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Abstract Numerical weather prediction (NWP) is the core technology of weather forecast and disaster prevention and mitigation.
China's NWP research and operational applications have been attached great importance by the meteorological society. Great
achievements have been made in the theories, methods and numerical model developments in China, which have a wide range of
international impacts. The scientific and technological progresses of NWP since 1949 was summarized. The main part of this paper
then devotes to presenting the current status and recent progresses of the domestically developed NWP system, i.e., GRAPES (Global
Regional Assimilation and PrEdiction System). In the recent 10 years, a new operational NWP system has been established through
independent research and development. This system includes both regional and global deterministic and ensemble prediction models
with the resolutions ranging from 3 to 10 km for regional and 25 to 50 km for global forecasts. New progresses have been made in
dynamic core, 4-dimensional variational assimilation and satellite data assimilation. The GRAPES system also is extended to drive
the atmospheric chemistry model and ocean wave model.

Key words Numerical weather prediction, GRAPES, Semi-implicit semi-Lagrangian grid point model, Physical processes,

Satellite data assimilation, Four dimensional assimilation
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1.1 FEHKEXSTHRE I 6 LA E M

B R AT R B T B B R R W
TR AR RAEAS RN . BUE RSN 20 i
28 50 AR T LI, 220 70 a B9 K, B4
Ry 2E B R B 2% PR I R G TR, AR
TR AL G LA GE T RN 256 Ry 32 0 R AR vk
B AR 1N R 2 W B AL (R BRAF, 2013; Benjamin,
etal,2019) . AR TIHMM 100 45 FiHEE A £2 1
F) 70 a ¥ & N P s R BH, B R AR 1 E 2B
& ST TE Z AR R R A B R R B R R 2P
TR Z 1, Wk S Wy 32 B 45 Sl v fie 252 il (1Y
At 2 — (Bauer, et al, 2015; 2257 A, 2011), A LA
Uk, A R AWRE KRB 2R G R, 2
P 8 3 B A R [ B 2C 4 1 A% 0 R B 1Y) B 2 A
11975 8

[ A B R SR A 9T 4 T 1954 48, & [
br b ROF REUE RSB ERZ —, 20 e
50 AR E] 60 AR R T E 7R 12 ST 5T AR B I R
(4 B 30, S BOAS T 7R PR Yz S ) i SR (s
Z i, 1959; Blumen, et al, 1973) . 20 {422 50 454¢
(5% 22 46 v T 1 b % 1E R A X AR 7 (1959)
T RGO S, I8 B R R TR R AR AR
(I 2 X AT FEAS T ) T A . W BRI AR
FAVL B A= g 57 . e R AN i 10 D7 vk 1 b ZBUAMOR
AR T B 5 R FH AR SR i 9 2 o e A
J7 R, O AE FE W K W K T TR . 500 hPa & E Y
(1) 48 h Ty T B T B a (A s R (B A= 55, 195775
BER %, 1956), [EAF4E A9, BRAE LS5 (1957) R
FHASE T A B 28 110 19 J2 455 SXOBIF 9 T 68 T 194 T 4 ] 8,
T 1% S P L A R A0 3R FE A T AR AR B B 5
1960 4 2 J1, i e S 4 Jm S5 i 41 5 v B B2 B
i BR Py BRI 5 T AT SRS T S 4, FH i A
TE AR 2 i 4R S BRI 24 1 48 h 500 hPa JE 3
Fid (o R R BE B AL, 1965) o Th AL
BB T 2 A TR A B A L 55 TAE ) —3Ch
80T ARGF B, F8 T 22 a0 a0 AR K
Y MUY 52 ) 1) B 2, IR 98 AR AR R & R 1

J7 ) (e g B T 4, 1965) o Pk anAE4F
(1965) XF1Z 1F JEFE 2L 1964—1965 4F 500 hPa 48 h
BOE T B AR T e R N S AT T RS
4G, T8 AR R R R 22 FIRE T . 57
I FH I B 08 — T 6 A 280y FH AR R AT e 1) o
HANE H, X e 28538 38 A7 I FHE(E R S i 25
IR BA 8 2 5

P T J U e 1F R AR U BIE 5 R AE X AR TR
55 v A TRV, o LB 27 Gt I F R T 7 1 b A A5
% 8 R o B R b O B AR B S . K
#2 (1961, 1962) 1 75 HE R e iy FH b 35Kk ) B AF 53
Vi E] (1959—1960 4 ) & & T — Bk Ak Fr 3 12
ek v (1000, 500 #1300 hPa), AIF5T T HBIE X}
24 h TARISEMT . 1961 4F, ¥ PRAF B I FH R I6 7 F
A TR BR R A U, IR SR R g Pl
SEPLT 55 B, EE 32 1966 A IT 4R IR 4R 5 B
MHHRE T 5 a(Zeng, 1961; %4 PAE, 2013) . 551
JEAE R A IR AR 7 R U, B PRAE LA RS iz 3l i)
i N 2k RS O B A, B R R (B )
2250 A% 27, X5 e B ) 25 R R TSR AR A 1 1 PR
Hepa Ak =X, o 7R e Ik BRI B> T
B (Zeng, 1961; B PKAE, 1963a, 1963¢c) . Robert
(1969) 1 Robert %5 (1985) ik — L F & M & & T ¢
FaaCak =X, I SRR B H 5k g &, Bl T2k
PRk I H J7 2k, XA ATyt S 55 Bl R
R E S S WP N iR =N 5= W 3 DO ¥R 5=
M TR Al R (T 2 Mk TR R, R DR AF (1963b) 42
BT R (SR ME S AR ) ik, AR AE AR
BB SRR B AR R R TR 2, e T
Kag/NZE R, 33X A ) 4R vk Ja R e A =L DA
K Prag W1 H S 08 22 MY 5% e v R PR T E
% {E F ( Simmons, et al, 1991; Temperton, et al,
2001) . XUHi 245 (1965) & B T — AL BRIV IE &
SRR 7 B2, 1A 2R FH ) [] 25 (8] o e 25 43 F0 Lilly
(1961) 4 Hi iy Bk £ P4, 25 (8] A% B 600 km, X
4 SR AT T RIS, O 5 A O R AR Y 4
AT T XL, 458 T A 1y 45

20 22 50 X K& 60 AR, DB L | Jit
WL M IE U AR AN SRR
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E—HRER, RTEHNRE . KA. H#
JRh I ITIVE R L K8 3l 3 I B e R AU
R . RT3 16 T 7 G ZR 55 7 T A5 B0AR (7R
B, 1959; WXL, 1959; i35 0E, 1963), H # 5 [1[]
148 T T 2 T e VB R AT Y R R (4T
NAE,2005) o LLJE 55 B0 o8 | JABEF L 95
6. AR ARERNR AR, £y, e
sl 12 RN RBE B D2 | 11 52 T A T Y B
FERARAALAEFLIE 24 i kb F = PR 81, i HLX 7
B R % e AR et A2 | B i BRI FE 55

77 TR B T OE B A B SO AR T (T8 A JE, 1958,

1959; JAl F5 B, 1963; L4245, 1964) . HEZ=HAE
XA I 0B LT A T A ) R R AT R
SRy T30 0 S v AR R B R AR (I R
1958a, 1958b) . ZJ&, LA H 2L (1974) R AR 3 % 4k
B R A (5 FH D s Bk ) REE — 2D R Ak,
BAE R AT IX — 100 J7 78 19 5 Mgk ) A 722 B A
22 I 220 g 52 08I0 5 R 04 32 e A A8 [ A% 53 )
A TR ) AR A H 2 Ve T A R oA A A PR
D5k, IE 24 K DU 4EAR 43 [A) 4k i 3= A S8 AR

20 tH2e 70 4E AR [ PRl fi K AT A I S
M55 1, I R B H R A TR AN AT Bk 0 B S
P4 1 1 22 Y] (Kalnay, 2003) o 1975 4F 57 7Y BR
YA R AW o (ECMWEF, European Centre
for Medium range Weather Forecast) & iX 1 [] i 45
APEFE . FERIN], h E R K BRI KT
R G RO IT, (AR BUE R S PR R i B A Y
J7 AT R B TAE (B 35 5 4%, 2003) 5 1 H, T E
P2 6 R ) BT i B T4 F 5 20 K i R B
5] s 2 i, o [ B 5l 1 A 8500 R AT SR A A9
FE N CBUE T4, 1975) o X EARE
PR AR 2 CHRO(E R A F 4 1) B2 g Bt (5 —
B YHHRRCR ERAE, 1979) o FEZEE T, 8 AT
B X6 B R AT A X A i 1) B8 ) B RS A 1)
FETF T Z 50 3R, K A DG I R AR T 22
THR U — 20 A B2 e, TR R T 8UE R =
otz i) A5 P BB

BOETFCZ 5, E A R A I A 58 DI 55
LT T8 3L 7E 20 42 70—80 4E4R,
] Rk 2 A O B R T e S At P vk ) A
¢ F A T 5 AR SO DR Sk, AR
JE T I B e () A 22 A A% 2K Y 1 AE (R R A,
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1978; B PRAT 2, 19815 Z=fh ol 4%, 1982) o 20 {42
90 4EAUG, 78 R IR P . RACBE A AR 3Rk | BT
) A 5 7 ik A5 40t BT AR [ B B AR e B
GUERI R . R, SO TT i R W EAUE R
PR B FE WK 7 1 15 BR A I3, I AE
PR EAE R AT 55 N7 1 2 vh R 4 T
FE I (B 37 75 48, 2003) .

Bt il 2 TR 2l A B Ok Ry BT A
L 2 — 2 (1 W 3L M Bl 24 R R R B R AR
AR ARO[ Z —, 1S RE B P AE . BB RS
E LSRR SFAH 4 . X 2L — Iy T AR TE AL A R
A R R ERE, 5 — 7 it A7 B T s IRt
HORFaE M) M, Arakawa(1966, 1972) £ H 14 38 i
A 335 A% ) -G FHURH B A FH 6%~ 3 AT BE 22 0 A =X
DRAFF- X 2 BE A0 103 B2 UL RE 19 ST 1, J2 58 Bk X
MMz /e, hEZEEVRI N T Arakawa $2 1
14 I I < A A P TR 1Y ) (2= i 0T, 19815 ¥ AT
45, 1981) . B RAEAE(1981) $2 i T A 2 <7 fH Bt
T UL I 1Y) 22 0 2, TR B[] S IORT AT AT B 15
TP ERE, RARERSFE )T LRE RS E A
YR E . RAE R e a2
R 1, [ SEBroK fil IR AE, 75 2v BRI TAE & . E
WK A5 (1990) FIZE A 0155 (1991) 7E I BE Al 421 T
BAE eI EAg . A (1992, 1993) 78 18
e 4V 5 s fE A U ik — 2B R B T 5 4 Jr Al
=FrapfEfs . WAEERER T 2k
(AT BE N FH (FR KBS, 2007) o 3k 26 5315 4% 2UF
KEIWFFE s T b [ B2 50 B T 5 AR 7 vk
F5E 7 ThI Y — BT AR .

H ] A AT SR PR A S O TR AR T R PR A
SR A F SRR . Mu A (2003) 4 £ M 3 5 1)
(linear singular vector, LSV) #E )" %] JF £& 4 40 3k,
$& A5 R HE 26 M 5 L Bk 3 ( Conditional Nonlinear
Optimal Perturbation, CNOP) . £ 1441 5 In] s 5%
TR S BAT e R KR — W iR Y 3
FAFAR LR AP AR T W e —EW B AR %
PET, TE PRI 2 2 A e RARLAE KR — 2K 4R
sl Mud5E(2010) #F— 24 S5 AR LA B AL 3h
1 8 B W) fhr 15 22 FARE X 2 B0 22 Rl I AE AE 15 OE
B A5 W46 3 A Y 25 F AR ek SR L e sh Bk
CNOP-I; 58S HA S A7 G 19 55 M E ek e i
BTN CNOP-P. S AR e L4 3 7E 45 26 )
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[i] RUBE B A] TR T 5 . B AU AR A TR R A
]Iz B L IR

A A S BE R R O 55 0 B 1S
TR 5SS X 12 SR FH K T v B0y B 28 40 B I A LA
ST R NS RN N IR AG a2y vy 2
B A BRAATE I A e PR e AL SE B TR R
JE A BREUE R AT, RS A | 25 Bk S ik
FELE T4 R4 04 11 0 00 300 1) R0, AN e Wl A2 s 28 M
B AT R L R R R R O R R R TR
45 KRR . BRIt A 32 ZRE KA R 55
LB T TR EE kR — U B
B, WA EOREEE L SPE Gl EOR B TR
53 B AR B B R A A5 =X Bl ) AE SR RTAH I Y R
B A A B O R R R R — AR R A TR AR
I A5 (Mengaldo, et al, 2019) o YL 27 K HAF
YA BABIE 5T 3F & R T 3 F 2 50 49 s 0 A BRAR RS
PRIV SR il A T s KAy R 2 A 3T O 12, 1 %
JUAR PRIEBUE P E , 518 500 A BRAKRFREAH L B A
Jry M PR BE R L A IS RS IS N MR G L TE A R E A
BRLE JRy b P 5 AR R AN, ELA R R AT R (L, et al,
2013; Chen, et al, 2014) . % iEAR T HFr & &
[ 28~ — A XA AT & K Ak 7] (Smolarkiewicz,
et al, 2016) . 7ENEE H & W ) 3 F X — i i o
IR, Huang %5 (2018) 3£ F Arakawa $2 il =
X E IE A A R T — A B R AE B 4
S E RO | I8 ) 3R 3 7 355 Zhang X 4%
(2018) & BT —> =4l o KU H 3 W S 80k T
S, T EH RGO BT R RS S T
/B M S RS O O

6 HE 1Y BB A Ak B AR B = B R R R
R 5 N B RIRER SN E RN Z —
(Bannister, 2017) . 1 [EFF22 A LB RHR LAY R
VR IR X TSR A A B ST R IR B, {H R
FEARPR . A B R AR 55 755K, 72 20 242
80 AR & 90 4 ACH, WA KB T R HBRMIAEE
W3 A7 5 Al LM TE BB W) 4R AR AR 25 G i w0 4G 1k Ty
F (B AE, 1995; AR o% W45, 1992; 4l 3% 45,
1992) . HBlJE, vEA 21 2 LIk, b E R 2EZ
T EIRBGERFE R G E &S B T S ik VRt R4
AU EEATNfE(Zhang L, et al, 2019) . GRAPES
Aoy Ak 2R Gt g2 21 20 v AR 43 2 R Ak 5 i E Y
1) — MR LG BUR (BE 423555, 2008) .
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b [ RE 2 KW IT R T WK R) AR B O ¥R Y BF
5%. Wang B 55 (2010) 42 ) (1% [ 4k 5052 0 48715 ) [+
1t ( DRP-4DVar, 4DVar based on a Dimension-
Reduced Projection) DA J Tian %5 (2018) & H i) 4
£ DU 4t 725 53 [5] 46 75 5 (NLS-En4DVar, Non-linear
Least Squares enhanced proper orthogonal decompo-
sition based Ensemble 4DVar algorithm) &1 3% ¥4
(B 5¢ TAE . DRP-4DVar J7 i (19 56 A< S B 2 1
85 T R AR B 5 v S A ek RS BE A
g A% XA o 2 [R) FOUL I A5 i s (1] o 4 4% B B AR A
23 1], I 45 6 Jay A AR OC pRBCRY RS R AEAR
23 (B AT, B T AR A 25 [ 5 i U 48 72 4y
53 M7 . DRP-4DVar 7E 315 H A5 ek ZOB b [l 3k 1
DI AE 5 PRI, 1155 IR /b . NLS-En4D
Var LT 4DVar (four-dimensional variational data
assimilation) 5 EnKF (Ensemble Kalman Filter) A%
DEFE b, 207 W 2 ™ A ) BS HE SR 4R S DU 4
78 g3 [F) A T et 2 4 Sy Al 2 M /)N SRR AR AR TR) R
AR Lt Fe /N Z e i Ak ) I BB R S AR
B B WAL D7 ARl G o 3 P Rl I 488 3 W) A6 BT
Tk, s AL il 55 R T

20 tE22 70 4EAXE WIF 4R, doo I B
BRI WA R, BRI RS
FEL Bk 27 B R BRI 5 i (LA (AR T ) & 4R
BT ] 1 S I XI5 3 22 i e Oy R 4 R X (2 I Rl
A RS, 1980 4ETF 4R A 48 hIJE il ) . v = AL
FRERY BT - K- HRZ AR PO S
W A AL 2 2Kk 5 2 A% 0B FR O B LA,
1982 4F 0l 5532 175 B F & 4%, 2003) Al — DA R IX
BH 5 2 SR CH AR B /ML, 1982 4F 1
%i817) . BR IR0 kN LAFS(Limited Area
Forecast System; /7 i& & J€ & High-resolution
LAFS——HLAFS; iZ A 2 DLJb at 2 ik £ 3
P H 110 B AL 2SR A A N7 R R 1Y) A PR DX AR =X
(¥ 2545, 1995), AR T 20 122 80 4F A )5 4
Hh M 55 B R R 2R B R L, I 32
7 HE 20 a2 80 AR E] 90 AT HYZE H KR
AT A0 BT K 9K T AR (FREERE S, 2004), Hor,
HLAFS — H I 55 32 17 & 2006 4F 4 # GRAPES_
Meso B [FIAF, bl 7ML 25 45 bl 0 ST A
il 7 ARy R, R KU (R K A A5,
1987) . J7 N g #A B52X (Xue, et al, 1988) ., 22 M



VA - v [ BB R PR Y 1 3 B384 B

AR IE R (B %2, 1987) 4%, - B 240 H T
TR 55 o X v A A 2 bl R T P A TR A
FUNTE S % Mesinger(1984) 19 TA/ET 1986 4E I 1k
RJE—ANad I 51 n He bR 25 FEBE I I %) TR =
(JG % & REM, Regional Eta-coordinate Model; F*
UNHEAR, 1994) o 285 20 4F 0 Ay B el 7 1) 0T
5£#, REM #t — 4 & J& 51 AREM( Advanced Regi-
onal Eta-coordinate Model), 7£ 27X %% R WJF 5% r A1
ZE A A5 A B R A 55 v R A5 3 (5 B
2004) o X IS Y, R 1T ) M 55 B HME R AR T AR AR
XA FQUF OIS, th EFR A A E0EH 08 e
BOH R P A T HEEM . AR
(1980, 1989) 4 T 5¢ 2 3 Ay 163 2 J7 72 #0187
PR, R BR R BN LIS, M3 1 7 J2 2B BRIE R, JF
B 25 T — A BN B ) S T 2 R L A ) T
YE R BN [ B E 5 Xy a5 [5) 20, HAE A 4R 2
PRI AR FH 22 M i < AH BLAE T R L, AR &
MAEFAT R 2T L o R R R R T
Ae# J1 P A B L R 5, (A Z PR T sE 2 H, fndk
w1 P B A (RS, 1996) . —4EE#E )
P AL (WA, 1991) 45

T SR IR, SO SO A UE RS
TR 7 T 3 AH R 2RI, AR TR 4 )
KRAEAF B MAEB X, A XKL A
E BB & T B R AT LA S UL IR A A (19855 TAP
AGCM-I, Institute of Atmospheric Physics Atmo-
spheric General Circulation Model-1) Fll Wang 45
(2004; GAMIL, Grid-point Atmospheric General
Circulation Model of IAP/LASG) L Jz ik 2 i %

(2010) &R
1.2 FEIIRBERSTRSEROEILN
SIF A% B

n b pr ik, R K RO AE 20 fiE 42 50—
60 AR S R P b I T B0 R AT 55 ik
55, AERR T2 15 1 S5 R AR METE il 55 BE . EIETE
RS Bl 45 BE 1 U 4R T 1980 4F 2 J5 A #5i58| B A
Kl 5532 17, # AL T B R AR 5 &R
g5, b E 4Bk AUE KA R 55 R SR R
AT 20 22 80 AR R, 1985 4Rl E KBl H R
TSR LR ERE SR SO H (%
5, 2010) o ST 2 1 v = B0(H R S R S i i
KRG RSB S A 5 S ik B RAFTEAR R 2500, o
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T AR AR N S R ARG R L. b
TN, R R T 17 A AL ST 300 A
14 5 30 1T BBG A BOOG /N, LA ECMW 51 3 i 4 Bk
T AR O A s, A T PR AR K R AL EESE T T42L9
SIRWARRG, I T 191 4FE AN 51517, 1B
20 it 4 90 4 AR 5 21 fit 42 %1 JL & T+ 9% (T63L16,
T106L19. T213L31. T,639L60; = J5 ¥ K T &
), P EMARE IS SRS R T HE
YER, Mz )P A Bk TAERE e T B LA .
20 tH42 90 FFARZ R G ST bR P E 24 T
4Bk A 0 3] X 38 S 30 B BAR Ak B R R IR L 45
FR 55 6E J7 o

20 e R & 21 it wy, hEASL /M TR
e BE R A TR 55 & TR 4 R B2 h 5 i o 5%
B FEIF R ERNERICR, TR T ER—
HRAWM ARG A EFF K TAE, 2001 4447, ¢
BHEBART T 17 B R E SR EOCm H i E S
SEE TR RGN R” RN, hEARE K
G FKHANL, HERRIFWIL @ T — R RE
i Bk E AL 5 3UE R B R 5 GRAPES
(Br2e845,2008) . ZJa, FERF#R RS +—H7
A HRHE S ERIE U A% )5 GRAPES
LI S FE T, Gead T VAR RR S AN 19 55 77,
LA EH AR L # R T M IX 8 3—10 km £ £ Bk
25—50 km 43 HE R 01 7 M5 A TR 0 58 B AUE
KT 55 AR R, I BRI T 1 — SEUE R
TR 554 e 2% (DDA % ek i Ack B8R 4
il ERHE AL AUl i BT B B AR
LR GAE BUE R TR ™ &5 A 355 ) W & BA
fhi. i GRAPES (B A&, B 7E AR )1 4 nl A
R DA N L1V e i i R AN 5/ 7/ B N = 119
KA RBAT . TR TR 22 1T 157 12 Bkt
I7] £ 45 AR A5 O 1 A T BT AR, A e
B T Y 4 TR A & SR BEE T BERMIT R R
PR K AA -

P Bl BE R TR 55 19 &, — B2 3 R
IF] B B3t ) 50 R AT b 55 0T & a0 R il T R
MERIR (BRFENESE, 20045 2296, 20105 PR 22 T4,
2010) o SCHVEE [ A L EOE R SR A FE AR &
ST B RERE b, B H E45 T 10 4F GRAPES &
AR, LG GRAPESE = A & | k55 R S b
B FNE AR DL B oA ok & Jr AR i 2k
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2 GRAPES W& i AL 551K 2 0T 1%

GRAPES Hi [X 38 il 4> Bk — M4 fb 455 X & R) 1k &
Gt i, HoBF & BR R T 2000 440 . & R AR EE Sk
SRAE K L 5 IR 5 43 B 3R R 7 KRBT
2 AR R GRS N ES ] e S € 5 N W K& 1 11
R R, 1% 1 GRAPES £ SE S (44 A5
B H AR Tr PR B G A . RIE, & R A4k
22 G0 1 5 D SR B S = A P52 AR S 1) DU 2 A ) TR
B2k, WRAF S B R R .

21 HEMUEZSNAMEETR

PR RHE T H 45 3 (2001—2005
AE), SE R TR R R B H AR ) B I HESE | iE
FHF v RUOBE BB R AT i iy B R L DX 5% 1 T
AR Sy R A SOFAT IR AR R o R TR S R,
& W T GRAPES i RUEE 4t K R Wl it & &
(GRAPES_Meso 2.0), JfF 2006 4 7 A SZ Bk %
N (30 km 7KF- 43 332 ) , 408 HLAFS Wk ke
KE a5 RETRAS .

GRAPES Meso 2.0 /& GRAPES HJ 55—k 55
NI . 2007 4, 2833 KF 48 HE 3 30 km F]
15 km i F+ 4%, JE L T GRAPES Meso 2.5 i, 1E
b 55 R Y, BT W A AL L B K R B AR A
RGN BT IR G, BF & T 3T B HE R
BORY = RS B SF A bR R 7 € PRM (Piecewise
Rational Method) . 2% J& BE Ui HbJE %) BR8] K S 47
GRAR, IR R A B PR RSP B IR T A
RUCHL T o 3k 0 Mk R R BE R v 1R R AR AR K
Y S A ASEROURG B, 0 35 O T R K A SR (ko
4, 2011, 2013) o i K FE ST fE AR 2 °F- 3 PRM A
A 2 Bk T GRAPES IX 5 & XU 4R 5 2
(GRAPES_TYM) X F5 XU & A TR A5R o 3K 2L Al
A 1F GRAPES T N EHEH R IM ARG A T4
— W EFE T4 (2010 4F 2 § GRAPES Meso 2.5 it
THH] 3.0 FiL) .

GRAPES_Meso M. 45 i FH 5% i 7 42 2028 19
T3 A A~ ] R T RO R F AL R G . 2T,
GRAPES_Meso it H = 4 A% 43 [A] £k 52 LA 55 & 7 -
B ASE B B o KRG 7K 9 b AR o B ) 4 A S A
KARE A&, 5 GRAPES Meso T4 44 2 3 A DT
e o Jo e T i A 2 25 [R] 4k 2R 4 48 1L 5 37 sl m] 4k
450 ) B AR L 3 BT 45 AR S ) R 7 1 L
Ty v (] AR AN A] R G 2 B ONE AP 1R 22 (R 20
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HAE,2012) o XA A AUFE B & GRAPES 4Bk H13]
Tl R G I R FE AR AE o IRk, iR B = gty
FORE B AR A = 7K 45 = A7 B 00 1R 3 1Y [ 16 ) g
BN RG . Mk, W& T84S 0] = 4545 43 [A)
L% %, W T 5 GRAPES £ 2 IC it ) X 45 /4 Bk
—RA ) = 4EAR oy A R G (RE 4L 3555, 2012), 35X
18 A J5 4k GRAPES 4= Bk 0 4 45 4[] 1k 2 45 i F)
W& T ) BB — 25 78 DXl 5 25 ) = 4 A8 )
4k 2R e 2Ll |-, Wang R C 45 (2018) #F— 4
Jas 1] A 5 B oA 4 1 A28 ) R, ELSE BT I R
AR HER, Il SR E D 2. VP
LYK FR L KOV A SRR A5 1 Dk 5 B & DL B KR
FEAHR T, (2 BEUE A 800 H A Tk RUEE 43 B
[ GRAPES_Meso &4, [FIAT, LI ARPS(Adva-
nced Regional Prediction System) #1820 #F 7 %
R FE Al A AR Bk, B T A KON A3 A
25 HE I s SRR R TR S R %
) R AR A R 2 PR AR R B A BT
R Y5, 38 it by o 38 U 5 ¥ 7 GRAPES_Meso H1 32 Bi
T Xz O B IR AR BB (RS2 IR A, 2017) .
Ph B i 3 26 4% 0 3R 1 48 GRAPES_Meso
3.0ZEMEER AR ARFEL, KR, GFEH X
T = WK B 71 Wy R A SR 0 Ak AR Akt
GRAPES_Meso HJ AW it 25 2] 7 B AE

Ph T /E1R 3 T GRAPES Meso i %5 i %L
WA T, I 154 GRAPES Meso R 45 8| £
FEAL IV ] . % F GRAPES_ Meso F4 B 3 115 31 £ 4t
(GRAPES_RAFS) fl X ik 5 K Hil it 7 4t (GRAPES _
TYM) T 2012 45280 1k 2014 4, GRAPES_
Meso 43 # R M 15 km F+ 9 8 10 km (#1039 45,
2017), IFAE 3 B 5 1 AT T 0%l R 30 /2
BEmE] 50 ). 2016 4N T A E AR E XA 3 km
Iy PE# A GRAPES Meso #E V45 R 48, % RS AE
2019 4R — 29 R S S P E Y 3 km 2 BER T
ARG, £F H KA 55 &% T EZAEM

2007 4F 7 H JFIf R Gi Mb i &% GRAPES 48k
WIBE KR R 45 (GRAPES_GFS) . 782k R
Pk B H AER 3 S HEZE AR B A BRI S R
1 = 4E AR Ay TR Ak RS SR b, BF R T 38 T 4Bk
T 3l JIHEZL | W3k B DL R 4Bk T R &R
HIlaR FE A . 2009 4F 3 52 T GRAPES_GFS
ORTN RN o B o 7 S e eE = VAN Y SR O S
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i€ T GRAPES_GFS MJ#EL 55 it /A —— GRAPES _
GFS 1.0, SEE ML 55162 17 (PR 2445, 2009) o 3X
WIR], AU % T GRAPES 48k it di =X . 45k [
IR =S S YA TR AR o N TR VA - &2
TEF G BRIl 55 3 O A 3R R, BUE R A
i B ERIH K R B A 8 TR Z 5 e fE &
LK.

B2, AAl A&, GRAPES #F & I R H T
12 25 W ik 1] J2 2 B X Bk B H 896 (Temperton,
et al, 2001; Gospodinov, et al, 2001), {4 7 F1 43
Fa, 5 2P U K 2 B U 2R B 75 B ) 2
BAEAE AU 1By, b5 i s fn s B A o 4R
IO T 1 TR AR, 3 RS T A O S O
FAE LTI RN R A s R, SR T AR SFE 7 FE AL
AR A B9 H AR AR A T o < 1 (] A R A
W ARG E . 5 —A ™ F 5 4 BR R
A4S 1 ] 2 B2 Rk R Ak, ARG ik, GRAPES_GFS
1.0 (Y [ Ak 2R B8 02— A6 bn o 55 H 1T b i — 4728 4y
IMTFRGE, ST AR ok O B L XURT AR R
16 17 J2 5 i 45 15 17 F Arakawa-A M A% 5 ),
WO R G A T AR B, P A 1 B A A
MCEAERWIME . TR 25, 5 K1 3D Var fA7E
K RE b0 JRy B, X6F T 41 400 A 0O B2 T R ™ R
T 5 0 4T 255 19 ) A K BB B Ty HE AR | [
A HE B RN B0 5575 I AR AR [n) 8, b J& GRAPES 7
2005 4E4) A5 WF K B ) =22 e A 1)l 45 1 i T I 1
HEEP

£ GRAPES GFS 1.0#E S5tk z 5, FRET
3ABYBLI G, B — B B DL SE AR S B AR R
2, 5 451 A RRTMG(The Rapid Radiative
Transfer Model for GCMs) 5 % 2 & 48 5 i1 B K
L L E A FEF A ) CoLM(Common Land Model)
Pl T ASE SRR T B0 S5 2 I B AL (SLAB) | 5
AWK WA HE 5 7 S804 X = X S 8 ik
Ak, X6 TAE{i#3 GRAPES 23R B4 T ik
AT kWi —EY I, 5 ph B, HRK
i AR 2045 (6] GRAPES = 4E45 43[Rl 1k & 45 LA ke 4[]
A5 A7 (B B AR 2 2 R ok 1 iR 22, I A ek ik TR %
RHR] A6 1 25 1 [R) B 3 0 B 22 TR EOREY [R] 4k
N (BE 203545, 2012) o 26 = By B DA TR Ak A e =X
[F) 2 O M A0SR, H AR T Bl I HE SR R 45 i i
SRR B RRS E M R )L DA 2 R K R R A ) B
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aob TR O P O AL A | TR AR AR G KU F- £ 1)
L RIRZE N T 2B AR WAL R G
T S JER 2 1)K 0 A (RS A UL ) ) o k4
i 2217 1E LA S 2 TR SR RAL N A 45 . X
B g HNAYAE GRAPES GFS H IS AR 4 110 4% 5
] it 76 GRAPES Meso £ 4t 15 3 7 1 i (EK
MY NS 2 I A2IT45 (2017) ) o

FE LR 5T R B Rl L, =7 T KF 0.250%
0.25°%% P 2R 3 T J7 16] 60 J2 1Y 4 BR TR £ 48 3
AR ——GRAPES_GFS 2.0, JFF 2015 4F4F @ il
S B (WL 2F 4, 2015) o 2 H EG b 1R 89 55 s
45 % W], GRAPES_GFS 2.0 Hilif & #3558 114
¥ 45 b5 B 5 ECMWF ., NCEP ] [ % 77 75 26 i 2
B, H 4 T E TR GRG0 5]l 55 B
T 639, H RN Wik fig 71 © 4425 ECMWF 19 Fil it
AP, AN TR] T A =X s i ) A 2 7 ], b
] DX 33 1 Rt K R T 3, R i 2 v [ AR P R A
IK XA 3 5 S 0 B Ry 40T

7t GRAPES GFS 2.0 3:ali |, #F— ik T
GRAPES-4DVar [ [a] M) 55 i F A7 76 1 0] 8, o0
fife e T IR AROR UL 43 . 22 R AMIE PR B A
AN ) R, I A e T AL AR I YR IR
YR P i T BHL € 40 10, . KR E e 45 A5 4 P Ak 2
R, R T LR E SIS R ZITIER AR, 51 A%
TR 59 Lo, I X [R] AR AE 2 e i U Tl L T S
W22 Py 25 S EAT T i — ik . A & GRAPES-
4DVar [ EAERL2EH AR AN W 2% Zhang %(2019)
2018 4= 7 A7 GRAPES-4DVar [) GRAPES GFS
2.4 2V 551547 . GRAPES-4DVar ()l 518 175
A P EDI 55 FE R A R R AR B R 3B A BT
G, Bk E PR A ECEA H FE A AR 55 R Y 4
oL RS E R R RO Z—

A PR 55 EE R IR RS E A
RSy o 2010 4, H EUG R BUE TR O T B B
% GRAPES 1 RUJ 4 &5 i ik ( GRAPES_REPS,
GRAPES Regional Ensemble Predication System)
4 BRAE A T & 4 (GRAPES_GEPS, GRAPES
Global Ensemble Predication System) . X F H1 R
FEEA WM ARG, JeJaitk T % IEVEA & T
ETKF( Ensemble Transform Kalman Filter) J7 ¥,
DL K 2 pE AR XA 1 e P 1 Bl ML) B 3 A i ) 4 2
SPPT( Stochastically Perturbed Parameterization
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Tendencies) Fl B AL 30 6E J5 7] 8% 5 SKEB( Stocha-
stic Kinetic-energy Backscatter) J7 % . GRAPES
REPS F 2015 4E 528k 55 i HH L 43 BE 2Rl 15 kmx
15 km, 2019 4£ GRAPES_REPS ¥t — 4 T 49 Hy /K F
SPPEF 10 kmx10 km FIIEH 50 )2 X FakES
Tz, # T GRAPES &3k DI BRI, ok T 3%
Tar S (SV) M EVIE 3 0y 5 ik, IRk T RE
ML B 3 R4 1] 8 3 (SPPT ) 1 B L4 B0 22 504 5
(SPP). 2FREA TR AL GRAPES _GEPS F 2018
ARSI 55 B, AKE 43 BEA R 50 kmx50 km, TE
ELJT1 60 2.

£ Ffi GRAPES #: 3 Fil [R] £k 47 AR 19 A Wi R 1k &
JE, E 2018 LB T XK 3—10 km F 48R 25—
50 km 73 HEAS A 0 1R AR A TARAY S8 BB R X
TR AR 2, I 2 S 1 LI B e i Ak BRI R R
BE AT ™ i S A B L 900 A 56 0 7= o o A
FH WL FN TR BRI AL MR RS
LRl R G . MR R ATk B EVE RS
T, ATUFEH], 5 GRAPES A R ZHi 0 T R 5L,
L 55 B R SR R G X AT T — Kb, S
MTHEML. M. S REMRETER. T
B R, R RFEANR Y A R R R, KR
T —RRE . ARREE SR A R 55 1 FH B .
2.2 GRAPES M AR #A K R R
22,1 FEREFHEORFES

IR T &5 A 1991 4 FF 46 ik 55 F K%
A9 . Wk A A 20 A, FEEK L B T BT
A ERZI 5 . BT H R GRAPES
JSC AR A 45 M 55 AR AR il R TR M 55 110 5 2T
AJE— R AR E . W E—T5 % GRAPES Wf & &
BN M BGA Tl DUE B, MR R SIS R R
TR TE R I Al 55 2R 48 I A W 0 s A
A 301 A9 BF 5 AN R B B B B A R R B
AREEL . FEAF R AR | AE N S B b i o
Fh R MERE & R, X T A & R EE R AR
b 55 1 RO LS E R IR R AL ORI F 2R
HE,

H 2005 4 GRAPES #t K I Z J5, i % 13 a
1Y TR AL BCEE, 3] 2018 AF AL T 98 B AUE R A ik
% . SR, GRAPES Yzh HHES . B Py
PRALFR | [ ARHE SR DL RO 5 Rk 0 FH S5 A T
KR . A GRAPES R 5 R F9)
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WIBE & R 2 W, CBUE TR R 48 GRAPES 1 RF#1%
TS ) (B0 %45, 2008) .

M1 AT LUE BBl ) HE SR AE B 2 H R Ty
REATRKEMIY, SHMERESRILR. INEXR
G R B R AR TR AR R B A 15 1 2 B X
LRk W H R, SEg o RECE RS W H A
Fb B ] 25 0 T0oRS B 0w L RO MR A, R T L5
e sl PR B H AP A 2 T AN A% B B
[N 1 N ST N - R e N = 1
GRAPES W[ 5514 % [X dal /4 BR 7 41 & 46 % FH — 1R 1k
HE SR 1 Al 0 S B O R B ARS8 Y
ENN R SNk X DA RN S A
AN RS G e 5540, A BRI R AR 8 Bt
() H i A P& E (ENDGame/UKMO) | £ [ (FV3
GFS/NCEP) . f#[E (ICON/DWD) 1 [& (GRAPES/
CMA ) (Mengaldo, et al, 2019) . #2430 i 72 1)
W & 5 R A T K2 B EE, R A5 WRE
YRR, 8 H B2 E NS s YL, IR 7E
BEERE EWF AR T = 2 Y BRI s 7 R (Ma, et al,
2018), [RIEHIF & 1 Uk 09 4 b B2 3 g I8 46 B2 AT/ R
JE M I it 3 466 B S L B, {873 GRAPES R 4 3
i FE N SE % . GRAPES #5204 B i 72 76 1 FH op
BT R ek 5 K R, o 4 e DX 4 B 1 4
R EERNERZ —.

FE 2 W LLF B, P R TR A X 58 4 AN T
B 1) 8 e T = 4R oy R4k, DT 10 ZAER B, TR
T T GRAPES HE# 7 U1 4 A A Bt A =X g 22 2k g
HeAp oyl Ak 18 T TR OB & 4 HER Bl R AT
0 X3 = A AR oy [ Ak, S — AR T
3 kL, BARBEOR AR 5 SCHE— 2 A
42 ¥k GRAPES-4DVar ik 45 1 F & [ g 3 & &
BOE R AT ) 2 S, P E Ak 4k ECMWE,
HZ B L3 A& R 22 5l 5538 47 DU 245 4y
ERIASIEE

LS 5 R %) K A Ak A R S5 ] A 2 5 i B R
AT R 1 2L (Magnusson, et al, 2013) .
5 B GRAPES Meso M55 & G AL Al H % i 7%
HHLE, HATA GRAPES R4 B4 1 [RfL R I £k
LT R RE 7, AL S 4 v B I8 S O R ORAR 1)
U, b GPS W] K & . R AbE R S TR 28
5 2 RS % GPS i B VOB . 45 Fh ISR 0
BEoRE b BHFN [) 16 0 FH AE D 4R T A R R BUE
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% 1  GRAPES BBV 500 & 47130 0 X e

Table 1 Comparison of present GRAPES model with the version at early development stage
BhIIHESE /b luy
GRAPES 1.0 GRAPESI % 1A % GRAPES 1.0 GRAPES\ 51 5
1 A AR R R AR R R GE 1.NCEP-3/5 FuRMIB Y] 1. NS HEYHIT 55 WSM-6
RIS KAL) LS (R
2. B ERR 2. =B HERR 2. Betts-Miller FRAXTMSEUL 2. K =YL Bl = 05 58 (2 RRAED)

3. G M )2 B b 3. WA IR B R RS 3. Dudhia 553 . RRTM K% 3. NSAS F B XA S HLE Meso-SAS
I H (SISL) 41 H 5k DS (X ki)
4. FER SRR 4 SR SRR 4. MRFILARES L 4. RRTMG K S {545 5F

459

5.4L55 SISL 3R i o7 T i fk+ W damping 5. SLAB ififiid 72 5. CoLM (2=Bkf0) 3 Noah (H R EL
e 5. 5 M FERR(E SISL 3K 6. Sy W3 15t ZRIPEARE 30 Bl T AR
6. ¥ IE FE f T fRALR TR 5 R 6. NMRF 5, YSU (X)) th R E 280k
QMSL 6. A BESFIE AR TR 7. UK WA T B T I B
PRM 8. 7INRUEE T Tt U 4

9. BT IR I SIRESS . MEBRTH =K
BEAHA

% 2 GRAPES &7 [A] 4k R G SR 5 BF & 90 391 1 % 1L

Table 2 Comparison of present GRAPES data assimilation system with the system at its early stage

GRAPES 1.0 551 R X Ak 55 R R 4Bk

IX 3ol 25 1 1 = 22 o [Fl 4k GRAPES-3DVar GRAPES-4DVar
BANAK SRS SRS BT
% K- A WUAE  TEEARESGRR KP C MAR, R IR bR KT C AR, T LR R A B Al b
SrHTAs 0.y, x RH/q T, pg. u. v, ¢/RH/RH 7. . 1~ ¢/RH/RH
HoRRE T2 NMC J57% NMC J5i% NMC J#k
RPN i) LTS LM+t
Fefife i ARRICIZAERET R (LBFGS) A FRICHZAE REETr 1 (LBFGS) Lanczos-CG
wilatk B¢ 2158, BB UR D ER LN

L AR Iy D)L FERERE

2. DI B A (o B T
e TR BH ZE TR B . AR 0
=)

RAWMBEARMEERNRZ —, Bk SHH X
ik (Han, et al, 2010; Liu, et al, 2014; Li, et al,
2014; F 4 B4, 20165 77 e RS, 2017) o 3R 3.
443 s T H BT GRAPES 4 Bkl X 88 7 4t & 4
R RN AR L

M3 Ha] DUE B, SRR R 40 TR R
N AR T KR BE i 2D, AR R e A i — 2P
o BE AR 4 ROBE R &R 0 09 %0ORE B FH A% B 1
. BAREIRGEE . S PRGN A T K
SR HEL (A AE TR BRI FH 7 AT SR 75 2 o .
2.2.2 bS5k R MESLFI R HRCR

#| 2018 4 1k, £ T GRAPES AU R &l T
AR PR OIS Y L A E M R S TR A LS
BB R AR, 5ETHIHEARDY
RZRA L, B 3554 R 0 7 AT 2R R [R]

FRAIE 2 SR 1l 55 e AR 0 R i T4, T L v 2 AOUR
UG ARG 28 | A AL BRI W 2, L 3 U B 1 i A
PR AT AL SRS NI A SO R . A
GRAPES Wl 551k R st i ad f2 vpr, PR, R 46 AUk
DU N FH T A S 2 A, e R T L e
&L il TR RV 5% 2 H RSk
VA W NTIRIEN: E = Y 1157

GRAPES I 55 1K £ 1 0.25°x0.25°7K - 43 HE R
B 77 1] 60 J2 F 0.5°%0.5°7K - 43 Pt Z 5 1 5 1)
60 2= (19 4 BRI 22 PR AAR 5 P4l . 3 K IX 48 0.09°%
0.09°3 B J7 [n] 68 )= 4 i RUBE B 8 1 Tl i 3R 48 A
6 P X 3 0.03°%0.03°3 B 7 [7] 50 J2 1 1 20 B
B R AR R 4t DL KB 55 P B X 0.1°%0.1°8
BT 50 20 RS B REM . [FE,
J£F GRAPES 9K 3l 1) 4 Bk/ X WU IR Fil 4t R 48 . &<



460

Acta Meteorologica Sinica K54k  2020,78(3)

# 3  GRAPES_GFS A WL %kt 521 (2019 4F 7 H 18 H 03 Bf—27 H 09 Af)

Table 3  Utilization of observations in GRAPES_GFS based on statistics during
03:00 BT 18—09:00 BT 27 July 2019
pUNI Bzl X% 6 A Hi (%) 53265 (%)
TEMP u.v.p.q 34
SYNOP 3.1
HALGERL SHIP 0.2 30.1
BUOY u\v 0.1
AIREP u.v. T 23.3
AMSUA NOAA-15, -18, -19, Metop-A, -B Radiance 9.6
MWHS-2 FY-3C, -3D Radiance 0.2
GIIRS FY-4A Radiance 0.7
ATMS NPP Radiance 4.1
TEEE IASI Metop-A, -B Radiance 39.8 69.9
AIRS EOS-2 Radiance 23
GNSSRO COSMIC-1, Metop-A, B, FY-3C/D Refractivity 2.1
RIVIS/W FY-2E, GOES-13, GOES-15,
AMVs-IR/VIS/WVS MTSAT-2, METEOSAT 10 v 104
ASCAT Metop-A, -B u, v 0.7
# 4  GRAPES_Meso it FULIM % BHEE 11 (2018 4 7 H 1 H 06 Bf—7 H 00 H})
Table 4 Utilization of observations in GRAPES Meso based on statistics during
06:00 BT 1—00:00 BT 7 July 2018
U~z & 6 At ATt (%) 325 (%)
TEMP u,v. T.RH 4.22
. SYNOP p.RH 0.74
WALk 6.24
SHIP p- RH 0.04
AIREP u.v. T 1.24
VAD wind 0.09
Doppler radar SA/SB/CB/SC/CD/CC Radial wind 53.35
Refractivity 20.85
WPR Wind 0.57
Jewr ekl GPSPW Precipitable Water 0.14 93.76
GNSSRO COSMIC-1, Metop-A, B, FY-3C/D Refractivity 0.11
FY-2E, GOES-13, GOES-15,
AMVs-IR/VIS/WVs MTSAT-2, METEOSAT 10 u, v 0.36
Rain Rain(nudging) 18.29

Vb2 B R R G A% S Y I 2 TR R G
A B KA & Gt J2 GRAPES K £ (19 B 541
BCER Ao 25 M6 4345 T GRAPESH & PE i
ARG MEL ik R0 B & .

BIZA8E 1, 3T 2219 20 a S E PR _EEE RS TR
Framd & R, HL4% 1 40 23 hn i K KA BRI
AT ARG R B T R A U TR
KW g, (05 EBrSE itk 5 RS HH L, GRAPES
MV 55 R R AT A7 AE— 22 1Y 2285, 045 GRAPES 2Bk i

it R G0 43 PRI B FHBER}HFE R 46 0 A 7% R
EAHER . = =W IX TR PR R AL T2 YRR
O3 25 1T IE S Je EHOR | o R S ek i RBE AR G il
ARG = X R R4 2R G Tk KRB 4 B
PR A I ZR Gt DA KA A TR G B B B /D HL 4y
RBARAF o 31X ] B2 — A 47 1 B R AR
b 5514 2 A6 T B Z W0 AS AT ki G {H 0 200 DA B X R 1)
AR, 02 A F IR A MR ) FE A5

Ml % GRAPES Meso % 4t [ /K i 41 3 43 1
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Table 5
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GRAPES i & Pk 55 T4l R 45 Bl &

Configuration of GRAPES deterministic forecast system

GRAPES_GFS A DX g RUEE iR R 4 o TR U S R TR R 4
IRV RS GRAPES _TYM GRAPES_Meso 3 km
IyPER 0.25°%0.25°L60 0.09°%0.09°L68 0.03°x0.03°L50
X 5k 23K, #5T0 3 hPa 40°E-180°, 15°S—60°N, #4515 10 hPa  70°—145°E, 10°—-65°N, #5515 10 hPa
TR AT 00:00, 06:00., 12:00, 18:00 UTC  00:00, 06:00. 12:00, 18:00 UTC 00:00., 06:00. 12:00, 18:00 UTC
JUE{FUNEN 240 h 120 h 36 h
Rk R 58 4DVar SRR R EHRERIER L BRI R+ 2 S
LY/pibug IWE S PR YES 1. Meso-SAS Bl =X S 4k 1. WSM-6 =¥ Ff )5 %
2. ZRYL SR S TR 2. WSM-6 =¥/ 5 & 2. RRTMG K I 4a i
3. NSAS B= xStk 3. RRTM K %/Goddard & 5t 3. NOAH [ ifiid
4. RRTMG K Jg P 5 it 4. NOAH [t i i i 4. NMRF 52 S50 By 8
5. CoLM [ifi i 7 5. YSU 1 A E SRR H B
6. NMRF i1 #2541k
7. U AR I T 7 4
8. /INRUEE I T 4 P
# 6  GRAPES 4 Wil RGLHC &
Table 6 Configuration of GRAPES ensemble forecast system
GRAPES_GEPS 43R ES TR RS Xk b REE4E G ik 24t GRAPES_REPS
B X AR, #0103 hPa 70°—145°E, 10°-65°N, #5215 10 hPa
TR AT 00:00., 06:00, 12:00, 18:00 UTC 00:00, 06:00. 12:00, 18:00 UTC
SUEIFEORS 360 h 84 h
FfLZ 5 4BR ADVar FHR B SRR R+ A
wMEL D) A5 ) 1 ETKF
i zh SPPT. SKEB SPPT
M2 5 2 GRAPES_GEPS
LA BUAEL 30 15

BAE R E L (1) T LLE ), GRAPES_Meso
TE A B R K U 5 T A K k20, ik e
SR EZHRSHHA S EA EE A, GRAPES
Meso 1 #2061 3 1 43 BER B 88 v . A 3l 7 A 42
A B 3k R O D KA R TR S BRI = A b
RGEMGIA. 20194 6 H, KV B4R 3 km, i
41 [E ) GRAPES Meso RA LR F4k, i RGN
55 [ 7K 10 TR BE 18 GRAPES b 45 i K SF- 4
THEAH . B 24 H 20194 6—8 H 11
GRAPES_Meso 3 km il #fz /) % 3 h % § #iil i (1)
ETS ¥4, B T W 45 1 T L SMS-WARMS
(9 kmx9 km 43 ¥ K ) L & ECMWF (/K 43 ¥ %
9 kmx9 km) f Fil ik ETS ¥F4>. MIE 2 7] LA E),
GRAPES_Meso 3 km 7E Fii iz fif 20 h R T B i
ML . T ZAR R, RN AU T 20 h (Y 5 W B
i, % T H Al BT B R K B T ETS 3120t 3R 3 B
BTk

K345 1 T X 88 X GRAPES_TYM 2019 4F

Ml 55 RRAS (V3.0) XF 15 XU A% R 5 J32 (] 42 114 152 22 B
Bf [E] A 3 A% o 18] 3a, by ¢ 43I A X 2016—2018 4F
JIEAT VE APV 3 KU 2 00 7 B B AR 1R 25 | TPl e fIR
AT 21 25 A R AGHOT- 1R 22 5 d TR i) 3 AR
L. AT R, RS T R B S
ECMWF Fl NCEP 23R 1y i 12 2216 00 . MG
Wk E, H AT & ECMWF 4 Bk 1 41 5 1,
GRAPES TYM 5 NCEP 23R iR 1945 404 . M
5 5 RO, TCIe 2 PO B IR ST 3 T i 22
B de K K P Y il 2 2%, GRAPES_TYM 8
T T A B

452010 4E LUK GRAPES_GFS TR %5 5 K
500 hPa /& & 37 5 41 ¢ &2 %0 (Anomaly correlation
coefficient, ACC) ¥ i [] 7 3, [A] i 7 & v i1 45 i
T ECMWF., NCEP /Y il 4t 45 £ . #] L F& #,
GRAPES_GFS X JE #37 19 1l iz £ 15 10 4F >k & A
i, B 5 ECMWF., NCEP & A 2% 5, {H % 4F Fil 4
e 15 0 A W4 = S e T GRAPES_ GFS #i2t | [A] 4k
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0.7
0.6 —— =0.1 mm
—— =10mm
05 9. =25 mm
0.4 1 —— =50 mm
& —— =100mm
031 j J— £6HE (=0.1 mm)
024\ /L AT IV 0 N (A WA A ] e £ (=10 mm)
. 28 (=25 mm)
o e deged L T e 2i# (=50 mm)
o PCIAREAN SR e’ A =l vk h—sia 4\ i v/t |V INA'A AR /AR R 2&HE (=100 mm)
July/2006 July/2008 July/2010 July/2012 July/2014 July/2016 July/2018
511 GRAPES_Meso M 2006 4F: 7 H ol 554k LIk 24 h BEKHi A H TS #7248 K AE Ak fa s
(TS PFEAMRARYE I 2510 3 B AU 1530
Fig. 1 Monthly-averaged TS and its linear trend of GRAPES_Meso 24 h rainfall forecasts since its
operational application in July 2006 (TS is calculated by using 2510 rain-gauge observations)

0.04

36 9 12 15 18 21 24 27 30 33 36

Kl 2 GRAPES_Meso 3 km & #i#lt (=50 mm) ETS #£4
(201946 H 10 H—8 A 18 HRYFH, £I (ifE: GRAPES_Meso
3 km, W (AFE: B 9 km WRF B3, G0 H: ECMWF #9713 4L
ok A R E S G R4 M idata.cma/areaHighResolution; £545%
TR AR H 12 B (RN ) R IREEHR; ETS 1143
HRAGFE 11000 A 3R SRR W)

Fig. 2 ETS skill scores of 3 h heavy rainfall forecast by
GRAPES_ Meso 3 km version (red color). Also shown are
the forecasts from Shanghai WRF and ECMWF model.
This figure is based on data from the CMA internal
network: idata.cma/areaHighResolution.

The forecast of each model started from 12:00 UTC.
The ETS score is calculated based on 11000 AWS

observations over China
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Fig.3 Time evolutions of forecast errors for TC track, center pressure and maximum wind by the 2019 operational
version of GRAPES TYM (a, b, ¢ are for forecasts of all the typhoons over the western Pacific during 2016—2018;
blue line: GRAPES_TYM, green line: NCEP, red line: ECMWF)
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Fig. 4 Time series of ACC of 500 hPa height in the Northern Hemisphere on the 5th day forecast
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Fig. 5 Scatter plots of 12-36 h accumulated precipitation (unit: mm) forecasts larger than 25 mm and observations
(a. GRAPES_GFS, b. ECMWF; The model initial time is 20:00 BT 24 May 2019; The 2400 rain-gauge stations are adopted)
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Fig. 6 The 10 day forecast evolution of the anomaly correlation coefficients of the 500 hPa geopotential height for

the (a) Northern Hemisphere and (b) Southern Hemisphere (The 3D-Var and 4D-Var results are the averages for the period from
June 2016 to 2017; The ACC difference for 4D-Var and 3D-Var and the 95% confidence threshold are also plotted in the bottom panels)
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Fig. 7 Changes of satellite data types and number of platforms assimilated by GRAPES GFS

(The right side of the figure shows the status at advanced NWP center)
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Fig. 8 Temperature analysis increments forced by single-point sounding temperature observations (location: 31.93°N,
118.9°E, 850 hPa) by 10 (a) and 3 (b) km variational assimilation systems in GRAPES Meso

(vertical profiles along 32°N, isoline unit: K)
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Fig. 9 ETS scores of precipitation with different intensity for 0—6 (a) and 6—12 (b) h forecasts (The black and red bars show

ETS scores using initial values from downscaling of global analysis and from 3 km-scale 3DVar combined with cloud analysis, respectively;

The ETS scores are averages based on 2400 rain-gauge observations over China; The red line box represents the 95% significance interval)
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Table 7 Available forecasting time limitations (unit:d) for GRAPES_GEPS V1.0 global ensemble forecasting
operational system from January to May 2019
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