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T 2118 X “HM” WTHEAINF) 7 RN & RAX
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JTRMEER IR FLRE, PRI 518000

M RE TR E RN E % PE, m A 210000

HEEWE: ExHESPIRITRITHE 2019YFC1510002, HK HRRFHE 4T H 42130605,
41705140, 44l 5N 2R 540 H  2019B1515120018, YIRS %50 H
JCY120210324131810029

A W N

WE: N T IRWA RIS 77 Fx 6 KX IREE S Rk 520, ASCEL 2021 4F 18 5 & )%
“IEB” N, ET WRF SR, KA T 2 RS HAMLTTE (MP). BEN RS EE ST
% (sPP) ARG A FENLIES (SPPT) =FIAEF75%, it 1 EXPL (MP). EXP2 (SPP+
SPPT) il EXP3 (MP~+SPP+SPPT) —ALAUBIMEIRIGHEAT T HIRAT L. 45K —HIX e
B R G0 H BE R L AR, & KR AR A & X SR R AR, Herp EXP3 iR B AR A i, EXP3
B R AR R 25 A 9 = AR G b B de /N ), P38y 52.8km, iz ililEe: CTRL (ot
KB EXPL FI EXP2 [ F3ME 23 5IA 61.8. 54.4 Fll 65.7km; = ZHAE& TR IRIE L5
EAEFEAA R T Mm% CTRL, H EXP3 Mhzhre = K EE I, PLahfbE A N E RN
G TR AT H Brier PR AHELTHEHAL CTRL A ATEGE, H EXP3 ) Brier TEIME N
SRS TR O A R, EXPL A EXP2 AT CTRL U8 (I % 45%F1 48.76%,

I EXP3 AEILE] 70%, EXP2 5 EXP1 HYTIRFCRAA 2, EXP3 M T EXP1 A1 EXP2 iRk BURA

ks, HARXNTT EXP1 Fil EXP2 B4 3214 ] 57.5%F1 40%.

K XEESTR, GX, ZYHSHEAHAGTTE (MP), BENLZEIENE (sPP), #
AV HS BB BEHLILSNE (SPPT)

Weks HiA: 2023422 H 24 H
eSSt A=E R
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Comparison between Multi-Physics and Stochastic Approaches
for the Typhoon Kompasu(2021)

Duanzhou Shao2, Yu Zhang?*, lJianjun Xu®3*, Siqi Chen'*, liajing Li?,
Jiazheng Hu?

1. CMA-GDOU Joint Laboratory for Marine Meteorology & South China Sea, Institute of Marine
Meteor-ology, Guangdong Ocean University, Zhanjiang 524088,

2. College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang 524088,

3. Shenzhen Institute of Guangdong Ocean University , Shenzhen 518000,

4. School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing
210000,

Funds: National Key R & D Program of China (2019YFC1510002), the National Natural Science
Foundation of China (42130605 and 41705140), Guangdong Basic and Applied Basic Science
Research Foundation (2019B1515120018), and Shenzhen Science and Technology Program
(JCYJ20210324131810029)

Abstract: In this study, three model perturbation schemes, the stochastically perturbed parameter
scheme (SPP), stochastically perturbed physics tendencies (SPPT), and multi-physics process
parameterization (MP), were used to represent the model errors in the regional ensemble prediction
systems (REPS). To study the effects of different model perturbation schemes on Typhoon
forecasting, three sensitive experiments using three different combinations (EXP1: MP, EXP2:
SPPT + SPP, and EXP3: MP + SPPT + SPP) of the model perturbation schemes were set up based
on the Weather Research and Forecasting (WRF)-V4.2 model for theTyphoon Kompasu (2021). The
results show that for typhoon forecasting, ensemble forecasting experiments could simulate the
process of typhoon intensification and the path of typhoon, and the simulation result of EXP3 was
the best. The path bias of EXP3 was the smallest of the three ensemble forecast experiments with
an average value of 52.8 km, while the values of CTRL, EXP1 and EXP2 were 61.8, 54.4 and 65.7
km, respectively. For the perturbation energy, the perturbation energy of the three sets of ensemble
prediction experiments were larger than the CTRL. The perturbation energy of EXP3 developed the
fastest, and the perturbation energy was the largest. The Brier scores of the three sets of experiments
improved the forecast results compared to the CTRL, and the Brier score values of EXP3 were the
most improved of the three sets of experiments, with EXP1 and EXP2 showing improvements of
45% and 48.76% relative to the CTRL, while EXP3 was able to reach 70%. The forecasts of EXP2

and EXP1 were comparable, and EXP3 had improved the forecasts compared to EXP1 and EXP2,
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and its improvement rate reached 57.5% and 40% relative to EXP1 and EXP2.

Keywords: Regional ensemble forecasting, Typhoon, multi-physics process parameterization
method (MP), stochastically perturbed parameter scheme (SPP), Stochastically perturbed physics

tendencies (SPPT)

1.5]

ok

o RUBE BB R PR (1) % O ) A e A b T HH K RIS BN I L ISIRES (Berner etal.,
2011). BEFE T REMR AR, X RER S TR — € g i, (EAIE P i e e
R RO N AN 2 1P i I ) PO A R D R s Tt R 22, BT o FRURE R AU ) ] 73
AR A BRI (Lorenz, 1969). A T ## m A a0 o R R M PR ATy, FLAE 1965 4F, EH
i (Ensemble Prediction , EP)/E 484} Edward, N. Lorenz #2 i (Edward, 1965). & P42t
A T AR RRADIRAS, P A KA AR AR TR, SR DR BB R T ANl 1 ) B
T3k, R B TR SR ) E A e U7 ) (17, 2006) o

N oA AN R 1 B Hy IR 5 v e al e A AR Y i KR Z2 8 ) 7 )
HATIE, B, Z5 5% (Molteni et al, 1993)ak# KA 1% (Toth et al, 1993). {H/Z,
Bz LR IHMESR S TS, ARG TR B R ARIRAR , IRl 1 R AR B AN 2 1
PR SR B E S A TR (Buizza et al, 2005), HoRFAVIMES SN 5 30 B £ A T
AR GEARELR T M o A5 3R 22 B 2 B WA B T 32 Bl ) TR R 22

b b, BRI R e R 2 AR BRI, JUH AR R R R B AR 2 4 i i
FRIANTA E PR 22 8 7T iR MR 55 50 5 A4 ] (Palmer et al., 2001; BRiFFSE, 2003; 133K
FAE, 2019b). TR IANE E 1 32 BRI T IR IR R R B R 1 2 A i R Al
AR EITR 22, 13X LR ZERUANG A2 1k A _E AT REAEBEALIN DN T Rom I Rloxt il iR 22
HIREAL TR, £ iR R GEOLCE I 3 (o AT BN B Dl U i . B sCBE ML B IS J5 92 (1
JE B R AR A B S KA T3 6 b SINBEN LIS ORI e sh i B B AR S B 7 &
FRTAFAE AN E PR 0 FERE SR 2R EE 2 i O SR U T 7 39T, 97 3 5N — AN B AL
A T AT, DUAREL R B E R R

H AT RAER R B LR B) 775 32 22H = Fh(Jankov etal., 2017; #RE(H, 2019b): 1)KL
B 885 ) BT #MEvk(Stochastic kinetic-energy backscatter scheme , SKEB), XF& /MR EREE

SR TRARAEA E M5 2)48 0 35 2 50 i 17 B AL #2115 (Stochastically perturbed physics
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tendencies , SPPT), AR AL L 20k )7 2B U Wl AT e v 3)BENL Sk
5l)7%(Stochastically perturbed parameter scheme, SPP), {RFEALA IR IS E T R KBS
HI TR AN 2 . 5K I (Berner etal., 2009, 2011; Leutbecheretal., 2017), #IXFENLYD

BB 7 i TT AR v o ROBE R R AR P 37

A E S B R BE AL B0 (SPPT) 2 3 T 2 MU M B 34 v 77 E AN s P A 1R
I HXFARH @ M 5 Bt # i 34 E H(Buizza et al., 1999; Palmer etal., 2009). [A I}t SPPT
SRS TR IR . WA S &1 R A AT BN E) . JR 4 SPPT ALY HE
75 159 i Buizza(1999)5] A %] ECMWF IFS (The ECMWF Integrated Forecasting System) 5
Gt, %7 AEE SE G B R 2 S B R R B IE LL, 45 AR B A
TRGHBE, SG% T BKEER MBI . Romine(2014) /94 w5 & TRk (vl 1k,
iz PR B S A 1 1 BE A LR B (SPPT) R R iR 2, AT 824 AR S0 AT 4% 1
sk, SPPT Jrid:Hlin T 4&4 TR A MR R B 15 -

REHFS RS RRBERAD, Wkt WRELHERE, TEEERE, F55
o KW ROREZY . AT KIS BN B, 145 € X LS8 BE 8 A e, Tk
WLSEAIRBNE(SPP) 2 X VB I A8 S M 77 58 b K AN 1 M D0 B S el A = AT RE ML ),
M FEHE T — AR € S8 TT 5 R R ANl € P 7775 (Bowler etal., 2008; Hacker etal.,
2011). BEHLZEENSARSPP) ] THshit € B A T IS, 401 GF XHiJ7 % MYNN 45+
J275 %R RUC LSM Rl 28675 5655, HEHEEh 2407 Z et s T eid 24
75 Z R R T e e B R AR ok EE SRR R A RESTIRAR G F IR T
— AN A RENIILSI S50 RP (Random Parameters) 7%, [t & L T X6 9 B4 & Tidh R
45 (Bowler, et al, 2008); ECMWF(The European Centre for Medium-Range Weather Forecasts)tH
TERERLIEZ) 2 Bk 7 ZEHESL R HEAT BENL S HR 8)12:(SPP) I 7t 5 B2 (Ollinaho et al., 2016).
#RBH(2019a)5E T GRAPES Ht RUEE DXIBUAE A TR, I e /K SR AN 1 PR 25 DDA G
WA S L5 R RO Z S8 T R iR 24, #H47 2015 4 6-7 H
BTE 10d MIBEAUIRENEE G TR AL, 45K, BENLSEEREE(SPP) AT BRI A X
ERETRBR, RIS A PR TR TS .«

FERLBENIY B I Z 5 L 2kt E, AR ETT A R B B2 J5 32 (1 ATt -
Berner (2015)H 2 FRom i aUiR Z 10757k, PG IZ AR S INah 5 1 RZ S & i
MR, BHEEERRENES IR, RESEE 1 REZES R T R TRk



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

MR TR AT o 450 (2017)f ) WRE BL5C, 70902k 1= SPPT. SKEB J7i%#4i& 3km 7K-F 73
PRI REEGTUR RS, IR LR PR ES S IR AR 5 E, R
17 T SPPT+SKEB ZH & 5% /K AISEMA 5 5Kk (2019) K fg T —Fh 2 931 #2 40 A (multi-physics,
MPHY) & SKEB M4 & MR &5 /7% (SKEB-MPHY), HHHTHURMIRSK. SRE
W ST RS s s R BUE I K, SKEB Jri%ktt MPHY J7idk ik, MR/ i6% Fiik
BEEEEK, MPHY L SKEB #3057 i, IRG RIS 7 gkl K ae 7 =5
LRI o Zhang(2022) %X R AL A REHI B Z 7T A T £ 975K A0 SPPT J7 % LA
JAE SPPT HELA L& TN 7 SPP U558, JFi¥Ah 17 2014-2016 4R 3] 1H) £ H [E EEFfi ) 19 4> #viiy <
T, 0% B = X6 Ty St e R TR 1) Ry A TR e Ll e Y ) B A

ASCIEHY 2021 AF 18 S HE K B M, - WRF R RUEZ XN, RHZYHS
A ETT R BN EPLEIE(SPP) A X B S B AL 5 R BE LIS (SPPT), Wi H i s
U E S, USRS 2P B R S 7 RAL A A IR EE L Eh 5 S0 & MUX Ik
BRI . ASCATE 5 B WA 55 1 M BN Bl 5 I AE £ & TR h B
M FEZ SR 5 2 SR T AN EEE SRR A R 3 B R R iR B AT
F B AT RS TR RIS R 58 5 B RS RIS R A S 51 g,

2. HWEWWTIE
2.1 HIE

AR ST XA G TR e A SR 5% ¥F 85 7 i o1 L (The National Centers for
Environmental Prediction, NCEP)[#] 43k & 4k GEFS(The Global Ensemble Forecast System)
VIR RN 4 A o S 4 BRAE 4 TlER GEFS 87 20 MEA BLIL, 4 HER 1° x 1°,
AEREE G TR S HIN [R] 24 2021 4 10 A 12 H 00 B (UTC),  Fiifiki 2508 72 7N o

A8 FH ERAS(The 5th generation of ECMWF global climate reanalysis) 54 ik 4T b i #1755
TARRIRS, FHAERIIM ERAS N [ 230 1 /N, KP4 R4 40.25° X 0.25°.
AT G MR TRR A PR RRE-6 KM, B8 G R BRI RSB A B 1
B RGHE S SRR G RSN ZI e B I 2 A AR R
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2.2 MW HE
2.2.1 EHESHITRIRE

B (spread) NG SEE T RIRIFRMERZE, 75— Vil A 25 R iR i g
FHERAMBFA e — SOk, BEBUERDN, A5 I RGN e sl i B EUE
KK, 2 FEIHREZEm R, TR TS BEEUIK. 3772 % (Root mean square error , RMSE)
o 06 TR 2 5 W37 2 1 R 22 55 s LR OR DU 9 438 228K o 0 — N FRAEL AT A5 P e RO 4R 5 T
FYt, RMSE 5 BB Rz A R IR 54 3. Bl —/MES TR KGRI ST LAY
B B BB AE AR TOUR N B N 55 88 45~ 2 T o 22 e 75 A 45 B3 AR SR A (K LSS, 2020).

B A

N
1 _
Sie = NZ(fzr}r - fi,y)2 (L
n=1

A A R B AR AN n MES A TR, £, WES T, N A
EE L

PR 2 2 2

M
1 _
Eie = MZ(ﬁ,t ~ obsi,)? 2)
i=

H1obs; 25 | DNulip 28 ¢ DRI SEDNL, M gl S
2.2.2 RFEE

Kz e 2 S sl B e & (Moisture Turbulent Energy, MTE) K4 = 2H 45 & TR 46
FIPLBRFAE AT R, 2 UM s P sl S e &

2

MTE = 1 [w?(i,j, k) +v'2(@,j, k)] + &T’Z(i j k) + e q9? (3
2 2 ) ) ) TT ) ) CpTr

R, u's v’y T'Hq 73 3K R iR EENTR RIS, SUahEE ONEES RA
MIMESFHZE, T,NSHRE (BUEN 270K), C, T UEREH CRIE N

1005.7K/kg), ZEUKIARHEAR N 1, L PR i e U B 5 7 P CHLE 2.5104 % 100 /kg),
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i A AT AT AR R A, k N IE ELLA L. (Palmer et al., 1998; Ehrendorfer

et al.,, 1999)
2.2.3 Brier ¥E43

Brier P4 (Brier Score) fE£EA TR H & FHI\VF4> 7%, /& H Brier(Brier et al., 1950)E
SR — M7 MR 22, HREME IR SR SIS FOS LI E 2 (K i ZZ A2 o Brier 22 8UA0ME
GENT 00 A1 1.0 20, Hoh4aHch 1.0 RPES TR RGN, BB %L
AL Brier PEAMEY 0.0, JFH. Brier 1EAMER/N, USRS R KRG MMERM PSS . T
AKX

N
1
BRIER SCORE = NZ(Pn —0,)? (4)

n=1

Forpr N Ol G P25 n AN ub R 6h RTHROK R S TR 0,25 n Db R
RIS, an R K T BOE R BIE, o, EN 1, R 0.

3. R B EMRL TR
3.1 HRARE

RS DX IR A TS K F WRF AR A 50 4.2, X3 B R 7 #E % 99km x 9km
H ELEHCN 50 R, B2 00 50hPa; UL X 375 H18°97" — 30°07'N. 99°64" —
130°55'E (&1 1), aaterg. Bl Xid, 361 x 264 M M. 2B FHELE 20
AR B 5L TR, SR I S A S NCEP A BREE G TR BTkl (Global Ensemble
Forecast System, GEFS), Z}##N1°x 1°. ASCIRIRRT BN 2021 45 10 A 12-15 HiES: =
K, M 10 H 12 H 0oUTC JTafikEsk, FaCHUHRIN % 72h.
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Fig. 1 Range of the simulated area of the ensemble forecast experiment showing altitude in-formation.

3.2 RBHTHR

BRI IR IR IR 1 .

R1BRTR

Table 1 Experimental setup

K BRI E 2%

CTRL ¥ Hacker et al., 2011a
EXP1 MP Hacker et al., 2011b
EXP2 SPP + SPPT Jankov et al., 2017
EXP3 MP + SPP + SPPT Zhang 2022

LSBT (EXPL: X MP) FENES A EER T AR 3 S804k 77 S A
o ASCHE T TR EE 2 504k T %R : WRF single-moment 6-class 77 %€ . Thompson J7 %
the Morrison double-moment 77 %% Eta 77 % fll P3 Jj %€ (Hong et al., 2006; Thompson et al., 2008;
Morrison et al., 2009, 2015); K2 S5 T7 ZEH T The revised MMS5 774 Eta similarity
FRH MYNN J5 % (Jimenez et al., 2012; Janjic et al., 1996); KIKEHSH I TTER: RRTM
Longwave J7 %+ CAM Longwave /7 %l RRTMG Longwave /5 & (Mlawer et al., 1997; Collins
et al., 2004; Tacono et al., 2008); —Fhfi k4SS 2401k 77 %: Dudhia Shortwave /7%, CAM
Shortwave /7% M1 RRTMG Shortwave J7 %% (Dudhia et al., 1989; Collins et al., 2004; lacono et al.,

2008). EA WA SEAN T 0L E W 2 ok
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Table 2 Parameterization scheme configuration of the multiphysical process combination.

BEEBA ME Kk iE st st K=
01 WSM6 RRTM Dudhia RMM5
02 Thompson CAM CAM Eta
03 Morrison RRTMG RRTMG MYNN
04 Eta RRTM Dudhia RMM5
05 P3 CAM CAM Eta
06 WSM6 RRTMG RRTMG MYNN
07 Thompson RRTM Dudhia RMM5
08 Morrison CAM CAM Eta
09 Eta RRTMG RRTMG MYNN
10 P3 RRTM Dudhia RMM5
11 WSM6 CAM CAM Eta
12 Thompson RRTMG RRTMG MYNN
13 Morrison RRTM Dudhia RMM5
14 Eta CAM CAM Eta
15 P3 RRTMG RRTMG MYNN
16 WSM6 CAM CAM MYNN
17 Thompson RRTM Dudhia Eta
18 Morrison RRTMG RRTMG RMM5
19 Eta CAM CAM MYNN
20 P3 RRTM Dudhia Eta

SPP 1 SPPT J5 K404 (EXP2: SPP+SPPT): SR —WBSHb TR (% 2 354k
J7 ZETC B A AR 4D B BE AL 2 Bk 3l 2 (SPP) AR 4 B 2 KAk 48T ) BE AL 38 3 v
HAT A TR (3% 3 SPP+SPPT R I& /7 R EI &40, FRD;

(SPPT),

R 3 SPP+SPPT I RIMBIS

Table 3 Summary of namelist parameter settings for model stochastic physical perturbation

methods
Perturbed parameter in SPPT&SPP Name
lengthscale_sppt 1500 000m
timescale_sppt 216 000s
gridpt_stddev_sppt 0.5
stddev_cutoff _sppt 2.0
spp_conv 1
lengthscale_spp_conv 150 000m
timescale_spp_conv 21600s
gridpt_stddev_spp_conv 0.3
stddev_cutoff spp conv 3.0
spp_phbl 1
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lengthscale_spp_pbl 700 000m

timescale_spp_pbl 21600s
gridpt_stddev_spp_pbl 0.15
stddev_cutoff _spp_pbl 2.0

spp_Ism 1

lengthscale_spp_Ism 50 000m

timescale_spp_lIsm 86400s
gridpt_stddev_spp_lIsm 0.3
stddev_cutoff_spp_lIsm 3.0

MP. SPP il SPPT iLf41 4 (EXP3: MP+SPP+SPPT): XA [FWEESHiL 7 RH &
B, BRAFRESRRAIVESE TR CGR 2 EARASE T R E), N LFEHL
SNk (SPP) MM RIS (SPPT), HBHTEE A TIHRIALK:

4. EATIREREK
4.1 BEESHTRRZE

2 TR Z] 12h 1) &2 B B AR RIS 7 iR 22 SRR AR o X TR EE L KP4
FRAERE T U Q, —ZHEATIRIRE (EXPL. EXP2 FI EXP3) fETHIRAT %I 12h (2 ELE
(spread) BFEHIRIE CTRL A TGk 7F 900hPa FHiT, =ZHAE& iR iA56 B i KT CTRL,
H EXP3 (B BUE iR, HAE S BN 0.47. 1.84 A1 0.67, 1fi CTRL HI{H°A 0.38. 1.63 Al
0.62; XtTiREERIERE, EXP3 MI¥THRIRZE (RMSE) BN FIHAh JLALRES: X FKF4
IR, = 2H A A TR0 A% G 1 35 7 AR A 22 AN K s X R A B WL B 3 T 12k
2 Y SR 5 T7 R TR R IS5 B A

A TR R G AT SR AT DA & B B AR B TR BN S5 48R A PR TR 222 1
A B AT R . X TIREE A, EXP3 [ spread/rmse % EXP1 Fl EXP2 HE 21T 1, 7E
500hPa [/ T, EXP3 [ spread/rmse A 0.733, 1fii CTRL. EXP1 Al EXP2 [KIE 254 0.67+
0.719 # 0.685; X T/KFLha A, —HES WL spread/rmse AH bL T4 il 350 5K,
1B = A A TR I R BRI 1 spread/rmse AHZEA K 25 BRTA, B RENL IR S) 77
B VIS HU A& T5 IR S e g AR B FiR SR AR 2, KP4 e X EBEHL
B H I 2 SEACA A TR (EXP3) AR TR AR 2 )3 S Ak 4 & )5 %
(EXP1) FEABEHVBEILZ J7 ik (EXP2) Uf, IX AR W] T4 & ik 2 4t P A R Z 4T
R T REI%, TR AN T R
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Fig. 2 Spread and root-mean-square error (RMSE) of each variable at the forecast moment 12h; left side (Fig.
a, ¢, e): variation of spread and RMSE of temperature, horizontal latitudinal wind and humidity with pressure
layer (solid line is spread, dashed line is RMSE); right side (Fig. b, d, f): variation of spread and RMSE of

temperature, horizontal latitudinal wind and humidity with pressure layer

K 3 2 TR I Z 30h )& A5 B AL BE A 7 IR ZE R B2 AR A o X TR EE L 7KF&
] AR SE, =S TR (EXP1. EXP2 Al EXP3) 7ETHARIN %I 30h HIEEUE (spread)
B K T2 CTRL, JUHJZE 900hPa B, H. EXP3 MBI SR AN, HAH Y 0.56. 2.19
F10.81, 1M CTRL [F{EAX N 0.42. 1.78 F10.68; Xt TiRAEE. /KL MANESE, EXP3 (1377
RIRZE (RMSE) /NF Al LRSS, (H = 20456 TR I8 A4 IR (1) RMSE AHZEA K,

SHFIREMIBE, EXP3 ) spread/rmse % EXP1 Al EXP2 S 41T T 1, 7E 500hPa fHIME %>
F°80.78 F1 0.71; F U, —HESTIHRIRIET spread/rmse A LL T4 #5605 K, H=41
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Fig. 12 Evaluation of regional ensemble forecast results applying the model stochastic physical perturbation

methods, (a-c) show the Brier score values of EXP1, EXP2 and EXP3 relative to the control experiment, (d-e) show

the Brier scores of EXP2 and EXP3 relative to EXP1, (f) shows the Brier score of EXP3 relative to EXP2, The

scattered points in the figure are the values of 4 forecast moments (12h, 18h, 24h, 30h), 2 forecast variables (T,

U), 2 thresholds (-6 < T<0,0<T< a) and 10 layers of pressure layers, for a total of 160 points. The smaller the
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value of Brier score, the higher the accuracy of the ensemble forecasting system, so the points below the diagonal
in the figure are the improvement of the experiment on the vertical axis relative to the experiment on the
horizontal axis, (i.e., the red "+" sign in the figure is the experiment improvements of the experiment on the
vertical axis relative to the horizontal axis), The experiment with the point above the diagonal as the vertical axis

did not improve relative to the experiment with the horizontal axis (i.e., the blue marks in the figure show the

improvement of the experiment with the vertical axis relative to the experiment with the horizontal axis).
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Table 4 Table of the assessment of the model stochastic physical perturbation methods on the results of the
regional ensemble forecasts; the percentage of the total number of points that improved or did not improve in
parentheses, in (%)

EXP1 EXP1 EXP2 EXP2 EXP3 EXP3
better worse better worse better worse
CTRL 116(72.5) 44(27.5) 119(74.38) 41(25.62) 134(85) 27(15)
EXP1 90(56.25) 70(43.75) 126(78.75) 34(21.25)
EXP2 112(70) 48(30)
x5 HERMIARM L MK SER, B (%
Table 5 Improvement rate of experiments against each other, in (%)
EXP1 EXP2 EXP3
CTRL 45 48.76 70
EXP1 12.5 57.5
EXP2 40
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Fig. 14 Comparison of the simulated path of typhoon “Kompasu” compare with the observation
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