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Review on the observation-based methods for ozone air pollution research

WU Lin, XUE Likun, WANG Wenxing
Environment Research Institute, Shandong University, Jinan 250100, China

Abstract: Background, aim, and scope Ozone (O,) is among the most important trace gases in the atmosphere. It
plays a central role in the tropospheric chemistry as a major precursor of the hydroxyl radial, and is also a potent
greenhouse gas and an important air pollutant. In the troposphere, ozone is mainly produced by photochemical
reactions of nitrogen oxides (NO,) and volatile organic compounds (VOCs) in the presence of sunlight. Ozone
air pollution was first recognized in the Los Angles smog in 1950s, and has since then become a major challenge
of air quality management in developed countries. It is fundamental to quantify the relative contributions of both
regional transport and local production and to diagnose the non-linear O;-precursor relationships, to formulate
the science-based control strategies. For decades, a large body of research has been conducted worldwide to
understand the ozone pollution, from which dozens of effective methods based on field observations have
been developed. In recent years, China has suffered from widespread and worsening O, air pollution, and
has strengthened the monitoring of O, and its precursors nationwide since 2013. Therefore, it is necessary to

summarize the commonly used observation-based methods for ozone pollution research, which would provide
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reference for the future analysis of air quality monitoring data and better understanding the causes of ozone
pollution in China. Materials and methods We systematically reviewed the available open literatures that utilized
the observation-based approaches to understand O, pollution. Based on this, we choose several most commonly
used methods for detailed description in this article. Results We introduced two kinds of observation-based
approaches, including seven specific methods, corresponding to the above mentioned two fundamental scientific
questions. Three methods, namely, “Observations at regional background sites”, “TCEQ (Texas Commission on
Environmental Quality) method” and “Principal Component Analysis (PCA) method”, have been proved useful
to determine the regional background ozone in a given area. Photochemical indicators and observation-based
model (OBM) are effective tools for diagnosing the O, formation regimes, and the commonly used photochemical
indicators include ozone production efficiency (OPE), H,0,/NO, (or H,0,/HNO,) ratios, and satellite retrieved
HCHO/NO, ratios. The principles and application cases of these methods are described in detail in this article.
Discussion We also commented on the advantages, disadvantages and potential applications of these methods
in the future research of O, air pollution in China. All of these methods have been proved useful and efficient by
previous observation studies, and also have their own unique characteristics. Considering that China has developed
an excellent national air quality monitoring network, the TCEQ and PCA methods can be easily adopted to
quantify both regional background O, and locally produced O, for any given city/region, and the OPE method has
prosperous applications to estimate the O, formation regimes in national/regional scales. Photochemical indicators
based on satellite retrievals have evident advantages of wider spatial coverage and high continuous time resolution,
but have inherent shortcomings of high uncertainties for satellite data. The OBM is the most sophisticated tool
for diagnosing O, formation regimes as it can provide detailed information on the sensitivity of O; production to
the variety of VOC precursors. Conclusions We reviewed the observation-based methods that have been widely
applied to understand ozone air pollution previously. Seven common methods were documented in this paper,
which can be combined with air quality monitoring data to quantify the relative contributions of both regional
background and local production and to examine the non-linear relationships between O; and its precursors. In view
of the worsening prospect of O, pollution and the fast development of air quality monitoring network in China,
these methods have broad applications for O, air pollution research in the future and hence support the formulation
of effective control measures. Recommendations and perspectives Based on the above analysis, the following
specific recommendations can be made to support the future O, pollution control in China. First, TCEQ and/or PCA
methods can be applied to analyze air quality monitoring data to quantify regional and local contributions of ozone
pollution in major cities or city clusters, with which the regional coordinated control strategies can be established.
Second, we suggest adding NO, measurements to the current air quality monitoring network to facilitate fast
examination of O, formation regimes in regional scale through OPE analysis. Third, real-time measurements of
ozone precursors, especially VOCs, should be performed to support OBM analysis, which can provide the most
comprehensive information on O, formation regimes and key O, precursor species. Last but not least, the satellite-
based photochemical indicators can provide information on O, formation regimes at higher spatial and temporal
resolutions. It is thus recommended to further develop the capacity of satellite remote sensing of atmospheric
constituents, particularly NO,, formaldehyde and glyoxal.
Key words: ozone pollution; field observations; regional background ozone; ozone-precursor relationship;
photochemical indicators; ozone production efficiency; observation-based model; air quality

monitoring
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S5 LA Ak B4 R OB A €5 (National
Research Council, 1991; IPCC, 2013) . /=&
R AR ISR R, fa N RE R R AVEY)
AR, NTTSE I AR S AT 72k & € (National
Research Council, 1991) . X} )2 R F & —Fh
BRI 5949 (Crutzen, 1973) , BRI A
PR KA TRk s, FEBRIPAEL
Y (NO,) F% & AN (VOCs) TG I
BT EA—RINE Zm b2 SOV A . Bl Y
FROLEY H BRI S A R B R, Ak
A 7 A T I Bl ) AR T R Y R AT
XL J2 R A R T R AT 2 W o NS
AT I P8 R DX S B [

20 tH4g 50 AEX, S ERRAZHLIE X A ARk
M2 S f, RAEBIA I E 25 Y, AR
KRR RS R A PN 324 (Haagensmit,
1952) . 20 tha 70 4EAOR, FREZHFE 22 X
LI fe o B (%) M B4, RAE IR R B 1Ok
EVG YIS (ST AE, 1998 ) |, {H Y5 G
FEE YA T (AT ) A5C, HMARM
g XS AR (A, G ARk, BEE kT fe
RO IR, RS Je O 2l W3R [E 28 57
PR e JEE b XY SRR (R —, JF R B B
A DX SRR AE . ISR A B, TR AR b DX X
Tit2 R E R AR I 25 20 AR PN B I T
( Shao et al, 2006; Xu et al, 2008; Wang et al,
2009; Xue et al, 2014a; Sun etal, 2016) , i
OB KA R A IR E A
PR H OG5 G ) ( Xue et al, 2014b;
Wang et al, 2017 ) . fofr iy i 45 )
7N, 2013 4F D)ok 4 [E & A T PM,;. PM,,.
NO,. SO, &¥5 Ye @722 1 2 20, M R4 )
R BUBA S (e N RN PR O A,
2017) , FTLAWTRE, SRS g O e E A S
M2 5T el i AT 55 R

FOARE R ARY], RG]
I TAE P e E kR — . RS B
TBIFMEEZIE T A : 55—, ARSI
A, LR E R, BRI, R
TS YL RIS ] DX Bl ] (R AR EL DTk, 5547 IXCH
BXBHEGIA (Xue etal, 2014a) 5 557, AR
A ALHISE 2%, SHTAY) (NO, #1 VOCs ) #YKH
SEARZNE, HIBUR ARTAHE T AT & — 2 Rk

Lo B R, AN AR B T ] BB BUR
BTGP N (Sillman, 1999 ) . Mk, HlEA
A B AT YL B IG X A0 SE FE  SCEER < )
8 (DK AL A A B4 AR B ik —— DX
R T, QRASIAM R —
5E NO,/VOCs WLl SEat . JLH4Ek, =Nk
2EETT R T Ram S T AE LR A B AR5 Y R PR
M E RS BRI B AR R . o, SN IAE
— P EEZEROMESE BT DA B4 R AR S TR
oA AR, FUA—E EdE Sk, BIWTEy
ZARMHIRIE LR R ), PR 2
W (Hidy, 2000; Kleinman, 2000 ) ., 5%:FHE
R A EUE B CA L, S8 T AN I At 57 45
A M E BN FIE, T B gt E N
HMIFFE IR B H O 950 e A3CR B 58 T A M0l i1
B S P ik R B B A, D A IR E Y
REAT5 YR TR UL

R, ARSCEESCERIEAIE B SE Al - RG0S T4
1T FE P AMIFSE g FH 36 T A I i) 52 40T Gt
FEOT, WE—FOER R N PR DL
G GO T T M AR . A SO F 2 HEn
T 55 1A AT W IR b D
SEURIAHIAE IR s 56 2 9w
KPUFHSW A SRR R T s 5531
XPASCHATIGS, FFREAR A B AR T YL W DA oA
TAEHE LS I, 2013 4E LISk, SR 3PE0]
a7 X4 B AR TS YL I AR, A AR SO
SEIAIET T Rete o b as A= s TR A
RAIRATHEAES BB, TR E AR 1) 541
15 BB TARMUT 1 B ie S i) oamik
1 KEE=RENEERE

P M ) LA B 1 T B A X e R
SR B A b Ak 2 A U SRR 2 T, Xk
WRRE” RARTEIIISR XA R R HEiL
B CEPBA A AR B ) BB AR B, 38 AT E A 7E
2SR OGP E AR DX ) S AR AR HE O
UFAT (Zhang et al, 2011) o A KB SR
A7 TR B BRI ME i 2 HAARIX Il SRR
“AHAE R Bl O A M HER Y ST A
2 RN A ) AR B, 38 AT LA R S PR
TN BSOS ) SR e BE IR 23R DXl s SR Ak R
1% (Nielsen-Gammon, 2005) . b= sl 5 4 Bk
TARMM TG RYHE, JERMaTER R, Xk
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S R SR S e 1 B OR IXRUBE 5 Ytk il , b IX
BRI PRI, A DT SR AT B T
HER PPN Jmy R A R 0 SRS 7y, Wil
DX IR B I 4 S 1) il . A SR S 2 = ]
R T DIl S R AR Y

L1 BRmANEZX

T e YR R X e Sty s A T
P 0 A5 1) B AR A Sy DX SRk L %0y
1R H AR DX 3 T KU i b XU R X7 5
w5, B b RS A A A2 B AR b HE G e
AT DL B A0 S AT DXl S AR B AE S B
b, SE R R B XU SRR E R DB T G il A
FEIRRIZE UM, H 75 S a1 S AU BEAE Oy X3 ¢
SR, TG et S T S 25 (AR A i AR R
A, B, Wang et al (2010) F 2008 4B Z= iz
AR IR X R AR X (LB ) FHfE T
(R URIN , 368 328 4 B i RS el 3l 55 ) 5 40 H
ARINEL, IR AR IR XL v b T R
075 YL 1Y BTk ik 34% —88%; Wang et al (2009 )
SINTT 1994—2007 400 T2k = ML X XU 9
TESTES E 1) th T RSER FERE , PBRYT = A U M X
(A DX R e L S B R I 26 TR, MR
0.58 nL-L™'-a ' [Rub i MMk &b, i8] LIA
FFH (W%, TN WA ) ER/DZ A
HetsZ ma ) DR Can b XU RBIX Bl 28 ) R Xl
SRR TIN , 9) An AR v g A AU Y
TR (TexAQS 2006 ) , &7 Z kA KAl
-5 T REMTIN , O 5 B S b X ) DX I 5 R AR
A7 E EWSE (Kemball-Cook et al, 2009; Parrish
etal, 2009; Senffetal, 2010) .

T S0 I Y R A L T T ORI iy DXl
SR AR E BT, RO S TR B
AT A AR IR 52 e i EE r pris B Hosh
RAETZARRME IR0, Fr kil X
SO TCIE PR IR A AL T 5 DX XU, R
WFFE A5 R BT e VR K, T RITFam
T I — s R AT DLys b e A A T
e, AHIE1T AR B m, B2 B4 00
SN, AL 2 2 32 h L) 1w B AR A 5
M), O b DXl R A O3 A 1 28 St LR 22 0k
Ji2Z— (Kemball-Cook etal, 2009 ) .

12 TCEQ XigE=R&EMEX
TCEQ V£ /& 35 [5 18 o 5% i M1 PR 45 o i 25 D 2%
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( Texas Commission on Environmental Quality ) 7F
BRI R A RN, 4. BT
R A 2 ST W D 4, e X T A Sl A
14 225 5 o W TUBSCH I A T 8 A R A B X
SCRERE . R TCEQ ko FIWT KU1m), 7
H A DXl A 00 sy o e 4 b AU o A I DXty A5
VERTE S, P2l s i R AR FEAE O X 5t
Nielsen-Gammon et al (2005 ) F&F KB HE 5 114
Brivy e PE i T REE . iz 1) TCEQ
Tiie ZITER H e K 8 /N A (Daily
maximum 8-h average O,, DMAS8-O;) #4704,
7 P E e S Y s 5T T O 2% A DX A A
HOiC & T RAFryE s, B Joie K anfay
Ak, A Wk e AT H AR Xk XU,
AT DL 4 S A A 2 b DX DX A, At
RN B 2 B A7 B TR HO AR AE AR R S e
PRI AT DA I i D03 15174 DMAS-O, e/ IMEAE K
X3k 15 5 B4, DMASB-O, fie KAHAE A2 X 388 1)
KRR, 1 DMAS-O; fi K5 fie/ME =z 22 A]
DA R A b A TS %) SR A A B

TCEQ JiETEREMGR T Z W, S#mk
Ty T 5 15 34 M R0 1 i JE T M S5 b 1Y) SR AR TS
Ye WF 5% 1 ( Greenhut, 1986; Rappenglueck et al,
2008; Langford et al, 2009) . 7£ F [, Xue et al

(2014a) 43 Hr T 2002 —2013 4E F i 11 25
Jo 1 W0 s O A, R A T X R LA
A Ml A Bl SRR A DT R S K I i e, B
Xl T 5 A2 o 7 s b DX RS BE 1Y) 70% A
A TEFF WS BUM MR RS T, 75 s A AR Bl
R AAE 2002 —2013 4 2 L B 35 T [ #

(—025nL-L"-a ') , {H[RIH XA 5t R 4k B 1
JEARE (0.52nL-L'a') , SEEFHEHBIXAY LA
WIERFF ETE, A, Xue etal (2014a) A HES T
TCEQ % 5 5tk (LA U B ulhi A5 A X 4
Tl (Wang etal, 2009) ) AU HTEs2RL, M Fb
JrERIL T B ) — 8k

S L, TCEQ AT Sl sk i — 20 |
3 o R 2 1 W sty SR R B ARR T 7 S s DU
BEATEYE, H AR AR, SR8l 7 3
R ST I 28 R . s, %
AR RR A 2 e, 2 0o d W )
ERAERF 8 SR TIPS — 8BRS 57 S 4l 2 3] Xl
A, EETRENNESSE (R, EPrekE
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AR BERE ) B SETTarBT AT D S AR AN B
PE. TCEQ Xt T Mok s pyglat . XS Ak
PR DL W D ESCHI ) e B MR e v i ok Sk
T LT JLAME SR AT G853k TCEQ 43 Al 45 2 th
PR 22 . H bR XIHE Y 54T AR 22 K R
€ & i A IR/ QEERPAES PN E NN Rl
S3 DX AZ B JRy M PR I (An gl XU L 45 XA ) Y
2 (Berlinetal, 2013) .
1.3 EHO9iE

+ 1% 43 43 It ¢ (Principal component analysis,
PCA) i jE—Fi e T B M4 (s
D3t ) i oA i) X By S SLECVPAG i, PCA
MR WL Zouget ook, HAERURIRAME
SHTE TR 2R AR A D BCE A AR Y 25
BT, MR E “FE4E” B9 H B (Vaidya et al,
2000) , B IR TG A T RO IR T
3% (Buhretal, 1992; Sindosi et al, 2003; Guo
etal, 2004; ZZRHE, 2010) . 5 F PCA fEH X
B SRR, A0 BARAE TR 5% X
PAE—l s AR AZ 2 T XSt A A A2, Rt
AT LORE X SRR — R U k. X2
Al 1 R AR MBS AT oA, RITHEAR
R SR B R IBGE R (SZEIED] X
B WE R FENET ), HE A LARER
B FA T3 S PR K R R AR, B
PRIFRJ7 118 WL Langford et al (2009) o 3 A7
ik 2 O T3 E I R AR5 JefF 50 . Nielsen-
Gammon et al (2005 ) FAEHFH PCA fif M i i XU
AT MUn], A G A AU I D RS S
A T T b X S B4R B 4K Suciu et al
(2017) FHFERIS AT T A8 e b B/ i 20 a
1Y X I S5t R AR R AU B AR Y R 2 Ak ks 3 Langford
etal (2009) FIFHI RS HTIEDIE 1 ORI HL X Y
I S R AR L. 7EFRE, BRTM TR
TG BTN DI S R A DGR L 3R

bR, FE R Ak A R A R
W4 (s W e ) py R i EdE, 1F
RIS G T, R T A
AR ELR, FIS bl s B AR e R
BT, ARIEZ TG N R, Y
TEbriz It R AT 104>, ok, ol
S XA B R, DIE—E PR B4
PR 2GS m A T4 . Lo ik

(4 W ks 55 53 BT A R 5 %, HL3Z2 3] PCA 4eit
30T A B AN E P B30, Langford et al (2009 )
X} TCEQ Il PCA #4771 X b, & B i AP 7 ik
FAG I DI S R AR R = B — 3K
P, T PCA 152k EER =T TCEQ,

1AL TR . TCEQ 1 PCA %
(AL B o FIE FH A5 R Bk b, =R o ik Ak 2
1T 2 300 XIS 50 RS ik, 45 B
T Y A M A 2 T I 4 O H B T
TCEQ HI PCA J7 44 HA7 5 Ry ) ] (1) 07 FH i 5% o
ARG T 2012—2016 4F- 7 s 25 5T o W 0 o 4%
(12 Al 250 i W Ecd: , 4 5 A TCEQ
FIPCA X5 H 5 K 8 /N B8] (O,=05+NO,;
ZBR NO i E UV XS O5 Y52 ) Wk BE AT 70 #7
TEAR T P Fh 3% I 3R A5 0 DX o BLARIR I, 4
HANE 1 iR, 2012—2016 4F, fAM R AR X
B SR BT R AR Y 17%—97% (F
BIIKk 75%+12% ) 5 PP 7 A 55 Y IX Bl 7 5 B
AR BRI ARG iy — bk, HHCRECR 091,
RMA ( Reduced major axis ) #}% 4 0.90, PCA 4y
Mras Bmg =+ TCEQ, 5 Langford et al (2009 ) 1)
W4 R —2
2 REMMNFERVEZHET A E

X2 R A AR LRI EE R 4, ST
R4 NO, il VOCs [ 56 R B, Wk il 29 &
AT YL BIA B SR R Pk Bt AU AR vk B e
LRk, R )= RSO R R A A
B 25, WK 2 iR, 7ERC R
PR He X, KA H NO &= RAL CGEF/NFILT
pL-L™") , HO, RS RAL AN, K51k
22N P ATHFE R . R4 K2 HUIX, NO &
il T L pL-L', HO, A 345 NO i
MR HE R AR R, KA I N i B R ol R
AR E L, (HI % NO,/VOCs il 28 ik, R
FUER RV AR EE R, BIREEK
N “NO #EHI1” . “NO, Fil VOCs 3 [] #5
M “VOCs #5iil” . #7 NO, WREE &5, 248 NO
W25 R A, BIRTIEN “NO e R
IE R4 1 NO, HEAIC T 25 5 2505 b 5L 420k B2 1 7
o A BB OGAb A AE UHIL R  E  E R
ST IR YD HE SR W& i B4 e ml . ST E H 12
J7 1543 M A8 7R A1 RN 35 T N ) A AR AR 4
PR, T SURKHITN4
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Tab.1 Comparison of the observation-based methods to quantify regional background ozone
Ji1%  Methods KAb  Advantages A& Shortcomings W Application conditions
S St
SRR HESR AT
Hdb 5L IJ_‘T NME=S . .
LR MRER BT RARENE Basily influenced by 2
Observations at regional meteorological conditions .
. Low cost P No mature observation network
T IR BB

No complicated calculation

More uncertainty

SRR AR
Influenced by local
meteorological conditions

25 A > > Bl 25 A R AT
‘ et XHEH AR by L PRI TR
HOIEG gt Convenient Rt W o AR
TCEQ Method ZE LA SRy ] A v PRI TR Mature observation network and
BmEoR
Reliable results . s long-term observation data
High requirements for
distributions of observation sites
and data
—E R FATHER R 2R 15 = . . N
CHIMAASUNTS  Commmsetamyonant RIS TN
EMIP ST S P oY R4, FLAT RS
PCA Avoid influence of complicated calculation Mature observation network and
weather and local circulation in GEIT I AN E PR .
. . long-term observation data
some degree Uncertainty of the method itself
—TCE
P e
150
A
£
s )
0K £ 100
L g
= o
) '
T 50
2
g
~
0 1 L 1 1
2012-01-01  2013-01-01  2014-01-01  2015-01-01  2016-01-01  2017-01-01
FFIE]  Time
Bl 1 2012—2016 A& IX X 5tUR M . TCEQ 5 PCA JrikXf It
Fig.1 Comparison of regional background ozone determined from TCEQ method (red line) and
PCA method (blue line) over Hong Kong during 2012—2016
21 RUFETHIE 201 RAAERECR

Jetbs B R R T B A BB BE,
Rt A2 O Hh B8 BE R E 1Y) ) B P TR B L fEL
55 BUSEAE UABUE A S I, AT 3 5 X T 46 7
af; AR T 88 &0 37 LN Sk 4] 1y B 4 26 L 4 5
15 o ARSCH G4 =Rl IR E A A8 557 o

=H
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A A URCE (Ozone production efficiency; OPE=
AOy/ANO, ) & SN B A i — 4~ NO, 43 F it £ i
1) Oy 4> 7%k (Liu et al, 1987) , HuJ4iE 4
R MBS NO, i FAER AL “HEZ k" iR
“NO, fF¥R” ZRIFFZiE) “NO, fF¥R”" WAk,
7E VOCs #5 il X, NO/VOCs W% &, RO, [
MLk (T VOCs tiE ) %k, NO, 4+
B LRV A NO. Z R TT Y “NO,
PEIR” >, OPE MHXTEAR; IifE NO, #4
X, NO, ¥ B R Rl H -+, NO, s+ F &l
FIE IR B4 %2, i OPE Bl # . 7ESE
i R, OPE A LA &3 X O, F1 NO, 0Ll % 4z

AR SCHE BT AR AT , HARPRIISY OPE fH, —fck
Vi, AT LI T OPE BB 0 K/ Nk A Wi B4 AR b i
BN G OPE<4, R Ul # AL T “VOCs
FEMHIIX” 5 OPE>6, RAAERUEH LT “NO, ##
il X7 5 A<OPE<6 W X i F e [ 45 il X7
( Trainer et al, 1993) . B& O 4, % &35 Y
Hb X NO Jii 22 200 XF O Wk BE R SE ), #4322 &
ffi FH O, (0,=0;+NO,) (Xue et al, 2014a; &y
ZEHFAE, 2017) #(# “O,+NO.” fL# O, 5 NO,
##47 OPE 43 #t (Chou et al, 2009; %4 ek 4%,
2009 ) HJEEY FikTrk—2 (PritH R OPE %
EIEA AR .

R B SRR
Precursor Ozone
concentration sensitivity
& Low

NO<20—50 pL-L"

NO 2l
NO_-limited

3 [E 4 |
Transition

NO/VOCs

VOCsHzil
VOC-limited

NO, I 7€ R
NO, Titration

Chemical mechanism

HEEHLER S

Influence on ozone

0,+0OH=HO,+0,
0,+HO,=0H+20,

HO,+NO=0H+NO,
RO,+NO=RO+NO,
RO,+hv=NO+0;

0,+0,+M=0,+M

0,+NO=NO,+0,

LS

Ozone consumption

Ozone production

B2 )2 RS AT A AR L SC R

Fig.2 Non-linear relationship between tropospheric ozone and its precursors, i.e., NO, and VOCs

B A USRS 4 B H R —Fot ik 248
A, TEEPNAMIFGE PSS T T2 . Wang et al
(2017) 24X OPE Jy vk e FR 1 () o7 FH I ol 4 7
TERHRGW AL, KXAHFAR, T O, M
NO, I ] B8, OPE 45 7n 45 St AR MERR
{153 OPE J7 V& AE 12 W 5 48 A= B 7 1 HA 15K
AR A YT R 23 5T o W P £ 3 T A5 A
O, Fll NO, MIFEL MM, Hejin—5 NO, I (L A nf
SCEL OPE [ SEHF 438, E 1 o] RATEAS R A S R4
WAt &, ik, OPE Jy WPk A +4
IR AT S, N 2 dE A&, OPE J5 ik 7R 52

B A A A — 0 AN . B 5 i fe i
B A BUHLI Y OPE [ vl RE P Ml 5, Ao ss
M ERIGFE T R S AR 2. HAR, 7ELbria
FHrh, BRI B (Can R R
Ak RN R ZUET BE ) 1Y O5 Al NO, B k1747
Br, ] e — AR E M. fea /48 i
J&, BRI ) NO, Wi s ( ansilr ik
AL NO, iy NO Wy 771k ) 1Eilll 2 NO, I Al 5852 3|
NO. A i T4, FAE—ERllsEiReE, HitEis
JH OPE 2 Wi 548 AR )L, 200 H e A B2 1Y)
NO, I NO, /3#7{% ( Xuetal, 2013) .
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212 dEAEAE (HO,) H5AAY (HNO,; 5
NO,) HfH

Hzoz/NOz ( Ei Hzoz/HNO3 ) ﬁzjﬂ*ﬁﬁlﬁ’ﬂﬁ%
Fe R A Sillman 7E 1995 4E4R Ay, HooGfbh2ea
WAKHEAE TR A EE Z5FF 19 A f 3E 25BRL
HARTE, M EGL Ak (H,0, fil ROOH ) 5
NO. A R Z W /772 5% (Sillman, 1995) . 40
Kl 3 s, TR/ NO/VOCs RS TF (it B4R
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(1) I FHE PR B PR T 5, fj SR i ok —
MiRZE;  (2) SEBRIFR, Fra i g an i
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HNO, ) [ &3 7 8 O, BRI A%, MIMAE—E
PRI BRI TIiZ)r I H . Peng et al (2006 )
FH H,O,/HNO, 1ENF8 /7 FRIBFFE T m . 5 A Al
0 PRy L R A L, R v A A 2 A R Ok
S R R VOCs F3 i, 17 M ) B 480 AR R TE
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DOI: 10.7515/JEE201706001
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R USRI HL0,/NO, PR 5 7 I 47 1 %
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193 TR 1R IEG™ Sl R A2 Wox it 2 R A0 AR L
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HCHO ( fil CHOCHO ) A A< B J& — Ff 85 B2 1
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5 OPE H1 H,0,/NO. %75 1 F 2T 504 ]
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FEF LI AL AL (OBM ) 2 2E [ I iR I B

T 2 B¢ Cardelino il Chameides 7£ 1995 4 JT &
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NO. CO. O, FIS G5 By WL B i i A 3 & ¥
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IR, SR 8 I R TR R AR v B (AR
5 YRR PR ) e TR [ S AT AR 4 1 A X 3
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Tab.2 Comparison of the observation-based methods to diagnose the ozone formation regimes

J71E Methods KAt Advantages AJE  Shortcomings i 2 Application conditions
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eI Somenent RIS VOCs IR O, NOFINO,
REEBBE e e i SH A U WA
A = S I 2% © B : . :

OPE R Cannot diagnose ozone production  Observation data of O;, NO, and

el sensitivity to specific VOCs NO,

Mature networks already !

H,0, Fil HNO, Il #AHX1 5 2%
Measurement of H,0, and .
HNO, is difficult it B4 H,0,. HNO, (HNO,
H,0,/HNO; SR EE e FINO,) HyEIAE
12 qp=R IH AN 1 v
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Cannot diagnose ozone production (orNO, and NO, )
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TR s} [] i 2 A Subject to the resolution of BN LB I8
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High continuous time resolution
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Can reflect ozone production
regime of the whole troposphere
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information on the sensitivity of
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production sensitivity
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Avoid the uncertainty of
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Cannot diagnose ozone production
sensitivity to specific VOCs
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Good ability of numerical simulation
and professional knowledge
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production regime

o BB

H# 05, NO, fl VOCs %241y
TELMEMAE Y, HEA KR LI
IR BB RE
Online observation of O,
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of numerical simulation and
professional knowledge
SRR AL A 42 W
Comprehensive analysis of ozone
production regime
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HERRE ST

and high cost
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