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Abstract. The atmospheric compound pollution events, primarily composed of fine
particulate matter (PMz5) and ozone (O3), represent one of the significant challenges
facing China's atmospheric environmental pollution. Accurate forecasting of
atmospheric composite pollutants is essential for implementing effective pollution
control and prevention measures. There is considerable uncertainty in forecasting the
concentrations of compound pollutants. However, conventional observations are
insufficient to meet the demands for their accurate forecasting. 'Target observations'
focus on the observational needs of forecasts and present a new observational strategy
to enhance numerical forecasting skills. Currently, the target observation has been
successfully applied in theoretical research and practical field trials for high-impact
weather and climate events, significantly improving forecast skills. Compared to target
observation research on high-impact weather and climate events, studies on target
observation for air pollution events began relatively late and have not yet been
implemented in field experiments. This paper reviews the research progress of target
observation on high-impact weather and climate event forecasts, evaluates the
application of targeted observation strategies in studies of severe air pollution events,
and discusses the challenges currently faced. Additionally, it highlights key areas for
future research and explores the critical role of targeted observations in improving the
forecasting skills of atmospheric composite pollutants, aiming at providing scientific

support for the precise management of atmospheric composite pollution.

Key words: Initial error, target observation, predictability, air pollution
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KRAVGYEfEFE ANRMAEAAEMERNAES RS, 2021 FiHH P4
HAGHMAR I (PR EIRE) 18, U542 H T AR
e BB KIS 2 — (WHO,2021). 4R (PMas) AR (03) #AHN
Fe B B (R K5 B, B A I8 I R N IGE P 3 R A BR R AR 450 5 N
# (Murray etal., 20200, I O3 F&Fs H M 5 5 LLF LB (Xue
etal.,2023). 2013 4, FEBEFRE CRATTRBIAITITHR A GFTREER IR I
S =AAT AR B, FRIE KRS A BE R, H 2SS PMs IR FEAT
PR S DA H A HERAE A SO ZERE, R O3 IRETFIA & F7t, RERRS
T5 YRFAE IE LS —¥5 4% PMas 5% Os, [A1LL PMas il O3 NEMZFhiE SR
BT RHEE (Zhao etal., 2018; FEFHIE, 20200, A1) PMas 15 LB — 1)
O3 15 %%, Mk EE PMas Al O [F]BF AR TE [ 5 A0i S F A AR M A1 AR S IR BRI
fEFE I, J2 H AT E DRSS Geiiim i R Pk — (Xiao etal., 2022;
Zhu et al., 2022).

KA TG YA R TR A2 A U Ya 75 B 15 A% O STt 2 — o RV 2515
AN LRRE . 5% W2 55 77 20T Je 2 A0 s AU AN R A 7T, H M 7ESR R
(Chenetal.,2021a; Zhao etal., 2021) . F{E AR B AT AR RS54 4
Jl DXISERTE AT BRI, DhRER RN TR AN YA 80&4E . 41T, AR
A AR A A R RS A BRI RO D OE AR5, 2018; Wang
et al., 2017; Baklanov and Zhang, 2020). REZLIEHERIZL T, KAT5RDIHEK
JE RIBUE AL AL ) OB S v, A H A ] A 2h 32 s e ont 3R 8 R AS05 Sk BE 1Y
ARATAEAE B B AW 7 (Zhou et al., 2017; Yang and Zhao, 2023). Liuetal. (2023a)
WAL R, KA E bRt 2B Weather Research and Forecasting (WRF)
model coupled with Chemistry (WRF-Chem)#l Community Multiscale Air Quality
(CMAQ) KT~ PMa.s Fl O < JBE (1 TR i3 22 i SEOL I 20%, FETS eI AR BN 1) T3
AR 2 H ST Se I 40%. Petersen etal. (2019) vFAL T HEBR 7 AN sEidk%
EAE R KRS PR EEATIR RS, KIZ ARG R EILEX 05 IKE
) 72 /N TAR R ZERER 40ug/m3, ERHLIX PMas W FHRIRZ AL 60~
80pg/m>, X555 BRI THKEE CHD, JE7E RS O3 Al PMys Tl iR 2 35 i
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PEHILE 8ug/m3 LA, RIG YR O3 Al PMa.s TR % 2 B 43 5 BR Bl 7E 30pg/m®
A 12pug/m3 LA VIR K ZERE . DUk, Al o SR e T yak /N i Gk JEE 1 73
ARZE, FEARR AR REABORSEFE IS PMas O R &15 B4R Ttk
W, RIS YRS e B 3R o s R B %

T S AR BE TR ZE M R BRI, — 7 T2 TR R - A AR A
AP RZE T 53— 77 T U2 5 T A5 2 R 4 46 S AR SO R AN 5 1k
UNAIRETS Je R RS SR EYE, DLy CEVD HE E A ik g
(NOX) #ERMEAHIKRE (VOCs) RN IR IR SRR E M. R
i 58 M BB TS G AR Y TOUR AR AE B R P, S 197 428 B 11 1) 5 A 2K AL
(Sillmanetal., 1995) , A B £ 2 FHAA TGP 50E, BT A AR
LA 0 TV R o UM TR 0 AR 5T A2 i — 2 53 4% 1) I i 2 7 2 DAL 8 KD 08
B 1 BB ASE RN HE O 1 ANt e PRI T4, TRIDR b A KB 2 DRI U AN
PEXT K5 ik P2 TR 52 (Pagowski et al., 2010; Kumar et al., 2019; Zhang
etal.,2023). Gilliametal. (2015) FIHTIRALAERMETERE TR RS, KILY]
BRI EE ] SEX O3 IR TR R ZEIE S0pg/m>, T Bei et al.
(2017) FWILE I E I AT ENE FEUN PMa s WKL PR 2 AL 190ug/
m3, PG G R TR R ZE HER I T Y AR R oy R FE R BR CRIV O 1) 40pg/m3,
PMas ) 100pg/m®), M ELEFEM 1 i3 G580 TR ik 40 e 25 2R RS (2010)
F1 Hou et al. (2021) ZFREAWIUG TS 44k FE R 22 58 T 205 G T 5% 22 i Sl 1Y
30%. HUMLATOL, TR RVIGSEISRE, TRV RYIIREIRZE, BT
TS UIR B B BE TR 22 . Rk, 286 ZERmVIE RIS Je ik i
RIRERE, 2 RO PR i Gk B (R T i 22

BORHRIG NI A A E 1, S BUE TR AT A T Bre —. Pl
PR AR e B 256 26, X 5 2 i 2E s TR0 2% 8] b 2595 R AR 0l & kA
it AR MR A EE R AR G — AN I A6, TR = TR
KV FR PR 1% (Talagrand, 1997; Bauer etal., 2015) . 345 = 5t & 1 % RHAIL
FoAE AR 3 DB o AR, TR RS G, IS5 YWk FE I, AT
R 2 ASSERRI, 1A 56 1E — S8 SC R X 3T R oG AR B AL, JE4s FL[m) 4k
FIBUEAE, UM R POk R TR TR ORI T Bz — (M, 2013;
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Muetal., 2015), X2 “ HARWIM” SRS IR HEA HAE

CEARULIN T A O B RLAR S B I Y DX 8, BYE BRI UK X . H
Fm W 7 vy 5 M) R SR A SR B 7 BB AR REE e, 11 HLJS 1 NBRAR A 7T I8
&SRR A RS, # CIIE I L R Y2 B i v R A R AR R 1 TR KT
(Zhou et al., 2013; Feng et al., 2017; Duan et al., 2018; Qin et al., 2023). #&ifi, #f
BT w s R AR AR R 5T, K05 e i) H ARSI Lt D e . 1E N
A2 B RAT5G% B AR ILINE FE e, 385 AR R T30 e 2 AR R U iR B kR T
H AR LI 5 5 K05 B K- I AT REYEA (Liu et al,, 2021), BERFHE: TR
78 R R LR AL ) 77 R0 H AR I I BUR X (Goris et al., 2015), X SEHEFR
ERE R = NG R 016 197 N il el 7§ €98

AR SN [ o 5 G R AT A TR H AR SR Tk e, YRR H ARSI $ v
7RG PP TRAR KT BVE L, 15 18  BT S OABE H AR IR A8 BT T I ) = 22
PRk, e AR ATRERE FE (B . SCEEEE 2 00 1 a2 H AR S K HLAE
M R AR T T A REFE S 283 K TR E BRI A B e R A A SR
IRLA, 35 4 TR 0e B AT ais Qe B bR B ST i s PR, 28 5 15 s
EATCNES S TR HARLINAE RS0 G TRARAI 7C T 1 1 P i 5t
2. B R AR HRSSEEFTHR S M A

CHBRULI S S A R B HT RO S (Snyder, 1996; Mu et
al., 2015; Duan et al., 2023). Frif HAsM, EI24558 AR 2] (38 ERS %)
t1) FATHOTEM XL BRI A RTRER T IAERs, FRATEAE BRI 2 to (to<
t1) ATI TR DX IR M 2 R X CRIUBE D) AT ZRA MR, 3k S8 4
I Ff RGAL RS, AT O EUE A R L T B SRS A AR, AT R KRR
JEE b AR 5 OAIE X Ik K TR /K- (Snyder, 1996; 22, 2013).,

HL b, FERUER AT R, TG T SR B 5 — X 3
R 775 52 PR T AT — SRy B DX 3T 46 25 A RS B2 (Riehl et al., 19560, {H 4}
3R (17 B R E I . 20 tHEAD 90 AEARH L H BRI EE A g 1 AR
th, ERr BB AR T TR SE B Il ) X 45 CRI E BRI U XD 1)
B F15 0735 A0 R R 2 06 AN TR B AT) U 4R 2 SRR B 11 /N R AR S UK X
() L1 BE BBUR A J7 15 (adjoint sensitivity, Bergot 1999)Fl1 47 5 [ & J71:(SVs, Singular
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Vectors, Palmer etal. 1998), LAKEETH6 AR, il PP SLti e — H AR 7 %
Jei» IR X 35 P TR R 22 77 22 ok (0 R A Aff o BBURK X PR B & Fe R UK 2 i g
J72(ETKEF, Ensemble Transform Kalman Filter, Bishop et al. 2001)%%, iX&&7573:3)
CEBIRIT IR b, o N T @ RS HEA ) B EW a7l . i
FARHALUE 2003 F26+ DU Jm i ERIE 1 9l B BRI 5 Gebit 58 A m]
T P 356 11 %] (THORPEX, The Observing system Research and Predictability
Experiment, 2005-2014 ). ZiHl 3 Z R AWM 17K, B ENESRET
AERVEEIN 1-14 K0 @0 R SR AERA % . THORPEX Kl i) 3 ZE 0 5
W B2 B AW (& 1; Majumdaretal. 2011), TR B b0 I BBUSE X (1) 72 3
FRA T SVs M ETKF 7. 7F THORPEX iHRIMIHES R, H R 1375675
AERVEE N RETT, GAEPNHL X S ) T AP PEIERLX 1-3 KEEK Rk 1) AMMA B
Mt%] (African Monsoon Multidisciplinary Analysis, Faccani et al., 2009), 2 [Ef
T S T ENXT 24-36 /NEFFEK TR ) E-TReC WM T1KI(European THORPEX
Regional Campaign, Wulfmeyer et al., 2011), LPLRMEHUMLIX TFJE T 1-2 RAZHE &
T ) B AR T (Irvine et al, 2011)5 . X EEAMN7AI 45 R RY], B0
MEefs A W = BUE RS TRK T (Chouetal., 2011; Bielli et al., 2012)

fana to ty forecast
lead-time | optimization | tUme
1 =
-,
saless some
observalions
deployment
design
sonamuve i varifi C
arifice
eql
forecast
tme
S

platforms to deploy:

- research aircrafts
research vessels

|| - balloons

systems to adapt:

- radiosoundings
commerc l-ll aircratts

- sateflite sampling

E 1 BRSNS REE. MALERLIFHAR “ERE”, KEESLIRERR
IRERBUE TR S B AR B BT B Y5 20 tone (8 I BTRGRY, ¢-t.., BB B AR E BN ER,
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195

to (tos) A SENE EARWUNEIETIE], ¢/ (¢.) IIERTIE] . ¢ BRI T 5 =6 EI R LL & BRS. A BURIX,
ti(t) FZITAZEERNDEIERNAEIEXE. ZE##E8E Majumdar et al. (2011).

Figure 1 Schematic diagram of target observation field experiments. The diagonal black axis
represents "real time," while the horizontal blue axis indicates the time points for implementing
target observations based on numerical forecasts: t... (¢;) represents the current time, ¢,~%;., is the
instrument preparation period, t. (t.s) is the time of target observation implementation and the
t;(t.r) is the verification time. The red-shaded area in the spatial diagram below time ¢, denotes
the sensitive region, while the red box in the spatial diagram below ¢/ (¢.-) indicates the verification

region. This figure is from Majumdar et al. (2011).

T 1) 5 AR FE AN 7S i P e, eI 10 RIS 7 BB E .
Mu et al.(2009)F& Hi T R F 4 T %5 52 3F 28 1 52w (1 4% 1 3F 28 vk B AR #3005 vk
(CNOP; Mu et al., 2003). CNOP 183 [ i 245 € W L9k A, HAE TR %1
REMS S BB K TRIRAR 2 1 —H1461R % (Muetal., 2003; Duan and Mu, 2009), &
WA T B BR . PUF R W RUES . ENSO M 10D 45 & i R AUk
FAEH HASWIMBE T, 488 T B CNOP A I BURIX i 48 SVs St 71kl
AR BUR XY B S, HAEZBUR X N [FAL B A 00 I e % 58 KRR B b A2 =
itk #5275 (Qin et al., 2013; Feng ct al., 2017; Chen et al., 2021b; Jiang et al., 2022;
Hou et al., 2023). 1fii H H 2020 52, CNOP Jjik i E I RII TN T &K
TR (0 B AR IS 37 1058, % B = RS I TR SR AR T S U B k)
(Chan et al., 2023; Qin et al. 2023; Feng et al., 2022) . 4 HIE AR, RES
REURT 154 FRIBE AR ST & X “AR2E” (2022) KITRIR, EUIFE T “Hh-25-
K7 HAREALS (Chan et al. 2023), BTk (0 S2 iy W 7Rk im e TR f i £5i%
2 o [ R AR G U T O I S5 AR, e IR B KR 22 26 P84T R AL T
[R5 1 Bk AT, D B A R A i K & B8 CAESE4E T R B (Chan etal.,
2023)
H AR © 22 O E G VS IX T GER T & TR L5 T B A 8
G RIIRACTHR AL T KRB HER (Wuetal, 2009) . [FF,  HFROUI B4 )
IS FH T w8 S i S A FH A ) PRI 78 (Duan etal., 2023). Kramer and Dijkstra (2013)
I F R T T T RERS S IRIE /R JB - m 7 W38N (ENSOD ik “ 35 2= Tl
WS S [ B ARV 2R IR LA &, 1 Duan etal. (2018) I B AR EAR, i@
I CNOP J7VEEESL T RS B i B /R B W S F 2 R L TR KT Ry st H b SR
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R s ok B8 ELPk B (R B B AR AR T (IOD) [ ik, Muetal. (2017) 41 FH CNOP
JHERAT 10D T8 H AR M BUR X, HHIESE T 7EBUR X A 3 Il g6 A
R 0D HITHAR A8 /7 (78 W, Feng et al., 2017] A HIME S —HE K JE, Liu et al.(2021)
FIFH CNOP J7 i€ 7 HAR MIMBURIX, 5T 2019 FFAE RGO R TR AN
O FEA S H AR WL AM iR, S01E 172 CNOP H ARSI EEUR X N G I, fé
A R v T E RS MR TR B T o TT L, BRI AR R SR A A A 9
H CAE R, BAE D — Rl OO SN, A AR T 1 e SN RSO A s A
TAR K o

3. “HARWN” FEEG RSB A K S

b5 H BRI LE R SR SAGRIE 78 B DL 5 3 — IR Ig i 51 AR
PeTARATIE, (HH T4 T & BB B . Khattatov et al. (1999) K — ANkt th2#
RERURH FE R B, ATEVIURIAZE 1 O PR BRIV BE, RV T ACAEAf b PRGBS 4 K 19
FRP R IR IE, TR N T K5 Y TR HIaa b U, KT Je Tk
(¥1 H ARSI 583858 T BRI BEAil o Bl B 0 AR RS B R e R A B R IR
Daescu and Carmichael (2003) & {KAE KI5 4 Fe b4 A H bR, JF4 2T
BREENLE] IV (Gery et al. 1989) ) —4EN KB AN CE B BURNETTVE, WiE 1 XS
RATGARAT i35 2 AL B0 R 4004 B O A2

P BE BUBE T VRGBT AR (Bl TR 22D MIXH T HIE I sh RIS
FE, REACHIAEIREN 1AL A W] s i 4 AL, AN B SRAF R Pl 45 A KR
M IR AR EN « FEARB IR ZE LRI R ETHE T, SVs Beis AAFRAT BRI 8] X 18] P9 %
RAAN I T7 )R] DL FH SR 5 A T] P X P 48 AT B R R ) — SR I bt
. ARYE SVs WIHAMANTEARF (G BEBAR G534 MR a4, —
FECRE B AT R IR MR 20 A8 B e M A R U A B B URR A Al T K R AT IR £
F )25 1) XA AE U X - Liao etal. (2006) T =4k X ik A& i A (STEM,
Sulfur Transport Eulerian Model, Carmichael et al. 2003) & HAEREREI, 115 T SVs
(R (R 450, FEihie TR [ (R R K . A% RALIX S b & . R
P3G AR 2 VB IR X SVs S5 IIREm, [RIBTHR T SVs HiETERSAIT
e B AR FNEE A TR Y B BN F AT 5. Goris and Elbern (2013) I SVs 77
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VRN T B0 E XA Os A S8 S PR AR IR (PAND IR P THAR ) H AWk ) 80k
TSR, BE)S, Goris and Elbern (2015)7 FAH [F] i 5 92 R0 5 SE BE AR B 1b 2
&4, (EURAD-IM, EURopean Air pollution and Dispersion — Inverse Model,
Elbern etal.,2007), #5E T € X HR—5 5 (03D WREETHR H bro0 il Uk
TSR CBUBPERIRCA: O3, NO, NO», HCHO 1 CO) A4/ HCHO U
XAk, I HUE RIS T 05 e R BRI TS VIR AR IR, e fg SE AN
A B TS G IR FE R TR KT o 55T H A U0 S s 74 w5 DR T e P /K1
HI IR, Liu et al. (202 1)) F 1 72 A J eV ALl i 75 1R R0 1 45 5E X 42k PMa s
TR PEE TRAR R G4 H A WL RURR X, I DUBURS X 9 2R, M 7 — AR Al
1 PMa.s WS TR K HI5 emilil i, SpAb Geau st 4 41t 7 208 S At

IR RS B B AR LR FAE B E R BRI Tk 58 A HER I 00 T T,
F A - s L R 22 R SR MR A ik, Hse 1 EES B — KRS 44
T JEE TR (R U X IR U B o SRS b, B T V5 P AG A RS Y E TR AL
AEEERZA, SR AR RPCERER KAZE F2 8R40
SR, ARG S5 R AR IER IR R, AN R TR 2R S
B TS Ye ik FE AR R 2 (Gilliam etal., 2015; #BIFGIE4E, 2021; Wengetal.,
2022). BARFEMSGIN, SHIANRIE S TR, B3 5 B
PR F IR Rs e 2 —, ABAE G R G i FZ PR E R LR N H
BREEST, TR BIT 3R (R U AN B8 e et JEE 1 AR 45T FOUoel Wl ) 75 5K, BRI T 4
ERASTHRACEHI3 , BETAE K S5 R TR KP4 FHA R (Carmichael et al.,
2008; Vautard et al., 2012; Ryan., 2016), JT4K, BEHES S T2 RIANKT R FE R 5%
BRI &, AN S AR5 S R TR s A R FEVER SRR ST
R T EEMEA (Han et al., 2023; Liu et al., 2023b). SR P EM N LG 7%
SVEE T IS PR RS, ORI AR SR 2 A A
[F) A0 BT UL I A — 2 RE S TR AR A2 /3 B8 4 (Liu and Rabier, 2002; Li et al.,
2010; Janjic et al., 2018; Zhang et al., 2019). [Kth, EIAHEAE UM 76 2 5 0L R,
O TR FUI A0 200 5 R IR S [ A A6 A X3y R, A o FROWRL 0 AR A =R 22 11
SO, AT R KRR B PR

BEXT A R0 B A B AR U A 2% T35 e TR A WL i) 75 5K, Mee Kim
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(2013) FEARBTS BEMNIIRIA e R MIEDL T, kSR HIHE TR 22 KR Z LI ABh
SVs i FSE I R A BUE IR WRF, PR 7 B i B X yb A Fi i & A
IF PMo ¥R 2 THAR 53 H AR BURR X, I id i BB IR R B E S 5 H A5
FL IR X Py [R>Sk i, RORE 2 B 5 R R R TR B TG, dE 4 e
PMo WK FE TR T5 . AEMEERE |, Yangetal. (2014)4RE 11 Ui E VbR FHAER
G B BUR X IS S, LT RBS 35 5 b L PMLo ¥R B2 TRk T (1)
S

SR, AR 2 Goris and Elbern (2015) R SVs J7 LR 15 Gk FE e 1)
15 YUK X RN BUR IR, B2 Yang et al. (2014) KM SVs Jiidfishis yeiik
JE TR AR R IA UK, U IR e 28 M T 10 e P 0 XX 5 ¥ i JE 1 T
AP AR S AR5 Gk FE IR R R AE AR R R B b2 R G Ak AR AR A5 e ))
PR 2 SORE IR AR S P I R IR R, i DL BB 2R VR AL % 77 V2 5 14 E s O 0 e
DX 2 B9 B2 (R BBURR X, AT AR A5 1) H B ST 52 50 it e e R s F 375 %
PR FEE SRR PR Y 55 2R K AT Hr 40

EIEF] SVs MPERERURIES T RIIRYE, 2 A T A R 4 1 221 1
FELR AL FEFZ I CNOP 752 45 B F T R0 ek BE oL %) A WLl o
H (Duan et al., 2023). XJGF%E (2018) 1 L2 T AR WIIGIHBUBIE IR 45 8, 18
AT 2016 FFAL ST — R ETT YT PMas WREE TR A5 3 H A0l
TR X I U AR B, R FH OB IR I0IE S T $2 e 8 U X ) S BT aa 0 A
FIFAL R T PMas FRBCR 2 7ECEERD B, Yang et al. (2022) FIAEZRMEH
CNOP JPERAN T 2017 4 gL B X — X 875 e RS AF PMa.s R FE TR 19 4)
AARBURIX, 2R EIR, R R BL, BURX EBALT R X 1)
P SR G G 0 DXIs AETS G B B, U IX A T A 5 RS )
HBIX o LI 2R G e R B, R BUR X A AR, PMas 9K
JE R TR K RERE 32 17y 20-44%, 535 v T 7E B X R4 SR I ) TR B2 75
FT RS R, Yang etal. (2023) i€ 1 HUEEFE X 8 (XI5 JL R HAF 32 K PMas
IRFEFER 55 B AR WU X, KL T SR U DO B 5 GRS
MM RE: KRR IR BURIX, Yang et al. (2023) ¥eit 7 — NG C B ML T /< S0 WA
AT JR BB T RE B 38 i U B X PM s IR FE TR P IR AL S R AT J 17

10
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ARGl R R AN ST R ECE ) 60% (] 2). Yangetal. (2024)
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Figure 2 The maps of (a) 481 national ground meteorological stations within and around the BTH
region (red lines) (b) the 288 cost-effective stations’ network, including the 67 essential stations for
accumulation forecasts (red dots), 28 essential stations for dissipation forecasts (blue dots) and the
32 essential stations for both the accumulation and dissipation forecasts. The additional scattered

stations are marked as grey dots. The figure is from Yang et al. (2023).
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