tokyo (red), and JTWC (green) with the mean (solid black
line) and top 20% (dashed black line) R30 values estimated from
GFS winds at 1000 hPa for Typhoon Jebi (2018) from 00:00 UTC on
August 31 to 18:00 UTC on September 12 at 6-h intervals. The solid
gray line represents the maximum wind speed (Vmax) estimated by
the RSMC Tokyo. The triangles indicate the times of the spatial dis-
tributions presented in Fig. 11
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Fig. 10 Mean radial wind profiles of 1000-hPa GFS wind at 18:00
UTC on September 4 when Typhoon Jebi (2018) rapidly weakened.
Thin and thick black lines indicate mean and top-20% mean values,
respectively. Blue, red, and green dashed lines indicate R30s esti-
mated from the KMA, RSMC Tokyo, and JTWC, respectively. Points
A and B are where Vmax is 15 m s~. At 18:00 UTC on September 4,
all mean radial winds (thin black line) were less than 15 m s~! which
explains why the model-estimated mean R30 was zero in Fig. 9

decreased as Jebi weakened, as in the KMA and JTWC esti-
mates, whereas the model-estimated mean R30 in the top
20% (M20-R30, dashed black line) increased sharply, as in
the RSMC Tokyo estimate. In fact, at 18:00 UTC on Sep-
tember 4, when the difference between MM-R30 and M20-
R30 was the largest, the radial wind profile of the top 20%
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was 15 m s~! at two points—A (284 km) and B (786 km)
(Fig. 10). These are candidates that can be estimated to be
R30. Interestingly, at this time, KMA and JTWC estimated
the value near A as R30 (blue and green dashed line in
Fig. 10) and RSMC Tokyo estimated the value near B as
R30 (red dashed line). This suggests that when determining
R30, the RSMC Tokyo included a wide area of gale-force
winds, far from the TC center, induced by an extratropi-
cal transition of the TC, mid-latitude pressure system, and
topography.

This characteristic was evident when the spatial distribu-
tions of model winds with R30 were compared between the
three agencies (Fig. 11). At 06:00 UTC on September 1 and
3, when Jebi was in the open ocean, the model’s wind field
was symmetrical, and the model-estimated R30 was similar
to that estimated by the three agencies (Fig. 11a—b). How-
ever, at 06:00 UTC on September 4, when Jebi made landfall
in Japan, the strong wind area at the storm center disap-
peared, and an asymmetrical strong wind region appeared
outside the TC, mostly on the ocean side (Fig. 11c). At
18:00 UTC on September 4, when Jebi weakened further,
strong wind regions were distributed from the southern to
the northern tip of Japan, far from the TC center (Fig. 11d),
which is related to the low pressures system that existed
before Jebi made landfall (Anh et al. 2019). At that time, the
RSMC Tokyo estimated the R30 to be as large as 740 km,

including most of the strong wind region outside the TC,
while the KMA and JTWC estimated it to be 210 km and
273 km, respectively, considering only weakened winds near
the storm (Fig. 11d). This is attributed to differences in the
three agencies’ policies for defining gale-force TC winds.
Specifically, the RSMC Tokyo considers the gale-force wind
radius to include areas where strong winds occur, even if
they are far from the storm’s center, mainly for damage and
disaster prevention purposes. On the other hand, the KMA
and JTWC seem to determine the gale-force wind radius by
focusing on the strong wind area of the TC itself.

To further explore the characteristics of the asymmetry
differences between the three agencies, Typhoon Soulik
(2018) was used in another case study. Overall, the KMA
showed a small asymmetry (20-40 km) with no significant
change over Soulik’s lifetime, while the RSMC Tokyo and
JTWC showed significant variations (0-83 and 10-90 km,
respectively), similar to the variations in the TCTS (Fig. 12a
and b), with the asymmetry increasing and decreasing as
the TCTS increased and decreased. In line with the results
obtained from the previously mentioned correlation analysis
(Table 3; Fig. 8c), this result suggests that the KMA does not
consider the TCTS when estimating wind radii.

A comparison of the spatial distribution of the model
wind with the best-track R30 illustrated the characteristics
of the agency-dependent asymmetries (Fig. 13). First, in the
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early stages of TC development at 12:00 UTC on August 16
(Fig. 13a), the model winds showed a clear asymmetrical
distribution, which seems to have been related to the rela-
tively fast TCTS (8.7 m s~!). At that time, the RSMC Tokyo
and JTWC showed a significant difference between the long-
est and shortest radii, whereas the KM A showed a relatively
small difference (compare the solid and dashed lines or the
values in Fig. 13a). At 00:00 UTC on August 19, when the
TC was moving slowly (2.5 m s™!) and increasing in inten-
sity, the model-estimated R30 showed a nearly symmetrical
distribution with small differences between the longest and
shortest radii in the three agencies’ estimates (Fig. 13b).
At 06:00 UTC on August 22, the model wind and RSMC
Tokyo’s R30 were relatively symmetrical, while those of the
KMA and JTWC were asymmetrical (Fig. 13c). Finally, at
00:00 UTC on August 24, when the TC made landfall over
the KP and began to decay, the model wind was particularly
asymmetrical (Fig. 13d), with the gale-force winds more
widely distributed outside the northeast than near the TC
center. At that time, considering the weakening of the TC,
the JTWC and KMA estimated both the longest and shortest
radii to be small, while the RSMC Tokyo estimated the long-
est radius to be very large by including strong wind areas
outside the TC, which resulted in a significant asymmetry.

18 Aug

19 Aug 20 Aug 21 Aug 22Aug 23 Aug 24 Aug
Date

In summary, the KMA considers weak asymmetries—
greater than the RSMC Tokyo estimates and smaller than
the JTWC estimates—which do not change significantly
during the lifetimes of TCs. The JTWC estimates the wind
radius, on average, most asymmetrically, with significant
variations according to the latitude and TCTS. The RSMC
Tokyo tends to estimate the wind radius completely symmet-
rically before TCs approach higher latitudes (around 20°N)
and highly asymmetrically thereafter. Again, this is because
the RSMC Tokyo estimates gale-force wind radii, including
areas where strong winds occur, even if they are far from the
storm’s center, for damage and disaster prevention purposes.

4 Discussion and Conclusion

TC wind radii, which constitute some of the most impor-
tant information for predicting disasters caused by TCs,
have been provided by the KMA, RSMC Tokyo, and
JTWC since 2015. However, the detailed characteristics of
the wind radii estimated by each agency have hitherto not
been investigated. This study compared the mean values
and asymmetries in the three data sets of TC wind radii
(R30 and R50) in the western North Pacific between 2015
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and 2018 and explored the factors that each agency mainly
considers when estimating wind radii.

First, a comparison between the mean values both R30
and R50 of the three agencies showed that the RSMC
Tokyo had the largest mean value—about 91 and 118 km
for R30 (about 29 and 17 km for R50) larger than the mean
values of the KMA and JTWC, respectively (Table 1). The
differences increased as the mean wind radii and latitude
increased (Figs. 2 and 6b and f). A correlation analysis
revealed that the KMA considered only Vmax when esti-
mating TC wind radii, while the RSMC Tokyo and JTWC
considered not only Vmax but also the latitude and TCTS
partially (Table 2).

Differences in wind radius between the three agencies
were also found in the estimated asymmetries, defined as
the differences between the longest and shortest wind radii
(Table 3). The KMA showed the smallest mean asymmetry
(29.7 km) for R30, which was uniformly distributed within
20-40 km in most regions. The RSMC Tokyo and JTWC
showed greater mean asymmetries (48.6 and 43.6 km,
respectively) than the KMA, with considerable regional vari-
ations. The mean asymmetry for R50 was smallest in the
RSMC Tokyo estimates (4.7 km) and greatest in the JTWC
estimates (21.5 km). The asymmetries in the RSMC Tokyo
and JTWC estimates tended to increase with the latitude and
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TCTS, whereas the KMA did not rely on these parameters,
thus estimating locally uniform wind radii.

Through two case studies (Typhoons Jebi and Soulik in
2018), we confirmed the different characteristics of the wind
radius estimations of the three agencies. When determining
R30, RSMC Tokyo includes a wide area of gale-force winds,
far from the TC center, induced by an extratropical transition
of the TC, mid-latitude pressure system, and topography.
This increases the estimated longest wind radius, especially
at higher latitudes (above 20°N), which in turn increases the
mean wind radius and asymmetry in the RSMC Tokyo data.
On the other hand, the KMA and JTWC generally estimate
the TC wind radius by focusing on the strong wind area
of the TC itself, which explains why their mean R30 and
asymmetries are on average smaller than those of the RSMC
Tokyo.

This study provides quantitative information on the char-
acteristics of and differences in gale-force and storm-force
wind radii between the three agencies. We found that the
wind radii in best track data differ significantly between the
three agencies not only in mean values but also in asym-
metrical characteristics and spatial distributions. These
differences are primarily due to agency-specific policies
defining the wind radius and determining whether the esti-
mations should focus on the TC itself or include the wind
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outside the TC for damage and disaster prevention purposes.
At this point, it is impossible to conclude which policy is
the best or which wind radius estimation method is the most
reliable because each agency’s policy has been established
for its own purposes. However, it is clear that due to these
policy differences, the TC radius data are too uncertain and
inconsistent to be used in research, although previous studies
have found that the wind radii in best track data constitute
sufficiently reliable information (Knaff et al. 2016; Dolling
et al. 2016). Therefore, it is essential for researchers to know
in advance the characteristics of the wind radius estimations
of each agency and to select and use the data according to
each study’s purpose. This study provides useful information
for making the appropriate selection. The results can also
be used as the basis for developing a method for consistent
wind radius estimations by various agencies.
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