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Comparison of growing modes for extra-tropical and tropical disturbances
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We applied the breeding method to the generation of ensemble perturbations in a regional forecast model. Using

this system, ensemble forecast experiments were conducted from August 30, 2022, when an extra-tropical cyclone

and a tropical cyclone existed simultaneously in the computational domain over east Asia, to identify the growing

modes for each disturbance. The uncertainty of the tropical cyclone in terms of kinetic energy is found to be large

near the centre in the lower troposphere. Although all members underestimate the strength of the tropical cyclone,

its growing modes yield a meridional spread of tracks. On the other hand, specific humidity has a large variance

around a dry air mass entering the extra-tropical cyclone. The perturbations in moisture are found to affect the

developing rate of the cyclone by modulating lower tropospheric stability below this air mass.
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(a) Z850[gpm]+KE[m%s?] @700-1000hPa : bred perturbation
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(b) EPT[K]+Qlg/kg] @700-1000hPa : bred perturbation
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Fig. 1: Initial ensemble spread of (a) kinetic energy
and (b) specific humidity in terms of 1000700 hPa
layer mean. Black contours indicate the ensemble mean
of (a) geopotential height and (b) equivalent potential
temperature at the 850 hPa surface , respectively.

3. FER
AFEFETIID2 TO A8 BEH 7 v T VPR
BROFERICERT D, HEE— FERIETHRZD
NFEREE— RO 3 L X — 3% FE T
BlZ2 50 —7 %F6, FREOMEENKRE
Molz, MRETOT v H T2 F Ly RDK

Yotfia R L e, BHTR L —DAT Ly R
(Fig. 1a) XM 28 L CHE & B la)E
DITFHFTREV, EHIRKELE CIIEILO R =
WCHESTAT Ly RRRELRoTWN, Zhh
IXZNENOEELOFEEITLE D R EMEE R LT
W5 EZEZLILD, BREUCKTT AT Ly RidfR
KERTN, T o 7 ARG RER TR
WZIEH2< D00, FLREFIETDL DX/ EL
A ha— L TPREGLEA LV N—TERLLD b
ST 23/ NEEATE LT (XIS

wiZhEo A7 Ly K (Fig. 1b) /5 &, #
HARRIRAR (2 BN U 7 A BT BRI R LT H K
EL o TS, Z O YIRA KBRIT KR LV
HEE DHIBOEIC L > THESIT oS, =
DR TIRIT KR D BENL N8 0L E IR
Zh x| HRZE SO T OXHATE B OTE R AL
WCHEG LW EEBZ NS (KK, L7235 T,
TR AR SUERR I ~ D IR ZE R B O BT RE 5 R
EFEMEITRRE DR ZEES W EREE L, JRE—
RIZZENEZRZTWND ERIB XD,

FEIRET T D RE— RERIEIZL Y,
TEAHRAUE & BV AL O Z N E N OEELOF
ZRE D R sEME & BELI S LTI % 1R ze i
(T DAEFNEERZ D Z ENTE 2, FRHTH
TRZEL N ZENEN OB RIET B ON T
L OEEMeREN RO BN D,

R

NCEP RSM/MSM /% Henry Juang {1 X v #&
it LT\ i2nie, ARAFSRIERFE 2221757,
19H05698. 19H05605, 21K03662 D Bhi% %% T
7=,

2 BN

[1] Toth, Z. and E. Kalnay, 1997: Ensemble Forecasting
at NCEP and the Breeding Method. J. Atmos. Sci., 52,
1434-1456.

[2] Juang, H.-M., 2000: The NCEP mesoscale spectral
model; a revised version of the nonhydrostatic
regional spectral model, Mon. Wea. Rev., 128, 2329-
2362.



