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Abstract: As a necessary component of the seamless weather and climate forecast system, the 10—30 day extended-range forecast
plays a crucial role in disaster prevention and mitigation as well as in meteorological services for various industries. Since 2002,
the operational extended-range forecast has been explored from multiple aspects in China. However, because of the limitation in
forecast methods and techniques, the shortage of the specialist team and the incomplete forecast system, the current extended-
range forecast cannot satisfy the demand of meteorological service. Through literature review, questionnaire and interview
with experts, this study compares and analyzes the current states of operational extended-range forecast, specialist team and
collaborative system and mechanism in China and at abroad, puts forward the possible factors restricting the further development
of extended-range forecast in China, and offers several improvement measures. This study provides scientific support and basis
for the decision-making of operational extended-range forecast.
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Fig. 1 Proportion of participants in the questionnaire
for different regions (a), different levels (b), different
departments of national, provincial, municipal, and county
level meteorological bureaus (c)
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levels in each region that issue operational extended-
range forecast

2) SEAFYI TR ) TR

R FETi o P A E B IR E iR TR O I ES
REOvEET (3D, EENFKE. \EHET. K
ISR RN SO 7 S X VAL YL ) N T I 1
IR R AT IR DO S BALT & X KR
JHORT . FEMRERAE. PM, SR S0
BRI Yk BE VS e R I . R X H B
OMRIEH. WERIRE. LR, MIOTHR . K€
FRE WAIRBRT A48 B O S A 7 b

T SCHRORBE . T ERR MM AT E R A
W, [ SR R Lo PR S AR S T AE S 7P 4 ) TR ™
BT ORI BE TR K 1 R ARSI TS, I B
3R PR BE PR S B B A TR ™ i, SRR B A
AAZTERANTOR, g 7 e R T G2 %, 2
CIDRLE ST R I ¥ N S TS T P A= A R
IEAR TR H s (O TR A 508 . <R
PP PR b BRSO B AR A TR O — 2 4R, 2
T2 AGAT IEHAR B 11~30 dIE o IR K X % 5t
7 i SEBL T AE A I B E R KRS A, RSP K

Advances in Meteorological Science and Technology S&EHX#ERE 13 (2) - 2023 | 7



TEBE

dvances in Met S&T

[ FERACRA T O

91.5
90
80
70
§ 60
= 50
B 40 35.8
30 19.8
20 I12.3104 .
10 a3kt
0 II.--2._81._91;01;0
R R E X £ B B £ 2 & o K &
@ Mmook HW g E 5 E B oEom
% o2 # OB O K« BOR K oo
& =B g S = B H K %
o r # £ =
= X %
3 L =
¥
=
ST = i e Y

E3 &AE TR~ Mt F
Fig. 3 Proportion of various extended-range forecast
products

3 SR I TR PR TR B S80RH R AT A%

TE ORI RECA7 T, B AF B TR (147 ) R 38 5 9
10~30 do &ML (Kda) WFRH, 46K55
Ml 55 B AT REAR A TR B 9 10~20 dE21~30 d,
A 12.7% b 55 5 A7 52 A TR ) 25088 H 30 d I Tl
e

TE TR = i B R AR S T THT 45 07 VR (1) S e 9
Tk e, BHRR D T2015FEFFIHFEFF R T X
B /K AN AR IR H ZE AR BA T« SCHR AR B,
H A %R B T2 seBlg H kA 2w &, &
H TG T RS G B R A AR N B3 d
— P, (E SRS R (E4b) BoR, RE RIS
H X ZE A HA TR = Sk 2 LB R) R A A, A A
47.2%0 19.9%1 S R HNLEJE KA. TERATE H Tk
FEAERAL CHEG17%) Hr, 3Rkl 5y, R X
tefe 25 $alb 55 s gl 4y, B R 0% H R & L
100%, 31X 5 4 56 2 b [ /S 5 R S 4 39 TRl 55
TS T H AR S R A . dhAh, F16%ML 5%
BRI AR AL R AR 10 AL BRI TR, B
TR E R

4) FEAH AT (1 IR 5 v R0 TR DR T

FHRTERIREY, Hul, FEASRFERHA A

(a) (b)
70 50 472
62.1 15
60 40
50 455 35
- < 30
£ 40 =
= B2 19.9
330 =20 17.0 16.0
15
20 12.7 0
5
10 I 0
0 EH  Bf) ERE EEKR
10~20 21~30 31~45 Ak
T 2/d KA

B4 FllsSeas EHREATURES (a) . Z%3RE (b) b
Fig. 4 Proportion of various forecast range (a) and
frequency (b) of issuing extended-range forecast products

JIIEAREES T AR $hiDERF2.0%§10~30 dK< i
ATTE, sk, FREE EF R IR -FEN-ERRR
FE— RS = AR TN 55 & 48 (BCC-CPSV3)
T202U4E @ WP, FFEBHREM. A, Z=WF
FEBR )2 AL SR AN SR R . DUAUERBECA
AREUEFNAZ OEAE TREKE, BT
KFERKARTOCC, RNy, REZAEHRILH]
WA 25 B HLIX IR SRRE, JF R 7 BA B 7 RE 1 4E
TR EATIAR 7732, R W] DUBF R AE10~30 dif BL RS
FEAE ) B /R ml P R Rk 45 o e b T A%
o0 UL SR FH 90 R 4R HE AR R R B e =Y,
MIOAE 5 5 ¥ B 1 3 TR A3t 1045 S A R T !
FEIEA R O R PR T T AT 1 kR . R, FE T
B IR GRS, IR ARZRPES) ) & S AL AR
PEER, AN 21077, SEBX Bl A= sk ]
o TR A K DD s I B RE S R B R A A s
FH, SR b S O A I B 7K AL TR 11
RS Y, D) RS R, RIS =
RAMETAIR &4t (Climate Forecast System version 2,
CFSv2), @ 7 b mE . B /KRN 9 B iR 0 A2 1 7
AR, TR LE A BE H SR F0 )14 & uhiE H R
K B A AR o 3R IR UG A Bl e 45 B3R
B %7 yR AT DASE LR AT 11 ~30 dff it R RS &
TR B VEXRBEER . IR E H201746#, JF
Ji& S A 3 et o R ) U 45158, SR FHCFSv2/WRF
BB B R E 1, SR s R T 718
HEETR, AL T RN LS RAED . RiEmA %

O FEFSGEAO =08 T VS5, https:/www.cma.gov.cn/2011xwzx/2011xqxkj/2011xkjdt/202112/t20211229 4337305 html,

Q thi SR E TR Mk s5AL 3. https:/www.cma.gov.cn/2011xwzx/ywfw/202112/t20211227 4327719.html,

@ EZSGME 0. http:/data.cma.cn/dataService/cdcindex/datacode/A.0012.0001/show value/normal.html,

@ G T 5 S TS 4T- https:/www.cma.gov.cn/2011xwzx/ywfw/202112/t20211229 4335792 html.,

@ SAEFIM: 75 <5 W4T 1B U K& 771202134 1023, https://www.cma.gov.cn/2011xzt/20212t/20211227/202204/t20220411 4748641 html,

©® JLRARES PSR S RIIRE R, “E 2 Hi BT R RE UK 2. https:/www.cma.gov.cn/2011xwzx/2011xqxxw/2011xqx

yw/202203/t20220307 592822 html.

8 | Advances in Meteorological Science and Technology S&EHI#RE 13 (2) - 2023



JR S Ao 30 R i AR T B R, ER R AR 8
(R AT S5 X 43 M7 . DERF2.0/, 15 1 24 A0 7 FF 25 i
7 1 R FH B T YA A A R B A FE TR o, T
W g v RO, BN, RN SR B ETIE & ST
R T IR 2 5 B R TR ) R R A 00 R A R TR
A, BRI R E X 10~30 dRRIEFEM
TR AE /1% AREA SR T 0 RS R AR
T E M RO ERE AL, AISOfE Ayxt
Sk S R TR, X RV SR v e
FFFRINCY, I UAMEE . 2 XU S TR T & XUE R
WURIT WS, 3275 7 XF B A& K45 T 8 1 R A
{9 S Ao ST TR A 0 T R R AR B, 4
FERSARSUE S, DA o5 1 g [X 4 5 (K i 2 e 341
Tk i =, HE RS8R E LR G RE) /)
FA& & I E TR B, b S5t J7 T £ B4 T oK
SSRGS EHAE, B B SRR S E T ERER T
LA R AR, B 7 R R T E N A
AR S R, B W R BRI, TR
FZETIE, $ AR 200 B 20 2 o i % s ke 3
SIREHI T TR 5O, SRR [X SR L 382
S, BALT ENR LR TR AR RO,

i) 3 43 BT 45 SRk — B EIAIE T b 22 300 T4
SCHIMSETT T . ST, TR %Lk 55 iy 8 2 feh 341
PRl 55 h R F B TR 1 2 0 (EI5). MR E
A M R TR 7 1 Bl 55 B A7 o B8 50.9%, ALY
P, MERSE . RS TRI . £ TEIE. K
P 5 85 1 7 v O 8 P e 3 o 0 T 228 Ao 39 TR P 75
W T, R AR R SRSTR G R T,
HAY R LN . MR S R S SRR E
V7T PN 2B AR (5 S A S T TR U R T A% I B A £ 5
oo TR H BT ARE Tk 55 00RO 500 7 30— i1
I R
2.1.2 ERSMILRTLL

S ) 5 [ AT 4 S e T TR A 5 Sk, N
[ A HIX S 52 SR DL % S2S B 7 W sk [ ) 4 i
EO, RPEEL R k. BEEL #E AKX
IR R X B % % v [ 5% D ) 52 Ao 39 T 25 TR
RAF SRR TF T UBE, 452 3 I 55 BUIR 3E 4T % EE 4>
B VARG BANR TR

Cover Story ## @& &

=

50
50
45
40 359
35
E 293 283
= 255
525 22.6
- 18.9
15 12.3
10 I 66 47
5
; i n
®OH k= K O O H O H ok oL K
®x 2 8§ B2 B £ B 8 = #
g B % B R K = B X &
¥ = B E OB B % r &
= o X =2 K
= & =
Tk 7%

E5 &b 558 S HA T SR AR TR 3 i P 51
Fig. 5 Proportion of usage of forecast methods for
extended-range forecast

WK M A R A TR Pl (ECMWE) A2 24 51 [ b
A5 1 R TR B Y, WK — BN T E B
R A2, AR O 9 K AR R . ECMWEFZE T3
B A R (BT10 &R RN, 10 dUUE HIEE
A PR O R ST E i, B SRR A TERD,
DAAEJE PR O R TR A 2 AT AR SR 0~ 46 dIf Tk ™ i o
PR ATE: 1) 12 hEEKERY. wBRIEE.
850 hPalbi; 2) FE-F (JH-F¥) MR Y IR
2 mREIFIEF. SRR, PR A .
200/500/700/850 hPar 37 2 mi i/l B S
10/200/500/700/850 hPaifs 5 1A . #12E S~
10/100 m#110/200/500/700/850 hPaX 7 fHF-. H HR
. RN 3) 4a%f{E: 200/500/700/850 hPa
mE s 4 MR A - HRMmE . Hh
F2 m iR BBEKE. CFREFRAE; 5) B
MEZ . HIRIIRE Y. R miE. BEKE. F
PR P AR FEKEETE 402 6O W 7l 4 4
(EFD) FIE WA (SOT) : #iK2 m<iRi%. EFEK
;) FCPEErARE  &A TNAE AT A
M . M2 mAUE PR R T R R,
TEFARRCR 710, B R ABER AW KR, IR
T RS (R, ECMWFALA A B 4Rk
B ORI KSR TR TS, 10 d Y BCMW KL TR v

© K PRI KSR K XU iU G 7. https:/www.cma.gov.cn/2011xwzx/2011xgzdt/201907/t20190724 530863 .html.

Q@ Kt IR AE A, https:/www.cma.gov.cn/201 1xwzx/2011xgzdt/201911/t20191104 538952 html.,

Q WEASME T FFAEFHY KFRAGHIC. https://www.cma.gov.cn/201 1xwzx/2011xqxxw/2011xqxyw/202009/t20200929 564113 html.,

@ VLI SEMIH TR LS. https:/www.cma.gov.cn/2011xzt/20192t/20190513/2019051308/201905/t20190513 524481 html.,

@ B KB XS R R EMRI(2020—20354E) | https:/www.cma.gov.cn/2011xwzx/2011xqxxw/2011xqxyw/202110/t20211030 4090559.html,

© http://s2s.cma.cn/climate.
@ https: //apps.ecmwf.int/webapps/opencharts.

Advances in Meteorological Science and Technology S&EHX#ERE 13 (2) - 2023



10

RELEE VLN

dvances in Met S&T
WRBDRT (Kea). [, E&HHMEHBHERS
Al FR S ROK T Z D P (F6b) . T LU AE SR SE {1 B
BT A AL, AXER E12~18 dFik 15

FE20054F f5 12E A2 B 4.
T+240 h — T+168 h T+120 h
— T+72h —— T+24 h
1.0 —
09 | @ -
0.8 NV .
0.7 4
5 0aha ]y ;
0.3 1| [14il :
02 ; A
0.1 -1 AN A E"
0 T U }
bl o~ =N — [sa) [} o~ = — n %) o~
(=) D (=) (=2 [=3 [=3 (=2 [=3 — — — —
[=)) (=)} [=} (=] (=} (=3 (=] (=} (=3 (=] f=} (=3
— — — o o (] o o~ [} o (S (]
0.20
0.16
0.14 ——— day 1218
0.12 4 —a— day 19-25
» 0.10 1 - day26-32
£ 0.08
0.06 —
0.04 /]
0024 1 1 ———1
04 .
—0.02
o [sa) < wy el o~ [ D (=) — o o
[=3 (=3 (=1 (=3 (=1 [=3 (=3 [=3 — — — —
[=3 (=3 (=3 (=3 (=1 (=1 (=3 (=3 (=3 (=3 (=3 =3
o™ o™ 9\l [9\l [9\] 9\l [9\] o (o] o o™

Ay

El6 ECMWFHE AR HHR A IR TS (a) .

500 hPais E3 7RI T T4 (b) B8] 7 51

Fig. 6 Time series of prediction score at various forecast

range (a), and prediction socre for weekly mean 500 hPa
height field (b) by ECMWF model¢!

% [ [EH ZOE R AE B R (NOAA) TE M
5 [H R G B TR o0 (NCEP) OFE 4E 1 # T35 )7
[, BOUTIRAN AR AT TR T, R
TOUARORE B 52 R FOUAR IS 208, D 0T R 3 DR )
REJ. TR 79 K% . NCEPR FH i3 < R & B 2 ik
AT S A 30 1) BBME T R 40, R R A R A BR
Tk R4 (GFS), g 7% 43 SR FH 3 AR Sy i b 5k 4 2
WAKS) 7% S8 % (GFDL) W R, I LLg
B FRAR AR R AT AR A0 ~44 dRYTRIR 5, FERAG
IR N6~ 10 dFI8~ 14 dffy 1T AR = 5t o
H, X8 ~14 dilk % Fidh, NCEPRELK 7t &4t
T (s phEE 2 SRS 5 ) B0k REAH OG5 2k
TAWEES M X FE RS (PO WA, W5 27t
BRI, EARFRL. K347 A AL FREPPEE) FIA(H
Jrvk (s RIS TR . PR P R )
o HAEAR A TR 0, BB H AR 2 m R, BE
JK B REFA 40 3.200/500/700/850 hPars; 1 1 FE -
200/500/700/850 hPaf10 m K37, Weimis B, Wi

D https://mag.ncep.noaa.gov/model-guidance-model-parameter.php.
@ https://www.cpe.ncep.noaa.gov/products/forecasts/s

BeaK s W DR 45 BRI TR 77 o, 3 o) 2 A DG 4R
HO MIOFRH™ . R R A7 A1 PHL 5 v T S 3R R 4™
DA AMBRE 2 (IR 5 ) HEAT T R i ©

TIZE R IRBE A A0 (BCCC) o S e 1 T
TRBRESTUR RS, B KA KRKO~32 dIITH
B WEAPIATHR AR B RIgLLK
AL 34 B 3 S = s s R RE B RAR s A IE
O MR EE KBRS 2 mAIR R 2 m
A IEFESFE . 200/500/700/850 hPa 37 K B 5 %
KE. BKIETE DR, WRSIE L. FEiET
TS S 2~F | 200/500/700/850 hPafll10 mx\37 .

BEEASRH (UKMO) ZE {1 75 4Rk 3 2% B
HadGEM3 S i i b (il AR S8 20, R o %
R TR 300 R A A o A 5 [ A QT 0 7 i 1 4
BRTTARAR A, 42 ORI TR A3 R AR AR K5 ~31 d
TR = . TR R TR B R LA
T A S S A, 18 4~10 ds 11~17 d.
18~31 df Bt Rk, HBE . KU, K A AE 0,

HASZITAOMA) FIFEHRES TR RS, B
RATO~33 AR/ = i, X BRIFREKE KR i
PR KPR 2 m SR P 2 mig s/ R SR
SRR E K FESEY 200/500/700/850 hPalk i B
P BREKE. BOKEEEE R, RS E L.
200/500/700/850 hPaF110 m/X3%. 200/500/700/850 hPa
EFEY B BESF- . 850 hPalt i@k AT T4k -

HEARH(KMA) 2R3 ISt M4 G 1)
J7 Bk WK B A R A 1, Z R AT0~30 dFiR
PN, NERHNR LR 2 mAR R ALEFEL 2 m
5/ ARSI BT L 200/500/700/850 hPajk Ji #H~F
200/500/700/850 hPaf fE iz ) BE V. MR /KE. &
JKEESE T 2r %L 200/500/700/850 hPafll10 mX\ 35 k4T
Tk

xR EREFEEYT S, EEA SR IMD)
KA G HE (s ML, KRER RS S B
IKHIAELR 3 R 45 ~20 dffJE B AR I R AN
BESPAE . EYEE N HIE KRS EF . 850 hPax37 i)
S5 RN BE AR . 20~25 dE[ BB 7R K AR Ak
ATIZ R AR o FLEF X B B 2R U TR, >R FH AR B
T TR ) 3 o R RS RS AT A, SRR
20~25 AR R 2= AR

] P 471 Z2E {1 35 RO 55 BIORR Fr sf Bl 2 AT 6 B
P A SE A TR L 45 7= S AL S W AR R R B R (F%

Advances in Meteorological Science and Technology S&EHI#RE 13 (2) - 2023



K ML R, AR R TR, 50 E XK
Rt X3S St 45 68 P A I i ) K R AR AR AT TR
o RBAFER CEIEE. FED LA PR 5 BAR
PAEE TR, (HAH PG RRSE S5 Rk B ORI IX, s 56t
T3 AT i 3 2% 1 e JX e 1 4% B 28 T SR 53R R 4t
MR . AE 5 — 7T, XFERERRE, o EAS R e
TOHR B MIO B W 0 A0 K= 7 e i A 45 1) AR 7 b
b, G TR R AT AR S TR A R A A, S
TR IR E R X o 7 G TR AR A 5
[, EHNAAKEEHTIIRZ R -G M4 &
R 5. Hor, BRMR . EE. EE. AL
R [E ZORIHA X 22 K g S A B R A BREE 45 A
RGMEES TR VE, ¥ -Gt Mg & i 7 v
I FH T S A A TR 25, SR b 45 A 5 3 DA g A
R AT A2 A B PR = oy . MR EE RS
HT R R A e R SRR B g S A T A X
ARG 5NCEP, ECMWF [ Fill s 20 ek AH 45 45 1) B
AN, FRET XS b DX DX SRy 5, SR AN TR B T
TP e BT EN S L. RS R
B T . AR R . ZaEl. CFSv2REa),
I 25 PR AR ) MIORR R R AR U475 Sfehl (4
ot P P AR SR AR = s B T SE R 45
2.1.3 TR AR X BT E

HAl, WWRPHIWCRP KB ] 44 3 [7] 5 k2 fr)
S2ST CL e B3t NS5 B B (S2STHi et ), [ A Ah
S A TR A 78 2 A 2 B S MIO T AE A 56 .+
HAIEE LA B . PR UK WIIA L M E AL B . R
s . PR LR S2SIIAE A AT O S ek TR 451
338 1 F FEMI ORI 15y 5 M R U 56 2 DL S Gy Tty
V1) (140 P JELATE D oK 2 90 S feft U T A 2 21024 H i) ]
FEWN BRI J7. Ak, SRS EAER . Sk vkl
i SBT3 E SR R A1
S5 T AR SCHIE 735 FP IF R, B 7 B8 v b o 3 il
fIEE 1 SHERm TS

REBRZ 5% HHHE AN, BRI LT
B, RN SE AR A TR 25 7T . AL RUEAE N
KIRTTARRE HEARES km7r HR11~30 dIEHIATIHR,
HAXHAELS dIZH L 10 diZ 155050 A0 TR =
X H i A0 A KSR IT TR, SRS E B4
FEEREEAS, N E R G A B A R

STHRC

Cover Story ## @& &

2.2 AFthEESE

RIEHES LR T2015FENER (LTINS
FANAREFRTEMNRSEL) UL (EES SR
KIEE (2015—20304E)), HEXIRANA WrlAEE
FRI AR RIEIRTF. L=k, fEMPEEENTE
SF, REMNAHFEREFHH CLERBRASEDN
Wl TR, NRRE NS T KR R R
N AHR NI BURALE & TR STk 1 43 Bk 4 T A
Wi B A e R B IRk, A T RS TR AN A
fits I 0 B A J SRS, R T S AT B TR R Sk e 1)
#, ABEFUEET RGOS AL AR A TR ML 45 A A
AR AN TR SR & % sg ke S5 YIE 0 =75 [ i A
iR, WoR T AA P RIRE IR BUIR BA K Y 5% SR X6 v 5
HE A B RRD

BT A TR TS RAEMAS TFREN . H
o, LSS MO N B T 05 M A B,
F= BT B AR Mk 25 1 44 R S AT TR 1 NS0
NA TR GBI RV T 17 G U8 &, 258 75 24 TR
N AR5 R 25 WG W ATE A2 .
El7affi7x, ZH G055 AL IE R Ol 55 BLA
FANRHIE = FERNBEAE AR, AL~3;5 ]
RO BAZ IS5 1 NE N B8 ~12 N, F 3
S AT AR ARG HLIX . D57 TH (B7b), A TR
Mk 55 Mol N\ G2 7 8 s 55 vy, B 24 3 e BA b B
70%, FrfiEA-E15%, 3R 0 E A RO 55 5 A
RANA TR RZK FA6, 8L 5B & Bl 55 AL
NA TSRNG4 A 2 o JH TR o ) N A 75
SR B R T mDE WS 2 (E7e), Xt AT
LBH, G B X T S A 3 TR b 55 P D 3 3 o B 7
BT LR T

B T ANA S, A AT N A AL P 35 4R
FEE, SRS RN E IS T R R 88 A
P KA RS R M R AE Dk 55 B I RELE R %
TARE T 7RI 55, PR MR, B9R6ET; &
T2 ol v (R R0 I 13E -5 S A 00 T L 55 AH DG 7 (1
Ji& . ATEHEFITA SR RR T 2RI INESS
TERE  RIOURYE & T B R T e, A NS
SINTEE R IR, TR G A TR M 55 AH OB I T
TEMAEIRW, BWMAEHRSCFEAL . HPUH27.5%
RGO 25 BRI =4 SR I8 1A DR (e B ik 1) 855

O ECMWF. A new book on the challenges of extended-range prediction. https://www.ecmwf.int/en/about/media-centre/science-blog/2019/new-

book-challenges-extended-range-prediction.

@ WWRP/WCRP Sub-seasonal to Seasonal Prediction Project (S2S) (werp-climate.org). https:/www.wcrp-climate.org/news/werp-newsletter/

werp-news-articles/1373-s2s-phase-ii.

@ dbnt: KA SRR S 68 ST TAE )5 ZRENAK . https://www.cma.gov.cn/2011xwzx/2011xgzdt/202112/t20211229 4337245 html,

Advances in Meteorological Science and Technology S&EHX#ERE 13 (2) - 2023

11



12

TEBE

HiH
dvances in Met S&T

R ERSMNEMEIFIRIK XS L

Table 1 Comparison of current state of extended-range forecasts between China and foreign countries
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Fig. 7 Proportion of different numbers of preexisting
faculty for making extended-range forecast and recruits
in recent 3 years (a), education levels of current faculties
in extended-range forecast (b), and proportion of
meteorological bureaus at different levels that have
demand for talents in extended-range forecast (c)
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Table 2 Main problems in the current extended-range forecast and suggestions for possible solutions
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