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Abstract

The differences and evolution of rainfall regimes and microphysics characteristics
between rapidly-intensifying (RI) and slowly-intensifying (SI) tropical cyclones (TCs)
are not well discussed understood. Owing to this predicament, we analyzed the ice
water path (IWP) and rain water path (RWP) retrieved from the Special Sensor
Microwave Imager/Sounder (SSMIS), brightness temperaute from infrared channel,
and conducted the Weather Research and Forecasting model (WRF) simulations to
examine the differences and evolution of rainfall regimes and microphysics
characteristics between Rl and SI TCs. To clarify the influences by warm-rain and cold-
rain microphysics schemes, we also conducted sensitivity tests with the WRF model on
RI and Sl cases, respectively.

From the SSMIS observations, we found that the IWP and RWP in Rl TCs were
greater than those in SI TCs within twice the radius of maximum wind speed (RMW)
12 hours before the intensification onset. The differences in IWP and RWP between RI
and Sl TCs within the RMW were significant at the 95% confidence level at the
intensification onset and within twice the RMW at 12 hours before, 12 hours after, and
24 hours after the intensification onset. The brightness temperature analysis of infrared
channel indicated that, at 12 hours before intensification onset, the brightness
temperature of the RI cases was lower than that of the SI cases within 3RMW. After the
onset of intensification, the RI cases exhibited significantly lower infrared brightness
temperatures compared to the SI cases at the 95% confidence level within most of the
area of 2RMW. This difference was particularly prominent in the upshear quadrant.

Both the SSMIS observations and WRF simulations showed that the IWP and
RWP were generally larger in the downshear flank before the intensification onset,
especially in the downshear left (DL) quadrant. The IWP and RWP in upshear left (UL)
quadrant gradually became larger after the RI onset, yet similar evolution did not occur
in SI TCs. The IWP and RWP were quickly weakened just before the RI onset in RI
TCs.

We also compared the differences of precipitation regimes between RI and SI TC:s.
We found that the ratios of deep convection (DC) and moderate convection (MC) at DL
and UL quadrants in RI TCs were greater than those in SI TCs for most periods we
analyzed. The ratios of stratiform precipitation (ST) at UL and upshear right (UR)
quadrants gradually increased after the RI and SI onset when we analyzed precipitation
type including non-precipitating grids.

From the warm-rain sensitivity tests, we found that the timing of the RI onset
significantly occurred earlier while the same consequence did not occur in SI case. We

not only demonstrated that the precipitation intensity and convection were weaker in
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both RI and SI case after intensification began, but also found that the ratios of ST and
WE were greater in warm rain experiment than those in control runs in precipitation

type analysis.

Keywords: Rapid Intensification (RI), Slow Intensification (SI), Ice Water Path (IWP),
Rain Water Path (RWP), rainfall regimes
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Rl cases mean IWP at Rl -24 hr Rl cases mean IWP at Rl +12 hr
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Sl cases mean IWP at Sl -24 hr Sl cases mean IWP at Sl +12 hr
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Rl cases mean brightness temperature at RI - 24 hr

RI cases mean brightness temperature at Rl + 12 hr
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Sl cases mean brightness temperature at Sl + 12 hr

_SI cases mean brightness temperature at Sl - 24 hr
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3RMW -
DR i e UR| W
2RMW - P “
2
%
& 0 £
1RMW - 2 3
£
£
center 0 ‘Ez
1RMW - £
-~
L 8
&
2RMWY -
3 UL —a0
3 *“& ol shear

RM;
3RMW 2RMW  1RMW

center 1RMW 2RMW 3RMW —

RI-SI Tb -12hr
3RMW
DR "
2RMW -
e
" 3
20
1RMW- s
£
v
2
center £ ¢ 5
1RMW _wé
5
&
2RMW -
—aa
3RMW shear

3RMW 2RMW 1RMW

center IRMW 2RMW 3RMW ¢

RI-SI Tb -Ohr

center -

UL

-40

3RM!
3RMW 2RMW 1RMW

Rrightness termperature differencetk)

shear

center 1RMW 2RMW 3RMW —

B39 RIESIBERABEESNI7E

BAY UEA T R RUER B P

3 f% RMW o ,E,Eé.%\;z[i 4@ ‘f“*fﬁ I\é y A

BE ~ (D)4 555 12

B (C)H 5 B 4

(©)

3RMW

2RMW -

1RMW -

center

1RMW -

2RMW -

3RM!

RI-SI Tb +12hr

" z
T
&
H
2
0 E
E
&
i
-0 £
=
H

~a0

shear

SRMW 2RMW 1RMW center 1RMW 2RMW 3RMW —

3RMW

2RMW -

1RMW -

center

1RMW -

2ZRMW -

3RM

RI-SI Tb +24hr

Rrightness temperature difference(K

_an

an
0
9
’ -0

shear

BRMW 2RMW IAMW center IRMW 2RMW 3RMW —

(e)

H ek /ﬁvf)\”et/n_é‘-_ﬂ°5ﬂb 7d £ RI-SI {82 £ @ oF &

Bl 12 RMW> ¢ FRIBR 5 2% RMW o & BRI

~ (d)Fg 58 2

65

95% G kBT E G B P LR o (w24 )

12 ] P& ~ ()4 5 15 24 | p¥ -

doi:10.6342/NTU202301514



Rl cases IWP at RI -24 hr

Rl cases IWP at RI 12 hr
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SURIGAE IWP RI -24.0hr
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RI cases RWP at Rl -24 hr Rl cases RWP at Rl 12 hr
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SURIGAE RWP RI -24.0hr
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SURIGAE LHF RI -24.0hr SURIGAE LHF RI 12.0hr
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Sl cases IWP at Sl -24 hr

Sl cases IWP at SI 12 hr
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SHANSHAN IWP Sl -24.0hr SHANSHAN IWP SI 12.0hr
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Sl cases RWP at Sl -24 hr Sl cases RWP at SI 12 hr
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SHANSHAN RWP S| -24.0hr

SHANSHAN RWP SI 12.0hr
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SHANSHAN LHF RI -24.0hr
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Evolution of axisymmetricity
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Evolution of axisymmetricity
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10m wind speed time series
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Track of SURIGAE(2021)
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10m wind speed time series
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Track of SHAI_\ISHAN(2018)
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(a)

URIGAE IWP Hovmoller diagram within 3RMW
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Ice water content RI -24hr Ice water content RI 12hr
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Ice water content S| -24hr Ice water content SI 12hr
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Rain water content RI -24hr
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Rain water content Sl -24hr Rain water content SI 12hr
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Micr%%hysics latent heating (K/hr) profile Hovmoller diagraga
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Micr%%hysics latent heating (K/hr) profile Hovmoller diagrazna
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" SURIGAE precipitaion type at Rl -24hr N SURIGAE precipitaion type at Rl 12hr
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SHANSHAN precipitaion type at SI -24hr SHANSHAN precipitaion type at Sl 12hr
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;lgme series of precipitation type evolution in downshear right Time series of precipitation type evolution in upshear right
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m‘lgme series of precipitation type evolution in downshear right wOTW"E series of precipitation type evolution in upshear right
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ggme series of precipitation type evolution in downshear right ZOVOT'"‘E series of precipitation type evolution in upshear right
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ﬁ1gme series of precipitation type evolution in downshear right SOTime series of precipitation type evolution in upshear right
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SURIGAE IWP SI -12.0hr SURIGAE IWP SI 12.0hr
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SURIGAE RWP SI -12.0hr SURIGAE RWP SI 12.0hr
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Ice water content SI -12hr Ice water content SI 12hr
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Rain water content SI -12hr Rain water content SI 12hr
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Micr%%hysics latent heating (K/hr) profile Hovmoller diagrazna
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(a) 4hSURIGAE IWP Hovmoller diagram within 3RMW
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ggme series of precipitation type evolution in downshear right ﬁuTime series of precipitation type evelution in upshear right
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120 10m wind speed time series
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SURIGAE RMW time series
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o Rain water content profile Hovmoller diagram
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Microz%hysics latent heating (K/hr) profile Hovmoller diagrazrg
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m‘lgme series of precipitation type evolution in downshear right
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61gme series of precipitation type evolution in downshear right SOTime series of precipitation type evolution in upshear right
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60 10m wind speed time series
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(a)
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10T‘;me series of precipitation type evolution in downshear right
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