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Abstract: At present, a Regional Ensemble Prediction System has been developed by Kelamayi Meteorological
Bureau. The system has only adopted initial condition perturbation of Ensemble Transform Kalman Filter(ETKF),
and the system is lack of spread. In order to improve the skill of this Ensemble Prediction System, the model
perturbation method of Stochastic Physics Parameterization Tendency(SPPT) is adopted and tested. This paper

conducted sensitivity test on critical parameter of SPPT and parameter setting of SPPT is determined. Ensemble
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forecast experiment test is conducted and compared for both ETKF scheme and ETKF-SPPT scheme. The results
show that the ETKF method can generate initial condition perturbation with dynamic structure, but the spread will
saturated within short forecast lead time and will decrease due to the constraint of identical LBC for all members.
With SPPT model perturbation method adopted, the ensemble spread can significantly improved. Ensemble
verification scores indicate that the reliability of ETKF without model perturbation is small, and the root mean
square error(RMSE) is relatively large, while add model perturbation to initial condition perturbation will improve
the probabilistic forecast skill with larger forecast reliability and smaller(RMSE) . The results of gale forecast
show that the adoption of model perturbation method can significantly improve the ensemble forecast that it has
more accurate forecast on the magnitude and time period of local gale.

Keywords: Ensemble Prediction System, Initial Condition Perturbation, Model perturbation, Stochastic Physics
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SRR TR BA IR R i) R AR NEA R, R AR R R 30 3 A FA LI AR
A, JUHIE T F MY X S o PR K s AR . RS AR s RS TR A
PEROR, S EUH i DX IR 70 X I 28 R AU G 1 1 A 2 A (1R A R
2014), BRIEEEXS 2R 0m R I TR SR A5 A e o 4 B X o e 3 s 45 Bl
O I 28 52 2 b [X X (0 B R A AT RS 48 200 1), G458 FH v 23 B ORI B A R e %
B AR ROL S Ll BB [X 35 Ry A 9 (Xue et all., 2020), {H & 25 £8 21 Fey b i R <11 Tl
A, FEHE—PRRBESMABEDIRE AR (Epstein, 1969; Leith, 1974, [
B4, 2005)K 52 e i v i R U TR I ERf 28 (Zhang et al.,  2022).

A TR FAR RIS TR T — M HE A, X T IS Tk, HEH
JEMMA « BN S 55 2 PR A E M . BB TRYIME SN Tk S E R BREE
HIHRITIEN A, 2 H 23RS T RRKEIFER T — RV B KR, a0
KA 25 v (Breeding Growing Mode, fi#k BGM, Toth and Kalney, 1993; 1997),
¥ 5 [ EYE(SVs, Molteni et al., 1996) A Jz 45 & A8 e /R 2 3% (Ensemble
Transform Kalman Filter, ETKF, Wang and Bishop, 2003; Bowler et al., 2008)%%,
BB T ik A ROt 21 7 X IREE 5 T4k P (Stensrud et al., 1994 1999; Du et al.,
2003; Walser etal., 2006; Bishopetal., 2009; Bojarovaetal., 2011).

bR 7 AMESE LA, B PR AR AR KRR B AT 2 1 R 3, &
JERe s AT SRR AT E VP8 T, R XA & A AT 7 8 2 — (R
FPREKIL A, 2009; EEERIILAENN, 2019). fEH RERRKRESRES, K
PR B R TR A e 4 . SRS WALl A S5 AL B BB 1R H
(Stensrud and Fritsch, 1994; PF4&E#SE, 2005), Fitt H #i A RIS HAR T 54t xF
RSB AT, 8 R VA D)0 AN R B R ke Tk AT
L4l 4 (Houtekamer et al., 1996 ; Stensrud et al, 2000); 2)7EA NS Eit )7 &b
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IO\ B8 ATL 58 8 SR A4 I 20 IR At 4 B ok R ) AN P, B LA e R i 1) T 5
(Stochastically Perturbed Parameterization Tendencies, SPPT; Buizzaetal., 1999;
Lin and Neelin, 2000: Li et al.2008, {47484, 2011; #7345, 2013). BEHLA)
RE J5 18] B 7792 (Stochastic Kinetic Energy Backscatter, SKEB)(Shutts, 2005;
Berner etal., 2009; Berneretal., 2011; Bowler etal., 2009); 3)% %45 e 4t
T2 K BE WL 2 0347 31 5 (Stochastically Perturbed Parameterization, SPP)( Bowler et
al., 2009; #RFELE, 2019). I SPPT Jyidkiti FHIEHERlHRI S H 5 T 928,
TESEA TR A N BONT 72 ( Buizza et al. 1999).

SPPT 77 HAR Hh ISR E AT RE T — R P SGHWT T, 40 Li et al. (2008)
FF B B BEHLEL (Lin and Neelin, 2000)32E4T 25 18] Bk 58 850U 7 A6 57
MFETE, K TN AHSCH SPPT FEMLIEZN 77 %E; Palmer et al. (2009)%f ECMWF
EETHR RGP ) SPPT BEALPLAN A BEAT 1 58, I 1 5 AR B 1) v 0 AT B AL
Pesh M, Jrm i IR R 2= S, X SPPT (18 At M A BREE
B 2 XIS LLAON IR E A Tk A, Wi 4117717 1998 4F- /£ ECMWF
W55 RS TR KRG IR, H R0 A RO IS & 5 B0 I PRI
BIHRiRZ (Buizza et al., 1999); " [ES G HHUER R G HUE Pk O e H T
T213 EFREGTHRITE T SPPT RN, RUZTT E VA BRI R BRE S Tk
AN, JHESE G BT (EEANSE, 2011; #7454, 2013); [
G R HER R AEE TR 0t — 28T CMA-Meso BT T SPPT AHG T
EFERHT CMA XIESTR RS H, dulk 7RI A%, 2016; FRif
MIZEBEHT, 2020). A F& SIAEHE @ P RNE S TR RS T A SPPT £R,
N 45 (2015) FEXTR RS Tk i IT e 1 SPPT ik5e, 45 R&W] SPPT 7%
Xf B K B SR IR, N Bk i X B S A B s B i 45 (201.8) 4 - XU U
SR PRV A — VSR PR K AR 4R T SPPT MIfEH, R R ARGHISERF
I 18] 5 R AH SC I [A] RZ G R BV, RIS AE R 7 #3852 R A 5G4 1) R 5
MR s T BAXREF (2020) W98 7 SPPT 5 S 751 Ll M0t )RS 2 Toidie i)
R, MR TEHTZARSH SPPT 240, 44 E W AMAREFT R SPPT 15
ARG TR A TEBCR, (A7 EEE 0 B & RGuRr R0t SPPT IAH G S 4H
171 H (Qiao etal, 2018; Lupoetal, 2020).

o7 P A Hi A B R ZE P AL 2%, P IR 1L, R AR T B,
FLIRIX 32 B2 K R 9 T BOAEE i, 43 ROz X F B R K FEZ —
(PMAREESE, 2008; 4y, 2015). HHTTCHH KRR 5IE1T X AR & T
ARG LGBt 1A LS5, BT RGCRA ETKF (Wang and
Bishop, 2003)WIME 5 77 %8, FEUEEG B L 1A AR HUE AN, AR i K R PR
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TR IR AT M 2R S Tk R Gudt— Bt shii, Sl SPPT
PBh 7k, WREH TR KX IR S Hlk K SPPT 24k, LIt b 4R
EPHRETT » AW FEADO Je B4 X SR & il (R e R 2, Al
Mk 55 65 TURAL S B AR R s, AT R X N 5

2 BRI
2.1 RPBKXIBESTHRRLRHN

S A EG AR SRR R ) R RUBE XA & Tl R 4Gt H 055 i TAE S 4
THEES¥, ZZ5 K WRF (The Weather Research and Forecasting Model) 1 <
JEREIA VA.1.2 i, BEAIX R B O /KF 70 #E3 15km,  ARADL X I [ 3L 239180
AN R, 78 m RO AR B X (] 1), S EJE RN 57 2R, R
1579 50 hPa. &%t 21 MEG L, KM 00: 00 UTC A1 12: 00 UTC 24k
R, TRy &% 36h. FirA B B RE 25k 7 S E Dy Thompson T3 77 %,
YSU(Yonsei University) 5277 %L RRTMG(The Rapid Radiative Transfer
Model for GCMs) 45 i 5 5 5 %8, FH 2= Xt 77 28 KF(Kain-Fritsch) 7 % .

H Hi % & 48 % 35 E [E R 3 5 745 4100 (National Centers for Environmental
Prediction, NCEP)4=Ekiii#i %%kl (Global Forecast System, GFS){E NUXZI7, Ni%
B TR R SR 5% AME LB R H ETKF YME DL 8) 77 %242 ii(Wang and
Bishop, 2003) , ETKF $tahf&¥f[alkg A 12h, BRI ETKF &K 2 KA syIME $ sk
AT TR .
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Fig 1. Domain configuration of Regional Ensemble Prediction System of Kelamayi.The geographic

height is shown as shaded(units:m), with blue line represent for the Kelamayi area

2.2 BENELE R TN A

FRAE B LA B R SPPT $8h /7 i 3, AT A AN B o PR AR K
TR FRIE T S H o B AR Uk iR 22, HLIX PR 22 F 22 FENL, R
IRIX PP IR N B R I BEA LR 2, FE A B S RS H U T St E ARG E
A0 171) T30 Jit B AT 5 2 R S B

Hi4 Berner et al.(2011), WRF 7 SPPT ¥ # A #l.

% dyn

1 r param
ot e (D

AP ) TP i R R B AR T, x AN AR B
xe{u,v,T,q} (2)

SPPT J5 A ANFAAZ B R AR BENLAL r (x, y, © BEATIUED, BEHLALAH
[l R A R e AN R AR BT A R S B . BN r (G y, © 2R
AR, BUEYVE -1,/ = BT BE AL ek 2.
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KRN r (0 y, O BT R R R A
K/2 L/2

I’(X, y,t) — z z rk'| (t)eZHi(kx/XHy/Y) (3)

k=—K/21=-L/2

o K, L 4SS AR e, @R s, €YY g g o<xeX
Fi1 O<y<Y X35 P (b XY 40 T A X S0 2 1 4 3 I8 [ 28 ) B TF 58 35 76

sty mrs "o O um e R, e E R
r, (tHAY) = L-a)r (1) + g, &, (1) ()]
S (1-a) WEMEEASH, g, MAREHIRIE, &, ,(t) Jo5L (8 f 0 i A
T RENIRIE 9, BITHE, HRE E XS (2021), HHEA 7] AR DGRHE H.
e AR A EOBREE IO, A SRR, IRENIRI g, ,

e LA ERRIBENLA v Oy, O SIFalAn e (e AE 5 HARshirig el i, Pk
SPPT $Lal AL 2 2t ARSI 18] RUBE, SRAH SR 8] FUBE LR mbniE 22 PR E
BRI/ N B SRAT DRI 8] RUBE R 7R BEA L (R AR A STA B I R R s BRI R A
R ) R R BEATL R (7K1 23 18] ROBERCR /N s ORI INHI RS mibn 22 s 030
PRI o
2.3 R TT Rt

SPPT BENLYIELE RSB 7 KPR B Z A TS, BRI 20T A R Uk
W, € I AR R SCREHLIR S S AN R 2 B U, SRR GG Te fr 3 X
HAESTIRARG R ZE . I SPPT T EP=ADKRESHANT: KAHKM AR
FE, KRR, b ZE. WRF SR GH T —AS800ME, Bk
FHOGHT (B 6h, ZRAHICZAS I8 UBE 150km, % sSbniE 2 0.5, BUBIEIRIE I T4l
FERUEREAT ISk, % 1451 76 SPPT 7 1%l ik 46 (CTRL) BA & SPPT U
VeI AIBCE, Hrh P6-150-0.5 RIVBRIASHOS 5, HE 5 S48 H ALl EX 2
B AT G DR 5 o

R 1 SPPT 5 N\ FSE A il i gk 98y SR e

Table 1 configuration of SPPT method of single model sensitivity forecast

UES RABRIS I REE(R) AR R Fit RS EZE
(m)
CTRL / / /




P6-150-0.5 6 150000 0.5
P1-150-0.5 1 150000 0.5
P9-150-0.5 9 150000 0.5
P6-50-0.5 6 50000 0.5
P6-300-0.5 6 300000 0.5
P6-150-0.2 6 150000 0.2
P6-150-0.52 6 150000 0.55
167
168 I SPPT HUBAI0 IR 15338 H T oe hu 3K X I EE & Tk R 4c 1 SPPT 245,
169 HETZESHMAG T T MR T L, TE—ICRH ETKF YHERSHEN
170 ZHRE, A ETKF 7%, 77 % K H ETKF WMEL315 SPPT M4 & 177 %,
171 FN ETKF-SPPT 77 % . WALIAR 1 E WK 2, R5H BUZE 2021 422 7 14 H
172 ~2021 4 3 A 15 HELZ—AH, W IGH BN 54 R0 KT G R (00
173 12UTC), BRI TR 20k 36h. Hor 2021 4F 2 H 25 HIE S IR X & 4=
174 7o RKGERE, AE ot e 4 0 = s A A
175
176 % 2 AT LRI R
177 Table2 Configuration of ensemble comparative tests
R WHMERS T BB iz 5
ETKF ETKF " NCEP-GFS #ffi s P T4k
ETKF-SPPT ETKF SPPT A2 NCEP-GFS #ffi s P T4k
178
179 2.3 RBHE
180 ARICEEA TR 57 AN 5564k 5 NCEP-GFS & Bk Mr i M ik i, /K
181 “For##EN0.5° X05° , iZBORMER0000. 0012 UTCARER2IK, Wik lalka6h.
182 AL vy 7 AR M T S 2 A 9 SR FH e R R 2 R R 0
183 3 AL R
184 3.1 SPPT ¥R R
185 RN S E BT SPPTHUBAIE I RER AT 4T, 8 LTI ZE &
186  MUBIRIE S AR INSPPTHL s 4 H kI i 22 5%, B
%i( I:iJ'SPPT a I:iJ'CTRL )2
187 RMS _ difference = |12



188

189

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

205

206

Horh mx Al my 73R TGk x T7 ALy 7 A B RAE, RO i R
Ak SPPT BURRIG TR, F7™ 9 ij M mUAboR N SPPT PRzl fith. 18 2 4

H T AR SHIEE T SPPT 56 54 Hil iR 50 10 25 22 10842, IR KA
Rl S RUEE . (8] 2 28 W] DUE A I8l e S il e 1) 22 e A b 5
TR BT R 3 A, (KRR AT FE B W 22 57, % T 500hPa i 7 2 3R (A
2a-C) M 5, P 7 RICARII B 2 4E 24h I EA R KAEME; T 850nhPa 745
(Bl 2d-f)fi =, 7EAT 18h AL THEKASH, (H 18h Z 5 ANIFIJ7 R Z KL F
YR, UiHA SPPT Hi RS AEA [ s L R A T 2 57 o 0 B )R B0 2 4
WE TSR AT A, Ee0 T mirfi Z S5, AR Mt Rl %
%, BER/MRRE SAREZEEITH 0.2 T ZE, X 850hPa il A(U8S0,
K 2d)24h B5 2k 0.7mls, #&sibrdEZE 0.55 WRIGHIES 2 1K, 24h BE2EAA
1.5mis; X A 6 2% o) R R GBI BT LR LA Y, AN [A) 2 3% 32 2 1) RS R i
FEPEAE, 4 500hPa 46 15 X(U500). 500hPa 5. (T500) %} 50km A1 300km %
R, BEMKERAR, mx-T 850nPa #x i & (RH850) A1 500hPa A% i
J&%(RH500), 300km 7% [A] RUEE 0 B 2= M K 255 T 50km 45 ; %f T S AH K I [A]
FEEBURARES, SRR 1h 7 RHEZE KR 7, QT 18h (1 U850,
SRAHSEIS AR 1h ARG 5 2 0.7m/s, ARSI [A] RE oh 356 85 % 1.6m/s.

2 (a)u500 08 (b)T500 7 (c)RH500
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L < ¥
E 11 pghisokmo2 = % 23|
jﬁg —P6h-150km-0.55 et |
o5t 02 | = qar
% 1 b
0 ‘ : : 0 ‘ ‘ : 0
0 6 12 18 2% 0 6 12 18 2 6 12 2
FRAR I R/h T 2/h THAR I h
, (d)U850 o8 (€)T850 , (ARH850
6
15 06 5
- — .
£ 1 < 04 2
] % o 3
z = -
0.5 0.2 w2
1
0 0 ‘ ‘ 0
6 12 24 0 6 12 18 2 6 12 24
TR R THARHS %/h TR 20/h
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K12 ANIE SPPT 5 iREG 5 2l 106 (0 T4 22 75 AR 20 22 BB T4 S 259532 (@)500hPa £ ] )X
(U500) ;(b) 500hPa i /% (T500); (c)500hPa #H %tk (RH500); (d)850hPa i %7 & (U850) ;(b) 850nhPa i /i
(T850); (c)850nPa A X /% (RH850);
Fig.2 Root Mean Square difference of SPPT perturbation test and control forecast as a function of forecast lead
time. (a) Zonal wind at 500hPa;(b) temperature at 500hPa; (c) relative humidity at 850hPa;(d) Zonal wind at
850hPa, (b) temperature at 850hPa (c) relative humidity at 850hPa

N T DU SPPT RN R = B AL RERAL, B 3 45 T4k 7
21 SPPT Pt afislit: i A IR 2 U XUt 88 77 R 12 22 B Tl I 0P8 A8 » W] DU H
AN RS T 28 222 I T N R B B R AE AN /], A1 (20 JE AR 2T BA R ) 18 2208 1A
PR, TR KR, AR R &2 AR R IE, EEE T SPPT
P EIE N R 0 B iR AR R AR A Y PR B SR S
17X L REAE R AR Z AR I W s A ah e J=2 E B sl Al e (e, 24
B RSN K52 Mg i o DRI LABR A3 0 VAT, 528 1 52 L AN T B RF AL
U rmsdiff

Model level

00 03 06 09 12 15 18 21 24
Lead time (h)

3 SPPT a1 5 s il 18 2558 X 24 1) DAL 75 AR 25 22 B A I R 22 (A2 /).

Fig.3 Zonal wind Root Mean Square difference of SPPT perturbation test and control forecast at each model level

as a function of forecast lead time(units:m/s).

LR EPTid, SPPT $UalHEiR S IR M 2 AL SR RF AL, HOR/INAIRS S
PRAEZEA TR TR ZER K, (R g e R BRI b E T K=
BOUH S i, DR G B IR bR ZE R R R AR A B U AT 2 PRUE TS AR
BEAR /N AR 0 23 18] RUBE A R AR 2 BRI H R K S B I K, ol
50km (11 AR 9% 2 [] )RURE LA At /N T 20 9% RUBE (15km 739 = mT AT 1) B/



230
231
232
233
234
235
236

237

238
239
240

241

242

243
244
245
246
247
248
249
250
251
252
253
254
255
256

Ry 30km), BIILAEASCE A R G PR B 50km JAt k2 (8] RER B E s BUX
G P ORI A SR IS 18] OB A T B UG, U B R AR DR I 8] RUBEAS B I JE
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Dl o i R e, X TR K X IR S Tk R 48 SPPT 7 RS Bt BON:
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