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Abstract: To decrease the forecast uncertainties of single models and improve the refinement of multi-
model ensemble air quality forecast system, the gridding observed pollutant concentration with resolution
of 0.25°X 0. 25° was firstly established by using Cressman interpolation method. Then, combined with
four numerical air quality forecast models, the mean, weighted and multiple linear regression ensembles
were established in each grid, respectively. Finally, based on the evaluation results of single models and
ensemble methods in previous 50 days, an optimal ensemble was established. The evaluation results of
PM, ;s concentrations during a heavy pollution process in 19—22 December 2018 showed that in the case of
heavy pollution, the NMB values between the optimal ensemble forecast and observations could also be
maintained between —20% and 40%. And the forecast coverage area with good and above pollution by the

optimal ensemble was closer to observation than those of single models. During the whole process, the
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NMB, root mean squared error (RMSE) and R values between forecasted PM, ;s concentrations by the opti-
mal ensemble and observation were from —20% to 20% , from 35 to 75 pug * m ™’ and higher than 0.4, re-
spectively, in most polluted areas. Among all single models and ensemble methods, number of girds over
China with high total scores was the largest in optimal ensemble. In the eight cities located in the most pol-
luted region, the average onset and end times of the pollution process by optimal ensemble forecast was
1.8 and 6. 9 h earlier than observation, respectively. Therefore, we propose that pollutant concentrations
retrieval by satellite and surface observation should be fused to improve the refinement of gridding ob-

served pollutant concentrations. And the methods of scale reduction, subjective and objective fusion and

rolling correction should be used to further improve the forecast accuracy of gridding multi-model ensemble

air quality forecast.

Key words: gridding, multi-model ensemble, air quality forecast

5 H

BRI T SR RMRERE, 5 A
A i B B 4H 96 (Cheng et al 2013 ; J& B4, 2018) .
[F] B o A o 25 Ao i AT L PML; il PM e B
AN IS SRR E IR 3/ e SE FE N
H3 45,2006 % 582 ,2010) . AT . 2 EHLR 6T Ak K
A7 18 23 5T o TR 1Y) B 25 03 B SR AR TR R A
TTRE 4 4 A il 55 A K o TR A e o f
R B S 43 2R 0 A% Ak s AT A TR o R
RIABEGM 55 AL K ke,

25 T B TR = AT LR A o A% Ak s
R EH T BB PGS KR .
A I B HIETBORT A= i JE 90 v 4 B Ak 27 3 R AN B
PESE R R SR 2 T i 1% ¥ e 4 e B ORI 2 T
FETER KRR 2% . MO IRAG 45 R B FRE & S
SR K i 23 S0 LA T R G AR 1 PM,, 5 ik
32 8 I 22 ) 6 D 22 S — 30. 2 %6 ~ 49 % GIX 75 15 46
201647 X B 48, 2017; Zhou et al, 2017; XI| Hk 4%,
2018),

22 15 AR I I AT B A X T A 1 2 P A
MTFB. BT RE QOIS F T EMERM 7 2K
Jo7 e B PR U ) 1 O A A B A . AH
BT AR RO J e 10 A B, T AR 19 2016 48 6
HZ 2017 45 5 A BifEm B 3 PM, s W B 895 34 1y
FIEIE S (TSR T 0. 28, 3K KA S (2019b) ¥
Z MR RS G P T — R s AR IR
e H R 2015—2016 4R 4[5 PM, 5 ¥ 5 FOUL I

Z A — 12 M 22 (NMB) £ £10% 2 . it
Hb A — S B 50K 22 B AR By W T & Oy il
e o REDE A (2017) F I FI R IT 255 (2018) 2Bl
(07 B 2015 48 9 A & 2016 4E 5 H 4 1529 4
B R PR35 W s 1 O, MR EE HEAT T 22 B 24
P, 25 R R A TR 1 O W BE AL 22 8] 7
AR R BRI T AR S 0. 11 DL |, #hayig
S5 (2018) 4 3 3% 3y IX 1] 1) 2 455 X 0 4 o s ) &2
2015 4R =4 26 Pulis O fidleh. 45R KW 5
PEIE  TH B i 22 %) X5 {1 4R i AN T 3 U1 25 30 1
A UM FE o 1% B I T 1 el AR AU 22 [6] 14 2
MR 2 (RMSE) A% T 20% ~23% ., BBy B F
W A Ak 15 e By S B0 R = A B RE 7 G BR . 22 B 5K
AR A AU TR 22 A Rt AT

P A% Ak 15 Y 2 0 I A Ak 22 B AR il A R
TR SR . R TR S A R R A
i T ASURE P 52 B0 B R R R 1) Kk JE fa # (Ma et al,
2016 ;Zhang and Li,2015;Fang et al,2016), {H
TGS 7 1 v OB AR B 0 AN MR M AR B
TR 1] e B2 BRI B A ] HG T S IR A A AR 4 552 100
G5 7 i B ME B RS R . AR IR TR U TR B
MR SR SE I BE e . I A A Al s AT
o TR K 1 ) B o e T UL ) 3 TS Y )
3 4 8 Ry P s A S AN 2R Sy — o s 350 7

FiF LA AR SCHRI ) Cressman 4 {5 J5 ¥, 91 25 @ 57
TR AT G S . R 22 A AR T T A
ST SE T . o 2 AE S TR R PR AL SR A L
WA 3] T 2R AR A AR R . B TER
KB AR IR Jr vk AE MRS Tl BRI AT A



%3

T R A - A [ A% A 2 BB s R

Jo TR B ) A ST 383

RANE ANAL IR G RE RS T T LAk

1 R4

L1 MU EMER

P A% £ 5 Gl 1y S 0 2 D A Ak 2 A X B A R
S TR B AHE R E B — B AR HE Y 5 TE R
il 75 RS AL S . 3T 5 22 M A Ak 2 1 AR T3
BLBS F) 25 18 A SR % FT I Cressman i {6 77 12
W v [ PR I 3 R A ) 4 [ 24 1500 224 il g
S ) 6 G Ye ) (PM, 5 . PMy, . O, . SO, \NO, #il
CO) 2 /N R BE 4 (B A 0. 257X 0. 25° W 4% fL S 0L
BT ORUERR(E 22 5 4 1 B JC 62 {8 % J 00 oK 4%
R BEE N 7.5°.5°.3° 1°/M0.25°, 1 @R T
T Y B 203 00 00 R A (R 1 X A A PML ;5 o i ik
FE . AT LAE LA 09 RS 4k PM,, 5 T 4 ¥ B DA %5 (]
A3 A R G b Y R W T Sl O A 3 S L )
[ N BN N I i N e e SN L D e R 8
JCEB G b i B K DL s g H R Ak S I X HE TS
G DA FIVECAE I ARG 7 3l o P 5 JoT o ik 32 o i R 2
BEEE AN TRT  AG A S00 ly OUEI ve BE Ry 0~ 35 pg
cm UL EESE A 150~250 pg + mo O RS A AL AR B
A RFUCHE . N4 R A (R U (R 1A L 2)
FLLE B e R 22 B0l s 0 A (A0 B W Y
PM, 5 i J3 25 5 85 /0N o AHL Bl 4 (E0ORG 20 fb R 2 ]

40

30

20

70 80 90 100 110. 120 130 ”“‘v"‘l“(4’10°E
0 35
1 2018412 A 21 H 01 & fE 1 M 4% 1k
CIEL 8 PR Ity 5 00 I (I T 10
1) PM, 5 B R B (B s pg » m )
Fig. 1 Interpolated gridding (colouring map)

75 115 150 250 500

and site observed (circular points) PM, ; mass
concentrations (unit: pg+ m °) at

01:00 BT 21 December 2018

B
(=3
(=}

‘
— HAEN . 'y
r

w

(=3

(=]
I

o]

[=3

(=}
I

—_

(=3

(=}
I

S AIEPM, R R IE/ (ug - m™)

f=]
I

6 160 260 360 400
SRR AL PM, BRI/ (ug - m™)

& 2 2018 4E 12 A 21 H 01 BHGH{E 1 MA% 1k
bl 5 VLI Y PML 5 J5T A 94 B HE A ]
Fig. 2 Scatter plot of interpolated gridding
and site observed PM, ; mass concentrations

at 01:00 BT 21 December 2018

R S EARER R E R B UL T Z A e
FECH 0. 97, WA RECRL R 1. 04, Ut B A A
Cressman ffi {H 7] V447 25 $2 436 B 4% Ak 75 Y S 0 .

1.2 ZEEREHETRER

AR ST 2 AR5 e (R A AR B R 43 oK
HESLRR 4 4B RG0S5
O A E Z R E A RATHRCE & &4 (CUA-
CE) At XA BT AR i 4l R 48 (BREMPS) (42 7R
X KA B B B X R 48 (RAEMS) AR g X 38 o0
RO A R DL R IX B[R] Al FD IR 1Y R R S
(GRAPES) K 3y i) 28 H. 2 2 R 25 /R T i A =X
(CMAQ) ., LR 43 3l fdi 5 2 CUACE NNC,ENC #1
SNC #ix0, £ 852C Fi 4 X IR % S 40 & L3k 1.
ARSCYE] 2018 4 12 H 19—22 H 3o 5 9 7] &% 4 =X
0~72 h BB U R

Ry T A Al S 0 A (R] A3 BE R R — 2 A
KU A DR T A 51 B = P4 45 SR A (o 0. 257
X 0. 254 R

2 BT
XA 0 A A U

RGBT 5 0 9 = A B Be (B 3) « (1) 207 4R
0, ) 0 4R B 220 5 0 d U I g R RN A% AR X T 4R



384 A % 5 46 %
*1 BFEEREVWETREXNSH
Table 1 Parameters of numerical air quality forecast models
(&Y TR X 4ok K53 B % km T4 I 580/ h HE T A CIR R AR SE . 2018)
CUACE 15.00°~53. 85°N.,70. 00°~134. 35°E 15 216 HTAP(2012)
S v o o M ? EDGARVA. 2(2012)
NNC 30.26°~48. 22°N,100. 73°~128. 82°E 9 96 INDEX-B(2012)
ENC 20.30°~43.62°N,103. 30°~132. 65°E 6 96 INDEX-B(2012)
SNC 17.04°~33.04°N,101. 04°~125. 04°E 8 96 INDEX-B(2012)
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Fig. 3 Flow chart of multi-model ensemble air quality forecast system
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Fig. 7 Observed and forecasted average PM, 5 mass concentrations (a, unit: pg+*m *)
by single models and ensemble methods, NMB (b, unit: %), RMSE (c, unit: pg*m %),
R (d) and total score between them (e) for the next 3 days beginning at 20:00 BT 19 December 2018
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Table 2 Biases between best ensemble forecast and observed onset

and end time of the pollution process in each city
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Note: The positive and negative values of forecast deviation indicate that the time point of forecast is earlier and later

than observation, respectively.
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