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Improvement of the Mesoscale Ensemble Forecast System in East China and the
Precipitation Experiment in 2020 Meiyu Season
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Abstract Considering the various sources of uncertainty in regional model forecasts, the initial condition uncertainty
(IC), lateral boundary condition uncertainty (BC), model uncertainty (PHY) are introduced to construct a new
generation of East China regional mesoscale ensemble forecast system (SWARMS-ENV2). Experiments were carried
out during 2020 Meiyu season. By selecting typical cases to adjust the parameters of the stochastically perturbed
parameterization tendency(SPPT), it is found that the selection of parameters have certain universality, and the
influence of the random process is strengthened, the wind field and humidity field of low level in the system have
obvious feedback, the ensemble spread could be improved. The influence of the three parameters on the forecast were
as follows: the variance in gridpoint space, the spatial length scale (or spatial decorrelation) and temporal
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decorrelation time. Comparing the new version of SWARMS-ENV2 with the SWARMS-ENV1, it can be seen that
the RMSE of SWARMS-ENV?2 is reduced and the ensemble spread is obviously increased, the precipitation forecast
capability is improved in all forecast period for different magnitude of precipitation, whether it is TS score or the
results of probability forecast scores, and the uncertainty of physical process has an obvious influence on heavy
precipitation events, and the forecast reliability of the system is improved.

Keywords Mesoscale ensemble forecast, SPPT, Meiyu, Performance analysis
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Sl AR R R, A TR AT TT O 28 A BRORE BUE TR 3 i 21 RS X 4
TP, 53 S0 AN RO Fonh ot )R BB Tl (Clark etal.,2009,Kain etal.,2013) o #5501 2543
HER T ONKEA, EEMANRHEARME A2, EE TR D& 8 P FTATIE ) b 55 PRk 50 T4
ORI, FREL T RIS AL (Schwartz et al.,2015,Swinbank et al.,2016) . Tfiix Hrr, 46 A
) RURE X S A PR A 1K 1 22 4 R AR 7 A0 ) B FH A3 A i B s, AR ) A 47 R 9T 9
R, (HEE M ES B R AR A 33 8 (Hacker et al.,2011; Jankov etal., 2017) . ¥ 5 A]
Be AR J7 T IR DR Ho— 2 5 XA A Tl ooy I TR R 5, (R IX 38 =X B 22 b oy
INREE B RSW R AR, THIXRERAS RN RE N, A L dt B s, HIE
b6 2 5 2 IR R A N T, [R5 KRR 2 (R A7 E S A BAE, KA e fs)
TINS5 (P EsE, 2013) , h4h, H/NRERRRFEESZ R WL S R AR
K2 152 (Volker et al.,2008) , Bt DAZEAE 4 [HIHE A FI1IX 2 51 5 0 KSR A AT) 98 75 BB 1] o
HRAEETEARS, BAVAE, £E5 TR TG R BRIEES B T IE L, 245
ARV EPB IR RN KRR R RS, LR RERIREA TR E BIR N AL, H5 W
WS X (Buizzaetal., 2005) , [ H /NIRRT S, H3h i i DR A
e RNE, REEKMERNTT S KRESEEIARAFE (Mass et al.,, 2002;Grimit and
Mass,2002) , X —FREE S iEN e REHFA—EES, XHERWEEENES
PAMEEIE R, DB TIA M &L T R G RFEEH T NREREEZSTE 54—
R, TR, REMNFCREEI VG IR ZE . BRRZE, PUID S50 0 85 2 in) @, F
il #RB B  BAEXEA TR KA HIER (Haetal., 2015; X1%%,2018) , Mk45MH Fb
AT 7RI B8R, a0 - 58 B 25 ZE (1) b RBE 4R & Fidk 524t (The U.S. Air Force Weather Agency’s
mesoscale ensemble, Hacker et al., 2011) % HJ 45-/15km H[ajix Ef & 10 MESREUL, MR %
AFERIPE T %, KIGEEEGE, HARH B TERHBiR, HAES —MESITENY
SIS TR ) b L 0 R R A AR I, HorhWIaa i BIPish 20 12h 2 P i 2 25 1)
T A B, KRB TR, SU2YESEA A IRORL, 53 R 25
PRILAE I T Z BT s 24 RIS 255 2 PhBE LB B 5 =0, R Bt - IR, 750 #5358 13km
(bS5 P B B 4E S 248 (North American RAP Ensemble, Jankov etal.,2017) A143#%#% )y 15km
[¥) GRAPES R EZFEA TR ARG (FKigik4F,2014; Xuetal.,2020) I 7 MUK T/E,
b, 0T XS = T A a2 5 25 AN IR E TR I L, O B SURE R B, L ENE A
F&% 3 A i St AT $E 8 (Nutter et al., 2004a,b; Hohenegger and Sch&,2007; Hohenegger et al., 2008;
Saito et al.,2012). HHp i B2 1977 V2 B AN A BREE A TR B R RUBE R 4 Tl - SR B 20 57 5%
Bl NEUNREE B G PRk & e o S AR 544 F, 40 Nutter 55 (2004a,b) R 1% 71 K BN
1 G55 A I B e 0% AV T A% 2k N iR 8 X0, AT D50 X IR & B S ;s Hohenegger 45
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(2008) 5 £L45 . Bl TR RO RE K, il SR sh i s o] LA2 N 291 aa3 ksl B, i
MRS ARG R TR RE .

BRI S, UEAHHEES AT NI, 6 KRB EEE M, X 5@ kK AH
AL & [ Tk e )2 B2 58Tt . AR, 78 & 2R 4080 77 R i B et 78, Hamill and Whitaker(2011)
WAEH: BWINESRRE, £ SIEAT, MUSHIHESHEERNRE, EEHEE T
PIRZE R, MRESER. SR, EREEESRIE, WE—-MERHPREES
Wik 258, SHEARGHGEEFZVINR . WATER DX IBUE TR A A AN 2 P 3 201
XIEAMN L, VIGiRZE BARZE P S A AE FH W =5 58, DA At AT AR
B HREMR A RGN T RENIES, VAR ERRAM TR NS, HRESiREARLE
Ml 55 87 A H ) DR B

HE 2R X3 T R AR A TR R S5 (SWARMS-ENV) 2010 FAEHZR XIS R dof k5
M, FEH T 3-5 RIVEHITIR . B FRI N AR S, KM SWARMS-ENVL 77
TEERZHESTIRARFRIEW 2 —, B RGKEEA L (Stensurd et al.,1999; Buizza et al.,2005;
Romineetal., 2014) , M ES HiHk RGEAGEE FO AR Pk f9 AR @ M, A ROREE
IEAEN A

SWARMS-ENV1 % 34K A5 B8 ) B R RAE W 4637 (AT P R i B e, &
& 1Y 3 KA 2= WAL 2 Btk 77 % (Kain-Fritsch new J5 % . Betts-Miller-Janjic 5 241 Grell-Devenyi
ensemble J5 %) . 2 2K FE S H1k J5 % (Monin-Obukhov J5 Z A1 Monin-Obukhov (Janjic) J5 %)
DL 2 KIBRETTE (MYI FEMYSU FR) TS, AT 21 MESA . HiY
LA TR H R 2B SHATT RVH G RFAEE XA E M, —J7m, F&EFSHWTT
R AP 2 RO, AT INEE S BB, A B T4 Ik .15 (Berneretal., 2011,2015) ,
BRI, ZAHEEIRASEERN A LA E BRIk S . Koutti 55 (2013) 5T B
fe: NG ENMER, 6 TR R /NS R0 2 RS = G RHIE, RIAR S 2 [A]
FEAH BT Hl R — R FIME 5 BE AT, 456 TR T 3R AE B IR AN 2 P A2 B AL 1 Tl 1% 22 B
B 25 3, T 2B SEUL T RHAFFE X —HTHE, AR SH T Z 2 [y
i R AL M SEIAAEZ S, A E T BWA S B A F W SAERHER R 01 1R 2=
SAATFHIE (Jankov et al.,2017) , IS E R S 2 8Lk 1 5825 (Johnson et al., 2011) . h4F,
BUR R IE4E 2 BV SEA T RO EFE R REN IR, HAT, S RHUE R O PR A 3=
RIS AR ABEN B E) 7%,  (Palmer et al.,2009,Charron et al.,2010,Bouttier et
al.,2012, Weisheimer et al.,2014, Zhou et al. 2017) [itt, BEE A FEHAFILE) T R 2 3k
RO, AU EITHIM .

ES R FERE TR RS (CMA-SHY) T 2015 fE5E T2, Tk Emikas
TEH I P on & B K Pidl, H PR e IR 2 R s (RFISE, 20160 , X oAH REEA T
WARG TR TR R, A E L)L CMA-SHO WA E b ik, 76 b R md
IR R A TR AL : — 5 T 78 7 R B A BREE A Fildi 1015 2 KA 1 X IR & IR T 4h 3
SIFL A, MTTEEAR b 3T X IR & Wik KA TARAE s 9 — 7 T B X EE A B U M
REIILR, JTREAAIEMG 3T RS HARE, FeE AR ENRILSE, &K
A REH R AE R I e M, MR EES RABRUE; H im0 ok 4 i vr A5 5
AR RG T HAT G FITAREE ST« AT G AT 38 =35 0 BRI b RS 6 i
i R G AN DA S AR SC R AT A AR 6 1 vE T RIS 38 BT F IO B k) s 28 =3 /0 VA N R — AN A
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2 KRAEMMAZESER

2.1 EEMMAGZENE

SWARMS-ENV1 (BAFEFRVL) T-20104E 2 AV, ARG 3 220 i ] DA
N SRR ST A Z MBS AT A, ML RS TR L, TikE
IR R XA R, KPS S HUN 159159, /K4 #E515km, HE T1A127)2, 54
ik 414614 FHHADAS (ARPS Data Analysis System, Brewster, K, 1996) 2410417, Ml
1 F %A NNCEP 43R4 248 (Global Forecast System, GFS) KRz, ik #444456
ANIFEET—IR, &FHO00 UTCHI12 UTC/E3)), #EAT120/N0 FiHR, 45 SRAE /N 4 HE — IR

TR AR X b R A TR 248 (SWARMS-ENV2, LRk V2O , HFiR G
W 1R, TR AYIGEZ FE S EAS R R EERE TR RS (CMA-SHY) , i 7iaE
it & REE NCEP 4 3R£E-4 TR % 4t (Global Ensemble Forecast System, GEFS) {47 i ik 35 H,
R BB 760600, 7KF4r 330y 9km, FEHE 714 51 2. #i%H Thompson M3 %k
=T % RRTMG K58 S 2 $ik LA & Yousei University scheme (YSU) U522 5L
TR, BET ADAS BT RGN E J2 = W EAR Sl WL o kL [F 4k, B AT ADAS
[ A 4 0 0 5 ek 3 A A i R 2 00 AT b TR B AR S I, S ARG I T

(SYNOP) . AEAAXEI (SHIP) | Hl¥zhiEi ik (METAR) | 745 (BUOY) . KHLM M CAMDAR)
s AR H B 2% = AT BR X B — AR F 15 (China new generation weather radar,
CINRAD, Z#i%%, 2013) [1) SA. SB. SC KB f A MRS H TR, R 145 90T 5 1E
AR I R4 R G0 1 Lt B R

K Bl 77 B RO 7 1R SRR & TR I RI 4R $E 3037, & —Fh B 42 B8 B8 30 5 vk
(Bowler 2009; Montani et al., 2011, Kiihnlein et al., 2014), 44— &AL A Tk £ 45 (COSMO-
LEPS,MOGREPS)W YA Ik ],  FHARLI - #E 3  9km-25km A%, HEHHE I EAZMG A T
B A PR B R AR S (Peralta, 2012) « GEFS SR & & R/R BN (EnKF) 7772 (Zhou
etal. 2017) RKFRAE RS WIURIT Z) TR FOAHG 2 M, RIS 5] N BEALAEAT H) 8 8l ok RAE A X A
W tE, AR 21 MEA IR . V2 FIEEVIEIANE RS A=A F—0, EdaiER
JE 7 A GEFS 4 EREE & TR 2R 4t M WIE 3% M TR 37 36 (8 2 DX I 2 0 R Anva L, A
T T s X 3 AR 23 B 75 I AR 3 A 1 5 24t 3B —00, TR B RUE RS E G (Vi) 5
EH Wi (Vo) 112, MRS ZEAPsE (P, Az (L Frox, HaisaHE.
K. SEY BEAREY: =1, ¥ CMA-SH9 [t K4 (Va) 18 V2 4%
Hil gk, fEHIEALE, K (D BRI S HEITREE, IWTEB#E S VIGI3I

(Vpi) o fEIXANIEREH, T YIRS AN S 535K B GEFS, 1 M — M T8 4 1 P 3
RIS SR BRI B4 ) 8 (Caron, 2013)

Pi=Vi-Vc (D
Vpi=Va+Pi (2)

LA, VERREWEE, ViR REARIN &R A YR, Ve
GEFS A¥REE &4 Pildk b RUE J5 #1463, Pi & &R, Va s CMA-SHI [[{L
JE 05T (R V2 386 R IWIE) » Vpi NS LUEEA VIR, i=

(1,2,..N) NEAHKIAFS, N=20, NELR AL
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162  Fig.1 Horizontal domain for the SWARMS-ENV1 (black and dashed) and expanded domain of

163  the SWARMS-ENV2
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165 xR 1 BAXBFREEEGTMAS
166 Table 1 The setup of regional ensemble forecast system
MR R MRS TRk R B B B H Ak PMERS) iR B
EN I 2% WYME AR &) el
V1 15km  121x121 120h 21 ADAS  GFS WKHEE T e/
Sl Tk VIERGS Z
HE
V2 9km 760x600 120h 21 ADAS  GEFS % 31 /R NCEP 4 [ Hl ¥
SN HI TR B NCEP EREEAS T B M W
it EERES  WIKF) 3 7
TR WIE %
167
168 2.2 FEHAIEEMEMEIFA R (SPPT) MILik
169 A5 A B R R 4850 1) T FH - FRAE AN B e OB ASE XA T PR O DX A A 3L I A PR AR R, X

170 SFEESES . ME. GO, ETRAIL S E R . Buizza 25 (1999) KR HUEBEHLEL
171 B A B A 6T [ 200 SR A I I X A A Bk AR B AN P, RO BEATL A B [ $R 30 77 2
172 (Stochastically Perturbed Parameterization Tendencies, SPPT) , Berner 25 (2015) 7ER{T A LA
173 & (Palmeretal.,2009) , ¥1% /7 551348 WRF #5230, FR7ESLRRL 45 TRk H EUS T B AF L
174 % (Sanchez et al.,2016; Kevin et al.,2020) .

175 SPPT 5 E PRIy, T AT (3) F, RF Xppye IEIE . ZB IR, 226 KR
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BRI, r(x,y, )2 — SRS SRR, B s B R BENLEGH 2 21E
N0, TiEANGCKEE A, H v [<1.

X;hys =r(x,y, t)Xphys 3)
A BEHLR T Cx, y, IS A R IF, 735
Py, =L g2 T L a Tea(Dexp(2mi( + 2)) @)

R K, LoRgE R s, t R4 ] 1 R %5 e W aT DLE AN 3 [EE
2 (ARL) kffiik, BIAZ (5)

A
T (t + At) = (1 - 7t) 1 (t) + Gra€p, () (5)
_ otf1-0-97 |2 2
Hs g = {2 Sesiexp(oemieoy | SP(THTOI) (6)

W ER— RV B, AU S|, SPPT 77 R A =AM RIS 71
A, BRI (o?, FICE/EA) « BENUIESIZ I EZARRE A (o, R 3GEE T) AEENLIL

LR R (k, FCAE L) « EH%EX SPPT HFERHP IS SHENFRKIIEE 5
TR A B BT AL VR HEATIE A (Bouttier et al.,2012; %%, 2016; [X4RiHAE, 2018; 1%
HEE, 2019) , (HEFFERIR KFEE BT Tt 5E 0930 1 R4, B0 E Wi,
DR EATY SR 5 AR AR L AR P A e 5 R Dy 1 TR X G b AT IR = (100 7 1 R o

A B AN RG], — & 2019 4F 11 H 23 H-25 H g AN, Hszm RS KR
FERINHR, 49 F T km; —42& 2020 4E 6 H 15 H-17 HgFEKAMN, Hm R 5 NK R E
200km ORI IXERSREMZETAE, EMAGNFMEREBAEZER, LiR=
AN SO TR B S Q] 2 SHUE R RO R B —E s A ? e 12 (RS RE BB E AT DA
R FEFEHLRAE V2 BGRZ AR e ? N T & LA R, TR 2 ffusiakeg, Hp
2256 REF IS HIELIME, A, TH L AR —ZERIBUEMERE, PHY AR A% =25
PRSI IR AL A A AR S, XA 7 Z A G FHRIEAE s 75 ZE Ui B
&, TR RERRG, £ 2 bR RE SR N 9.

K2 FEHHEBIAREITSR (SPPT) KL

Table 2 Sensitive experiment of stochastic parameters

& PPN PPN
)y 3% I 1) (s) %5 ) (km)

REF 0.5 21600 150

A25 0.25 21600 150

AT5 0.75 21600 150

T3h 0.5 10800 150

Toh 0.5 43200 150

L75 0.5 21600 75

L300 0.5 21600 300

PHY 0.75 43200 300
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IRE AT 00T, RGP R R B n=9, NFAEERER N 0.2 (2/ (n+1) ) , TP
BB RSl Bk R . A DUE BT ARZETT, ARRERRESA, = AMUESEN
K8 I L BB B A B AP AE R 1 . B A 22 R X FRAR AR AR S & A AR ],
X ETZE (A TS G, ST ES I T BRI AR L, BEnJr 22 RGeS
BHE, ke, W7 SHE, VT ZREINERES KRR SHUERE 2 380, Ml
AP Z R, B BB 2 TR AN e . BENLIESIIZ R B A ZS 8 (L) AIBENLELSh
W EMRETE (T) SR, WHHREEmEN, 5SEHRMERMEZEAS KR, Hizmiziz
INFT7 R R IR s (EAT A ATt 2 R, TEE A, 30 L K T i, e
TS PR S B, 7 — R E OO R TS s = A SO TR R MR KON |
ASL>T., 24 PHY RIGRIEMA A H SR E, SHIA%E SPPT FEHPSEMBIE, H¥ T
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MUES RE MR, E R A AU M4 & R AR AT {5 BE AN TR g
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Fig. 2 Time series of outlier for 850hPa temperature, 850hPa zonal wind and 2-m temperature. (a,c,e for winter
case, b,d,f for summer case.)

Ay, EARAR RS IR TR R ZRER A A8 CEIRG D i 2t 7R Tiidk
BB, RIS A P PR R 2235 /N T idl s AR X i s 7 2T I, SRR
AR ZETE TRV G B S T, RS TR S G, BB P S50 AF o 42 1 TR etk 1
MR L SE R 2 AT &, eSO Psh i 2 (B ROBE AN (R RUBE, 9 40 1 22 i 2R 0 a8 B o B,
EE A1 R4 1 TR ) R FE A/ e AR B 5, 850hPa 26 n] K37 R 2 i /b B o R, H
/s 850hPa it & Al 2m i JiZ

Sy P ME 1Ty (Continuous Ranked Probability Score, CRPS) w] DL &4k Tl A & 1) 2t
Wiz sr Ak 2 (CDF) 5 XWLNIME Heaviside %2 (a2 5 (Hersbach, 2000) , AJ AT PEAt4E
Hr TR S0 1 R ) IR dERR 2, CRPS BU/NR R TR ER 2k s, BRABME L CRPS 46T

=
CRPS =~ 3N, [*°% [F*(x) — F2(0)]? dx (7)

2R (D H, FrOONTIR RS, F2 Q)W E R i=1,...N, N A&

CRPS i 7 3 Frax, SRl %E 2512 CRPS ANFIFEEEMI AR . S HIRUi: X
ANFRIPARE, WANTZE A, 280 CRPS, 22/ CRPS, X748 A Frslit CRPS 481k
WP S N I s SR P B3 (1) A D25 1) L AT AR OGRS (8] T, ZEAN R Pt Z1, w436 m
CRPS MZAESFE ik i bR sh, HARIRESE N, YA S THILE 5, CRPS
HEHE K, X5E 2 M558 —8 EEBIAFAER CRPS thA 27 : 850hPa i 5% 1) CRPS
AFALIX ] A 0.2-0.7, 850hPa & [ M )AL [l 7E 0.5-1.2, 2m & JE 1) CRPS £ 1.4-2.1 Ji [l A
BB, X AR O S A E R TR AR E . FIREER: B2 8], SPPT
BB AL, ENTROUERE L, e RAFAEZESE: BT 850hPa iR
J5E RN 7] KA ZEAN 1 34k CRPS ARAL X B /NTF =AM, s e A Xk A =AM AR 2 1 T
AEWR L B = 10 2m SRR TR, E 0 CRPS WME T A2, i KRG E 2 2m iEE 1
RALTTE &

M E R BRI R S AL S5 SR AT W, SPPT 5 R S5k i B A — E @ T, 24
AR E & A E R A BB S BAE, TR RE A 52m, X i i 21 1 2R
R R IETS B AT R EINE V2 o, DL KRR R AE V2 #ECiR 2 A o 1
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Fig.8 Time series of the RMSE of ensemble mean and the ensemble spread. (a. 500hPa geopotential height, b.
700hPa relative humidity, c. 850hPa temperature, d. 850hPa U, e. 2m temperature and f. 10m U)
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