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Abstract: This paper describes an innovated dynamic source contribution analysis method of ozone based on
Response Surface Model (RSM). The case of Shunde District of Foshan City in Guangdong, China in October
2014 was used to analyze the contributions of pollutant emissions to ambient Os concentrations at different
emission control scenarios of 10%, 70%, and 100%, respectively, of NOx and VOCs reductions in multiple
regions. The results showed that the controllable proportion of anthropogenic Os in Shunde was about 43%, and it
was dominated by regional transported pollutants. Guangzhou, as the main upwind city in October 2014,
contributed a total of 14% via regional transport, which is larger than the local contribution of Shunde (7%). The
emission control of VOCs could reduce Os concentration of Shunde effectively. The Oz concentration could
increase when the NOx emission control is less than 12% without VOCs emission control. However, the Os
concentration would decrease with increased the NOx emission control strength and VOCs emission control
altogether. The contribution of NOx control could even larger than that of VOCs control under the higher
emissions control strength. The dynamic source contribution analysis based on RSM can provide an effective and
scientific support for air quality management of ozone.

Keywords: ozone; response surface model; air quality model; dynamic source contribution analysis; air quality

management

1 3]& (Introduction)

BEE A2 A, FRIE sUERE (XU et al., 2011). K =£J(DONG et al., 2014). ¥=£1(OU et al.,
2015), = RE T RKIEM X )25 Q@M in s . LUK, BR=F PMasi5 4% ] @15 2122/, (2
SRR, B X RS . I S T SR IR B R I 160ug/im®. S (O3) 5 RuAFE A2
() Os I P RIS BRAEKE 6o N5 SR PRS0 B B e s R AR S . R BRI E M (NOxO FERPEAR ML
Y1 (VOCs), fE—ERDL. AT, KA RNARITO et al., 2009). SAS5HATAYIEHA &
JE (AR L M55 R (COHAN et al., 2005), [HULTERRE Og 5 Yot hFh i nT, 752Xt H A X 15 5h A J5 5Tk 43
B, AT BRI G A AR (R O3 < FE IR T N B 1% L (XING et al., 2011). hAIETTER /T HT/E4E, MEHTAFE
KIS RT AP T (Wl: NOx. VOCs) TEAIFIMIFEHIAKAE N HARis 4t (e Oz) MREARALI) TR

BUEH AT, 2T ATRYIXT Os WREETTIRI A 20 =Fh . — 23T ESR ot 7o 5%, R
2
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By K Al 5500 B RFf NOx, VOCs X Os 4 M (WANG et al., 2015 YANG et al., 2005). 11
Mot EER IR RIS, ARG, SR I B s B . TR SR, JUHUE VOCs il
MECLVERA . KRN E, W0 H ARSI, OB e LRI T 8K . ZRARARERE, RIE RS
YF i BEAE VS BBl H202/HN O3, Ho02/NOz 553K Wt Os WA T HIIEN O3 AL IR AR TTHRIE 5 (XIE et al.,
2014 Ll etal., 2011), {HiZJ73ANLREE L HT, MELLEALHTAYITTRR . 55 = Fh D V2 il = S B AR S
HHATAYIHBCE S Oz WKL AL R &, MMESEHI5E J1i% (Brute-force Method, BFM), A JEF| %
#47% (Decoupled Direct Method, DDM). = £4#7% (High-Order Decoupled Direct Method, HDDM);  #%
RO 2 N B Os 5 JHLERAT 78 HH (ASHOK et al., 2013 ITAHASHI et al., 2013 XING et al., 2011
COHAN, et al., 2005) . F 3= 2 [l {20 H P AE A AR FEER = . LA Aotk . A SCHEH
BAVRTTER T T 1R = AR 2 X2 SR E A (Community Multiscale Air Quality Model, CMAQ) 15
FOGE B e At AT T VR BRI 3 (Response Surface Model, RSM), f&i#x RSM/ICMAQ 2%, J&
TR T TR . SRR T RSM/CMAQ B STER 4 T A 2 073k, I LB L T IRAE X Sy
SIS HT T AR X I NOx Al VOCs HERUR A O3 ¥ AR (b B AL DTk -

2 BFFtH¥EE (Methodology)

2.1 HT X 38 R AR A B

TERT ARG ME— [ B X —— &, AL T Bk =M, IEAEskys sl DR, B2, H%Z
Os V5 Y B, X EaE =R EHA4 TS, H 2013 ERAKERR, MAEEE—. Silimis
HuR) VOCs JkFH& ti)m, 2014 £ENEE X O3 IREEA T R, (EANALANEIEEE —. W& 1 P, 2014 E)iifE
X ) R4 R 8 /NHE H BN 5 HIFAE e ETF, —E4ERFR] 10 H, 2 JahEE R H BRI T P
2 5 B 6 2 10 H 2 AEX Os s B, 981 7 F ZAriE 160ug/m®; 7 A1 10 H 2 4w/
A A4, Oz WKEEEEL 200ug/md. X, 10 HAUBAXN T, AR, KREHBEHOVRHOR. #REEAF]S
P BRI RS, INZ AR EGE AR (21°C-31°C) , RER = Oz is Qe s B, Ak, #3CLL 2014
10 HONFHERS B R RSMICMAQ 757543 BT AR X 330H) NOx Al VOCs HEFSCA IS Os ¢ FEAR A (1 3h 25
DTk
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B 1 2014 $E)fEEK 8 /NF B 90 B AL REIRE

Fig. 1 Ozone monthly 90™ centile maximum 8 hours concentration of Shunde in 2014

2.2 WRF-CMAQ #E R4k 2

(1) WRF-CMAQ# &

ARG RS WA (The Weather Research and Forecasting Model, WRF) v3.4.1. 3Kz}
HO¥E P S8 1 [ XA AR b0 (NECP) $RAEAIRE /NI 1 A BRA R TR B, 08 FH X B BE A4 25 0
UK R T S R Ak . R SR X 3 CMAQIMIG , SR RS, &4 N112° E.
30° N, WiZkHZZN25° N, 40° N.

TR EBNCMAQVAT. LR =HiRE, WA/ HEE WAL E N 43 il & 27km X 27km,9km X 9km,3km X
3km, HME RN RAE N B L SN, SRATT RIT IR BAAE Jyspin-up. BT H 702 N20/2, A
PR FURU S — R A, HoT L s 18m, SA LR FICB-05. % T Oati AU 1) 5 K8/ N {1
B HL 590 5 43 (0 AF 58 AE I ME R SRR 7 DL R AR IR RE AR (a3, B BT B2 58 — 2 MOk JBE /NS
i, FFJa A E N B K8 N H 4 FRSM .

(2) HEX I

WA XECONE 2RI =2 IE X, JEH 2 M112.267° E——115.625° E,21.705° N——24.674°
N, L1487 X 11251, LI A6 Bk = A 40 17 DU R X o o it FbR DX Ik i A ELs e, A
ARIEREK I BEXA BB, T"HIC. H Dy YLITE. REERNEYIA AR HoAd X I8 £ 9
G.
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B 2 HREBI X K B AR X 7

Fig. 2 Simulation domain and target area setting
(3) HemiE
B B R HRCE R RS KGR 4 ERTE #i MIEDGARV4.2 (The Emissions Database for Global
Atmospheric Research)[#]20084£0.1° X 0.1° & #.(JANSSENS-MAENHOUT et al., 2013), & = 2 X 3 f# i A
T H AT 70 4L A i 1] (19 20144F:3 X 3kmFI |~ 25 KA YLl HE GRS B

2.3 T RSM/CMAQ HIBh SR TTHR L L0 W 1T

RSM/CMAQ/& — i3 T CMAQARAN 45 R 1) — ATy 1%, FLRE 3L 1 HEMGS ] 5 A 5 o BV P2 P SE I ey
o il v O & o (RS, 20110 ZHAO et al., 2014 ZHU et al., 2015). i SCAE 35 H 5F 72 B BT & FIRSM-VAT
AT H (http:/Awww.abacas-dss.com) K 5¢ M 5 i ] 2 A 5 $2 H nT 4040 4l B ok SR SRR (57 5652 5%, 2012).

WL BN T B RS0 2 DX HE O A B2 IA I Multi-region RSM, LUK A b 5 J 01 22 2505 AH H. 5%
Wi f¥jRegion&Local RSM. Multi-region RSM 7 [ AT AA4)42 il Bl 13 AR G-E R X I LA XNOx. VOCsH
FHATAYI I A SE7 X 2=144, FHAFHHL T8 7 KAFi%E (LHS, Latin Hypercube Sample) % 37.200Fé#HL
P S AR RS IGE FE, HErPE 180N A%, F X 20N MRS IERSM AT 51 . Region&Local # 37 f12 KX
SR AN A b DL K R AT (X 4K, SRR 5 Multi-region A 1], NOxHEZ A TV IR . A0 IH& K
KR, VOCSHEBU Jy Tkl ATEYR. s, JL6RIFERA S, SIshlB 782X 6=121; LHSE T
(¥ 52 B0 A M L 140N BEALIG 5%, BUAT1204N @8, )20 A LA UE W] $E 1L

i JHRSM-VAT TR (ZHU, et al., 2015), HUREAUIR A H A5 X BNOx. VOCsFi| K173 AN AL R, LA
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W X N 3248, 2] Qg BEMA A5 - 2 (P 3). Z M RAIE(E 2 (Peak Ratio, PR) 1¥EVA(IFEE, 2011),
K BLLEHT KA AENOXIEELL (R /2, FT T A (X R4 52 VOCs il o Bl 4 fREFVOCSHER S IANAZ I
AN D XIBEEARNOX I HEICR . Ot IE 4 1% ETHIRJG T REIIERE: M ORFENOXHERCR L, Al
> XIVOCSIIHER R, OaffikE e —H N, Kl 3L 0F LFTTRPRIEZHN88%, FHIFEVOCSHEIAAL
MIRTEE T, XINOXEE MR B R 1L 129% 5 4 REA RUBEAR KO - ik, R SCITHIAEPRELFM, AT A

3 T 00109 B B2 70V MR HE EL (18 o I e P IHE X IS I Ok FE Bl 7S TR AP W R SR B8, i
5510090 4 PR S5 00 U ) L5 A SR BT«

B 3 IEIX Os WM NAEE LR (ug/m®)

Fig. 3 Isopleths of Os concentration response curve in Shunde (ug/md)

3 &R 538 (Results and discussion)

3.1 EHERER

Kl 4. & SO9FEHENE 5 (20144EHEIED ARDME 5 SRl E I ELBL. 1 4R KFR 70 sl I AE L LFR LS
) +50%2k 2 N, BEAUUE A AERA BE CL439 AL ZR (LIN et al., 2007); {HIE AARUELL T8 b B iRs 2, i
W Ot R 8/INH B ARAL 45 AR AR A L 5 . B SIS 5 MR B i st B BL B AT A, =
HAGEHFEARY) G, N RBRATIX0.84; BAUMEAE R 7> Osi (B I FP AR T WLIIEL,  HLA A] s BN

1B PR IRt P52 ARG K 3 K T O BRAUMEL A BE ARG A, 3X B AR CMAQIAL A ML AW it ) 3 R (CHO et al,
6
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2012' APPEL et al., 2012).

B 4 JEAEX 13 R SR EE R Os Hik 8 MEHE

Fig. 4 Ozone daily maximum 8 hours value comparison between monitoring and modeling data of 13 sites in Shunde

B 5 XI5 bk WU B SRS R I LA

Fig. 5 Hourly variation comparison between monitoring and modeling data at Sugang site

THE 6fIF& 1LZRSM/CMAQI P AL AR 45 A IGIE. B 67 44 k5 /& Multi-region fllRegion&Local
ZFL T 1) 202 36 IE 1 5 I CMAQISUMEL, T A A AR U2 o) B FRIRSM TSI o 743 2L Pl 7 g [ FR) Tt &5 SR 35 5
CMAQIE L, 2 I s FEAH G, ARG REURSIA0.99LL b, B3 4150 IE 17 5 B A A s B N 5 S P& 7
LENETIN A WO, A ) IR S Al B A o T LA R Lt T PEAN 4R BR L AT AR, Multi-region i [
BRIV T 25 (i 22 315 Bl ML -0.53%220.47%,  Region&Local i [ U] \-0.78%%22.61%. K 6F1% 1R 3 FiF
Wbt PIRSMICMAQ T S7. 14 193 ZHL i J3 i T RE AR 11 S B CMAQASANES SR, mI HI Skt — B2 iy il A 1

5 HARTG Qe SRR (I m 4EAR M S R (ZHAO, et al., 2014 ZHU, et al., 2015).
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6 RSM/ICMAQ BARAR LG
Fig. 6 \Verification of RSM/CMAQ modeling results

# 1 RSM/ICMAQ B4 P
Table 1 The evaluation of RSM/CMAQ modeling results

5 {EMean x/IMEMinimum % K AEMaximum
VA A A
Multi-region  Region&Local  Multi-region  Region&Local ~ Multi-region  Region&Local
- 85 i 72
. 0.02 0.15 -0.32 -0.44 0.28 1.40
Mean Bias
SRR
0.26 0.44 0.16 0.05 0.43 1.41
Mean Error
bR A 22
0.05 0.28 -0.47 -0.72 0.46 2.54
Mean Normalized Bias (%)
AR %
0.43 0.73 0.25 0.08 0.70 2.56
Mean Normalized Error (%)
ST S i 2
0.05 0.26 -0.48 -0.72 0.45 2.46
Mean Fractional Bias (%)
TATHIX %
0.43 0.72 0.25 0.08 0.70 2.48
Mean Fractional Error (%)
P ET- 25 i 22
0.04 0.28 -0.53 -0.78 0.47 2.61
Normalized Mean Bias (%)
brdEF R 22
0.45 0.77 0.27 0.08 0.73 2.63

Normalized Mean Error (%)

3.2 SR X IR R A SIRTTIR T

KAISE TS R R, IS A B = iy, A SRV, XI5 Rt
IR 2 S 2 . T 7 2y 2014 4F 10 H G DX 775 Bl st ) URD AR G B, A3 i) A g XL A5
PR EFEZIE A 3%; FAALKR A, FREIERE N 2252 MAAKR ERRZEH Ry MRS G . %I
By W EE AR B IS 25 77 0], Herh 2 19.9% % A8 IEAL IR AR TT ), 29 8.2% V& fEIEARTT 1), £ 10.8%fE AR

8
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AT, 29 114% AT 1 JURE T ERA RGO EZN ML BRI A58, JERLKRET Ml
A R AR B o DX 10 A3 T BIRKGEAN A 1.5m/s, J&THOX, AR5 RN, Uik,

B 7 FRESRESSHXEEHE

Fig. 7 The wind rose of the air quality monitor site at Sugang
AT NOx Fil VOCs HEAR A 5C ] (100% 4Bl 1 =5 AR BT 2P 4 RSM (Multi-region
LK Region&Local), &t 45N [F] DX S HE R B A5 IS O IR EETTER (&1 8). L5,
Bk =T N IEHEBOS I X Os [RITTHRZ) (5 43%; o, JBEA#L) 7%, L% 2%, T2 14%.
2 2%, 1L 2% FIN&ARTEILL  10%. HARXIRL 5 6%, 2014 4F 10 HXHAE X O3 i fZ Tk
BRI XA M RN &R 5E, HLIXIHEBUE 5z KT A k8 13— 25 2047, A8 [ X 4 Multi-region)
AP TTRR AT G B AT 45, X35 NOx VOCs HEHOR P o) BRARIES ) O3 Bk 8 /NI ¥ H Ha3MH 4373124
4 37.83ug/m?3. 33.36ug/m®. £t Region&Local #37[#) RSM 15 FI| i A e 247 Mk I HE Tk (B 8), A
Mok PR . T TV VOCs MR TTIRZ) (5 9.38ugim®;  E SRS HI (25 @ YR & TP NOx 9 £ 5Tk
(-1.37ug/m?, BPURHER S I A Os WD, (HAHURI ML NOx RHE DT N IE, 38 NOx [ITsTHkh
1.94ug/m?, ZZ@VE&IHJE NOx J& TARMBHES, NIHEH I F 2Rt 9 NO AT HUHIEAE Os, LN NO2,
S B NOx JF I Os < LA
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Bl 8 100963 5 i IS R X 3k e o WA [X SR S J5E TR

Fig. 8 The source contribution analysis of Os in Shunde based on 100% control scenario
XA GRS, RSMICMAQ IR HRAREALE T AT LA BT AN RIS 57 R %% 221 K5 I shaS ok
k9 Fw, 4IRHILLGITE 10%0, BT BRAEX ) O3 MEERTFEZ) 2.36ug/m3, | JHIscHER) S 4 STk
(TOT) &K, HAhXIEREAFTTERY L VOCs 5Tk o A VOCs BTk N IE, Hd Tk
VR TTHR R, NOx HEAIIR TTHR I A 71, DAASIB IR & TR K A RN B K BT R B, 4 X3 VOCs
HIBAAE, ALHIE 10%NOx i, AR X Oz 45 EJt, 3ok 7 &l 3 o PREMIHER . 2 SRRzt il
ik T0%HMT, JAEX Os IR FBFZ) 38.11ug/m® (B 9); o NOx Tiiik%) 21.19ug/m3. VOCs TiikZ)
16.92ug/m®; X 15t B REA DX I8 b [R1J8HE JT BERE K, IAERRE AN VOCs 2 1) X 7] 45 NOx #2i1 Xil I8, NOx ¥k
HEXT O3 WK EEHIIAE H DTk ¥ d VOCs. 70% XSG 5= T, NifEAth VOCs i JE IETTik, 354
5.06ug/mé, PLTLJEDTER K (3.15ug/m3); NOx S ARTTHRZ) 0.81lug/md, I rh A2 18 Y &I 5 A 91 BT Mk
(-1.08ug/m®). A [ A5 f DX Sslyl 17 5 sh AU sk o B 4 R U, AREE BRI S R 54k X4k VOCs
frydz i, LA3BE S NOx J3AE S 1T O3 W< BE b FHIRIBI G s IS A s A0 ] O3 YR BE 1 T IR G HEAE T3 Ak Tl VOCs
LS K H NOx HERS 42 o

10
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B 9 REANTHEFM T

Fig. 9 Dynamic source contribution analysis of O3

4 £ (Conclusions)

1D 3R RSM/ICMAQ ZhZSIRvTik 7 53, A B Sr A HE B ) 5 A 85 5 iR P v 4 i
T VI 75 28 5 SHRAR AT e 3L (X 3P 48 A HETSCIRAE AN IR 2 11] U A8 5 ) A5k P AR A ) B AL TR
RELL R H AR T B0 SV BER B AR ) BN, I8 e e B HmkE T 5

2) WICLABTEX ], A HRSMICMAQEAL /3 HT T 2014410 H AN [FIKIEINOX FTVOCs I A HhOsifk
FERIBNAS TR 45 R WG X Oo¥k B2 52 XIHR B i 3 B R S KT Bl EE 9112 943%,
I IN&ARSEH TR 5 1H2924%, T IEA M HE B ORI 7%; & AFEHRIVOCSHER, 21X
IRNOx/IN LA (<129%) RIS , N X O BEH T o BRIk, MGAEE [X 411 O gifk 2 T (4 95 B /2 VOCs
PR, A R R OsT5 S A8 AR VEAZNOx . VOCS 1 X 38 13 [R] 4 il o
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