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Abstract Aiming at existing problems in current O; single model forecast, an efficient superensemble forecast based on

running active range (AR-SUP) is proposed and applied to the EMS-YRD (multi-model ensemble air quality forecast system for

the Yangtze River Delta) O; forecast during the study period in 2015. The performance of the newly proposed method is
compared with those of R-SUP (Running Training Period Superensemble), EMN (Ensemble Mean), and BREM (Bias-Removed
Ensemble Mean). The results show that compared with the other three ensemble methods, the AR-SUP exhibits significant
improvement in daily O; forecast with the RMSE reduced by 20% and 23% from that of the best single model in cool and warm

seasons respectively. Further application of the AR-SUP in O; ensemble forecast also shows high forecasting skills when the

predicting time is extended to 48 h and 72 h. A number of statistical measures (i.e., reduced errors, increased correlation

coefficients, and index of agreement) show that the forecasting skill has been improved at all the locations within the study region

during all seasons, which indicates this method can be used to help improve the accuracy and reliability of short-term forecasts.

Keywords Os, Ensemble air quality multi-model forecast system, Superensemble forecast, Running active range
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Fig. 1 (a) Domain setting of the multi-model ensemble air quality forecast system, (b) representative air quality monitoring stations for the Yangtze River Delta



X A B % 42 3%

1276 Chinese Journal of Atmospheric Sciences

Vol. 42

HARL 2 (BROKIRZE, 2004); [HNHT O3 50
T SR R, FRET 2012 R HE K 8 hik
FEAEN Os HYPA ARG ZIFY CREE A i
FRAEY A O N RILRIE FRBE LR, 2016).,
MO Os PP % 82 H ik 8 h ik, AR LS
X7 EEIME B AL 8 h Oz B AL BIFE T, RIZ:
XF/NI R ORLIEAT 8 hig s Ty, ARG IE H X
W B P 45 Rskd K432 (Park, 1998).
23 EFE

(1) ALY (EMND

¥ 2 AR 1) 4 F0m I SR P I B AL A — AN T
ai R, B2 RSN

. 1 .
Ve (s t)=WZLE<J, ), 2)

o, Ve Gy 5 § AN 2060 % B
SEEITHE, N MR, FiG, Y
A | ABELE S | AN €I R

(2) WRGZHHE T (BREM)

S A R G S 51 AP 3
A, IFAE IR E A BT, A I
GESSSTE
Vo (3 0)=0(1 t=1)+ - SR (3 0-F (3. )]

(3)
S, Varew GG, 05 § A5 € 92010 8B 2
SEATRAL, O(J. t-1) u MADSAIMZIE] t—1 B2
AT, F (1, ) % i AR AES A
WUBE BT 2] ¢ I 2 TR 1. 2T 5
LRI HOT B0 % 5340 T2 15 5 o s 4 R
SR, (20 0 AT S AT

(3) BGIERGE (SUP) K3l 0 i
M (R-SUP)

Krishnamurti et al. (1999) 5, RGIWZEE
JUE AT B A U G BRI AR S, AT
HAUL T DL o S BRI, e VIR
WA B RO R, 7 WIZRI S
HATBEABET, SR % IR RS AT
{2 M SR TR (SUP):

VSUP(j> t):6(j, t—1)+
YoaliO[R(L Y-} @

Horb, Voo (1, O W42 R A, & (), ©) I
AL

G=31" (Vi ~O)) (5)
R 5 F5 /N — ey Jit 38 g N7 YN 2534 B Ay R A 4531
SRR ZE G e/, DL S I VI 20 K 8 R
Z BRGNS ER (), O, (5
L. o, Ve AN E G HRE, O
S, N NG a(], ) EREEE AT
DUR 2RI, ] SR FH R 2 M il 8 I 28 R
(B K5, 2009, 2013). K 8, (], D ARA AR (4),
BRIV VT SR A TR A (AR SR R PR AEL . R TN 2R A1)
TEHOR Bl TR 4 A S, — R EhE iR
Kook #f o o LA b R g e TR A R o, AR
a (J, ) AR (A AR AY, RS T A I R 1 Tl
o B (2009) F5H, Bl TR 11K
SE IAUE BB BRI R, HAEH T sh IR
BT (R-SUP) J7 %, B AE N ZR K Noest
bt TR H YR B AT, bl TR H e (6 A
Noest RAE A IIZRI, a;(J, t) BIA]TBEAE 0 H 1221k
B HER . AR Y, R-SUP % SUP fE% i
D HCE TR R REE, 20095 X A%,
2013), A, ¥ 201581 H1HE3 H16 H
Ut 75 RAEMINZRIN, 201545 1 HA 6 1130
HILTE 61 HAE TR, #RHE (5) R
AT VAR ERCE REL, H RGN 2 K&
HEEK A 75 RIS THRIITHRPORL . 458 %W], £
WIZRHIN 31 R, MR AR 22 5y, HOEHE 31
RNFBAENGKE, Fi LIRSS 20 B 4L
HE2IE T A RRTTR -
(4) SO B R EERTE: (AR-SUP)
O B R AL VAR TU R, — M I 0 [
SE ST, R EE 0 VI 3K R SR SRR N AL R &R
B, W SORFAE RECT AL TR 4 A S
e e AR 2RI KR . XA R B 2,
P R 2 TR A G, — BRI, 76
VIR B B3R A B HE VI R I K FE B AN T “ It
7 TAESERRIE A TR T, TRHRIIE H SR,
A VIZRIIA S I il PR AR 1, SRR N Rt &
PR TS T SR, AR I R
STk, wol— N ERE B2 HAK
AIAR PRI B X)X T A i kg S S P (R
SXoF [ 5 i, A i W) kg 8 2 TR H (RS B, E TS
BIX AP, 2 AN 1) 328 25 i H 0 07 4t , %
SIX AR A . 534k, e g5
X i) i e I 2 B0 4 5 L9 30 1) AR K



6 DU AE A A A BRI T VA E T = A X O5 PR 4
No. 6 YAO Xuefeng et al. Application of Improved Super Ensemble Forecast Method for O; and Its Performance ... 1277

e, ASCH, ETIHR H 18 X 8] 2 (8] ARG 5
DX ] IR AT 52 v —A Al T 30 7, A A P 3 1
TR 50R R T e B 0 it — T H 1 e AR I 2 B
FERN 5 2 6 e A R E . Bl T H (1) 58T
AP435 B DX TR) AR P 30 1) w0 HR shHERE . 3%
FIX KAV e N 2 dy SR
Wk, BERAKEEN60d (B K&, 2009, fE
ORI K, 20135 mAAE, 2015). T
BN 4 d, FARIRf 2 7 VG P g e .

Fo IR JOAR, OB AN oI Bl DX ) R L A R
TEAE ER Y QA A1 HE3 HS HD. £E54
I RKimsh X ) e Hm i i i e s (BRE 3 H 6
Hig), a(j, t) 38 FdyEsh X a1 73K A
SRR SRR REAT IR H B A R TR -

(1) EWEshX ], ZRHm 2 d 21 60 d & #HT
whne fEf—NNGWAN, & (5 X@rmlHTy
T2, HEh 3RV R AT I Sk iR 22 G He kA3 2
ARG IAZEAE T a (), ) 415

L=min(z:il[vkm(j,t)—Om(j,t)]Q), k=1,---,N, .
6)

(2) Ka (), t)ydERN (4) X153 T i
B R M TARAEL Vi (3,1 1K FRUIN 30 P 448 06) 45 22 1 e
ANRIC6) KON AIWThrvE, FHEERa (), )45,
RN (4) A BIUER I 38— R I Tk . A,
Vi (3,1) 55 K PR R B0 A AE S m AN S0 R )
LERTIRAE, O, (J,1) A2 m AN T % v i{eE
Nee ARG, eAb ol 4 ds Ny I IITZRIEAN 4L
RIRCEAL G4, bl 59,

(3) ¥t ik, NI B Bkask X Ta) Az Foaiil A
i) B 32 H ¥R 8 HEJE SR SRE I 5 45— H 108 2 42 il
THARAE -

24 HEBSHE

J VAN et 5 (B R A A SR I TR E ), A
S BN E TR EE PP S B S TR R
7 (RMSE). trfifb PRz (NME). P32

(MB). FrUEITFERZ (NMB). IR ().

F2 BEATRITHESHZTR RN THAE L

I0A (—EPEFRHO . Jorb, AUDYIUL R ZE VAL S
FH G ZR B SOU A TIR N 8] 3 41 AR OGRS, —
TE SR TR TER R S Bk TR A
R Rl T AR ) — SR (Kang et al,
20100, #BHRIEANZE 1,

x1 TESHEX
Table 1 Definitions of evaluation parameters

BT R AR —Obs)’
LRNSE) RMSE = N Z(Model Obs)
NMZAA Vi N
T % MB = 3" (Model - Obs)
(MB) N5

o y 3" (Model - Obs)
ﬁ/fﬁﬂ%?ig NMB=<1-——— " X100%
i (NMB) > Obs

1
N

Model — Ob
FRIERL P2 NME = M X100%
2% (NME) 2., Ob

MXFH (D top :Cov(Model—Obs),
r=t,,(1,2)/(t, (L1 t,,(2,2))
3" (Model — Obs)?

> ([Model - Avg(Obs)|+|0bs — Avg(Obs)])

BUE
(I0A) I0A =1-

H: Cov RNt 25; twy AL R, KRB S WM 1 Py )7 2
(Cov), AN 2x2 [HERE; Avg R TH(E.

3 HR5IL

31 BEAMERTIRGRIF

IS VHE S EAEA IR X T (0%
P fEH, W 2 Prs. KR, R
RMSE 7£ 42 pgm ™ UL I, W33 ugm L b, 45
4 RMSE fIINME k%, CAMx B2 /. MB
[y 4 2 8K : NAQPMS il WRFCHEM
B AR, HBERIC N B, k2684
ug m > F1-22.21 ug m>, ifif CMAQ Fil CAMx #x{
TEBFEIIERZEE, 75 6~8 pgm” 44, NMB
&5 5 MB 45 525, T0A 5AHC R HHI45
B—5, CMAQ fl CAMx #i:{ & T NAQPMS Al
WRFCHEM #5838, 420 T2, HP0#H i
7, CAMx B

NO, +h, > NO+O0(’P), D

Table 2 Comparison of evaluation parameters for single models averaged at all representative stations

RMSE/ug m™ NME MB/pg m™? NMB r IOA

EE A g s s s W7 "7 = AE EE REF
NAQPMS #iz, 5295  41.05  46.08%  42.99%  —26.84  —1840  -1021%  -1472% 041 053 055 063
CMAQ #ixt, 4474 3652 5143%  43.11% 335 6.24 19.36% 17.56% 053 059  0.66  0.70
CAMx #i 4240 3355 4830%  41.80% 133 7.70 22.13% 1925% 052 061 067 071

WRFCHEM #5 53.09 41.58 48.77%

41.97% —22.21

—-15.83 -1.74% —9.80% 0.32 0.48 0.49 0.55




KA B 0%
1278 Chinese Journal of Atmospheric Sciences Vol. 42
OCP)+0,+M -0, +M, (8) LA LA, CAMX B R 2 /),

0, +NO - NO, +O0,. (9 HAEWEORSS T 3L A AT — Sk

Haggen-Smit (1952) #5iH, R4 (NOY
JERTLZ O3 I FEFAYIZ — . TERPHERS i E
ERIFARA T, NO. NOy, O3 =FhT (7) ~

O XFRIEEPERIRZS o, hy A 6RE: OCP)
RS WAET: M 5 —YF, W Ny 383 O,
=AM EENZE, M BB R
N, Al Os NS TSR s iR, 2,
RPN O3 WA FEH, SBCET A
TOCR O 22 T g A 580 O TR R ZE IR R 22— Ay
X —AHYE, ¥ O3 5 NO, IR B 2 FIE b 2246475,
¥ 2015 AE 5 Hup O3 5 NOL /ISR EEAR DN, T
X IRVPAG SO 5 RN BRI Os 6 b (B 2) . Fi
FATH O3 TiARAHEL, &1 O5+NO, [ RMSE 13
THT 1.5 pg m”, o CAMx B FIET 2.7 pg
m . NMB 745 W], 2800 O5+NO, Tl i)
MR Z B 05 BE W DN, Hf NAQPMS Al
WRFCHEM #5514 7 4 2~ P340k 7 20% .

BRI, SRR iR R %, B
BRI R R 22 K T4 2, CMAQ Fll CAMx £
TEAZATAE 25 s, 1 NAQPMS #l WRFCHEM
PR A B ZR A7 6 W SR ARAY o 5Ot S A A 1) 7
i 25 2 FE O FRIRZEMME RN 2 —, ik
TERAYIS O WFFAL T IR R E— DI

R 3 MMERTIRAITES MM ER RN TFER

32 AREMFERIT LT
3.2.1  BARBORATHLIRAE

FH et 5 B A % 738 (AR-SUP). 1 8hi)l
I RAE R ITYE (R-SUP), 2R AE 17
% (EMND I BR w22 AR 44 771 (BREMD
PURDAS [ Bl T Z B R G O TRadEAT 4
B RIS S H XS IE (R 3. Sl
B 0 L DURh 2B VR .
PR ZESRIBEAIR T Pl 22, HAA K TG : AR-SUP Fil RUP
TR AR 3, AL AR-SUP J7 AR
RMSE A A e B R 2= 53 AR T 8.67
pg m > F7.71 pg m >, NME WJ4rSIBAR T 24.94%
F117.39%; EMN 75 i Bt i AN B 5, RMSE 5 NME
5 A R U 45 I . M MB R NMB A] LU
H, SR R-SUP )5, MB#HIfE+£1.5 pg m°
DL, NMB JR{E+ 1%L, 1 AR-SUP J7ykNI7E
LR b5 MB 2 HI7E+£0.2 ug m LAA,
NMB #&HiI7E +0.5% AP, itz o il B
HE 7 ug m” R 20%, MR EMN fil BREM
T T e A ZE I SIS, (AR
T w2, ERRZEJUA IR . X2 H T EMN Al
BREM Jj ik % 5, HE R TSR 2 A%
B, TN B PR Al 45 BT G, NAQPMS Al

Table 3 Comparison of evaluation parameters averaged at all representative stations for four ensemble forecasts

RMSE/pug m™ NME MB/pg m> NMB r IOA
7= B s s 2 s 7= Bz s AT BE A%
AR-SUP 33.73 25.84 23.36% 24.41% -0.14 0.06 0.37% 0.29% 0.61 0.75 0.78 0.86
R-SUP 36.12 28.56 25.76% 26.50% 0.76 -1.15 0.73% —0.52% 0.50 0.67 0.70 0.78
EMN 4433 35.19 46.86% 39.14% -12.57 —5.41 ~7.54% —2.69% 0.55 0.61 0.62 0.68
BREM 36.79 32.84 31.62% 35.33% -10.69 —4.32 -3.87% ~5.68% 0.53 0.58 0.64 0.71
60 1
| ]
(a) 0,+NO, 0, (b) 0,+NO, 0,
@ 0.5
£ 40 ; 5 5
o O om
] A . = 0 & 2.
B o] z ® 8
= 20 1 D 1
-0.5
0 -1

NAQPMS CMAQ

CMAx WRFCHEM

NAQPMS CMAQ

CMAx WRFCHEM

B2 201543 J36 HE 12 J1 3 HEACRMEEAN 054NO, 5 03 KJEH (a) RMSE (Hfi7: ugm ). (b) NMB
Fig.2 (a) RMSE (Root Mean Square Error, units: pug m ) and (b) NMB (Normalized Mean Bias) for O;+NO, and O; concentrations averaged at all representative

stations from 6 March 2015 to 3 December 2015
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