The Characteristics of Tropical Cyclone Formation

in an Environment with Strong Low Frequency
Vorticity in the Western North Pacific

]

B

37/10H]1&
&)
AL

L\ ¥z4
= /=

Seh FHt 2
N TH 22471

WEEEY - 2016865290 - @
ZENCEPERFEIEHES
B e EREEEHERX

g% #NEE8EECH

STESHE

| EEESRSET ELEREl—EReLy
e —fE

L _.
. -
¢

e

%

0 .

:

‘\jl A% 191

2 E%E- 011 201646520 1618
Rudolph Chen FEALTISHIHES 2
HRTEIFE20N 170ERYSRE 5L IREEFTAE
BEREE?
2 E%- 02 201686H205 1626

L e oEE

Y-H Hsieh

Department of Atmospheric Sciences, National Taiwan University

e


http://140.112.67.237/

; rrﬂrS(RMSE)

ECMWF Model

—120 hr
——96 hr

—72hr

48 hr
—24hr
e total Vor.

TC events

.o =
- —

30

(edy 058D

Vel

(=)

OA) ISINY

e}

6002DAA9TZ00
60020411200
600ZAON9TZ00
600ZAONT1Z00
6002100LTZ00
600210021700
6007dHSLTZ00
600TdASTIZ00
6002DNVSTZ00
6002ONVEIZ00
60021N162Z00
60021071700
600TNNL6TZ00
600ZNNLP1Z00
6002 AVINOEZ00
600CAVINS1Z00
60024dV0EZ00
60024dVS1Z00
600TdVINTEZ00
6007 VINO T Z00
6000 VIN10Z00
6002871200
600TNVI0EZ00
600TNYIS1Z00
8002OAA1£Z00
8002DAA91Z00
8002DAA10Z00
800CAONIIZ00
800ZAONT0Z00
800T.LDOLIZ00
800210020Z00
8002dHSL1Z00
8002ddST0Z00
8007ONVSIZ00
8007ONVE0Z00
800271061700
800TTNIF0Z00
800NNI61Z00
R00TNNIF0Z00
800TAVINOZZ00
8007 AVINS0Z00
R007dV0ZZ00
R00TUdVS0Z00
800MVINITZ00
8002AVIN90Z00
8002EH40TZ00
800ZdHAS0Z00
800ZNVI12Z00
800TNVI90Z00

ime



L 8

— vorticity @ 850 hPa (analysis) TC#

— vorticity @ 850 hPa (forecast) in analysis/ in forecast
00Z04AUG2009 (tao= 24 hr) TCn = (3/3) TC tracker

40N 17— — _ : . . — — (Tsai et al., 2011)
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— vorticity @ 850 hPa (analysis) | ’.FC.#
— vorticity @ 850 hPa (forecast) n analysm/ T‘foreca“
00Z04AUG2009 (tao= 48 hr) TCn = (3/3) TC tracker
40N T— — . — . . . = (Tsai et al., 2011)
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— vorticity @ 850 hPa (analysis) TC #
— vorticity @ 850 hPa (forecast) mn anaIYSIS/ 1;1, forecast
— (3 / 1 ) TC tracker
40N T— | (Tsai et al., 2011)
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— vorticity @ 850 hPa (analysis) TC#

— vorticity @ 850 hPa (forecast) in analysis/ i;forecaSt
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40N

\
00Z04AUG2009 (tao= 96 hr) TCn = (3/2) TC tracker

T
|

|

— . ™ . (Tsai et al., 2011)
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— vorticity @ 850 hPa (analysis) | ’.FC.#

— vorticity @ 850 hPa (forecast) n analysm/ T‘foreca“
00Z04AUG2009 (tao= 120 hr) TCn = (3/2) TC tracker

40N T— — — T . . . (Tsal etal., 2011)
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Background 850-hPa vorticity of pre-TC disturban:

e S AR

The 10-day* low pass and high pass filters are applied to NCEP FNL (2000-2009)
| data to obtained low/high pass filtered winds. - (wuetal., 2013)

Use filtered winds to compute 850-hPa mean vorticity within 5 radius of the pre-
TC disturbance in the WNP at 24-48h before the formation of TC (Vmax ~ 25kt).
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Cumulu*sexperiment CU_EXP |

P —on Y —

100% No TC formation

90%
80%
70%

60% :
TC formation

50% Simulated
40% /track error

The convection process (cumulus scheme) 1s not the
dominant factor for TC formation in an environment with
large low-frequency vorticity (HTC, e.g. DUJUAN), but very
important 1f the environmental low-frequency vorticity 1is
small (LTC, e.g. NURI).

-Hsieh et al., 2017, MWR
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HHTC-formation rate LLTC-formation rate Average Track error
Experiments (%) in all (%) in all at T
simulations/forecasts simulations/forecasts (km)

196, 327, 501,

CttExp 100% 75 9% 620

(-48, -72,-96, -120 hr)

330,478, 671,

Sen_ Exp 1()() % 357 % 1013

(-48, -72,-96, -120 hr)

288,436, 522,

TIGGE 892% 38.1% 695
(-48, -72,-96, -120 hr)
- Model dependent

Results show that all simulations can reproduce the TC formation
process in an environment with large 850-hPa low-frequency
vorticity, even with the high-frequency parts being removed in
initial conditions.
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High-frequency Vorticity (x10-3s1)

JU JUY (Teng et al.. 20
@ DTCC | — 863 s
® \NTCC | — 2138 //
//
/
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\DTCC 523
NTCC: 991

The high correlation between the developing rate and low-level vorticity is very

sensitive to the variability of low-frequency vorticity.
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* The numerical model is more capable of simulating the TC
formation process for TCs formed in monsoon-related
environments -Hsieh et al., 2017, MWR

In our EXPs (Ctl_Exp, Sen Exp)

The capability of the WRF model to simulate HHTC formation
is not sensitive to the choice of cumulus scheme, and also
not sensitive to the high-frequency environment in initial
conditions.

 The high-frequency systems could determine the position
of an initial vortex, which decide the value of vorticity
tendency and affect the strength of HHTC in simulations.

« TC formation can be expected (~5 days before formation)
under specific environments (monsoon-related).

— Importance of environment > disturbance
- Hsieh et al., submitted to GRL
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TC events

Low-
frequency
Vorticity
0.51
0.53
0.55
0.57
0.59

Total
Vorticity
0.67
0.66
0.68
0.72
0.75

Correlation
coefficient
RMSE (+24 hr)
RMSE (+48 hr)
RMSE (+72 hr)
RMSE (+96 hr)
RMSE (+120 hr)
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Thanks for your attention

* Hsieh, Y.-H, C.-S. Lee, and C.-H. Sui, 2017: A Study on the Influences of Low-Frequency Vorticity on Tropical
Cyclone Formation in the Western North Pacific. Mon. Wea. Rev., 145, 4151-4169

* Hsieh, Y.-H, C.-S. Lee, and H.-F. Teng, 2019: The Characteristics of Tropical Cyclone Formation in an Environment
with Large Low-Level Low-Frequency Vorticity in the Western North Pacific. (Submitted to GRL)
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