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Introduction Data & Method Satellite Analysis WRF Simulations

It is known that the largest forecast errors often occur when storms undergo rapid intensification.
(Fischer et al. 2019; Trabing and Bell 2020)

Tropical cyclone intensity evolution controlled by both environmental factors and internal dynamics.

1. Environmental factors

* Include vertical wind shear, sea surface temperature (SST), etc. (Kaplan and DeMaria 2003; Kaplan et al. 2010, 2015; Wang and

Jiang 2021)
« Affect whether Rapid Intensification (RI) is likely to occur during TC’s lifetime.

2. Internal dynamics
* Include vortex structure and convection organization. (Tac and Zhang 2015; Judt and Chen 2016; Fischer et al. 2023)
* Play a key role in modulating the timing of Rl onset.

Amount and location

1.Environment effects TCs intensification

2.Internal dynamic

of latent heat
release in storm
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WRF outputs indicated that latent heating is strongly related to the amount of ice water content which can

serve as an observable proxy for latent heating in the mid-to-upper troposphere. (Wu et al. 2021)
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Introduction Data & Method Satellite Analysis WRF Simulations

WRF outputs indicated that latent heating is strongly related to the amount of ice water content which can

serve as an observable proxy for latent heating in the mid-to-upper troposphere. (Wu et al. 2021)

Different precipitation types play different roles in TC intensification. Some studies emphasize the
contribution of inner-core convective bursts to vortex intensification (Guimond et al. 2010; Rogers et al. 2013),

while others highlight the importance of stratiform precipitation (Fritz et al. 2016; Tao et al. 2017).

Amount and location

of ice water path TCs intensification

in the storm




Introduction Data & Method Satellite Analysis WRF Simulations

Following the approach of &5 (2023; K& £l &), this study aims to:

« Compare the structural evolution of Rl and SI TCs using satellite observations.

* Investigate the Rl and SI processes using the high-resolution WRF simulations.

To understand the structural differences between rapidly intensifying (RI) and

slowly intensifying (Sl) tropical cyclones.



Introduction Data & Method Satellite Analysis WRF Simulations

a. Satellite observation

» |ce Water Path (IWP) and Rain Water Path (RWP) from GPM SSMIS on DMSP F16, F17 and F18.
* IR Brightness Temperature (T,) Data provided by NCEP and NOAA.

Variable IWP, RWP T,

Dataset GPM SSMIS DMSP F16/F17/F1g  oioPal IR (GOES, METEOSAT,
Himawari)

Spatial Resolution 12 km 4 km

Temporal Resolution 1.5h 30 min

Coverage Swath (~1700 km) Global geostationary composite




Introduction Data & Method Satellite Analysis WRF Simulations

b. Different groups — Rl & SI

Different groups are based on the future 24-h change in the maximum-sustained wind (AVmax).
(Kaplan and DeMaria2003)
1. Rapidly Intensifying (RI) : AVmax = 30 kts in 24 hours,

2. Slowly Intensifying (SI) : 10 kt < AVmax < 30 kts in 24 hours.

BUT the cases that confront the issues mentioned below are excluded.
1. TC makes landfall while it is under Rl or SlI.

2. TC locates over 30°N while it is under Rl or SlI.

3. Lifetime of the TCs that are less than 3 days.

4. Second time of Rl or SlI.
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Introduction Data & Method Satellite Analysis WRF Simulations

c. TC intensity and radius of maximum wind (RMW)

The data comes from IBTrACS, provided by the JTWC. The data include TC location, maximum sustained
wind speed (Vmax), and the radius of maximum wind (RMW) with 3-h time intervals were linearly

interpolated to the exact times of satellite observations.

d. Environmental vertical wind shear

Use the Reanalysis Data based on ERA5 from ECMWEF.
To compute the difference between the 200-hPa averaged wind field and the 850-hPa averaged wind field,
within a radius of 200 km to 800 km from the TC center.

We use the shear-relative coordinate for the ease of comparing different TCs. All variables for each TC case

were rotated to align with the southerly wind shear.

DL | DR Downshear Left (DL)
Downshear Right (DR)

Upshear Left (UL)
Upshear Right (UR
UL UR p ight (UR)

11
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e. WRF model simulation (WRF v4.6.1) Setting
Rl case — SURIGAE % 1 & (2021) Simulation 2021/04/13 00 UTC — 2021/04/17
Period O0UTC (96 hours)

Interval_Second
s

21600

40°N

Nested Domains | 27/9/3/1 km

30°N

P TOP 35 hPa
20°N
Vortex
: Yes
10°N Following
o SST Update Yes
RA LW PHYSICS: RRTMG (lacono et al., 2008)
R R mE e R R ™ RASW._PHYSICS: RRTMG (lacono et al., 2008)
BL_PBL_PHYSICS: MYJ (Janjic, 1994 & Mesinger, 1993)

CU_PHYSICS: Multi-scale Kain-Fritsch (27km domain

12
only) (Zheng et al., 2016 Glotfelty et al., 2019)
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e. WRF model simulation (WRF v4.6.1) Setting
Sl case — BAILU HEE (2019) Simulation 2019/08/19 12 UTC — 2019/08/23
Period 12UTC (96 hours)
. Interval
" Seconds 21600

Nested Domains | 27/9/3/1 km

30°N

P_TOP 35 hPa
20°N
Vortex
: Yes
10°N Following
o SST Update Yes
RA LW PHYSICS: RRTMG (lacono et al., 2008)
eEmE o mE B ™ RASW._PHYSICS: RRTMG (lacono et al., 2008)
BL_PBL_PHYSICS: MYJ (Janjic, 1994 & Mesinger, 1993)

CU_PHYSICS: Multi-scale Kain-Fritsch (27km domain

13
only) (Zheng et al., 2016 Glotfelty et al., 2019)
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f. Precipitation Regime Type

Type Definition Type Definition
Deep
Convection(DC) 20 dBZ echo top > 10km
Convective >=42 dBZ at 2 km Modgrate 10km>20 dBZ echo top > 4km
Convection(MC)
Shallow
Convection(SC) 20 dBZ echo top < 4km
_ Stratiform(ST) With radar echo > 20 dBZ
Stratiform <42 dBZ at 2 km
Weak :
Echo(WE) With radar echo < 20 dBZ

(Churchill and Houze 1984; Steiner et al. 1995)
(Tao and Jiang 2015; Fritz et al. 2016; Rogers et al. 1993, 2020; Wu et al. 2022)
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Introduction Data & Method Satellite Analysis ) WRF Simulations

48-hour intensity evolution Gray lines: individual ensemble members.
Colored solid lines: ensemble mean.
Colored dashed lines: selected Rl and Sl cases.
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48-hour environmental VWS

Environmental Vertical Wind Shear for All Rl Cases
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Colored dashed lines: selected Rl and Sl cases.
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a. The difference between Rl and S| ---- IWP

DL | DR
The difference on the upshear side is significant.
UL | UR
-24hr -12hr Onset +12hr +24hr
RI cases mean IWP at RI-24hr RI cases mean IWP at RI-12hr RI cases mean IWP at RI+0hr RI cases mean IWP at RI+12hr RI cases mean IWP at RI+24hr 39
RI 15
Si 15

shear 1 shear 1 shear 1 shear 1 shear 1 17
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RI-SI IWP Difference
+12hr

(a) (d)

a. The difference between Rl and S| ---- IWP

The difference on the upshear side is significant.

hr Onset +12hr

| cases mean IWP at RI+0hr

| cases mean IWP at SI-12hr

Ice Water Path difference (kg/m?)

shear 1 18
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b. The difference between Rl and S| ---- RWP

-24hr -12hr Onset

RI cases mean RWP at RI-24hr RI cases mean RWP at RI-12hr RI cases mean RWP at RI+0hr
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RI-SI RWP Difference
+12hr

(a) (d)

b. The difference between Rl and S| ---- RWP
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c. The difference between Rl and S| ---- Tb

For Rl cases, T, significantly decrease in all four quadrants.
For Sl cases, lower T, appear only in the DL quadrant.
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RI-SI Tb Difference
(@) (d)
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RAPID INTENSIFICATION (RI)

Surigae Z& A& (2021)
 Intensity increased from 53 kts to 83 kts

SLOW INTENSIFICATION (Sl)
Bailu EHEE (2019)
 Intensity increased from 35 kts to 48 kts
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WREF vs. Observation (Surigae 2021)

Typhoon Surigae Track Comparison
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WRF vs. Observation (Surigae)

IWP
SURIGAE Observation : IWP
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WREF vs. Observation (Surigae 2021)

Observation
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WRF vs. Observation (Bailu 2019)

Maximum 10-m Wind Speed Comparison
WRF vs IBTrACS (Typhoon BAILU 2019)

. 85
Typhoon BAILU Track Comparison WRE
NP . i . . :
24°N - </ RE —=— [BTrACS
2eN X —— IBTrACS -
un
e
g 65
20°N )
o
18°N s
(=3
16°N -
-g 45
14°N g ——\/’\/
‘\
12°N ,z %&
10°N 4’3& f? ~R4 .,

- 25 T T T T
120°E 123°E 126°E 129°E 132°E 135°E 138°E 08/20 09Z 08/20 217 08/21 092 08/21 2127 08/22 09Z

Sl onset 09Z Sl onset 127
(WRF) ( best track)

27



Introduction Data & Method Satellite Analysis @ WRF Simulations

WRF vs. Observation (Bailu 2019)

IWP

BAILU Observation : IWP
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WRF vs. Observation (Bailu 2019)
RWP
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WRF vs. Observation: Axisymmetricity

We calculated the axisymmetricity metric following
Miyamoto and Takemi (2013).

o(r,A,z,t) = (r,z,1) + ¢'(r, A, 2, 1)
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SURIGAE IWP Hovmoller diagram BAILU IWP Hovmoller diagram
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Deep Convection(DC) Moderate Convection(MC)

SURIGAE : Precipitation Type
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Deep Convection(DC) Moderate Convection(MC)

-24h

-12h

BAILU : Precipitation Type

+0h

Convect|on DC+MC+SC (Convective) Rain Ratio
— SURIGAE — BAILU
DL

80 :
3 60 |
[(M]
(o]
B 40 -
c
(] |
o
& 204 !

0

UL

50
~ 40 40 -
o\o 1 1
L 301 i 30 i
E 1 1
@ 201 20 1
g
(0]
& 10 10 A ! \

0 . = : A O .

24 12 +0 +12 +24 24 -12 +0 +12

Hours relative to RI(SI) onset

Hours relative to RI(SI) onset

Percentage (%)

Percentage (%)

50

40 A

30 A

+12h

ST+WE (Stratiform+Weak) Rain Ratio

shear 1

—— SURIGAE

.12 +0 +12
Hours relative to RI(SI) onset

+24

WRF Simulations

w
(]
Rain Type

— BAILU

50

40 A

304

20

10 1

Stratiform

-24

-12 +0 +12
Hours relative to RI(SI) onset

+24

Conclusions

Weak Echo(WE)

33



Height (km)

Height (km)

o w o v

o= =N
N U o =

o w o v

21
18
15
12
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Simulated Observed

latent heating Ice water path
Rain water path

« The SSMIS composite analysis indicates that the earliest differences in IWP/RWP within 3RMW between
Rl and SI TCs occur in the Upshear Region.

« Higher IWP and RWP are mainly distributed in the DL quadrant before intensification. As RI/S| begins, Rl
TCs have an increase in IWP and RWP in the UL quadrant. In contrast, SI TCs do not show upshear

enhancement.
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] Conceptual Model
Concluding Remarks

(a)
Before RI

Surigae (RI)
Strong horizontal & vertical moisture transport

Upshear moistening

Upshear deep convection

Symmetric latent heating
(b) shear —
After S

Bailu (SI)
Weak moisture transport

Limited upshear moistening

Downshear-confined convection

Asymmetric latent heating . _
Open and filled TC symbols denote weak and moderate-to-intense typhoons.

Red shading represents the relative magnitude of surface latent heat flux. 38
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Schematic illustration of redar reflectivity in 8 Northern Hemisphere tropical cyclone with a double evewall. From Houze (2010 ). Repub-

FIGURE10.30
lished with permission of the American Macorelsgica! Society.
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