ﬁ /‘-‘42 é. 2024 FF 46% 68 WMBEFANER

DOI: 10.3969/j.iss1n.0253-9608.2024.06.001

BN S fimX S itk

B, RegRY, s

O Rk BE R ERDETERT . LA 1000295 @ #RINTE RS BHRA B STk 2Pt . Lat 100048

HE "B 2RTESRERSSEMTURKFASILIRE. THFSSKANT2003FRHIIEIKAASTFHRR
BRI H— R GHARSAITHRIMERIC(THORPEX) AR T, Eff ERZERIIMXEF R T ABHIRImKSEH
FURAY BRI MAIHE, BRURES T TRKTE. PEHYSENAIAFRASEREL KRG, B HRENS TR
R, ZXNAT BNRES, BETSEENEERRAZOEE, AT Eir LEFRAIBRININAT
1, PR T hEXRTAESIETHRE B A MASEEAIEE 1.

RigiE BN, RImRSTHR, SURX, BEE

HAE R A TR 1 A= b 76 35 RS TR OE 5K
BNFE M SIARA IR, 5RO 56 1) 32 W T
i, PARALGE TR 2 F 2 RS E Bk, 5
1B R A TR A2 2 1 B A R o ST A ok — B
[ N KA FPRES T . AT AR ? &
&2, BUEAR I — 2 RS0 25 B e 1)
B . 7 A AR 7 2= A T 2 0 A e D
oy T FRLH . LN 2 BT I 2 R AR S B A Y
RAE), BU T R g 5 FR A B Rk — B
B[] P R AOIRAS s AT AE R ST . 20 1H:
LWITTEE, FEBEERN—BHES SR R
A, iR AT REMER ) K IE s . R
AH, ERRFEEFHMX LT, R
HHARA TR 2 B E R Ao, H
AERRT. EEAER. FERAZRE. mEKK
GOSN TS B EE TR AR, I
BB R AT AT G, D1k RA MM
HER R T . R AL BT, XL
AR — % K 7510 min/e A7 5 AE TR 1K )5 1)
EERRANEI, BRI BT BT 2508 M

19904E IS RIRTF 2 20154FEI7 K. Kk, Bauer
SV I e AE Nature b 10— s CEPRR, Bl R
RPHRAETS 2230 KA T — s E TH I Edr, 1M
SRR LA DA S RS R R A TR A2 20 TH 242
B KRG 2 st 2 —

AR RIS 20 DR AR A 9 2 >4 1 B 220 ) K
AORAS, XA T R T E AR (G E
JR . RERFEFLH TR i fe . DR —i
ZIRACIRAS AL, B AT 3@ o SR il — e 1
WAREN J12E 07, R0 KSR AE AR Z (132 3R
Ao BRI, XF 4 HT N ZI R ACRAS I A Bk A
GRS TR RSy ey % N DU C[E R iR
IAS Z P AR B 201 1 R ASCIRAS bk mT g 2T S B
L, BOPIHRIRZE /N, MR W AR i
M ZiHE T WIARAS R X AR R TR (5 m . “R
M R” FESRR R BB ILIXFE MR
CUISE RN s — R SR L AT R IR AT
AR, B R B L N, R RAZE PR DA
Ja gl R E A B WM K — 3 B K. IR
R YiBH, =1 RGH, YHERM/N AR

TSRS, WEFTTT IR ey O EARUIN 255 TR T 7. E-mail: xhqin@lasg.iap.ac.cn

https://www.nature.shu.edu.cn/

395 NN



Chinese Journal of Nature | 2024 Vol.46 No.6 | INVITED SPECIAL PAPER

HURET AN A RSB e A A EORHBEB U, 1M
FATH RSB IE R FE— M B T R ¢

TR RAT 2 1/ I 2 KSR 1 L%
FBL MR, BASZAEAERHK RSN
RS L HAACERE, BEAT RS0 LRI ATI
B, RS R SRR AT A B RS,
RGN TTHEZS A AR T R T R R B &2
Sy NREKHI V2 TR AIRE KRS
BEAT I . A R T R R
ZRMIREILEENL, TR P R A SR BRI B i
bryli, il STAE I AR IR B TR R
ZIEE, BRSNS T BT — 5Kk
HHIRK, RSEHIERE KRGS . IR
Hos 5 S A i O BUE RS AL SR AT L) E
AT DB AU R SR AT

AR SR A AR K ZE T ) — S
BA—— “ EARRLI 7 1, R HAE R v o R 5
PR R B ZAER], DARARORIEE .

1 BN EARMNHBERHE

BE2024%F10H, REDRITERT.TR
ANHLTE B SR, SEE T A E 2 s 4
B, ELCE13I RS SIS AT, A
BT I P T, %o v 2 R AR
WERRGZ . BRBAIANRMIES) EBEE DT
MR AR H I — B KA1 kmim &), HAEX
—HEREZENEES, Na4), B4 K%
BRAARGHEEUHEZZE® TX—HE, f
Ml EnR L TEE B K. B, S—MRAAR
Sk AT AR O, R A R DU 2 iz A
ANEI o S G A D BRCA PR i AE R A A
KAREW—ANEERZR. ATH—DBNLE
BAFRERE, TEEEE_ LRI X A 2 /b0 2’
HH R A TR PO AE20244E4 H IR S T R R T
XoF A 3K ity e b TR V5 V7 A T FE W INfs 5C F S 0
(B, SkEHAIEL, 5 HERTHFRL170% 2 v]
FH UL 3k psi e B AN R Bl s 1/5 0 R, Hn
(g b2 RSO s g IR A R K OIRES
M —HE,

SEIBHAE, FRATHR I AR R T TR IX

BN 396

https://www.nature.shu.edu.cn/

—RANER . 20032 )5, AR DEREEIT
gaIGEIE I, HATCAfA302 MAR LEEY
FALE BRI H Al B AR . "R DR AR T
EMEIE TR R PR B R,
AL 73 5 35w, AIIRAS B o R AR BT
By (R TR AR R R T IE AT A5 3), f
Al —HU X BE12 WA BESRAG — UM, AREELEN
MFE X, &Gl — e, A
WA R ARG IR DR LOESE AT
X [A]—A XIEAT TG, X0 T M e <
RAGHR AN AEFE AR 2R, i
IR TR AR AT, FULIN A 2 8] 73 5
PO G DAL, HXTER R T-50°0) 26 B
WX H)TRMMEE I 7 . BN G LR
BAR N, 8 TR RN AR A 20065F
ARTGERG N, H AT S I e B
20144941, 8 TR IRAG RO R KL H
PO 1065 . SR TEA R TRAh 1 B2 A0
M, e T 7 AL A AL

RN N N T NI G =S A (RSN R
ORI K 5 H ARG . Gk 2 R0 R E A A2 DA
NBUE R TR BEAE R 1) GA) (B HEAT RORRRTIR
sy ? B — AN Bh = B IEAE s PE AR P
EEiEsh, eRA RN A E X FFREE
FELZE ) — BUKI (8] i I B Ja S . Bl 52
M3 E . Oy T SRR AT O L XA B =
MRS R RKENE N, —E2EMEE.
A TR 2 DX RG S5 U2, A 17 AR B)
AW KRR, FRERFEN. &
I R ADULI o 3 8 R AT Dy B AR A i A B
NHERIPICA)E, Bh /st PRk A
A2 ? JUE BT BLZ MR i
T R AT R, B DA R
FUMATTAT . LEMIMALF-RIAT. BRBUE B
b, AR TR A FL AR I T ) SR AT e 2 8] 3
FAE 18] 7 H R BLAR (] 24 h) LI Hods . B
SRR IE TR RTHRFEIN, (E R > R B AR
117, KB DA B, B H RT3
IBARACT AR IR A 1 %6 T A 2= XU Bkt
MR AR B, xtsh = FRRE = 2K



ﬁ ,‘-‘42 é. 2024 FF 46% 68 WMBEFANER

April 2024: SYNOP report availability

No BUFR 1205
Few BUFR 525
TAC+BUFR 67!

No TAC 18
PosError....... 9.

>>>

L2

== %@_,—fs"

NoBUFR 3 | 0%

BUFRP 1235 63% : BUFRnoP 728 37%

@ 1553 drifting buioy A 413 moored buoy

BT () A BREG st L Il s o A I, Ferbili s By R R a5 23 99 3R 7R 1% A 3 I e PR 30 3t i A S AR
W oA, D kR L BRI, 10 325Nl s () RERIEEEEAR AR, B/ SR = 5
MARETFAR A E I br, W OME O MFR S AL SR, FEE1 966 MFHr(1& F >k H https:/confluence.

ecmwf.int/display/TCBUF/Data+availability)

WK, EERERRTIAS KM PEREIR
5 ROV 7+ A R o
BRI N A VA 17 R V& 1
AR SRR OUACR I B R, A
PR DX AR AT e SR I WL, & E B i A R
FAF IR KT — R 2 G AU S . AR
R B IR AR — A PRl — o S A 2
) A R HE I, arR s E <R TR
FEARE, I B P e BN DX, T UL N oS
] AR RAEES h— Ik L i AL I e e A5 453 h,
FREL h— IR 3 — R A O i DX I AR A

https://www.nature.shu.edu.cn/

PSR/ A i (e S b L W A5 3 3 e
5 A A R R AR, SRl
PEOY LS s MO T AEFE R TR, B T AR
J5 1 — et R A, B AT S N R
IR, ESCRBIRIS = BR T2 Al RIAE
KRB DRI IS . dnks KL R E =B BTy
CI s < walli B e DS/ ALY e & s AIE A
AL REAE N BT RE AR x i 5 i AR AR
AT BE R o2k AR AR AE LR B
LI TTr, WHUE = BRI 5K, i
SR LI H 8o X2 FRAT B H AR

397 I



Chinese Journal of Nature | 2024 Vol.46 No.6 | INVITED SPECIAL PAPER

DUEIE R A

HASZHAL T 2003 FH 14m W L
E TR TER KRR, EPTHORPEX
TH&l. THORPEX I RI 3= 2 H 2 ik 1 &
1~ 14K 11 A% g <TI0 HR 1R 7 A %, 3 K A g
RATIHR B AR 55 B 2850, Aol 2 2 s 1) T4t 7=
WA R AL S VN A, WS TS
THORPEX Il i & F-HES) 1 H A5 A0 I3 2
E bR AW A R0 T 00 0 P9 ) A 3k
78, A8 AT RS Bl 00U 5 %A Ot 7 EE A BTk
TR 1 DX IR O, AT 8 3 9 /) X X3
(A G i 22 1 B ik T R 22 3 K i H B 78
THORPEXUHRIMHEZ T,  H s 737 58 7E
SRRV BN GRS R . DL E ARAEIY 5%
e NE & B bR, KFAFEE-THORPEX X iR 5% T
2003 FERKEFF MR . 2RISR T K& 1w M
TR TR, BT 1~3 KX 1] B 5 i R )
BRI RS RG4S T EEH B, 2006
B, R EFFRPFBUS BRI IR 2 R
X R 3 7EF R AR . R KR (T S S S,
Jie A ) TR ) H BRI 0373086 ). 7 i
RAFAR BRI, AT e i W& 2
= By I HR R ZR 5 K DL R R X
KERW I THRE TS, — LG A 1 S5 RI87E
2007—20094F [A] [l 82 FF 2%, i3k 7 K&
Aefis Bh 3¢ s PR T = S ookl . BEORYE )
H AR LI 48371856 T 20084 78 WA X I, th
AP sk B AR W 5kt 187 5 ] [ A 5 Tl
rhC A [ SR T B 45 TR AR S, A G S
JiE % 12 B TR AR ZE D/ T 20% ~ 40% Pl A
I, WA X TR T B AR5, AR
P T W g 4 X AR g RS TR KT
WHED) T AN TR R AR R X BT SR A ) B )
RIS BT, H BRULIILE 3R s A EROR [ X
Wi R AT AKCE R R T EEAEH

2 BHERMBZD: BEEK

225 1M 5% St H B 00 00 £ s £ 1
Forb it M 2R R AR AR AR “ BLSER E]
7KV 0 AR AR Al 2 s MRS S T ST it v R

I EE 398

https://www.nature.shu.edu.cn/

PIRFIENHT /e B2, MCUETE 2L, (1,.), 20
{EAB Y A R — BEIF 8] (2, — ) AEBR(XE0) KR
AR AT IO . 25 508 LRSI AR
W, BFESER. SR BRI K KO ES
REE: Mtk RAFIEE 557 R
S SR R S 7 P B E Rt SRV S VDl
I, WREEE RS mAKRKR AT, 18
KEGBIE 557 1, A& RENEIER
W RS HEE, AR K. A4
T 3 AL 5K 2 Mo Bl e 7 23T B AR
HITELEAR i R AT, (R EATTH TR AT BEAF A4
KIATE M, TR TR IER8 L e 1x —
Wi R A T R A X e, BT E AU 58 iE
X (ILE2H “verification region” ), 25 E T
J& H Am W R DX 3R B ()2 g0 T H AR A
I 1) 2 LT 20 AR M i R A T RE S M S [X
(RN AT 2 g, IXAE SRS RN A e B 70 B Tl ,
SRR Fie R . XL R SRR
IR (¢, — t.) 58 R, LA (8 B A I [ i o1 37 0
D8 TAE .

St H ARSI DX SRR 2 R B X (AL 2
“sensitive area” "), T2 AT LA ONEBUK X,
S PUNAR BT HAR XIS, 2, 805 ZI 56 IE X P 5 T
PR ZENT 1, I ZZ DX SRR 4 1 22 S OB . sl
UL, [FIFERIWIAR R 2 RAEEBURIX N, K
AR AE FAR X 5t B3 E X A SR B TR R 22 .
SR 0 I REAE e, I Z UK X AR Iy
HEMRIWIAG Y, KR AT RE R & e, 6 2 56 0E X
W RAIRE RS " Xkl te, 5 fhi
WP AR 22, FRARRE— R 8 —
IS 2 T AR v W B A R, U
(X P Bl BS () W A W A T R R LA E . H
BRI A% o sl 2R 1) HH X R BBURR X

M20tH ZL90FEAR T I, — LB 2Tkt
B4k T2 U R 0 B bR I ESURR X . R 1T
5, XEEIER S NRRIE, —REET U
PE, 15— A T I BURAE . T RO T
VEZIE T PARGRZEN S At i B AS R B T AR R
ZEVBURFE R . BURMEBOR, RIUZAL B KIYILE
RZEERE G R E KPR 2= . PRk, AHERT oAt



ﬁ /‘-‘42 é. 2024 FF 46% 68 WMBEFANER

lead-time

t, t, forecast

platforms to deploy:
- research aircrafts

- research vessels

- balloons

systems to adapt:

- radiosoundings

- commercial aircrafts
- satellite sampling

I
select some h
observations

optimization | >tlme

T R
=S

verification
region

Computavo™

forecast

deployment time

B2 HFsOL sz iR e

FrE, FNAZAEMARHAT BARUWM, bR A H
PRI UK X o 1% TT 1 R AR A £
BE BB R B 5 ) (singular vectors) /7
L R RS RV . IR T VR
R R TIN TR AN g R AR, 1
ok PP AE A [F) AL B 51 NGB AU I (R AT R sk
Jit PR I A R ) o 4 15 22 () 52 e R o E A oW
M RURIX o AR T Hoh X 48, @ [F) A 0 I e
% BT 22 9/ N P 1 22 1R DX RN D U X o X
K71 FE 4G Hessian SVs 72 HIEE & 6
IR 2 PE P T IRETKR)!™, E LR T ik,
PERE BB T SVSHTVEFBTKE 7 545 %
A T THORPEX X 48370558 71 B A5 WL I
JB&IX o

R UK X B T VR AEAS R AR B A
M TR, X BREE T RABFIZIINAE
AMEARR . FEXFERE =T, B0 TIERA
N BRI W TR S A R 2 M S AR B
ZJJ(CNOP) J7 LR 51 H b7 Wl s X (1) L
FIEE T KA CNOPAI 4R 1572 22 i i 725 ) 245 74 F T Ak
HERAL B H PRI UK X, 2EmiE e AR 1% X
TSt B LI, 3K BN A R 22 A A TR

https://www.nature.shu.edu.cn/

w2 H M IHHE AR,

CNOP 5 281 5 v UK X F 4T 4 X
51?7 CNOPJT VM BBV X e 15 58 B 142 &
Wit RS TAROK T 2 BRI T K& T
VERAE 7~ Lk i it 22 i, QinfiMu*4E
7~ T CNOP 5 SV shff e I BUR X (1) 2 51, LA KT
&R THR . PLE KA 5(2009) 7941,
A1 53 5 FHCNOPAHMIS Vs 7 i & 1 6 IR &
(2009) B8 12 TR 1 H b I BUK X (K3). CNOP
T3 VA 1 B A U0 FBURR X B AN T B X 4
—NES KL LLZEZAT 000 kmy AT & X5 E
o E B R XA E, B E S E K
O o ZBURIX A B Z2IE T G X5 R E RS
RAMMHEER, LGRS A S X G X
=1(2009) 8% 2 Tl () B B, O T AR LR M R
g, TSVsIikMhE MUK IX FEEFES
KA PAR 21500 km, L3R T 5 XNAGA S
(14 J53 308 DX 455 (A 2R 30 6) 5 IAEA 1= (2009) % 42 T4
MO B, AL, CNOPHEE MBUKX B/ &6
KRS P B S R, W &R SR AL
B, BRARIECNOPHISVs 7 V1 2 I BUR X
P IE IO, T BEHE = B XU 155 (2009) 1) 2 4% il

399 NN



Chinese Journal of Nature | 2024 Vol.46 No.6 | INVITED SPECIAL PAPER

HIKF, {HCNOPJ7 8 72 If SIS X AT B 7798/
Z131% M A TR R 2, SV N14%. AL
ik, KEGRAMERKG TS RENEE T E
CNOPJ7 iR A B BUBR X N 3EAT H BRI, X 3

AT S AR TR 5 1 1 EE LA (RTA id
REN 3% ~ 46%), HAEAEAES J7ESVsIH
(R RBURR [X P [R] A B8 o) T K S () 4 s (mT A T
FRARZE N 14% ~

25%) 5 IR B,

30°N 4
28°N A

26°N A
24°N A
22°N A
20°N A
18°N A
16°N
14°N
12°N 1
10°N T

&

“‘:\N‘V/

——

1 - o

165°E  170°E  175°E

30°N
28°NA

26°N
24°N-
22°N4
20°N+
18°N+
16°N+
14°N A

12°NA
10°N A

&

150°E  155°F

145°E

160°E  165°E  170°E  175°E

B3 &R EQR009)iH: H CNOPT () FISVs 7L (F )R A H B A I EBURS X (B8 0) J 3 B JZ 0=0.5 Tt £8)

CNOP H b WM £ 2] 1 B N A2 35 1)
5. VidardZPYHRCNOP H AR B« ok 3%
MR 7, “HE % H AR 7, T Chen
IR SC T TR VR I R F 13 S 5 HRFRCNOP H
PRI “BEREHEAIEEMIM RS o H Ak,
R E TR R B £ R e R A CNOP H T 6 %
Bt A% 7 3 T i T e 1 A 3 WL R 56, B “ AR
FRCRK X[ A0 o Tl 4 SR = AR B 2 il
A B AAEE R Y TR 1R ZE 2,02 °CH /N F
0.88 °C” P9, ESZHWIIBLZRIFEALT &
KUTAR 0 B BRI 403738056, 50Uk 7 BHCNOPTH

BN 400

https://www.nature.shu.edu.cn/

SE TR H A W00 B0 X% T 4 5 B TR K P 1
A REGE 3T AL, CNOPJT M #E
HHESh 7 E PR BRI BRI T

A OC T CNOP S H B H Bt Fe At e, {3 T
X EEBH R . Terwisscha van Scheltingas”
HFE CNOP H T-HR U 35 BU AR It 45 74 T 1) e PR 4
KWILHIRZ; RiviereZ K CNOPH J& EIHF 7T K
AR FE B A TR AR WangZ5E PR HICNOPH)
RO T J 1 M 5% T 482 XOnh i RS B2 & Tl
[FIF 58 : DuanGC 45 CNOPAE Jy 2 4245 71l
75 B by 9 U7 % — B AE Springer i



324 20245 16% 6 mELEH

1] “Handbook of Hydrometeorological Ensemble
Forecasting” , %153} The Atmospheric Science
Librarians International ¥HiE2Z, DL A 5 ARk
H 482020 [EH7 K B 2% . Shen% U TE PFA 7 o [
FSZ70 8 4F LR o [ SR B T S S R, BR
“ CNOPFE - FRI 8] R AT FRAERE 7E . H Ar
TMANEE S PR AT IZ AT R

3 HKEXT#HHFSAeTRAN B AR5
Hil e

ZTHORPEX VT XI (1) &6 2%, & il 1 X
TE20084F 3 3l 1 #viy e 73 WG . 2008
Z20184F 0], HEAFRHEA ZHI X240 4
WA T AN IR, M 201 64EFF
f, BRI E FRE g 2 1) o ST
J& T HEER S MIMAREETY . BRI L A7 IR 56
ARA BT H ARV SR, A 3 W s
IR 5, (R IRM T = St EdE, A
IR T BB G R 2 &R, TRl
S I R IR T A SR R WIRIR I R AR
FAE RS, R Rt TR 0 PRHRML R AR
FlE TR RS YR R IR RS,

T NE B ¥ X b o 5 T 1 i 1 AT S
T 7E(ADSSV) N H T #v SiE I8 KRl A
W5 (DOTSTAR"), FEZ G5l 7 & K H b
M AL 1. HES SRR —BEERRERE
PRI SRS IR, JCHGR R ER S 251 LR K
B4 % 55 8 H AR AN A7 R BSR4 T B ) . 5
JTEMF &, I 7 H As 0 5w 7E 3 E 4
A S TR IR A, RS R RE T
20184FE, KARN =S ELEAR(FY-4A), FISVs
WU T #vrs S R E.(20118) Tk Y H Ar Il i
RIX, BTk 7R B E (A A U A s % i T
AFDFNTE(2018) [ [l RS &5 0, e 7 Tidkd:
1508 B ARS VS IR AF(E A £ P I ABL ) = PR A
EX AT SR AR 5 R S 3R A7 R 50 T 46 se B
L 55 SE R AR B3l 3 ) H AU ) o g —
o FEBRISVSIERI LRI, A E TR
B Pk 22 A F-20204E 1 YO CNOP A - F
SEEITFRBA R TESG K “HEEEir” Wik

https://www.nature.shu.edu.cn/

H R A7 560, B e 4E ], RES S
T — 2 56 KR E1E, FCNOPRI) N
TFY-4A TR B0 o SR 75 70(2020) Al
(2020) FEAR(2021)F1HLHS (202 1) i 2 W I
5, e 7 REME RN X, KT A H
0 H AR B RL, (i« 3R TR AR IR N2
100 km” PS4y, JEHAE & KANES 202 1) ik
B, JRTRZ G KIS TE 68BN, miE e E
B WL S5 B TR 5 St — 3, BRI RORTE 68
BREEEY, TESE T FY-4A H R LI 2 & 6 X
TR A A

FY-4B7E202 1426 H 2 &4 fa ik A 1
E FroA 4037 i B W PRI BA AL, - F20224F &
T B RA 4 (2022) 14875 . ChanZE 5k,
X CHRETEIRIT - R RS AR
57 o ZUGRIEXT & KK 2£(2022)H 41 T %43
RN, I & BHEFY-4B T A .
MLER T BR 2 AR BRER 2843 o 78 S W 2
BT, BHEFA1S8 SV I B HBUR X A B 34T T
WL, B SRR R DL S AR 2 M it FE s
RS, SR 4K 22 YR CNOP 7 2556 BURS X HE4T
TR, MIMTHGE T R A7 i & 10 E bR
WX 3. B AR TRk E i TR R i) A2 2 v [
HER R GEAE PR O R SR, kT S
ik, MBS NESEAEERSSHRME T RS
ek B AR RIS A R T A AR £(2022) %
. SR R L BIR BRI TRoOK (B S) . 1
JRTAR T, 6 XK 22(2022) PAPE 647 B Bk 3R
M5y, TRV T E bSO E R 0 R0 & B
AR R e 8AT e dbdr, R T 55807 kAR
B — S B PR AR

AT NE SR R AR RS TR, R
i@ TR 1 HME S RIS i, 1 A £ KUK 22(2022) 19 H
P ALIUARES T, B AR X 78 TR i e
RRERER . e KR Aok A A=
TAER . BAh, ZHAR A A S X “R
=27 36 hPN 0 TR R ZE N 11 %, X
=25 mmZy ) 1)K TR AR TE gk, BTEL, S
Jiti B W 2 B e R SRR AR L 5 R AR K T
AP 35T B

401 NN



Chinese Journal of Nature | 2024 Vol.46 No.6 | INVITED SPECIAL PAPER

(a) Chanhom @100806 (b) Chanhom @100818
600 < 1 1 1 1 1 210 — 1 1 1 1
E 500 4 — BASE E £ 180 4 — BASE o
T 400 4 — BASE:GIIRS E S —— BASE+GIIRS -
e 2 o
5 300 3
% 200 4 3
E 100 3 E
03 T T T T T r 0 T T T T T
0 0.5 1 15 2 25 3 0 05 1 15 2 25 3
(c) Maysak @083106 (d) Maysak @083118
210 L L L L 150 1 1 1 1
E 10 — pase E £ ] — Base g
E 150 4 ——— BASE+GIIRS F E 1 —— BASE+GIIRS
£ 120 4 F £ 9 7 r
% gg E E % 60 -
E %0 E E 30 — F
0 T T T T T 0 T T T T T
0 05 1 15 2 25 3 0 05 1 15 2 25 3
(e) Higos @081806 (f) Chanthu @090818
140 1 1 1 1 500 e | 1 1 1 1
E 120 4 — BASE £ E 400 4 — BASE 3
< 100 4 —— BASE+GIIRS E = 1 —— BASE+GIIRS
e E E © 300 3 3
g Zz 3 E S 200 4 2
8 40 4 E & 100 E
T2 4 T T T T T o0
0.0 05 1.0 15 0 05 1 15 2 25 3 35 4
(9) Chanthu @090906 (h) Conson @090818
400 1 1 1 1 1 1 1 L 320 | | | | | L
€ ] — BASE F £ 280 4 —— BASE E
= 3004 —— BASE+GIIRS F < 240 4 —— BASE+GIRS E
2 200 4 2 20 E 3
[} E F @ 160 =
S 100 3 E S 120 2
o E F £ 804 =
Foo0 T T T T T T T F 40 . : . : . I H
0 0.5 1 15 2 25 3 35 4 0 0.5 1 1.5 2 25 3 35
Lead time/d Lead time/d
(i) Mean
500 1 1 1 1 1 L
£ ] — BASE E
< 40 3 BASE/GIIRS 3
8 a00 -
< 200 3 2
3 E 3
= 100 E ;—
0 E
0 0.5 1 1.5 2 25 3 35 4
Lead time/d
B4 A8 HHT e, AL I B (BASE, 21 €)1 R AL FY-4 5 6 3 WL 58 (BASE+GIIRS, 4R (4) [ 1%
TR 2
P 2022080812_fcst36_60
- T , 7.35 - 12_fest36_
s, o Witheuttargeted
G R’ obscrvations ~6 Without targeted A 9571 Without ta'rgeted
200 H Sbservations 6. i observations
58 \ \ With targeted
N 12 -
- i o . 5 %31 observations
With ta.rgeted 2 . 02 /
observations = \ .
3 . 3.08
fent With targeted 011
2 186 observations
14°N 03 6/3 123 18/3 2412 3012 3612 =01 =10 =25 =50 =100 =250
106°E  108°E 10°E 12°E 14°E 116°E FstHour/Sample Precipitation/mm

El5 & XA (2022) H ARSI G5 8 AR () SREECH) BE/K () TR TG He s

Zr b, AECE AMUE B ESVsIARE R R, R SEIURAAIN 5 e PR R ) R
BURDCAE U X Bt AT s O, A PRI EEHE Y, 0 B.CNOPYT A H AR I 4h 47
MBIFEPAECNOPHURIX A, AIRAGE R Wl .

BN 402

https://www.nature.shu.edu.cn/



ﬁ }.‘;2 é. 2024 FF 46% 68 WMBEFANER

4 4538

=A

H b5 W0 — P e % 5 $0E fildk 5.3 &
GEA I e, S H R A ORI R
ANAEAR BR R R3URK X R AT B 2 I 2 A, AT e
HEWIIR R, B m o RS 0 PIRORS FE
H20tH 2090 AR LK,  E PR & KOl 55 FIRH L
MG By e XA R R S R R G T, JHRe T H
PRI B 5T RN A0 A5, BUAS T E AR,
PAF T REFESRMINEAE, A 8des 1R
SEM TR . BEARIRE DR, HiER
TAREMI R E, FRES RN & Rk T
H AR AT 50 R0 S B B TS T SR R, MY
R AL G 7 1L B AR, K TR 825 R
ALt S R CNOP I 23R 551 H b S0 ] 480U
X AR FH oA, M H H20205 Lk, ZHAR
Weiz0 N TR E & XE AR 0S5, R
TREARMIMRZE . Bl & TR A E 3t T
W R R A s . AAh, EE—R=NE,
CNOP H A WLl AT S AN B SRR il
& WU FLRT R 2R X 30l 25 TR e, 2024474k
ZEH AT T ETE, UE T RGHBR,
M CNOP H b5 W I AR T 46 ) 6 R0l 55 i
Wscihidt . TAVEE, EMERRSSHEMRS
TR R ISR A I UME T, BRE R B An i
M 55 2 B TS AR BE MR, [ B Rk A B (1) B
BEEAE AT R AR R &, AR
HERR R S TR KT B3

20245 1 DURY 22 4% 7 7 R E AN E
KEH#ZJohn J. Hopfield. Geoffrey E. Hinton,
PLRFARATT “ I N T b4 WX 245 s B 85 27 5
EREE R BIR A B ” o s b, EFER, A
TR RE(ADIZHIGE, R RIS AT W
Ja B F MR BB, T H & AT R XS B &t Xt
FIRSASER R TIREDN T RIGHERD . RE
XA, T AT BT 1 O B4 A ] e oo b A7
TERZE, AUVBRWARER U R KRR ie
B, X LR ZE BIAEAE TR SHE LA CNOP H b il 2 A
R SR AE T 3R 5. ATEEAY i B R AR 35 02
BRI A R B AR AL, BT L, ALEL

https://www.nature.shu.edu.cn/

AR FH AT KK 46 55 H bs 000 508 X1 T S
6], W 446 DRI 52 AT R 531 b W) 580 X 75 1)
TOUHR S TR B, kT s/ )s B A I I AU X 1) AN
SEPE, 35 H AR IR AR s R TR K P
o EEdE . PR, R R IR K AR L
A%, {HCNOP H br Ml B A AT 2 73 =8 F st B
PRI ) S5 T B, Ay B R R AE 44 S20F 50 11 2 A
F, ¥CNOP5AIZ A, SZHLCNOP H bW+
REAIM EELES, FBRRZR S AR -7
R, BEEE AN & T R SR I CNOP
SRR TE 5o N 3l e da e S A IR AV SIEAE =N Tk
FARBE— DR, RS 3RE B R SRR
AETIHR -

(20244710 A 27 Bl AS)

[1] BAUER P, THORPE A, BRUNET G. The quiet revolution of
numerical weather prediction [J]. Nature, 2015, 525: 47-55.

[2] SNYDER C. Summary of an informal workshop on adaptive
observations and FASTEX [J]. Bulletin of the American
Meteorological Society, 1996, 77(5): 953-961.

[3] SHAPIRO M A, THORPE A J. THORPEX international science
plan [R]. Version 3. WMO/TD No. 1246. WWRP/THORPEX No. 2.
Geneva: WMO, 2004.

[4] RABIER F, GAUTHIER P, CARDINALI C, et al. An update on
THORPEX-related research in data assimilation and observing
strategies [J]. Nonlinear Processes in Geophysics, 2008, 15: 81-94.

[S] AGUSTI-PANAREDA A, BELJAARS A, CARDINALI C, et al.
Impact of assimilating AMMA soundings on ECMWF analyses and
forecasts [J]. Weather Forecasting, 2010, 25: 1142-1160.

[6] WULFMEYER V, BEHRENDT A, BAUER H, et al. The convective and
orographically-induced precipitation study: A research and development
project of the world weather research programme for improving
quantitative precipitation forecasting in low-mountain regions [J]. Bulletin
of the American Meteorological Society, 2008, 89: 1477-1486.

[71 PRATES C, RICHARDSON D, SAHIN C. Final report of the
PREVIEW observation Data Targeting System (DTS) [R]. ECMWF
Technical Memoranda 581, 2009. DOI: 10.21957/ziumqgeedn.

[8] JANSA A, ARBOGAST P, DOERENBECHER A, et al. A new
approach to sensitivity climatologies: the DTSMEDEX-2009
campaign [J]. Natural Hazards and Earth System Sciences, 2011,
11(9): 2381-2390.

[91 WEISSMANN M, HARNISCH F, WU C. et al. The influence of
assimilating dropsonde data on typhoon track and mid-latitude
forecasts [J]. Monthly Weather Review, 2011, 139: 908-920.

[10] IRVINE E A, GRAY S L, METHVEN J, et al. Forecast impact of
targeted observations: sensitivity to observation error and proximity
to steep orography [J]. Monthly Weather Review, 2011, 139: 69-78.

403 NN



Chinese Journal of Nature | 2024 Vol.46 No.6 | INVITED SPECIAL PAPER

[11] World Meteorological Organization (WMO). Targeted observations
for improving numerical weather prediction: an overview [R].
WWRP/THORPEX No. 15, Geneva: WMO, 2011: 4.

[12] MU M, DUAN W, CHEN D, et al. Target observations for
improving initialization of high-impact ocean-atmospheric
environmental events forecasting [J]. National Science Review,
2015, 2(2): 226-236

[13] BERGOT T. Adaptive observations during FASTEX: A systematic
survey of upstream flights [J]. Quarterly Journal of the Royal
Meteorological Society, 1999, 125: 3271-3298.

[14] WU C, CHEN J, LIN P, et al. Targeted observations of tropical
cyclone movement based on the adjoint-derived sensitivity steering
vector [J]. Journal of the Atmospheric Sciences, 2007, 64: 2611-
2626.

[15] PALMER T, GELARO R, BARKMEIJER J, et al. Singular vectors,
metrics, and adaptive observations [J]. Journal of the Atmospheric
Sciences, 1998, 55: 633-653.

[16] BISHOP C, TOTH Z. Ensemble transformation and adaptive
observations [J]. Journal of the Atmospheric Sciences, 1999, 56:
1748-1765.

[17] BARKMEIJER J, VAN GIJZEN M, BOUTTIER F. Singular vectors
and estimates of the analysis error covariance metric [J]. Quarterly
Journal of the Royal Meteorological Society, 1998, 124: 1695-1713.

[18] BISHOP C, ETHERTON B, MAJUMDAR S. Adaptive sampling
with the ensemble transform Kalman filter. Part I: Theoretical
aspects [J]. Monthly Weather Review, 2001, 129: 420-436.

[19] MU M, ZHOU F, WANG H. A method for identifying the sensitive
areas in targeted observations for tropical cyclone prediction:
conditional nonlinear optimal perturbation [J]. Monthly Weather
Review, 2009, 137: 1623-1639.

[20] MU M, DUAN W, WANG B. Conditional nonlinear optimal
perturbation and its applications [J]. Nonlinear Processes in
Geophysics, 2003, 10: 493-501.

[21] QIN X, MU M. A study on the reduction of forecast error variance
by three adaptive observation approaches for tropical cyclone
prediction [J]. Monthly Weather Review, 2011, 139: 2218-2232.

[22] QIN X, MU M. Influence of conditional nonlinear optimal
perturbations sensitivity on typhoon track forecasts [J]. Quarterly
Journal of the Royal Meteorological Society, 2011, 138: 185-197.

[23] CHEN B, MU M, QIN X. The impact of assimilating
dropwindsonde data deployed at different sites on typhoon track
forecasts [J]. Monthly Weather Review, 2013, 141: 2669-2682.

[24] VIDARD A, BOUTTIER P-A, VIGILANT F. NEMOTAM: tangent
and adjoint models for the ocean modelling platform NEMO [J].
Geoscientific Model Development, 2015, 8: 1245-1257.

[25] CHEN D, SMITH N, KESSLER W. The evolving ENSO observing
system [J]. National Science Review, 2018, 5(6): 805-807.

[26] LIU K, GUO W, DA L, et al. Improving the thermal structure predictions
in the Yellow Sea by conducting targeted observations in the CNOP-
identified sensitive areas [J]. Scientific Reports, 2021, 11: 19518.

[27] TERWISSCHA VAN SCHELTINGA A D, DIJKSTRA H A.
Conditional nonlinear optimal perturbations of the double-gyre
ocean circulation [J]. Nonlinear Processes in Geophysics, 2008,
15(5): 727-734.

[28] RIVIERE O, LAPEYRE G, TALAGRAND O. A novel technique

N 404

https://www.nature.shu.edu.cn/

for nonlinear sensitivity analysis: application to moist predictability
[J]. Quarterly Journal of the Royal Meteorological Society, 2009,
135: 1520-1537.

[29] WANG L, SHEN X, LIU J, et al. Model uncertainty representation for a
convection-allowing ensemble prediction system based on CNOP-P [J].
Advances in Atmospheric Sciences, 2020, 37(8): 817-831.

[30] DUAN Q, PAPPENBERGER F, WOOD A, et al. Handbook of
hydrometeorological ensemble forecasting [M]. Berlin, Germany:
Springer, 2019.

[31] SHEN X, WANG J, LI Z, et al. Research and operational
development of numerical weather prediction in China [J]. Journal
of Meteorological Research, 2020, 34(4): 675-698.

[32] DUAN Y, WAN Q, HUANG J, et al. Landfalling tropical cyclone
research project (LTCRP) in China [J]. Bulletin of the American
Meteorological Society, 2019, 100: ES447-ES472.

[33] CHAN P, WU N, ZHANG C, et al. The first complete dropsonde
observation of a tropical cyclone over the South China Sea by the
Hong Kong Observatory [J]. Weather, 2018, 73: 227-234.

[34] ZHANG J, ROGERS R, NOLAN D, et al. On the characteristic
height scales of the hurricane boundary layer [J]. Monthly Weather
Review, 2011, 139: 2523-2535.

[35] ZHANG J, NOLAN D, ROGERS R, et al. Evaluating the impact of
improvements in the boundary layer parameterization on hurricane
intensity and structure forecasts in HWRF [J]. Monthly Weather
Review, 2015, 143: 3136-3155.

[36] MING J, ZHANG J, ROGERS R, et al. Multiplatform observations
of boundary layer structure in the outer rainbands of landfalling
typhoons [J]. Journal of Geophysical Research: Atmospheres, 2014,
119: 7799-7814.

[37] BI X, GAO Z, LIU Y, et al. Observed drag coefficients in high
winds in the near offshore of the South China Sea [J]. Journal of
Geophysical Research: Atmospheres, 2015, 120(13): 6444-6459.

[38] TANG J, BYRNE D, ZHANG J, et al. Horizontal transition of
turbulent cascade in the near-surface layer of tropical cyclones [J].
Journal of the Atmospheric Sciences, 2015, 72: 4915-4925.

[39] ZHAO Z, LIU C, LI Q, et al. Typhoon air-sea drag coefficient in
coastal regions [J]. Journal of Geophysical Research: Oceans, 2015,
120: 716-727.

[40] ZHANG X, DUAN Y, WANGYY, et al. A high-resolution simulation
of Supertyphoon Rammasun (2014). Part I: Model verification and
surface energetics analysis [J]. Advances in Atmospheric Sciences,
2017, 34: 757-770.

[41] ZHAO K, WANG M, XUE M, et al. Doppler radar analysis of a
tornadic miniature supercell during the landfall of Typhoon Mujigae
(2015) in South China [J]. Bulletin of the American Meteorological
Society, 2017, 98: 1821-1831.

[42] MING J, ZHANG J. Direct measurements of momentum flux and
dissipative heating in the surface layer of tropical cyclones during
landfalls [J]. Journal of Geophysical Research: Atmospheres, 2018,
123: 4926-4938.

[43] WEN L, ZHAO K, CHEN G, et al. Drop size distribution
characteristics of Seven Typhoons in China [J]. Journal of
Geophysical Research: Atmospheres, 2018, 123: 6529-6548.

[44] WANG M, ZHAO K, XUE M, et al. Precipitation microphysics
characteristics of a Typhoon Matmo (2014) rainband after landfall



ﬁ /‘-‘42 é. 2024 FF 46% 68 WMBEFANER

over eastern China based on polarimetric radar observations [J]. Province, China [J]. Natural Hazards and Earth System Sciences,
Journal of Geophysical Research: Atmospheres, 2016, 121(20): 2018, 18:2921-2932.
12415-12433. [54] CHEN H, YU H, YE G, et al. Return period and the trend of extreme

[45] WANG M, ZHAO K, LEE W, et al. Microphysical and kinematic disastrous rainstorm events in Zhejiang Province [J]. Journal of
structure of convective-scale elements in the inner rainband of Tropical Meteorology, 2019, 25: 192-200.

Typhoon Matmo (2014) after landfall [J]. Journal of Geophysical [55] HAN W, YIN R, LI J, et al. Assimilation of geostationary
Research: Oceans, 2018, 123: 6549-6564. hyperspectral infrared sounders (GeoHIS): Progresses and

[46] WU D, ZHAO K, KUMJIAN M R, et al. Kinematics and perspectives [M]//PARK S K (ed). Numerical Weather Prediction:
microphysics of convection in the outer rainband of Typhoon Nida East Asian Perspectives. Springer Atmospheric Sciences. Cham,
(2016) revealed by polarimetric radar [J]. Monthly Weather Review, Switzerland: Springer, 2023: 205-216.

2018, 146: 2147-2159. [56] YIN R, HAN W, GAO Z, et al. Impact of high temporal resolution

[47] CHEN N, TANG J, ZHANG J, et al. On the distribution of helicity FY-4A geostationary interferometric infrared sounder (GIIRS)
in the tropical cyclone boundary layer from dropsonde composites radiance measurements on typhoon forecasts: Maria (2018) case
[J]. Atmospheric Research, 2021, 249: 105298. with GRAPES global 4D-Var assimilation system [J]. Geophysical

[48] TANG J, ZHANG J, CHAN P, et al. A direct aircraft observation Research Letters, 2021, 48(15): €2021GL093672.
of helical rolls in the tropical cyclone boundary layer [J]. Scientific [57] BCUpsi, Zeme . ARLe ki it sh 7 i A s =i B AR LR 7t
Reports, 2021, 11(1): 18771. A7 HR AN [3]. HUBRELE R, 2022, 37(2): 165-176

[49] CHA D, WANG Y. A dynamical initialization scheme for real-time [58] FENG J, QIN X, WU C, et al. Improving typhoon predictions by
forecasts of tropical cyclones using the WRF model [J]. Monthly assimilating the retrieval of atmospheric temperature profiles from
Weather Review, 2013, 141: 964-986. the FengYun-4A’s geostationary interferometric infrared sounder

[50] WEN J, ZHAO K, HUANG H, et al. Evolution of microphysical (GIIRS) [J]. Atmospheric Research, 2022, 280: 106391.
structure of a subtropical squall line observed by a polarimetric [59] B/Ihig, sk 5F, BERAA, 5. I ifg & RS AR B[R] UL A 22 a6 0]
radar and a disdrometer during OPACC in Eastern China [J]. Journal HERFL2EERE, 2019, 34 (7): 671-678.
of Geophysical Research: Atmospheres, 2017, 122(15): 8033-8050. [60] CHAN P, HAN W, MAK B, et al. Running head: Ground-space-

[51] LIJ, GAO Y, WAN Q. Sample optimization of ensemble forecast sky OSE of TC Mulan in August 2022 ground-space-sky observing
to simulate a tropical cyclone using the observed track [J]. system experiment during tropical cyclone Mulan in August 2022
Atmosphere-Ocean, 2018, 56: 112-128. [J]. Advances in Atmospheric Sciences, 2023, 40(2): 194-200.

[52] LIU H, WANG Y, XU J, et al. A dynamical initialization scheme [61] QIN X, DUAN W, CHAN P, et al. Effects of dropsonde data in field
for tropical cyclones under the influence of terrain [J]. Weather and campaigns on forecasts of tropical cyclones over the western North
Forecasting, 2018, 3: 641-659. Pacific in 2020 and the role of CNOP sensitivity [J]. Advances in

[53] LUY, REN F, ZHU W. Risk zoning of typhoon disasters in Zhejiang Atmospheric Sciences, 2023, 40(5): 791-803.

Target observation and extreme weather forecasts

DUAN Wansuo”, QIN Xiaohao”, YANG Lichao®

(D Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; @ College of Resource Environment and
Tourism, Capital Normal University, Beijing 100048, China

Abstract Target observation is a new observational strategy to improve forecast level of extreme weather events. Under the
promotion of the Observing System Research and Predictability Experiment proposed by the World Meteorological Organization
in 2003, a lot of scientific research and field campaigns for target observation have been worldwidely conducted and effectively
upgraded the forecast level of relevant extreme weather events. Chinese scientists started late in target observations; however, they
have achieved breakthroughs in the past decade or so. In this article, we introduce the idea of target observation and elucidate the
crucial issues for target observations. We also overview the field campaigns conducted for target observations in the world and review
both the progresses in research and the efforts in implementing field campaigns for target observation associated with tropical cyclone

forecasts in China.

Key words target observation, extreme weather forecast, sensitive region, data assimilation
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