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Sensitivity of Typhoon Simulation to Physics Parameterizations
in the Global Model
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Abstract The sensitivity of the typhoon track and intensity simulation to physics schemes of
the global model are examined for the typhoon Bolaven and Tembin cases by using the Global/
Regional Integrated Model System-Global Model Program (GRIMs-GMP) with the physics
package version 2.0 of the Korea Institute of Atmospheric Prediction Systems. Microphysics,
Cloudiness, and Planetary boundary Layer (PBL) parameterizations are changed and the impact
of each scheme change to typhoon simulation is compared with the control simulation and
observation. It is found that change of microphysics scheme from WRF Single-Moment 5-class
(WSM5) to 1-class (WSM1) affects to the typhoon simulation significantly, showing the intensi-
fied typhoon activity and increased precipitation amount, while the effect of the prognostic
cloudiness and PBL enhanced mixing scheme is not noticeable. It appears that WSM1 simu-
lates relatively unstable and drier atmospheric structure than WSMS5, which is induced by the
latent heat change and the associated radiative effect due to not considering ice cloud. And
WSMI results the enhanced typhoon intensity and heavy rainfall simulation. It suggests that the
microphysics is important to improve the capability for typhoon simulation of a global model
and to increase the predictability of medium range forecast.
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Fig. 1. Korea Meteorological Administration (KMA) surface weather chart at (a) 12 UTC 20, (b) 00 UTC 26, (c) 12 UTC 28,
and (d) 12 UTC 30 August 2012.

Table 1. Physics packages, V1.0 versus V2.0 for the global prediction system developed by KIAPS.

Physics V1.0 V2.0
Radiation GFSC (Chou et al., 1999; Chou and Suarez, 1999) RRTMG (lacono et al., 2008)
Land surface Noah V2.5 (Ek et al., 2003) Noah V3.0 (Ek et al., 2003)
Planetary boundary layer YSU (Hong et al., 2006) YSU with enhanced top-down mixing
(Hong et al., 2006; Lee et al., 2015)
Convection SAS (Han and Pan, 2011; Lim et al., 2014) -
Microphysics WSMI1 (Hong et al., 1998) WSMS (Hong et al., 2004)
Gravity wave drag Convection (Chun and Baik, 1998) -
Orographic (Kim and Arakawa, 1995) Orographic
(Hong et al., 2008; Choi and Hong, 2016)
Cloudiness Diagnostic (Slingo, 1987; Xu and Randall, 1996) Prognostic (Park et al., 2016)
A =] Aokl SR 202 ARSI, UdE o ARSSIITh vAlEE] Wkt F S
AoME AP o2 HE 7 nAEE Wt & 72 ¥ 83l= WRF Single-Moment 5-class (WSMS5,
el 2el3 AAE Wk 1.0 MM 9] Wt Hong et al,, 2004) <t Al & 71X 4wrs 1
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Table 2. Summary of sensitivity experiments. A dash denotes the same option as that in the CNTL experiment with physics

V2.0.

Experiment Microphysics Cloudiness PBL

1 CNTL WSM5 Prognostic YSU + enhanced top-down mixing

2 MPS WSM1 - -

3 CLD - Diagnostic -

4 PBL - - YSU

(a) Bolaven (b) Tembin
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Fig. 2. Typhoon tracks simulated by sensitivity experiments and comparison with observation for (a) Bolaven for 102 h and (b)
Tembin for 156 h simulation period from 00 UTC 24 August 2012 (Symbols are presented by 12 h intervals).
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Fig. 3. Track error (km) of (a) Bolaven and (b) Tembin
simulated by experiments.
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Bolaven and (b) Tembin by experiments.
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Table 3. Mean difference (MD) of mean sea level pressure (MSLP), 850 hPa wind speed (WS), and 6 h accumulated
precipitation (PRCP) simulated by the experiments from CNTL averaged over the typhoon activity region (100~150°E,
15~60°N) at each simulation time with 24 hour interval. Root mean square difference (RMSD) averaged for the whole

simulation period is also represented.

MD RMSD

24 h 48 h 72h 96 h 120h 144 h 168 h Mean
MSLP MPS-CNTL 0.55 —-0.05 —0.06 —0.48 -0.14 0.16 0.20 2.19
(hPa) CLD-CNTL -0.03 -0.03 -0.07 -0.10 -0.03 -0.07 -0.16 0.35
PBL-CNTL -0.01 0.04 0.04 0.05 0.09 0.12 -0.26 0.32
WS MPS-CNTL 0.13 0.17 0.01 —-0.02 0.59 1.02 1.05 3.09
ms CLD-CNTL 0.01 0.04 0.07 0.10 0.05 0.19 0.15 0.53
PBL-CNTL 0.00 -0.04 -0.03 -0.02 0.04 0.03 0.09 0.55
PRCP MPS-CNTL -0.37 0.12 0.05 0.12 —0.11 —-0.01 0.17 8.99
(mm 6 h™") CLD-CNTL —-0.01 0.04 0.02 0.06 0.02 0.09 0.04 2.75
PBL-CNTL —-0.02 —0.03 0.04 —-0.02 —-0.05 0.01 —-0.02 2.63

b AR oz JdA% s wolsiy FHF
Z}z} 958.6 hPa, 957.9 hPa, 28] 3. 957.8 hPa&
A& N2 A AS QJ T Uth(Fig. 4a)
71
_’?‘_

ol

El-rl H

I—ﬂ

i

rd

A

®
mmumi$mmf@ém

}

o

15

F

MPS 239 75 HF FAH7IY2 66 WA 3
7} 919 hPa2) 4?<17‘° H & 37 }o}%lotﬂ Aﬁ
7dEE 943.7hPaE T2 A Adol Hla] st
ot Bo)7|7F S UERd HoA
Ao} oF 40A17F =A] B3ttt §INle] 7
%‘01 723l 60 hell 948 hPai AEH AEE R
77].}] x]_-_ﬂ o7 7]—1: 7}
ﬂ’i‘i‘r(Flg. 4b). E-pulof A} UH‘P Ak
A Qs Uz A 5o A9 7o 5d3t 7P TE
o] 9o HF ZJEE CNTL 232 9984, CLD
A8 9983, 28] PBL 22 998.3 hPaZ e}
STk MPS A&@e] A9 thE A HlF) %ﬂ%’ﬂﬂ
2 7o) Walyt 34 UrE‘rUr‘ll Bt ZEE 9879
hPaZ °F 10hPa A& 713k HIZ S R }Oﬂn}
CNTL A3 2 A7 71*0 27 Aol B F
sﬂ =9 W & 9% *E‘ﬁmlz} s 7]
9, 850 hPa <5, 283 6A7F 4 b HlE &
% 99 (100~150°E, 15~60°N) B+ # }% 24X 7 71
Ao Z AHHTHTable 3). s AHEHA CLD
o} PBL 43S CNTL Ad3} JjEoz e o]
= Ho|HA FHoigko] 168 hollA -0.16 hPaz}t —0.26
hPa= vFERY ¥ MPS 238 F A3 18] CNTL
A te] zpo]7t iﬂl Ro|EQlon 1 Aol= 24h
oA 0.55hPaZ Hu] HAE B th MPS A g A
o] BA7|7F HF A 7)19te] RMSDE 2.19 hPaZ E}
A1%(0.35, 0.32 hPa)oll H]F| oF evl] = ZA 2F
21th. 850 hPa E49AE MPS Ado] thE F AF
9 A gk Afolrt & Aol FjlEon

>.&
_E

=718k 7] Al279 15 (2017)

) Hx}= 168holl 1.05m s'S BT MPS A3 0|
e ﬁt&@gi CNTL Agxy F&o] s B
«11‘4‘310111 T A vigie o 5o & Ha RMSD
At SH”W]%M T4 ol9d FrRoM=
X}OV} A=, MPS 4 %‘OM of| = Zukel 24 holl
—0.37 mm 6 hr'2 FEA ] v|s)] 2 4571 29
H A BT Fete] HF 7h WA U F
AR F Zo 2 YERT
oS QoFsiAH, EElgol mE HFe A=
9} 7b= moE ¥|walE Az CNTL, CLD, 183
PBL 432 A 237t ysgtor eF &5 99
5 717 847 vl = H& AfolE
HAAth o] & F3l FET etz BAS wete] 3
F HF A RO e 94 mlf A2 AL &
Qg & Qth ol& o9 By WAE ATe}
£ UA gE AR B Ao Al BE
AR} X o & B4 24 T Wil &
Aok Wkt FAS Wete] HF Rojd of| o

BHE FEA T BReAE £AA A,

O

)

Hm@

WEEW%E%%Q

o} WSMI HW]%FAHPOP& A}%%J AL R, WSMsE=
71 5 WH5E 5 B/, § 557 (water vapor,
Qv), Hl(cloud rain, Qr), F(cloud snow, Qs), &+
(cloud ice, Qi), 22| FE&E(cloud water, Qc)=
ol B, WSMI2 #xstd F5718 5744
2 AASE YHeR 7] F F357I19E 2

2k

Wetolth, weba olH @ wiAl=el A AL W

[e]

EE_?L‘_IN
o1 o }“



A7 - o3| - 473 23
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Fig. 5. (a, b, ¢) Mean sea level pressure (hPa), (d, e, f) 6 hour accumulated precipitation (mm 6 hr™") of (a) FNL, (d) TMPA
observation, (b, €) CNTL and (c, f) MPS experiments at 06 UTC 28 August 2012.
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