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Abstract: Developments of operational global medium-range forecast system of National Meteorological
Centre are reviewed. The topics focus on the advances in science and technology in National Meteorological
Centre since the setup of global forecast system. The improvements in localization, operational application
and further development of sequence of spectral model series are summarized, and those in progress of self-
developed global medium range forecast system, GRAPES GFS, are described in detail.
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Fig.1 Time series of ACC of 500 hPa height for 72 h (blue), 120 h (red) and

168 h (light purple) forecasts by operational global spectral model system from January 1990 to January 2010

(Thin lines are for monthly change, and thick lines for 6-month running means)
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Bt s MHLEE B 58 i T Pk it (Ma et al,2018) 524
HE T3 52 L AR A 5 O Lorenz # 51 #
Charney-Phillips Bk s » & G 7 4 3 72 450 1] 47 (B
R AR 22 s TERR S TH B oh 25 8 T AR S R BH
JEE AT IE R S Y L AR A RO O T Rl b
23 3 JBE T A 22 5 >R 9% IR U5 Jm) I 13 R0 1Y
VKo A5 S Ak T CoLML Hp 9 ¥ vk 43 i » IF:
R T UK R B AR 2% ECMWE B, gk 1
fili b 3 S MR AR T AL AL R vh B E T A
WA B TR BB A AT R S R AL R AR
JE [ ) R A TR T AR E

2.4 EREHELERKEM 4DVar &R

GRAPES_GFS 1. 0 A fk &R 4t J& — N 1E A5 U
SR E =4 5 4 R 4 (3-dimensional
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variational assimilation, 3DVar) , 43 #1 28 & Jy fif #
15 B BRI PR BCRT AR X R L AR 17 JR BRI SR T
[ Fll Arakawa-A Mg F o3 Z 5 @l # )RR T
HE AR T A A AR R B A R AR S WL
PR R 25, S 5T 3DVar fEA7E 38 B S 1 F iR
BRYE. b, BF & 1 5 8 U R AS ] 58 42 DR G 1Y
3DVar [AMEHE B2 (R 20 35 25, 2012) , FF 58 B 1 A %
FER P ROC RV R IR 22 U 22 VR UR I A
(] P AE 22 A A AL SRR B8 i i 17 [l Al 20 BT RS T
X BRI L T Ay GRAPES_GFES 2.0 ff) 3DVar
[k & 55

FERE 48 ) 42 Bk 3DVar HE QL EE Al |, 2008 4F
FiR % GRAPES 4Bk ADVar, £ 2018 4 7 H 5¢
PP 55 N . T 48 10 4R, 7E 2 BRAE# J) GRAPES
AR b R T ARR I R U AR B AR L. R
PR3 7 [] A Ik 18] 7 P9 1 2 M 2 5l e M A 1
AR AR T AR B W TR T A ) Bk
BRIy I R AR X = W
J2 2 LA UK A b T B 8 it 4 B L sk BB B R AR
BN GRAPES 4 ¥k 4DVar & %4 # % JE Al
GRAPES &3k 4DVar R H &= 0 5 &, 7R M
BRI R T 5 | B U A A 5 2 R LA R A )
B AER G vt 1 2 MG I BB R
Lanczos-CG % 3 (Zhang et al, 2019; Liu et al,
2018), 4DVar ZpHrHEZE R FH T /K- Fl 2 5 A 7] 43
BT SR 2 U 7 228 K P ARG SR ]
W B ]S AR DG R i g J3E 72 Ak, i AR DG AR AL
MEHEHESHEAG IR P2 REE T ek
JRGFITHICRE XL i B XU B 4 37 Al 1 468 130 XU o
Y- RS I M GE it 456 T % 5 . GRAPES
ABK ADVar (1)l 55 W 235 IR B2 42 = 1 0] 9% Rt
R S T RBR T R B i IR 9E— 2B A
BB T AR SCR . BT 4DVar BUR . 2018 4R 7
H GRAPES_GFS 2. 0 F+ %% Jy GRAPES_GFS 2. 4 Jii
A

2.5 IEFRMEUKARTR

GRAPES T %8R ML 50AR 19 &R Ge 0 & 16
F 2004 4F ZE R WA GRAPES %5 [£ i 3DVar /il
AT NOAA-16 ft ik it FE i1 AMSU-A 48 5 23 % K}
B B3[R4k (Zhang et al,2004), A5 NOAA R ¥
(NOAA-15, NOAA-16, NOAA-17, NOAA-18)
ATOVS,GPS # £ %8} 1L A TR = 5 K5

e TR Bkl A R 1 R G & Al 55 1 4G
GRAPES _ GFS ) JF & (ik 2% )i 4, 2009) ., 7¢
GRAPES_GFS k. 551k Mk 55 fb ik B o, i 22 51 &
THERSLBERY) R Metop K4 DA%
1) AMSU-A B8 3+ (MHS) | 8O 1E kS 4104k
AR R (TASILAIRS) B2k, 27 & TR B8R AR
k& GRAPES_GFS il it )1 Fp £ & 1) %
P2 (Pk 2% A1 F a2 5E. 2015), ff: i GRAPES _
GFS (AW k25 78 TR %RHF AL 7 S T = K
R4 LA 25 3T I 3 Tk B L 5 1k Ak TR L 0L
T35 25 Wy 2 ik 1T 58 45 20 9T ARG I I Oy i

TR R 22 1T 1 2 B A T B R R AR AR
W ZE > ., F GRAPES GFS #F & %1 8 . &t %
PRI R R A AR R M2 R T Har-
ris and Kelly (2001) () fl 22 31 1E 77 . Bl J5 1K 3%
GRAPES #3X i 2245 4F . K J& T4 Al TR ¥R
fw# 17 1FE )7 & (Han, 2014; Han and Bormann,
2016) . 5 ZE U/ T AL 5 22 % T AL 5 A
RGRMR 21T 1E /Y 52 W, 50T b S BR T B R AR B Y
RGP 2=, B A A T O M5 2. kS5
GRAPES_GFS J2 A [ 7 1 ] £k 791 412 98 26, % 1L &2
YERHT R AR AR WU . R T R P e SE R 45 i
v F RIS E A A 20T I 5 B R BUR
Pl A B Z5 745 A0 A 45 D DR s o 19 08 3000 2650 i 5 A ) R
TR AR5 (2018) FF & T 3 T T2 0 S R TR R B S
W22 0T 1E 7 46 - R F — 4728 53 J7 i R 485 TR) AR A
25 8 o] A 300 399 TS O 5 X A 22 3T 1E AR ARk
T EH .

2.6 GRAPES_GFS iR ITET

K 2 /& 2010 4F 1 H & 2019 4F 6 H GRAPES_
GFS 4R %5 5 K 500 hPa & EE 3 ACC fh i 8] 75 471
] B 72 s 45 1 T ECMWE  NCEP (4 Fil 4 45 5 .
A LLE F],2010 4 L3k GRAPES_GFS X JE #3471y
iR+ 1% 4 5, B 5 ECMWE,NCEP i 5 2
B F 2 47 T 4R B2 75 BN T B B T GRAPES
GFS 7EBL2 L [R]Ak LA K UL I 2% et 1 FH 46 1 J T 1
Kk, 2.1~ 2.5 3t frik, g4, D
GRAPES_GFS #2054 ) GRAPES #5451 2
7 A B R R B T2 I R CE AL 20185 BRI
25,2019 FH AL ,2020)
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Fig.2 Time series of ACC of
500 hPa height for the 5th
day forecast by GRAPES_GFS
from January 2010 to June 2019

3 HRAREERBRA L ARKE
J&

ECMWEF — B & 7 4 BR (A 7047 F AR F 7 42
Ji = AT . Magnusson and Killen(2013) R4t
457 ECMWF i 44 15 % 47 48 o 09 R L 48 . 9
A 2 1 AN T SO R 3 9 R A 4R i L PR R R B R
AR A DL R H 26 85 I A 00 R O R TR R
RO T =R EETBE R, X = RERBIERE
A TGS % B GRAPES GFS 5 5 .

MBI B GRAPES _GFS Wil g /1 ok & . B2
5513 T639 A0t A — & i #0555 br 5t i 5K
(ELTTUAR O 55 Hh o0 B 4 BR T4 2R 6 L o T4 T
AZEW, B R =ZKRER.SESIIHE LA L
WEHE R AR LA 7 i

(D iff—#% % & GRAPES 4%k 4DVar $ A&, Jil
RS IR & TR AS B AE ADVar v g 7 L 42 w5 R 4k
I3 BT RS BE

(DRI TLRAFRFEE R, EAKE
TPRAR Gy i P AR A 225 1T IE R R L O R SR Az
F 5L R I BEORHE GRAPES iy [6] 46 3 T

(3) K Jre bl thr AR S UV S5 OB BT AL AR
3 GRAPES_GFS $2 it 5 5 &t 1) '~ #3180 9 30 F1A

() k22 ok - GRAPES 3l Jy HE 28 1 31 52085 1
HHERCR Y, 4k R AL GRAPES #
KPR 10~15 km 23 FER 1) 2 BRI R

e 55 B

(5 hy 38 IO A ke Hif 4 A R T 42 B R A< IR L e
T Y. 55 8 3K 5 LA SR SF 54 AN A% o P RE T AL
JEE B HJ6 5 B 5 ve B T 7 ST A 1 R SR AE
AR RUBE A 3 N ) B A AR L R AP T T A HfE T
B A BRI FE - AT I 12 R R Jey s 17 K L A ER T K G
3 B A MR 5 BB AR 119 2 Bk A
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