R ! aih

DOI;10.13878/}.cnki. jnuist.2020.06.005

Fok! BA SR

LT CMAQ-MCM KR 1K = £ M X & 2% BLAE M

K

HWE

BRHEERTRUSERALH AN RAH REIK L
FENOHRZENHZRZATREA FRNANR LR EREH
ABBZR D (P EA(0,)) TRAHEMERE, LH—Z I RH
R FHBNER P A2 AR A AR R Fa KA E
ME(MCMB3) 5 2EB R ARRY AAHGF ZRE LR ER
Aottt 4% CMAQ 7244 (CMAQ-MCM)  B#A L % = i K
01558 A27—9 A5 B RAZKHANE LR E.CMAQ-MCM A2
TOBIHBBEZ AR 6 MART 040 S 37 kKB 09 %
RAF IR 0,8 ZK b FARENAHDHAN, BN AA
RF(REFHRE=-0.15EFHBE=0.03). EKZARR, B
REAELEANS(VOCs) T AKRK, & 30.08%, £ R A X
$(33.25%) A T 0k (25.56%). # 8 1 & VOCs 9 TR D, 44
2 1% A ER AR AN, A AN, £ 2249 R NO(80%),
JRAAR(HNO;) (<10%).0,89 2 24 5 N0 f» NO 35 A,
HCHO 2507 30892 5 NO Jah, R T4 2 8 FA 3 NO,
AHT VOCs Afe A8 2. FACHAI(MVK) 7 R AN 2
(MACR) #9% A 5 B K78 VOCs(BVOCs) 3£ % 40, KA K Z
SR MVK 42 MACR 2% BVOCs AR K Z AR 2 HAHNR
fof REARALERH YA,
KA

54 48 B M AL ; CMAQ-MCM;

FA 5

HEHES X51
XHERPRRES A

Yeis BEA 2020-05-20
BEIWE [ER A AREEEE(41705102)
EEE

TS, B WA WS I RS A
BUEAEALL. jspzzhw@ 163.com

ZEUEH GRIFVER ) , &, W, BB, B
A U WIS 5 1) S R AL 2 BB R R
KI5 Y . jingyili@ nuist.edu.cn

WA G fE 1) 5, i, B, 1+
A WESE T ) S 28 AR e R A 75 G
IR AT R R T Yl A ) R 80 B 5 4
hu_jianlin@ 126.com

1 HEfERTERY HEREE TR,
AT ,210044

2 FREE TR WA KA M
5 el s RE SR E, M
T ,210044

3 MEAEETERYE RAATSEAHA
P A L B R, 210044

4 FEFERETAR TR K TREEBE, 5T pt
Wi, 77843, K H

55 R B 52

0 58

UEAER , T B R A 5 YL A JE H 25 28 . KA 75 Y i i A A&
AR AR, [ R TA7 A0 DOk, FRIESR I T — R A i
il KATE G HERL , K2 HH X 22 S5 A Tl , Rl 2 40 k)
(PM, o) FEBRERE TR AN FE 48 1, PM, R T B T 4
T AR (0,) TS 4Lt AT 523 PM,  Fl O, Db )45 2 A S e R [
AR5 G 0] R 11 G

T KA AR 24 M0 55 15 G2 th 3838 | Tk U8 55 HE R i A R e
(NO,) FERMEAPYI(VOCs) S R & B 24 ot A b = ™
B, O R FRIETS Y A X2 KA, R O, W R IR R F 5
A E PR D AL R NO, M VOCs S iR e 6 IR
ZAF R AR SO s W R R B 2 R R AR, RART5 Y
RAY B AL AEE AL, oKk | POl R AR A =
FE ARt FR 55 AEFRIE, O Vi B o {8 32 % AR AR 22 T 3k 1) 3T b
DX, AN At K = R A K A XS g VR WL &
B4 BT I 41 DT KL ET, TR 2 U e 2L Y XK
—. [ 20 2 ILAHFRAE LISE , %X RSO G 2 0 % TS Y+
FEEE S

O, Gk 2=V hy 52 2% | A% 8 25 /<0 H A B ) AL 245 1 5 00
{EAG 220 X S i 22— 43 S F O AR 2A WL R VOCs AL BV Y
AN A s 1) A B A5 7R SR FH 16T 1k 1) DY S AR AL, K VOCs 4% BB
I PR A2 RE 43 R LSRR, i SAPRC R A AL DL AR 4
VOCs 5 OH i s i PR VOCs 43 B ALK %ed& \OLE Jfi k&  ARO J5
T TRP 452545 ; Carbon Bond ( CB) LI K45 1k & Wy 1 B B 45 ke
¥ VOCs 438 PAR R C—C fh2#5#  OLE 3R/ C=C fb2#4  TOL
PR HORAE B — AR I A 27 ] T 3 R A ) 35 T A 55 4 52
A RAUE , ZEE T EAS VOC 19 2225 50 S 0 A e ] 77 4. 3 46 v ]
PR AR RN, R RS F O IR SRR BIL B R A
G3AT , T2 IR O \ YA HLAR B (SOA ) BY A J. A1, 40 55 4 52 46
SR FH 0 520 ke oy e i 7 e vy T LSS RSO N VR B AR UL
FIBLA AT — 2 P AN o M AR A A SO nHE OB 5 4 5 4
YR T AR R At ELA — R (AN 2 . 2 7 1 AN g T
BRI O, F1 VOCs LI 22 [ I IR A BRA# O, JE B & NO, . VOCs



71 R 24 2 2E M (RBIERD) ,2020,12(6) :686-694

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(6) :686-694

SETTARY A AR EAE I PIL] R 2R R R e A
PIRAAENLEE R B> 2 5 ROV A6 2% 453 DA
BRYAIER B, diib 220 5n A5 B8 DT TE 4 1l
ARG Y A

AW 58 1R H 4l 1) Ot 1k 2= LB Master
Chemical Mechanism ( MCMv3.3. 1) W &S &
R CMAQ( CMAQ-MCM A1) B = M HbIX &
Z O, T BE 2015 4E 8 H 27—9 H 5 H. LR
BN RN i BRI A IR 6 S BT T A
FEIZE SR (0, \NO, .CO ,VOCs) 5 WIME AT He 45
WE, WI2E X CMAQ-MCM #E 4 fg J1 #4774k, I i2F —
4y Tt o st BE KA.

1 HRF=E

1.1 CMAQ =SRE#EHR

X 2 RO 25 R & B A ( Community
Multiscale Air Quality (CMAQ) modeling) i 5%
FEIGRY 7T 1998 4F 1 IR & A, 3 2019 4F 8 H
AT HA 5. 3. 1 A . CMAQ A F AU 4 5 M5
B s R AL B2 (JPROC) W1 HA 2 1 A B 2%
(ICON) U F AL SR (BCON) (R w4 11
AL (MCIP) DA B % AL 2 AL S e (CCTM)
Horpr Bl CCTM 38 ARG 22 I N A IR
b2 A 2 A2 DL TS YA 9l iR e A
CMAQ R AR B Ak 0 4 1 ol 75 FF 55 35 AR 41 FF 58 7
B BB BTN B BRSSO A 5]
U Hu 2528 B KA MU I (SOA ) B i)
CMAQ X} 2013 4E#AS R [E 1) SOA #E4T T L4, B4
B LR (OC) JCEM(EC) Fl VOCs 5 WLl F A —
B ; Ying 253 F CMAQ-MCM X 5 [E 78 5 5% 17
= O I AT T, JF 5 CMAQ-SAPRCO7 75 3|
AL S . B Ak, CMAQ HAA £ R ik £ A48 1Y Ty
AE, R AR N RUBE TS Y AL ARG
1.2 MCMv3. 3.1 #L#l

MCM KA ML R I Leeds K25 A%
oA BAFE K B9 — e i 3K ( near-explicit) B9 RS AL
LI PR R T e ke R e S R B R
T4 142 FpAEH A B (NMVOC) £ 48 645
IS BT RRAS Y MCMv3. 3. 1 HR 85T 1 S 56 1
FBWFFTEE R B 58 8% T 5 00 U 1 4k S B BL
il P adE s OH [ i3k NO, H i LR & 1k
E AR

LGRS FEWLERK VOCs 4 5 I 1 1 5%

687

i S5 R VA R T LR AR [A], MCM KA Ak 24 AL B
HRPEARIE A B —Fl VOC A SE AL HLI, A0 45 7 4
N R TE] SR 7 BT — ke ) B R
VOCs 5 OH H H 3 NO, [ 3t | 54 1Y Ak S .
A REE VOCs QS T S R0 A5 B 5L 1 A AL A
WRkh2x % A= G I . OH F Rl 3 19 3% M e 3ok,
MCM L PR BT VOCs K H R =R fE 5
OH H H3EIAT I M ke . — e RERE 5 NO, A
FS R, WA LS 0, B, Zead 2 4 A A A A HL
i (R) %A h A (RO,) (& A B % (RO)
G ERPIEEA Y A VU R SR KA A A
AL 3k B S AL IR IR AR L VOCs 7 4k
825 PR 2B EAR RN, A& LL CO, M H,0 IE
K58 A

1.3 HEGE

AHESEd ] CMAQVS. 0.2, K73 B Ky 36
lem B X SR AN & 1 AP LT EHEN IR B 5 T K
A DL R ER A e O (LR T VLR L i
T VZRAE WA 448 T LA R 348 0 1 4 X
B P T 21 B Ay 3 R SRR T 3 R YRR M |
FNRUCARMN B E RN 3 A R AR
o AL BN T, LA R BT B Bl 2015 4R
)8 H27—9 A 5 HRAmITYR B, RFEK =AM
i DX 5 2 B DA I fb 24 DB - O 440, A5
BRI 2015 4F 8 J1 22 HIF 4R )3 3l 1B B0 91 iR
feit A, DA ik e i B4 R R R 2%

SGH A WREY3. 6.1 724E | Fil CMAQ #
U A [R] A9 7K S0, (L B 1 )2 40 AN
SEHE 20 J2, T ML TE 9 8 2 I CMAQ A — 3%
WRF SIS LS HN L E R B WL 1 iR K40
TR BBk A NCEP 19 P43 M H %88 (FNL)
IYHEER N 1°x1°.

#®1 WRF BESYUFTRIERE
Table 1 The parameterization scheme of WRF

LY/BL BN E S ah
WY SHA TR #7 Thompson J7 5
NSTZTHIPIES RRTM %
VR Z T HIDIE S Goddard 73 5 %
I I 2 O 5 Monin-Obukhov #8524
[SITBUREIE S MMS5 i A2
DILFE S U IS YSU R Z %
PRGN = CL AT S Grell-Devenyi 824577 %
Il e A = —




RIS, A LT CMAQ-MCM A7 1 = A1 4t X B 20 SRR AR AR AR P M A F 5

688 ZHANG Haowen, et al.Summertime ozone and atmospheric oxidation capacity over the Yangtze River Delta using the CMAQ-MCM model.
,__,";m L S oWE - wire /
' i fL
o T\ \__dN 5
e S £l ®E©
s O\ wET

wy

Fig. 1

N EAHE R Bk HITE A2 K 2% MEICvL. 2 A%
LI B (2014 4F) , 0 BEFEN 0. 25°% 0.25° (Chttp: /
www. meicmodel. org).VOCs [ Y5 3% 3 F SCHR [ 19 ],
Geit TREIR  Tolk A | JE RO 5 K HERE 3
BLHERBM 45 VOC 1 i it o LB RS Y VOCs 5
MCM FYHIRh R, MCM AR AL 9 VOCs F5E b &
FNHFP (unknown ) |, 3£ 5 MECI 15 B £ {3t it % 4% 1L
VOCs WEHEBC S EARZS A, T4 S MCM FHPL AL
) VOCs HEBCE . AE 1 = MHbIX ,VOCs 2Ok A R
BV, (5 oM 39. 08% , FLUR & 2SI IR ( 33. 25% ) FiI T
LR (25. 56% ) . BEWR 7 bt AU 2. 11%. A= ) U3
HER S i MEGANv2. 1 AR B4R 4520 i 1 A 46 %k
(LA %7 8 d LA R (MODIS) | A1 9 2y g 2 Al
(PFTs) 2T R AT AL (CLM 3.0) . AE Y Bk b
VEHE OB T FINN S e

2 HREITE

2.1 RIS

G BEZR NG Y B 25 L 7 A 5 L AR B 5
X} 2015 458 H 27—9 A 5 H MIE] WRF #5745 481 )
TR XL XL i) TR X6 B R AT A A 5 I E
PEEH B R G HE F 0 (NCDC) |, PEA 7 2k H
SEXE 0w 25 (MB, Hm{HIEH 1, ) AR 22
(GE, HmfHiC N ng, ) A % 2% (RMSE, H

£ x

L1 BRI R o

Simulation domain and city locations

TEICH pse) , THRARUIT

1 &
My =5 2 0 (1)
1 &
My =5 2 M., (2)
1 &
nMB:NZ(Mi_Oi)’ (3)
=
12
ﬂcE:NH ‘Mi_oi" (4)
1 & . 12
Nruse = |:N21 (M; = 0,) :' 5 (5)

o 0, 4R 2 F /NI B O8I AF, M AR 3R /N B AR
A

32 oy TR EE XU XU R X B A
WG-S5t 3 2 ] UL, G AR P 28 SR 4, A 9
AP 2E 0. 7 PR R 22 2. 1 4 FEvfE(E, 8
H AL 8 SR e L oA DL P KL AR EE 9 H A4
gEALL 8 AU, 0 HIRERIRZE R 2.4 #iF50.4,9 H
K] BAR 2R 47. 5 #FR 17. 5.

ARBEFE ] BB WRF B4 R A5 4
BLE BB A L R A A A AT, B2 R
REAE S e S 52 25 1 Bt I T 71 28 Ak R 34, G TE A
SHER M WRE IR R R 25 A AT 32252 S 161 DY
REAC AT 1 2 e 45 L X SR 7 () AR L R 3.



71 R 24 2 2E M (RBIERD) ,2020,12(6) :686-694

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(6) :686-694

R2 SESYRUBIELR

Table 2 Performance of meteorological parameters simulation

S8 St S5 8 H 9 A LA

L& 297. 1 292.1

RLALLE 296.5 291.9
BE/K  Fm2E -0.6 -0.2* [-0.5,0.5]
R 2.5 2.4 [0,2.0]

YR 2: 3.3 3.2

FURIINEED 3.2 3.3

i B 3.8 4.0
(’iji/) 24 2 0.5" 0.7 [-0.5,0.5]
R 1.5* 1.6* [0,2.0]
R 1.9% 2.1 [0,2.0]

PURIINED 190. 6 174. 8

HEAUE 203. 4 171. 4
Jx(L(r)ﬂ)/ 24 2 12.9 3.4 [-10,10]
SR 47. 4 47.5 [-30,30]

Y5 M2 64. 4 65.0

PURIUE(ED 70. 4 69.8
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*HX?;%E/ -85 4 2 1.7 -0.6

SR 13.0 12.6

Y5 ik 16.6 16.3
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Table 3 Model performances for major air pollutants
NMB NME
il
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A& -0.11 -0.01 0.58 0.28 0.40 0.44 0.58 0.30
HM 0.09 0.54 0.32 0.40 0.43 0.79 0.34 0.41
ME -0.32 L1l 0.03* 0.19 0.35 1.29 0.97 0.27
b -0.71 -0.12 0.23  0.30 0.71 0.43 0.24* 0.31
M 021 2.53 0.40  0.37 0.52 2.58 0.43 0.41
M -0.46  0.26 -0.12* -0.15* 0.48 0.66 0.59 0.23*
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14[0,0.25] 1%,
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Fig. 8 Regional distribution of HCHO (a) ,MVK+MACR (b) ,and HO (c) ,with unit in 107
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over the Yangtze River Delta using the CMAQ-MCM model
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Abstract Air quality has always been a public concern, especially when regional air pollution episodes occurred in
several typical regions of China,such as the Beijing-Tianjin-Hebei region,the Yangtze River Delta (YRD) ,and the
Pearl River Delta. However, the decrease of fine particulate matter (PM, ;) would somehow stimulate surface ozone
production. Traditional air quality models usually use a simplified photochemical reaction mechanism to simulate the
ozone concentration and its precursors with fitted kinetics and products based on chamber experiments, which leads
to large discrepancies between model predictions and actual observations.To solve this problem,a near-explicit pho-
tochemical mechanism,the Master Chemical Mechanism (MCM) was implemented into the Community Multi-scale
Air Quality model (CMAQ) to investigate a high ozone episode during August 27th to September 5th of 2015 over
the YRD.The model can generally reproduce the temporal variation of ozone and its precursors in six representative
cities.Statistical analysis of the maximum daily averaged 8-hour O, showed that both the normalized mean bias
(NMB) and normalized mean error (NME) met the criteria,with the best performances in Xuzhou (NMB=-0. 15
and NME=0. 23).In the YRD, residential source contributed most to the total VOCs, accounting for 39. 08% , fol-
lowed by transportation (33.25%) and industry (25.56%).Power plants contributed least to the total VOCs for
about 2. 11%.Further analysis of reactive oxidized nitrogen (NO, ) ,which is the reservoirs of NO_,indicated that its
majority was NO, (80% ) ,followed by the nitric acid (HNO,;< 10% ) in the YRD.The spatial distribution of O, was
very similar to those of NO, and NO,.The distributions of other oxidized products,such as HCHO was similar to that
of NO, ,perhaps due to the production by VOCs oxidation under high NO_ conditions. Methyl vinyl ketone (MVK)
and methacrolein (MACR)) were possibly formed by oxidation of biogenic VOCs , estimated from their similar spatial
distributions with that of the BVOCs.The air pollutants in the YRD is affected by strong interactions between anthro-
pogenic and biogenic emissions.

Key words O, ;VOCs;CMAQ-MCM ; photochemical mechanism



