26 552 W R =R 7 N A 1 Vol. 26 No. 2
2021 FE 3 H Climatic and Environmental Research Mar. 2021

SN WA, FLEE, 45, 2021, —Fh T4 & R R4 (8 A HE O POE R TV [9]. A% S BRI 7T, 26(2): 191-201. WU Huangjian, LIN Wei,
KONG Lei, et al. 2021. A Fast Emission Inversion Scheme Based on Ensemble Optimal Interpolation [J]. Climatic and Environmental Research (in

Chinese), 26 (2): 191-201. doi:10.3878/1.issn.1006-9585.2020.20043

—MET & S & RERNHEBRRE R &%
R WA AEY EmS IR ek HagS>

1 AE R RS B A2, JE3T 100871

2 bR R HOFE R =B, A6 100871

3 ARG R G, LR 100871

4 i E BRSO R SA A E AR S A E R E A=, JEET 100029
5 REEHER RS, 65 100049

6 HEFREE A, JE5 100012

7 v E R B DR S IR A SR BT L, AREEE T 361021

B E ETEAR/REIEMN IR RE SRR RS SR SR PR A RO 5. R HE
TR 55 R iR B 2 [ PR ZE Y 7 ZEHE R, 2708 R BT LT IRR S A . R R 2 IR 1 T
WITEMIBI R, TR S TR R S S HE R . AR B T — A T8 A i U (L 1 HE O i 7
o ZITVEAE I S G BB R ER ZE T 5 ZE A R, AN TR — R R A U AU AR W R 2 R e v
TR, T 5 35 B AR SR . AT %05 1 A4k 2015 48 1 H 42 1107 AU s S0 CO /N ok 32 Hidhs
456 2014 95 1 H LG HIES, (571 2015 4F 1 A& 15 km 75#%0 CO HOBR. %77 £ &xiE4E CO
Heo s AL ELAE ) 2015 4E 1 AESHIRENREE S 1%, R LN BS RN BR824 255 A co
He I R e A PR o A5 Py s 4R A B0 4 5 T O HE SO P KB T 4 [ 349 AN S 06 TIE B R0 S 3 1R Al
0.74mgm %% 0.0l mgm >, ¥ITIRIRZEREAL 18%, F M%7 vE vl B 58 0 HE RS I MR A s 1k

XHER HRORRIE  EARMIEE  CO HERIR

XERE  1006-9585(2021)02-0191-11 hESHS  P402 XEAFRIRTE A
doi:10.3878/j.issn.1006-9585.2020.20043

A Fast Emission Inversion Scheme Based on Ensemble Optimal Interpolation

WU Huangjian', LIN Wei”®, KONG Lei*®, TANG Xiao®, WANG Wei°’,
WANG Zifa*>’, and CHEN Songxi" >’

1 Guanghua School of Management, Peking University, Beijing 100871

2 School of Mathematical Sciences, Peking University, Beijing 100871

3 Center for Statistical Science, Peking University, Beijing 100871

4 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric
Physics, Chinese Academy of Sciences, Beijing 100029

S University of Chinese Academy of Sciences, Beijing 100049

WiSHE  2020-04-10; WZETHAM A 2020-12-08
fEERINT RIER, 5, Wit 1990 i, BhHRFFLOL, AFRSLE FORHA A8 SO AR 7T . E-mail: wuhuangjian@pku.edu.cn
BUE  EFKE SRR 2016YFC0207703. 2016YFC0207701. 2016YFC0208903, AL HARFI 34 2190001, EZR AR 4
11671018 71532001, 41875164, Jba #VE A TR RERF FCBE 0 H
Funded by National Key Research and Development Program of China (Grants 2016YFC0207703, 2016YFC0207701, and 2016YFC0208903),
Beijing Natural Science Foundation (Grant Z190001), National Natural Science Foundation of China (Grants 11671018, 71532001, and
41875164), Beijing Academy of Artificial Intelligence Program


https://doi.org/10.3878/j.issn.1006-9585.2020.20043
https://doi.org/10.3878/j.issn.1006-9585.2020.20043
https://doi.org/10.3878/j.issn.1006-9585.2020.20043
https://doi.org/10.3878/j.issn.1006-9585.2020.20043

192

RN T

Climatic and Environmental Research

6 China National Environmental Monitoring Center, Beijing 100012
7 Center for Excellence in Regional Atmospheric Environment, Institute of Urban Environment, Chinese Academy of

Sciences, Xiamen, Fujian Province 361021

Abstract

emissions and improving air quality modeling and forecasting. However, to construct the error covariance matrix between

The emission inversion based on the ensemble Kalman filter (EnKF) is an effective method for estimating

the emissions and pollutant concentrations, this method requires running the chemical transport model tens of times,
which is computationally prohibitive and limits its application in updating the emissions for a real-time forecasting
system. This study develops an emission inversion method based on the ensemble optimal interpolation (EnOI). The
proposed method calculates the error covariance matrix from historical ensemble data and requires only a routine air
quality simulation run for emission inversion from the contrasts between the observations and simulations, thereby greatly
reducing the computational cost. The proposed method is applied to assimilating hourly surface observations of CO
concentrations at 1107 sites over China in January 2015. During the experiment, CO emissions in January 2015 are
estimated at a 15-km horizontal resolution using the historical ensemble dataset for January 2014. The total CO emission
in China estimated by this scheme is only 1% higher than using an ensemble dataset for January 2015, indicating that the
differences in meteorological conditions between the historical and estimated periods have a limited impact on the
inversely estimated monthly CO emission. Simulations with the updated emissions reveal a decrease in the downward bias
of average CO concentrations at 349 independent validation sites from 0.74 mg m to 0.01 mg m ° and a reduction of the
root-mean-square error by 18%. The results suggest that the proposed method can be used as a fast emission updating

scheme to lessen the uncertainties in the emission inventories.

26 %
Vol. 26

Keywords

KT GLUEHETBOR 82 RIS Y iR ds Jy B2
(B EAE 2 —,  [RI 2 R AL A = )
BEANHE 1 KIE . Moore and Londergan (2001) &
BT TR BB A S HoRYR, 45 RR
FETBOR AN € P de R, o TR AN E PRI 25%~
50%, TR WHFAM . VIEIE R,
Beekmann and Derognat ( 2003) #! Hanna et al.
(1998) HIBEFEFIFER BT, HERBUR A AH 2 1k
EERPRIEZ — B H T MRS A 7
V2 o TR A B K HE SR AR (Hao et
al., 2002) . % AT ESG U KEHBRMNMEE R,
BB RN SR AR AL B H 52 PR 1) B R AT S 3
FRHIZ, HEROE 218 HA S BOR AN E 1t
( Zhang et al., 2009; ¥ [ K %, 2011; %% 58 25,
201100 3 4F R KRR IHRGE B (Zhang et al.,
2009; #f %4 %5, 2011; Kurokawa et al., 2013; Li et al.,
2017), 40 KLY (PM2.5) . A HR N UKL 4
(PM10) HIHFBUAN I E TEAE 100% £ 4, —% 4k
W (CO) FHERMEAH (VOCs) KIAHIE LS
1E 50% LA b5 #2075 500 SO, A e M BT 2
12%, AHLIT A7 SR J A 15 2% R HIORRE 5 42 S8 47 it 1Y) 52 it

Emission inversion, Ensemble optimal interpolation, CO emission

15 SO, HEBOKIR T B, 583 2218 i HE G 54
DA A2 FoiA P TR T AR HE P Ay ) 75 R

WA WL AR R S, ke bk 22 BF 72 35 T 4R )
R R0 5 8 - Y05 B 3 7 VA S HE G B (Streets
etal, 2013). TENGFHMFEANTEZ —, £E5F
JK B eV (EnKF) (Evensen, 2003) .4 i NI
AL TE A BBk RVDAIVERE (20060 f#
P AR EG AR BT T A EnKF I J HE R S s 1 w]
171 . Tangetal. (2013) i %57k &3 T 65
K JEILH CO HEl, It b S i R AR 5
R IR T8 AT K B UE s 15 e 72 B AR 48% . Miyazaki
etal. (2017) L[R2 4> TR GORH S 2 11
I NO, HE#, R B4 BR NO, HEilE & 7E 2005 4
[47.9 Tg(N) a '] & 2014 4 [47.5 Tg(N) a '] Z 811X
H/DEAML, Pengetal. (2017) f#i ] EnKF J5i%[A
i AL AT UG AR, R RSO S i T K g 2
K = A AER = A A PM2.5 TR SR .

FIREET EnKF WHEBOIR KO8 75 0] A 302 =
VETEBRE R, ARV 2 s AT KA = AR bt
i, PRI TR G T H R YR, A IEE
DNy SIS AR5 TR PR B R HE O B b
EnKF it & &, Evensen (2003) #EH H XML T XK,
BV & AU (EnOD. %77 A H A [ i %)



2 3 RIEMEEE . —PhEE T A A iR AT A HE G AR S T i

No. 2 WU Huangjian et al. A Fast Emission Inversion Scheme Based on Ensemble Optimal Interpolation 193

RIS AR BRAS, B2 KIS AT TR L,
T RHE PR T S8 1% VAR SR AL R 45
F|vZ R (Counillon and Bertino, 2009; Oke et al.,
2010; Kaurkin et al., 2016). K4 % (2014) ¥
EnOl J7 % M. H T ¥k =41 () PM10. SO, #1 NO, i
FEFI,  AHEGUE S, m 35 5 AR R ZE B A 32%~42%.
SR L EnOl J5 V2 AR P30 K AL AR e =,
e DA S ST HE U5 5 5 G B 2 A (iR 22 Wk 7 22
FERE, WG BN T HE ORI . L%
K&, Wangetal. (2016) SHHEBIREEATING), £
FPLN 5 A 4 & B v SRS R P 2 T ) %
ZEW T AR, 1 R AR . 1% RRRR
BTN T A U B F A %3%, FFH K
3l 24 h AL X T KAy B IR 0I5 2,
W T A F B 2 B S S IR K AR A AU B
A HERBE LIS BAERIIR 43 B 7 0 R B

NI ST R, ASCRE T — M
T EnOI B HE OIS PR I8 51 o 1% 7 A% H g s
EEBIR R ZE T ZHE, PRI S
J WL AR SO A B S s HE AR . A EL 2R T EnKEF
(Y8 S I8 7 A0 Wang et al. (2016) 55k, AJ7
VEIE T 22 RS RS 5 A A RS0 S T T B
WA AT E G e A B S5, AR —
T2 ST B AR R ] PR SE R G . RSO
JERLA T EZ R Y2 — 1) CO HEBUR [ i -
BRI CO W FEAR /D et 77 T AR 20 23 1) 4 e B
(8 h FHREAKET 10mgm™) (https://apps.who.int/
iris/handle/10665/260127[2020-04-101) , {H & /& %}
WERAMEIZRTAY), FIRE KA 32
¥ R & (Dekker et al., 2017). CO B & E &%
J7 AR OH H A, HA G A LE 2L
/N H 2 [a] (Holloway et al., 2000), & %73& 7 i) 4=
iy J B L o Ts YeAE Hr 0 FR ERY) (Naeher et
al., 2001).

2 JIEFNEE

21 ETHEARMGEE (EnOD MERESZE
£ EnOl [ 2 M A, RS RS WA &
FHE, SRR b, A ST RIS AR B HEIR
SR, SIS G IR AN TR, WO T R
EnOI B8 N+ HESG B . Xt T ik, A SCAS
% EnKF 280G HH0E, KR 1A &5 HEc

PR A AR RS A &
X;=[ E’},i:],u-Jn, ()

He, X, N8 i MIRERE, GHE RN
MR A RIREERHBGREE, m &AL
EnOI (PR H7% 5 EnKF A%, Hi
O XHIE T EnKF 2 0008 F R A% Far e S
[FILITBE, 1 EnOI 15 7 SE A BEAUFE A i B 55
FECMERT T, RS &5 AN R I 21 A A0 45
SR LT SARIBIHBIR, R SLH SR E
[N R 22 B 7 2R . 2T ik, ASCAE RS HER
VRIS 2 P SR S BRI EnOl T &

b, h_h

X})=[Cb+Cli1 C—h},i=l,---,m, 2)
E’+E'-E
c'=|c}.--.ch. (3)

Heb, X° MBS i MY FRETE, CME
3 9 2R T B B PR 0L T G A A R RO HE TR
C" RUE 23 B0 5 s e £r v 5 0 AN IR (RS 0Lk
FHEBGREE (J7 s A B RS AE 2.3 T HE4EN-4),
CHRILED 53539 i S5 4 BRI 5 AHE L ~F 248

KRS ES S, EnOl 7] LUH 5 EnKF #H
[A] FETIR 2 B8 8 7 vk o A TSR Sakov and Oke
(2016) #&H K 5%E 1 EnKF (DEnKF) J5iEdb4T
HefE i . A EE EnKF 73, BT,
WA R G NRZE . [ E SR T87 /R
(Schur) )R AL 7, HAb&HE LE N&E R
Sunetal. (2009) XfEL 1 JUANH WIS G B8R %,
45 LR W] DEnKF fefafd, HAE/NES LR
FEf . EITERPRE TR AL R

F:Fu{(y-HF), 4
Hrf, Xaflxv o SN HPIR S Y S E A%

8, y AW AR, H OO . BEI5HRE K
R ALW T

K=PH'(HPH"+R) (5)
Horp, R AWIARZ 7 25, A SR AS A
AR ZE A IR, B AR ZES TR
(2019) FRETFTEMDHFHRB TR P NERIHPR
EWorEMRE, di R

P=po(A°A"T)/(m-1), (6)


https://apps.who.int/iris/handle/10665/260127
https://apps.who.int/iris/handle/10665/260127
https://apps.who.int/iris/handle/10665/260127
https://apps.who.int/iris/handle/10665/260127

K5 % B AR 26 %%

194 Climatic and Environmental Research

Vol. 26

Hrp, of UREF/RIR, p ARMACHRE, - THIHH
BB R, HuEAN S A4 M, &k
VAR >R FH 25 T % o5 1) 7B 59 1) JR) Hb AL bR 20 ( Gaspard
and Cohn, 1999). A° AT SRS EIERE, For
BEMRGEEIER 2R

AP =X (I-1/m), 7
HAPERE 1R AR TRFAVAERE, H&oR
M1

R AR (4 AR A RS RIE, 1

RS IG S JE B (1) B o S T

A*=A"—KHAY)2, (8)
Hrh A AFHEPIRSIEEHE R, 464K (4
FA (1) WS EEE B ITIRES:

X'=X2+A%i=1,..,m, »
Hop X ONE i MEG BRI NTIRE, B8 EH
Je I HEBOR Ef -

BITERIRZ LI AE T ] R MR P SR A
¥, SR BT B R A BB, N —
PRI 2 ST, B AT S s A UL I B 1 i
Ve WOMZIT TR BT 2T EnKF #HE
TGRS T i%, AT BT FEHEBOIR s J8 1 2 A Vi
$2 e HETBOR ) ST L
22 BEEANE

AR RBIR A B &S (20060 K

80°E  90°E 100°E 110°E 120°E 130°E
K1 XisE

JEITHRE WS 2SR R TR R 5 (NAQPMS).
ZRGW KA R R AR §RoS
2, T Bk, S, BEMEAE A T
P o LA GEH R = SERR iR, DL T8
B A AR R B AR, AT [ AU DX el A i RO
42, PM2.5. PM10. SO,. NO,. CO. O;. NH; %
ZRG YY) (FH KL, 2008) . Hod A AL 2R
Bk H CBM-Z #1 il ( Zaveri and Peters, 1999),
FIET 71 B R BT, 133 MR B W)
FAAL ZEARHLIE T RADM (1 ) SALH], ALF 22 FhS
AV E (Chang et al., 1987). NAQPMS K<,
IR ESEFRERTE . EREL . AR A AW
% % 418 1] ISORROPIA (Nenes et al., 1998) %5
SIBEI TN FH A FERRLAS 5 RS Z 8 14
FSIBI K&

A3, NAQPMS Al 75 K53 B R
KA (WRF) #24t. S RBRRAKE 1
iR ERERE. HPE—ZiKkE (DD 1
KA 32K 45 km X 45 km, 78 2% T K E 4y
X B ERE (D2) BI8HEEA 15 km X 15 km,
BT R R R R LA A 0 E X B AR A DA
WRF #4440 36 h. BUG 24 /NHITEN NAQPMS
BE MR H R 2530, s H 8%
15 BB B 52 S %3 . NAQPMS HEHUUK
BERERE, B D2 2 15 km PRI ST5 %

Fig. 1 Domain configuration

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2 3 RIEMEEE . —PhEE T A A iR AT A HE G AR S T i

No. 2 WU Huangjian et al. A Fast Emission Inversion Scheme Based on Ensemble Optimal Interpolation 195
IR . x1 HRIRERE REIREE

AR G SR AR AL IR 2010 4F MIX i $AE
NS HERCIE (Lietal, 2017). iZiEHER T
MEIC (HEARE. REAS2 (HA. i), PKU-NH,
(hEZHEGE %), CAPSS (FH[E D 467 ¥ 4 i
X BHERGE B, s 10 PO STS e AR = S,
W H 43 B R N 0.25° (4ifE) X0.25° (& E),
ZE B T AR WA LB TR S = (MICS-
Asia IID ARBETE, JF HARECE B 3OS
Ptttk (HTAP) KA (http:/www.meicmodel.
org[2020-04-10])-

23 HEEEHESE

ARSI IE NAQPMS BN I iy sk £ & H s
LTRSS (R IE &R, a3 i 5 P Ok
FEE SO HETBONR o 2 R S I HE TSR 2 AR FE
REEM, TR AT BN . A B PR
MIHEBCG NS, 38/ T4 s B R B AN
TREIRFEIRZ. £ T, A KH Evensen
(2003) [P BEHLEL BN 772 4 B 500 ZH 35316 N 0.
WEZE S 1 DA BENIARZNAEAS o IZFEARALEREAN 723 [H]
¥ s EIRMARHEIESS 20T, AFEARTE 2 8] E358L
DV, HMS SRR A A OB R B i gk . 48
P B R B AR BMRAN G FE B, REAS R BLAB A O R %
Nels FRMKIE A, RS AL 2 R
VBGOSR LS N, FHIREIREA
V7= AR L T R B R AR AR O o A SAE A A AE
AP 2 R ABURH DG AT 42 R MR AR OCEE BS,
SO A CEE BN 150 km.  AYEZ> NAQPMS #i
WLk %, ASCKH Evensen (2004) 2 H #5754
500 HAREHFEAR K46 N 50 4. DL id & R AR
FEGR )%, o] AAEAS G I A & ) T2 T ek Nl
FEARZE, R DERFEA, R4 A AL &
AN S BT AR IE A A . AR S IR HE ORI
AHEM (Lietal, 2017), A K 46 )5 I05)
FEARMMEREER 1, FbrdE %R 1 B, EHR
G PIREARP B e I HEBOR, 13RS BT RN
PBhHEBOE ., B

EM=E°opBli=1,---,50, (10

o, E° et decE, B R ED 4y N i e
L IR P RE A AR B HE RO . KRB IS 1 50
S HE O 4> 4 F NAQPMS BEHL, 75 5 % ¥ f)
50 ZRHRRE, HUHTEPEE, B ¢ =1, -+, 50),

Table 1 Standard deviations of the emission perturbation
coefficients

eS| bRz

PM2.5 1.3

PM10 1.32

S0, 0.12

NO, 0.31

CcO 0.7

NMVOCs 0.68

TEDT SR AR M, A AR
2.2 AR A O X I B . AU B 2013
12 A 17 H A 2014 4F 1 H 31 H #2014 4F 12
H17 H&E 201541 A 31 H. MBI B4 51 H
2014 4 1 H A1 2015 4 1 H BB H 3R EEFI L 5)
He R i EnOl BT i S SoIRASHE S . ERIEH
7, s EE R T EnOl Y [, s i
BT R A A X 3k B3 0T 5 07 s e 4
HHIA o
24 RHWKE

JETF EnOI (195 S5 88 77 12 AR Ha AR JUL oA B 5% 22 18]
BHIR . NI 2015 4 1 H & E K co Hik,
AL S eI HEBOR AL 2014 42 12 H 25 H
£ 20154 1 A 31 HA&ESSE, FEHAMNA
SEEBHRE D DT A RS . SO ES 1
2014 1 A I LG EIREMEIKRE SR
() B i 22 B0 7 ZE R, T e 8 0 2 48 FH 2015 4F
1 AMEE S, AR RYE 20154 1 A
[ A0k i ) CO WIS A B 75 57, U 2015 4F
1 A4 15 km 2 #F M CO HE. S, Ml
Bk A o E R IR,k A 5N 4 A
BA—F, EEEPIEHMEL LRI . SRR
IR, AHFR A — PR TR A ) H &
I B A I 7 vk A B e R (W et al,
2018), FHERRA REE B A, BRI E
F£ 1456 ANl SURDUI AR 2 . R VT AN I
B, AT FCAEAL B I LA Ik 55 3 T R BE AL
e B — AN 3l A R BT IR UE B AT, AN A
1456 A>3l i A e B 349 ANl S AE IR IE s i, H
4 1107 Ak SAE R S . Pl S B A tn
Kl 2 firR.

SRR SO, A ST s B HE RO P
YA 2014 4F 12 H 25 HZE 20154F 1 H 31 HiY


http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]
http://www.meicmodel.org[2020-04-10]

K5 % B AR 26 %%

196 Climatic and Environmental Research

Vol. 26

50°N r
45°N
40°N
35°N L
30°N r
25°N r

0oN | © BEH

JA

80°E

90°E 100°E 110°E 120°E 130°E
B2 AR s s A

Fig. 2 Distribution of air quality monitoring stations

EAES RS P bR N TR =6 ) € R L WA AT
R COBEMEE R, E BIFAEHET EnOI 15 S5
Xt CO B B RCR -

3 #R

ASC T ST S B HE IR 2015 4 1 H 4
E 2. K 3a b T i A # CO BRI
AR B R 22 ) A . e EIAT L, SR S 36 HE SR A
P CO YA FE7E 4 B R 49 b [X 2 K T W AE
FEADRIELTE . FHARS LTS MR = A R
[ R AR o 4[] 349 ANIEE 3k 5 1) F 59 A 22
£-0.74 mg m . &) 4 fd FH A AR PRI EL T 4 FE B IE
sl VR H ORI AR BE . f T L, B
CO W EAR A SN B — 5, WeAE 3 I
4H. 10 HM25 H, IMEXHIAE 6 HA27 H.
EABEFULIAR 55 114 H A7 BIOFR AR A0 Rl i T WA P
BS g Tabat. RIR. B M 4 AT 36
uh s EE— 20 (B 6a BaR T 2010 4E 1 A 1%
36 COHEBHE ). 4 AN A, dLE T CO At
A R B, ik 0.81, H UK R 229035
mgm ;AT BB AR ARG, A
—2.16 mgm *; JMI T A B RAR, 1% N—0.69
mg m 5 BT ARG A A, e
9 1.20mgm .

R PG T W) s Bl H S 36 HE s 52 T B A
FHESEHR, "2 IR, RiEREE 1R E 2015 4F

1 A4 E 1115 A ub s LR 22, 454 2014 4F 1
HEA B4, 1FH EnOl J7ik [ if 5 3] 2015
1A RO R CaniE 6bd . BT R
s RE G TA X, MOm AT, BriE. v, H
YR PN 52 (03 0 IX IR AT S i VR . (HER &7
Ab, RS i HEBOHL X 3 15 B U=, R R IX
B SR B HE O P A IR A, X IR ZE RN o
S JE R o 1 X R HE S P XA BT I, A
2015 4 1 A1 CO HElE N 46.6 Tg, iR HEK
& (212 Tg) & 120%. 7E CO R JE#E T E RAG 11
L PE RN SRS N, Sy )RR B T b S B HE R
3L E

PP R SR, AR SO T R HE SO
UL A CO WA . MKl 3b T, 5 i AT i
EHE R CO BRI, M w218 i 0.74 mg
m” FFE 0.0l mgm . H, 7. H. B
XFIARIE =AM CO HidlmZ I H BE K. it
R HF S Y05 IS T 4 ) 36 A iy s (10 - 3 38 AR AR 22
FEf% 18%, #HICRZEIET 0.03. 7EKE 4 BIFHIE K
P LA, s v T AL AR FEE 1 w7 RN AR A Y [ 35 SR
FWOK, SMIEE S 1E 4 075600 2 ik
FEXTEL (L S) H, Y5 R CO BNl AH 5% R 4L
P2 0.02~0.20. fEAR B TSRS i, YR RIS
CO WEHE 1.97 mgm >, (MZEIREEFK 91%. 5
s il A v AT PN R ] ) R N ] (A
PRIk 88%. fE CO ML m il ki, Vi s ]
Bee ARG FCHE s o B AN B IR B, (R B KR4 1) 9~11



2 3 FARMER I TR A S VAR B 10 HE IR R S 38 5 v

No. 2 WU Huangjian et al. A Fast Emission Inversion Scheme Based on Ensemble Optimal Interpolation 197

. BIAS = -0.74
S0°N RMSE = 0.98

45°N
40°N
35°N
30°N
25°N

20°N

(®) BIAS = —0.01
S0°N | RMSE = 0.80

45°N
40°N
35°N |
30°N

25°N T

20°N , ;
80°E 90°E 100°E 110°E 120°E 130°E
| .
0 0.5 1.0 15 2.0 mgm3

3 () REATA (b REGRKE 1 HFH 2015 4E 1 A CO BHIREEN A RS 1] 2014 4 1 LS BIRE, 456 RER
2015 £ 1 A RIBHIREER %, A7 2015 45 1 A CO HElte A miBU R = B iE i s FROULIN A WK BE o ISRl A2 % (BIAS). 3975
Wiz (RMSE) MkzifEz () 5T K

Fig. 3 Simulated CO concentrations (a) before and (b) after inversion test 1 in Jan 2015. Inversion test 1 estimates the CO emission in Jan 2015 with
the ensemble dataset of Jan 2014 and the simulated error of Jan 2015 before inversion. Colors of circles indicate the observed monthly mean

concentrations at validation sites. Biases (BIAS), root-mean-square errors (RMSE), and correlations (r) over all validation sites are also shown
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