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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
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TG BN A A P 47 18 4 DG HE A (8, ( National
Research Council, 1991; IPCC, 2013 ) . & ik &
BTSSRI SRR, fa g B AR VR
A, TS I AR A8 PR Y T R 22 A& J#€ (National
Research Council, 1991) . X} i )2 R H & —Fh il
AU — k75 949 (Crutzen, 1973) , BREEH
SRR W T ks, FEHRIPHAAL
Y1 (NO,) A RVEAHLY (VOCs) 78 R R
PR R —RINE S0k = AR L. B
FROLEY H BRI S AR B R, A
A7 AR T I B0 ) AR T K SRR
XL J2 R ARG R T R AT G W NS
TR I P14 R DX S A5 [

20 fih2e 50 4K, SERENEAZHLHLIX KA ik
W2 S f, RAABRIA B 25 Y, AR
KiKEZR AR PSP FEXT4 (Haagensmit,
1952) . 20 e 70 44K, FREFHAE 2L N HL X
LI 2] v B R TR B4, IR R L R B 1Ok
VGRS (HmfTAE, 1998 ) , (H Y5 Y
FEE YA TS (A T) A3, HAR
R XA PR (R, 3 ARk, RS T Ak
RRRAWTIN R, BAS Y2 2 B0 IR E 4 5
PR KR X B A —, FERI
I X IVERAE . A R B, TR AR BB A X8 %F
R R AW EER £ 20 N R E TR E R
( Shao et al, 2006; Xu et al, 2008; Wang et al,
2009; Xue et al, 2014a; Sunetal, 2016) , B
I AN = I Sy £ N Rt e s Ay S RS
FAE DAL 15 B R (Xue et al, 2014b;
Wang et al, 2017 ) . Hofr A2 S5 Wil 2% 51
7N, 2013 4F Lok 42 [ & 5 3T B9 PM, 5. PM,,.
NO,. SO, &¥5 Ye[n) @22 i s, Ml R 4 n)
R IEAL S S (h e N R AL FE IR AR,
2017) , Al LATE, RIS YR O 3 E A S
M2 BT e A AT 55 AP

RARE TR R, RS Y AU
I TAE e H PR R — . RS B
BIEMEFEIE TP S, SERS
A, AILLEEE e, TRk g, R
TS YL LI A ] DX ] AR B DTk, A 7 XA
HEBHGA (Xue etal, 2014a) 5 55—, KA
A ML 2%, SHTAY (NO, #1 VOCs ) 1K F
SARZME, HIUR AR HEC T AT & — 2 Rk

F ) FLDK R BT, AN BRI sHE S 1T T RE S 25U M
BAVsYyinEE (Sillman, 1999) . K, #lEA
BRI R AR TS Y BT A X SR ARSI A PN SR 2 )
8 (DRI AL A A= B4 AR X BTk —— DX,
R T, QR A SHAM R —
7 NO,/VOCs WHE L BT, JLT4Ek, ERAk
2B TF R T R EIIFSE TAE LLR A R 4R TS Y i R
Ml E R A B BTG . Hodr, SN mifE S
— P IS T BT DL B R TR
(A AR, 5D —& EdE T, BTty
ZARMH P IR OCER R, Rz
;i (Hidy, 2000; Kleinman, 2000) . S53FHE
SR VBRI E, SR AN 0 (A 98 45
A E PRI R RN I, 40 B 2 Y
HMIFFER TR R H OB B0 UE AR 19 3 A 7 0L 1)
BTG YR o 5 i T B A B, I TR LAY
RAE TS YRR T ARk

Rk, ASSCHAESCER AT SR - RS0 0E5 T Y
I SIS R T S UL i) 5 42075 Yo
G, RHEE—FO A ERL . B DR DL
&R ST T AT fiEad . A SCr =5 L
T B 1A AR R W DB e X
SUEURIA AR IR i i 56 2 4w
KPUFHS W A SRR C R T i 5531
XA SCHEA T GE , JEXT AR 0 B AT e W RN 3 B
TAESR LS, 2013 4R LK, FREIRIPTERT]
T T X4 RS Y W TAR, A SEASCT B
SEMIME D iRets o ik ST AR A TR A
RARATIREESH AL, AT AR EAE 1 B4R
15 YL B TR e S i BTk

1

A g1 1 R AR B A T R VR X S
SR FE A H G A 24 A R 2 Fn . X ek
TR RA” BRI X I8 BRI HEL
B CEPA A A Y ) RO SLEMRE, 5 Al e
25 AR P S A AR I R AR R HE R
fUFRTS (Zhang et al, 2011) . ASCHY “XIRFE FR
A7 AR EAR XIS ME S 2 H AR DX I R AR
AR LR W O A L HE ) R AR AT A
22k 2R O A Y SR AR B, T LA p SRR U
I R0 Py L SR PR D 23 DXl 7 5 R AR 3R
% ( Nielsen-Gammon, 2005 ) . 7% HliA: i 5 4 Bk
FAMATS YR, BRI TR Xy
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SR R 1 B R DI R EE V5 YR, b X
BRI, R s REANMCE T
HERR VAN J i R AR R R e R ), d il
DX IR 97 B 7 SR s R it . A SCHE A2 =R
R A DR e R AR Y s

1.1

T 5 I R DXl T oty s A T
P A5 Py B AR B A Ol DX IR Sk B . % T
1R H AR DB S KU i B XU R X 5
i o, BB RSB A A2 B A b HE G e
AT DL B b St AP DX el B AR B AR SRR
b, SRR B XU SRR H R DB T G il
FEIRE R, 4785 S S B AUk A Ry X 5t
B, T Yl 10 5 SR I 25 (EAVE A AR iR
Ao B, Wang et al (2010) F 2008 4F-E Z= M iz
S EFEIE S IR X A AR X (LB ) FHfE T
RO, 368 528 4 B i RS e B 3t 5 ) 5 40 H
AR, BRI A ARICTE B DI S f At T '
S5 Y 1Y BT BRIk 34% —88%; Wang et al (2009 )
SIHT T 1994—2007 440 F 3k = ffi 1 X _E KU m] 9 7
VTS I 1) b T R SR R R BERT = A X
(A DX 38 o L R B R i 2 BT, KGR IA
0.58 nL-L'-a'. B MLk ok, 80 LIRS
FFH (W%, TN CHLEE ) fER/DZ 34N
HetsZ ma 4 I Can B XU RBIX Bl 28 ) R Xl
SR TN, TR v g s RUB A
T (TexAQS 2006) 1, SE[E“=# Z KA €Al
B TEREMTIN X 75 5% B i X DX S R AR
#HA7E HEH W IE (Kemball-Cook et al, 2009; Parrish
etal, 2009; Senffetal, 2010) .

T e I R e A T T LN iy DX Sl
SRR E R, HR RS e T8 B
IBAT A AR B 5 A B s oy Mris 5 Hoh
WIET RGBSR IR/, ik XHE
SR O PRAIE A IR T 5 X B XUy, R
HRG R EMEE TR BTHRILEN
T sk — e AR R AT DAk D XU A AR Y
o, HBtr AR, HRAEZ B H50T
IS, T RAILATIN 2 23 32 3 L) s BE AR AR 52
e, JH A DX s R AR TR 0 A1 1 28 S e R 250k
JH 22— (Kemball-Cook et al, 2009 ) .

1.2 TCEQ
TCEQ V£ /& 3¢ 5 1 5 1 0y M R 45 o 5 25 D 2%
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( Texas Commission on Environmental Quality ) £
BRI A IR, 4. BT
R A I 23 S0 JBT o  D £4, E  X JT A l A
() 25 A5 o W IS A T e T o0 B ke A 3R DX IR 1
S RAWE ., RIAY TCEQ 38 o J b KUy, 7F
H 7w DX IR AT Wl o A e B XU ) 3k DX 3l
VERE SR, Rzt s ) 5L AR BE AR R X 0 5
Nielsen-Gammon et al (2005 ) 3T R E 35514
Hrivy e b 7O RERE . Sz 1 TCEQ
T e ZITIEXT H B K 8 /N BB ( Daily
maximum 8-h average O,, DMAS8-O;) #4754,
7 BB R A ) 23 AT S 1 T TR 4% 7 DX Il A%~
FEEEN T RIFmE R, i Ioie X m i
Ak, A Wk e AT H AR DX X,
AT DA 42 20 A2 b DX DX AT, T Al
RN B Z B0 A7 B T AR HOY AR AE AR R S
PR AT LK A A0 s 1 ) DMAS-O; s/ MEAE Ny
X 5t R4, DMAS-O, fie KA AE W% X8 1)
RIREAWE, 1 DMAS-O, fie K5 e/ IME Z 2 ) 7]
DA S A b R AR HE A R AR A B

TCEQ JiLEREGE T W H, Sk
Iy 75 5 5 B PRI R 8 JE 0 45 7 B 4TS
YL W 5 # ( Greenhut, 1986; Rappenglueck et al,
2008; Langford et al, 2009) . 7£ # [H, Xue et al

(2014a) 43 M7 T 2002 —2013 4F F # 11 4~ 45 <
Jo i W I B, A T X R A
FAS Hb A B8 SRS B AE G DT R M K B, R
X8 5 B AR 2 o A s b X B AR VR 1Y 70% A2
s FEAR W BN RIS, W A AR AR
[ R AAE 2002 —2013 4FE 2 L B 3 T %

(-025nL-L7"'-a™) , H[F] M XI5 o 5L S v o 3
IR (052 nL-L '), SECE XY 5LR
W AR ETF. A, Xue etal (2014a) iR AL T
TCEQ iA 5 st ik ( DA s Mg i VA DX 3
T o (Wang et al, 2009) ) B9 Mr 45 R, Pifp
TR TR R R —Ek

SR E, TCEQ #:4 semi il ik ik —2,
3 2o ) FH B 2 0 W 3 e R RERAIR 17 38 5 s U o
DA E Y, IR SRS, 78508 T 3
Rz i I M B BB, FREHE i, =
BIRGSARR IR 2, 23 S0 R W )
EAEREE ST I A — 2 8 58 SE R 4 21 X S 1
A, HIEEFREWENESE (NZRE. Fhrs
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AR BERE ) BIGETTo B AT D R S BRI AN
£, TCEQ Xt Wik s p it . XAk
P A K I 500 1 50 A MR B e SR SE R
FHA LA LA &0t 7T B 720 TCEQ 43 A 45 SR
PR 22 . (D H bR SHE Y 54T 22 K R
KGR B 01 31032 X8 @ H br X IR 3
o3 X A7 B JRy ML IR (Aan g ki AUk 1 48 XUEE ) 1Y
2 (Berlinetal, 2013) .

1.3

I 1% 43 43 #r ¢ (Principal component analysis,
PCA) /& —FJE T2 BT I 2% (s
D3t ) i oA ) X B % SLAECVPAG Jr i, PCA
Je— R W ZTTge it o irid:, HAERRIRAE
EHTHTEE TR 218 bn e A o D B A S Y 25
G F, MIMER] “FE4E” 1 H (Vaidya et al,
2000) , BIZ T RGNS G ORISR
F 3% v (Buhretal, 1992; Sindosi et al, 2003; Guo
etal, 2004; RIS, 2010) . 15 PCA fEEIX
B SRR, HAZO BRAE TR 5% X
ARl s RS2 3 1 DX A\ T s, TRt
AT DL DX SRS — R R k. X2
ANl A R AR M RS A T 3 803 oA, BT HE AR
PRI S R AR IR (SRR Xh
BE EERREFLENAT) , e AR E T
AT AR A5 53 STHRRAS XE  RAEk E, A
PR35 77 ¥ 17 I Langford et al (2009) . 32 A4 43
Pk E 2 0O T3 E R AR5 et 58 . Nielsen-
Gammon et al (2005 ) S H| FH PCA ff M i KUK
TR T UE], A G S AU D B S
A T % 30l XA R R AR AE 4K Suciu et al
(2017 ) RT3 Hr T2 sE 5= M 20 a
Y DX I 5 R AR A A B Y B 28 A s #; - Langford
etal (2009) FIFI RS HTbioe T IRIH X Y
I SR AL, fEFRIE, HETH ISR F
G IR DS SR RIS R 3R

W EFTA, R o bR R AR A AU
W2 (B ARG ) B R E IR, 1
N R G R T, T T A
AR ER, FIS bl s B P e R
B, MRAEZITgE T o M B R EOR, Y
TESEbriz Il B CE AT 10 4>, Iksh, ol
F XA w7z, DI —EFE R B4
BRI A SRR T, Lo

) N ks 55 A3 BT B S B 5 %, HL3Z %] PCA 4iit
AT H B AN E 20, Langford et al (2009 )
Xf TCEQ #1 PCA #47 T %F Lk, &I 1 P Fh 157
FRAT I DX S B A B AR 1 SR B  E  — 2K
P, T PCA 15 ¥k w5 F TCEQ.

F1AEETHE AN S, TCEQ 1 PCA %
(OIS o, FILE FH A5 R Bk b, =R ik Ak e
1T Z AR X e PG ik, & AR
T Y A M A 2 T I 4 O H T
TCEQ H1 PCA J7 44 HA7 W Ry ) [ () 0 FH i 5% o
ASCHT T 2012—2016 457 23 00 & W ) ) 2%
(12 A>— el A50) A W Bcd 4 51 A A TCEQ
FIPCA X5 H 5 K 8 /N B4 A 7] ( O,= 05+ NO,;
Z:B NO Tl E RN X Oy [5EMm ) e HEAT 40 HT
TEAR T P RR 2% B 3R A 9 DX o RLARIR I, 45
WAANE 1 fis. 2012—2016 4E, AN AR AMRIIX
B SRR 5 B LAY 17%—97% (F
Bk 75%+12% ) 5 PP 7 A 55 1Y IX Bl 5 R
SR I R P AR G ) — Bt MSCR B 091,
RMA ( Reduced major axis ) #}% 4 0.90, PCA 4y
Mk Bk =T TCEQ, Y Langford et al (2009 )
WL R —2

2

X i )2 B AR Ak A A LR A2 2%, ST
&%) NO, 1 VOCs 156 R B M, MRl 29 &
A5 YL BT IA B KPR Bl S SRR IR R
FeBil i AE Ak, X2 KA A SRR o LA 1
MM EHEZES . K2 B, WY
PR X, KA NO & & ARML CGEFE /NIl
pL-L™") , HO, HHEASERAL AN, K514k
SRV UHFE R AL AE4 R ZHOIX, NO i
R FJLT pL-L, HO, [ i 5E4 5 NO JZ )i
Mfe sk SRR R, KRADBIb2E I N R BN R
A A R, BB NO,/VOCs il A8 fk, B
A ERALE A E R E 22, KSR
R “NO, #EH1” . “NO, 1 VOCs I [a] 5 il 7
il “VOCs FEifil” o # NO, W&, Z/19NO
W25 RAR LA N, BIATER “NO iE "
PE B 436 NO, HEOR T 2 5 2507 b R AR B2 1 T
o AR E B E b 2R A BL R A B A R
SEC T AR P U HE SR s () Rk 2 il o X4 T H (932
J5 155 R SA 28 7% 390 325 0 35 T LI g A 7R A
PR, T UK T4
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Tab.1 Comparison of the observation-based methods to quantify regional background ozone
J7#%:  Methods £A4b  Advantages A Shortcomings WAL Application conditions
Bl B = .
Mzst conveiliti;t S ORI
T e L Easily infl db - o ;
IR SEATRAKEN asily influenced bY e o s Rt WU
Observations at regional meteorological conditions )
background sites Low cost R No mature observation network
Tt 2R BB 5

No complicated calculation

meteorological conditions

More uncertainty

SR IR IR
Influenced by local

25 2o A > > G B s A RS I
‘ iﬁdﬂlﬁj%@% ST S AR K TR SR A 2 m‘ﬁ)“i;}m{}"l
TCEQ J5ik Convenient P IR A S M A PO2%,  ELAT R s Rl
TCEQ Method ZE LA ] 5 v AP TE Mature observation network and
BmEoR
Reliable results . s long-term observation data
High requirements for
distributions of observation sites
and data
— B EATHERR A S el SRS . P ;
il U ot T AR 7 R
oy . SRR R B T Complicated analysis and é P —
F RIS . . : PO2%,  HAT R R
PCA Avoid influence of complicated calculation Mature observation network and
weather and local circulation in G RN E .
. . long-term observation data
some degree Uncertainty of the method itself
. | A
R B
-: _§ 1M i 'i |
= & i I il | Ill. |
:" L |’iwﬂ| ||| | i'I i . iw
= I [I A | ‘*I | H q |
x | | ]_1_ |
WA T AT A
il
M ARk RN ] Vil 3j 110 Il S]] 00 T ] B ) <0F | el 1) e 1]
Tt
BT 2012—2016 A X X I SR SA U . TCEQ 5 PCA Jiikif H
Fig.1 Comparison of regional background ozone determined from TCEQ method (red line) and

PCA method (blue line) over Hong Kong during 2012—2016
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A A %% % (Ozone production efficiency; OPE=
AOy/ANO, ) & SR B A i — 4~ NO, 43 F Fr £ i
1) Oy 4> F%% (Liu et al, 1987) , HAJ#IE % Hy
AR AR NO, s FAEA AL “HELE RN iR H
“NO, B Z R “NO, fE¥” WH.

1E VOCs #5 1l X, NO/VOCs [ il &, RO, A
HELvRBE ( F3H VOCs P ) Bk, NO, 4+
KR CHELOL N AR NO, ZRTA P “NO,
PEIR" A, OPE MXSEAR; IMifE NO, ¥
X, NO, B i A Bl R F, NO, 4 F Fr & i
FITEFR IR BN 55 %, T OPE BB 5L
Frn FH o, OPE o] DL 2 Xt O5 A1 NO, Wl 5 4

WA A E A A4S, HARLRIh OPE fH., — ok
Ui, AL OPE U Y /N fe J i 5 480 A A )
fUAE: 40 OPE<4, SLAE Wl 4k T “VOCs
FEHIX” 5 OPE>6, BAHERGEF 4T “NO, #%
il X7 5 4<OPE<6 WX} + M [] 4% i X7
( Trainer et al, 1993) . B& O; 4, % & 3|75 4
Hi X NO i 2 0% X O e BE Ry sz, 343 24
ffif] 0, (0,=0,+NO,) (Xue et al, 2014a; 7
ZefFAE, 2017 ) 8#F “O,+NO.” f{# 0, 5 NO.
YEFT OPE 43 #71 (Chou et al, 2009; £ e 4,
2009 ) HJs3 5 Bk ik —30 (FritEny OPE £k
(ELEZENE DI

Bl Wi =

EF v igll=DgLp »

L hemical mechanism NSNS D OO

BN+ aH=HLI =0k
3 e O =0i= 2 b &

Hil=~I 1 IH =ML
S, =M= MOE
AR R T ERER ]

O e Ml e e |

B2 i)z RS TR AR I &

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

R A ORI S el I — Mo 4
AN, AEEANSMIFSE RS T2 ) 1 . Wang et al
(2017) E2%F OPE Jr ik 7EH I i) b F 1% Bl A 7
TEOREW N, AXAEIR, BT O; M
NO. 1IN H R F 5L, OPE BYHR /R AR MR
{1453 OPE J7 ik AE12 W B 4 L2 s 7 TH B AT 15K
MERICSE . 10 2 s i R 25 Y e e A
O; F1 NO, BITELR MG, 3 m— 5 NO, A Ry a]
SCE OPE (RS2t ooy, i A LA B 4805 T4
PR e &, Ik, OPE Jr ik #iiiis A +4>
J7RE BN ET S 45 A, OPE J5 ik Ak

i R AR — S AR M, e Bk o me
B A BUHLI 9 OPE B vl RE M 5, A&
A ERIGAE T RS EERZE, Hik, %X briz
Frh, WF5EE 5 R AR — R e B (4
etk RN Ee i ZURT BE ) [ O5 Fil NO. $idi kA 143
Mr, WAlBERE — @ AT ENE. Ra e Hm
&, HAETERASE ) NO, Wi ( ansi b fit ik
4L NO, iy NO Wy 71 ) FEMl i NO, i) 7l g3z 2|
NO, M4 T4k, FAE—EmlEiRE, Kz
JH OPE 2 W1 5L 48 A AL, 0200 R FH v A 52 1)
NO, #1 NO, 7% (Xuetal, 2013) .
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212 AR (HO,) H5AAMLY (HNO, 5
NO,) HAfH

Hzoz/NOz ( ﬁ Hzoz/HNO3 ) ﬁzi‘]_‘ﬁjﬁ[ﬁ’ﬂﬁ%
Fe /R A H Sillman 7€ 1995 4E4R Ay, HooGfb2eam
WIRIELE T AR PR F5 T 19 B il JE R BRI
HAS TR, AT 30t |k (H,0, #1 ROOH ) 5
NO, A4 i Z [AlfF7E2E R (Sillman, 1995) . 40
Kl 3 s, TR/ NO/VOCs MBS ST (T R4R
A= G H 52 NO, #Ei ), KA RO, H AL F 258
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Fig.3 Schematic diagram for the use of H,0,/NO. or H,0,/HNO; as indicators of ozone formation regimes
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2.2 Observation-Based Model

LTI AR A (OBM ) 2 3 [E IF 96 W B

T. 2% P% Cardelino il Chameides 7£ 1995 4 JF &
M — A B, B & ML Carter Fil Atkinson
50 9 A 6 38 B B W T PE (Relative incremental
reactivity, RIR) AY#E & & J& i 2k A9 ( Cardelino

and Chameides, 1995) . OBM ¥ i & 1k & 9.
NO. CO. O; TG 54 i Btk A 21 &5 7
BRI RS R TR A, BRSO E
WL R, AR 8 I R TR R AR v B (AU
5 YR IR ) ST BRAN [ 5L 4R AR 19 R X 4
OGP, IR DA W R A B NO, LA K
AR AP VOCs g (%R 46, 2006)
AHXF b B SN 1% 7 RIR J& OBM MO OMBES:, Bk
FE SL Ry A ) YA R R 1 B AR AR T S A R
AR (B R ) A28k, RIR FIME R IE(E,
FIAHBZ AT AP HE AT LA SRR AL, H RIR
(BB B A, 8 B B A2 X 2% iy A 47 sk A%
W RIR ({E R A, 008 B i R ) 2 5 3K
FAAA RIS (40 NO W80 ) o

OBM 5 iR ek 2: 48 7R 7 Oy ¥ A [l 2 Ak
FERIAELLTIUN . (1) Sefb2Eda s i
FEF KA A S )7 ok e B AR A2 Ak
WL R, JE A ok LaE” J7 ik (Past time
frame ) , — & H T I2Wr &40 A Y S 4L BB
1 OBM AN AT LIS S0 A A et A8 ] LA SR
BRE R R, E—Fh “BUERT” )79 ( Present
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A AL (2) et FFe R R — M N B G F
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I DA AR A AT E— 2512 W B AU B B VOCs #
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22 MR A2 AR L, R BN TRI3 T 1 R4
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B, T SR USRI BT RO AR, 2R
Mk, NS RGNS . Wang etal (2016 )
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Tab.2 Comparison of the observation-based methods to diagnose the ozone formation regimes
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