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SENSITIVITY OF OZONE CONCENTRATIONS TO RATE 

CONSTANTS IN A MODIFIED SAPRC90 CHEMICAL 

MECHANISM USED FOR CANADIAN LOWER FRASER 

VALLEY OZONE STUDIES 
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and MARK HEDLEY 

Institute for Chemical Process and Environmental Technology, National Research Council Canada, 
Ottawa, Ont., Canada KlA OR6 

(First received 22 March 1996 and in jinal form 28 August 1996) 

Abstract-The SAPRC90 chemical mechanism implemented in CALGRID is modified and updated for the 
specific emissions and applications of the Lower Fraser Valley (LFV) of British Columbia, Canada. Explicit 
reactions related to biogenic emissions and alternative fuels are added. The sensitivity of ozone formation to 
rate parameters in the mechanism is determined for an episode specific trajectory which originates under 
relatively clean marine conditions and passes over the urban core of Vancouver during the morning rush 
hour. Of the 137 reactions in the modified mechanism, the rate constants of 44 reactions are found to have 
a high sensitnity on ozone formation. The 44 reactions are further divided into general sensitive reactions, 
for which rate constant changes near the base case values have observable effects on maximum ozone 
concentrations, and limit-sensitive reactions, for which rate constant changes of more than an order of 
magnitude are required to have an observable impact on ozone concentrations. For the sensitive reactions, 
both ozone sensitivity coefficients for small changes (20%) in the rate constants and effects on ozone caused 
by large rate constant changes (factors of 40.5, and 2) are calculated. Of note is the importance of several 
photolysis reactions and the reactions of OH with a class of reactive aromatics, including xylenes, on ozone 
concentrations in the LFV. Crown 0 1997 Published by Elsevier Science Ltd. All rights reserved 
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1. INTRODUCTION 

Underprediction of ground-level ozone by photo- 

chemical models has been a problem facing the 

modelling community for some time. Among the fac- 

tors that affect modelling results, poor emissions in- 

ventories are often cited as the most significant. 

Adjustments to the emissions inventories were often 

made based on emi.ssions sensitivity tests in order to 

achieve good agreement between model outputs and 

the ambient measurements. 

Another area that deserves more emphasis is the 

impact of uncertainties in the chemical mechanisms 

on the modelling results. The uncertainties exist in 

both the reactions used in the mechanisms and the 

rate constants of the reactions. As a key module in any 

photochemical modelling system, a chemical mecha- 

nism directly affects the modelling results. More at- 

tention needs to be paid to the sensitivity of modelling 

results to the chemical mechanisms and to the para- 

meters in the che,mical mechanisms in order to 

broaden our understanding. 

This paper is focused on sensitivity of ozone 

concentrations to the rate constants of a modified ver- 

sion of the chemical mechanism implemented in the 

CALGRID model (Yamartino et al., 1992), which is 

used in our three-dimensional (3D) modelling studies. 

It is based on the SAPRC90 mechanism (Carter, 

1990). We added several explicit reactions relating to 

chemistry of biogenic emissions and emissions from 

the use of alternative fuels. To determine the sensitivi- 

ties of ozone concentrations to the rate constants in 

the updated mechanism, the mechanism is incorpor- 

ated into the OZIPR trajectory model (Gery and 

Crouse, 1989) to take advantage of OZIPR’s high 

computational efficiency compared with grid models. 

Sensitivities of kinetic parameters are calculated 

for a scenario in the Canadian Lower Fraser Valley 

(LFV). The LFV includes Vancouver, British Colum- 

bia, and the northern portion of Washington state. 

Ozone concentrations in the region during summer 

episodes frequently exceed the Canadian objective of 

82 ppb (CCME, 1990). An episode-specific trajectory 

and emissions scenario of 18 July, 1985, is simulated, 

in which an air mass is constrained to pass over the 

urban core of Vancouver during the morning rush 

hour. The air mass, originating over the Strait of 

Georgia, is initially very clean, and ozone formation is 
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determined by the emissions as the air mass moves 

eastward through the LFV. In this respect, the analy- 

sis differs from other studies in which generalized 

meteorological or emission conditions are assumed, 

or in which the chemistry is based on initial concen- 

trations of reactants without subsequent emissions. 

The reactions in the mechanism are classified into 

three categories according to the sensitivity of ozone 

concentrations to the rate constants. Because of the 

similarity of our tested mechanism with other versions 

of the SAPRC mechanism, the results presented here 

not only provide information for LFV ozone studies, 

but also enhance our understanding of the widely 

applied SAPRC mechanism. 

2. DESCRIPTION OF THE CHEMICAL MECHANISM 

2.1. Original COND2243 mechanism 

CALGRID, obtained from the California Air Re- 

sources Board (CARB), was developed to upgrade 

and modernize the urban airshed model (UAM) by 

implementing state-of-the-science improvements in 

many of the key technical algorithms (Scire et al., 

1989). A recent version of CALGRID (version 

lS/S90, level 921130) contains a chemical mechanism 

named COND2243, which is a modified and lumped 

version of the SAPRC90 mechanism. The COND2243 

mechanism contains 54 chemical species and 129 reac- 

tions. Among the 54 chemical species, there are two 

lumped alkanes, two lumped aromatics and three 

lumped olefins. The chemistry of methanol (MEOH), 

ethanol (ETOH), methyl t-butyl ether (MTBE) and 

methane (CH,) are treated explicitly. Among the 129 

chemical reactions, 16 are reactions of lumped VOC 

model species with OH, OS, O(3P) and N03. 

2.2. Modijcation of the COND2243 mechanism 

The mechanism used in this study is a further modi- 

fication to the COND2243 mechanism implemented 

in CALGRID. As a part of the Lower Fraser Valley 

ozone study, effects of alternative fuels and biogenic 

emissions on air quality will be evaluated. Therefore, 

methane (CH,), propane (C,H,), methanol (MEOH), 

ethanol (ETOH), MTBE and isoprene (ISOP) reac- 

tions need to be presented explicitly in the chemical 

mechanism component of our models. Reactions for 

methacrolein (MACR) and methyl vinyl ketone 

(MVK), two key products of the isoprene reactions, 

are also needed. 

For the chemistry of CH4, MEOH and ETOH, we 

kept the explicit reactions in the COND2243 mecha- 

nism, and updated their rate constants to currently 

recommended values (Atkinson, 1994). For MTBE, 

we derived a new reaction based on the reaction 

sequence recommended by Atkinson (1994), which 

accounted for more complete reaction pathways than 

the original reaction in COND2243. In COND2243, 

C3Hs was lumped into an alkane group. In the pres- 

ent work, C3H8 was extracted from the alkane group 

and its reactions expressed explicitly using the mecha- 

nism of Carter (1990). Isoprene was treated as a regu- 

lar alkene species in Carter (1990) and lumped into an 

alkene group in COND2243. Its explicit reactions, 

excluding ISOP + N03, and the reactions involving 

MACR and MVK were derived in the present work 

from more recent experimental results (Paulson et al., 

1992a,b; Paulson and Seinfeld, 1992; Aschmann and 

Atkinson, 1994; Grosjean et al., 1993; Tuazon and 

Atkinson, 1990, 1989). Since there is no new experi- 

mental evidence to support a new reaction scheme for 

the ISOP + NO3 reaction, the reaction used in Carter 

(1990) was adopted. Rate constants for all the above 

reactions are updated to the values recommended by 

Atkinson (1994). More detailed treatment of these 

reactions is available in Jiang et al. (1995). 

The revised mechanism, named CD2273V2, is 

shown in Table 1. It contains 137 reactions and 64 

model species. The updated explicit reactions dis- 

cussed above are marked by reaction labels starting 

with “*“. In these reactions, MEK, MFU3 and CHOz 

stand for methyl ethyl ketone, 3-methyl furan and 

thermally stabilized - CH200. biradical, respectively; 

EPOX stands for epoxides 

/“\ 
CH,-CHC = CH, (2-(I-methylethenyl) oxirane) 

I 
CH, 

and 

CH, = CHC/-C\H, (2-ethenyl 2-methyl oxirane) 

I 
CH, 

13PR includes CH2 = C-C(0 .)(CH,)-CH,O-0. 

and its three isomers; PPN is a surrogate model 

species that is used to represent higher PAN ana- 

logues. In addition to the modification described 

above, rate constants and product yields of lumped 

VOC reactions as well as carbon numbers and mo- 

lecular weights of the lumped VOC species are recal- 

culated and updated using the speciation profile of the 

LFV emissions. The speciated emissions profile con- 

tains mass emissions of 574 emitted VOC classes, 

identified by their SAROAD (Storage and Retrieval of 

Aerometric Data) numbers, in the LFV modelling 

domain. The profile reflects the emissions character- 

istics of the region, and the recalculated parameters 

based on the profile reflect the region-specific feature 

of some mechanism parameters. The photolysis rates 

in the mechanism are recalculated for all reactions for 

which data are given by Carter (1990), using absorp- 

tion coefficients and quantum yields given by Carter 

(1990) and actinic fluxes given by Finlayson-Pitts and 

Pitts (1986). This included nearly all the photolysis 

reactions. 
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Table 1. The CD2273V2 mechanism’-d 

Label’ Reaction A (cm molec set) B WR (K) 

1G NO,+hv=NO+O 

2L O+O,+M=O,{+M} 

3 0+N01=NO(+02} 

4 O+NOz=NO,(+M} 

5G NO+Og=NO,(+02} 

6 NO,+Os=NO:,{+O,} 

7 NO+NOp=2dOI 

8 NO+NO+02==2*NOz 

9 NO1 + NO, = N,,O, 

10 N205 = NO1 + NO1 

11 N,O, + H,O = 2* HNO, 

12 N02+NOs=NO+N02{+0~} 

13 N03+hv=NO{+0,} 

14 N03+hv=N02+0 

15 03 + hv = 0 ( + 02) 

16G O,+hv=OlD{+O,} 

17G OlD + Hz0 = 2* OH 

18G OlD+M=O{i-M} 

19 NO + OH = HONO 

2OL HONO + hv = NO + OH 

21G NO1 + OH = HNOS 

22 HN09 + OH = NO, + H,O 

23 HN09 + hv = OH! + NO2 

24G CO+OH=HOz{+CO~} 

25 O,+OH=H0*(+02) 

26L NO+H01=N02+OH 

27 NO2 + HO1 = HNO, 

28L HN04 = NO2 + 1102 

29 HNO,+OH=NO,+H,O(+02} 

30 0, + HOI = OH-[ + 2*02} 

31 HO2 + HO1 = H,OZ { + 0,) 

32 HOZ+HO~+M=H~O~{+O~} 

33 HO1 + HO, + H,O = Hz02 { + 0,} + H,O 

34 HO1 + HO2 + H,O = Hz02 ( + 0,) + H,O 

35 NO, + HOI = HNOs { + 0,) 

36 N0,+H0,+M=HN0,{+02} 

37 NOp + HO2 + Hz0 = HNO, { + 0,} + Hz0 

38 NO9 + HOz + H,O = HNOa { + 0,) + H,O 

39 H,O,+hv=2*CIH 

40 H*O, + OH = HO, + H20 

41 0H+H02=HzO{+02} 

42 SO2 + OH = HO: + SULF 

43 

44 

45 

46 

41 

48 

49 

5OL 

51 

52 

53 

54 

55L 

56 

57 

58 

59 

60L 

61 

62 

63 

64 

65 

66 

67 

68G 

69G 

70G 

71 

72 

0,SB + Hz0 = 

0,SB + SO, = SULF 

ROz+NO=NO 

ROZ + HO* = HO2 

R02 + R02 = 

RO1 + Cz03 = C;Oo 

R02 + &OS = CZO, 

ROzR + NO = NO, + HO1 

RO,R + HOI = ROOH 

R02R + RO, = 0.5 t HO, + RO1 

RO,R + C203 = HO, + HCHO + CO, 

ROIR + C,O, = HOI + CCHO + CO2 

R02N + NO = RNOs 

ROlN+HOz=ROOH+MEK+1.5*C 

R02N + ROz = ROI + 0.5 * HO1 + MEK + 1.5 * C 

ROzN + CIO, = HO2 + HCHO + MEK + 1.5 * C 

RO,N + C,O, = HO, + CCHO + MEK + 1.5 t C 

R,O, + NO = NO, 

Rz02 + HO1 = 

R,02 + RO1 = RO, 

RZ02 + CzO3 = 0.5 * HO1 + HCHO + CO2 

R202 + C303 = 0.5 ? ?HO2 + CCHO + CO2 

ROOH + hv = HO, + OH 

OH + ROOH = O’H 

OH + ROOH = ROZR + RO, 

HCHO+hv=2*H01+C0 

HCHO + hv = CO’ 

HCHO + OH = HO1 + CO + Hz0 

HCHO + HO1 = HOC00 

HOC00 = HOI -I- HCHO 

Phtol 

6.000E-34 

6.5000E-12 

9.0E-32 

2.2E-11 

2.OE-12 

1.4E-13 

1.7E-11 

3.3E-39 

2.2E-30 

1.5E-12 

k&OlE-27exp(11202/T) 

l.OOOOE-21 

2.5OOOE-14 

Phto2 

Phto3 

Phto4 

Phto5 

2.2OOE-10 

1.92E-11 

7.OE-31 

1.5E-11 

Phto6 

2.6E-30 

2.4E-11 

6.45E-15 

Phto7 

2.4E-13 

1.6002E-12 

3.7E-12 

1.8E-31 

4.7E-12 

k,,/2.1E-27exp(109OO/T) 

1.3E-12 

l.lE-14 

2.20E-13 

1.90E-33 

3.10&34 

6.60E-35 

k 31 

kx 

ks 

k34 
Phto8 

3.3E-12 

4.6E-11 

3.OE-31 

1.5E-12 

2.3E-17 

l.OE-13 

4.2E-12 

3.4E-13 

l.OE-15 

1.86E-12 

1.86E-12 

4.2E-12 

3.4E-13 

l.OE-15 

1.86E-12 

1.86E-12 

4.2E-12 

3.4E-13 

l.OE-15 

1.86E-12 

1.86E-12 

4.2E-12 

3.4E-13 

l.OE-15 

1.86E-12 

1.86E-12 

Phto9 

l.l8E-12 

1.79E-12 

PhtolO 

Phtoll 

l.l25E-12 

9.70E-15 

2.4E12 

- 2.3 

- 119.8 

2.0 

1400.0 

2500.0 

- 150.0 

- 528.4 

- 4.3 

- 0.5 

1227.9 

- 126.3 

- 2.6 

- 0.5 

- 3.2 

- 1.3 

- 831.3 

942.0 

- 241.5 

- 3.2 

- 1.4 

- 379.9 

500.2 

- 619 

- 981 

- 2818 

- 3181 

199.8 

- 230 

- 3.3 

- 181.2 

- 800.1 

- 529.9 

- 529.9 

- 181.2 

- 800.1 

- 529.9 

- 529.9 

- 181.2 

- 800.1 

- 529.9 

- 529.9 

- 181.2 

- 800.1 

- 529.9 

- 529.9 

- 127.8 

- 218.9 

2.0 - 648.1 

- 625 
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Table 1. (Continued) 

Label’ Reaction A (cm molec set) B k/R (K) 

73 

14 

75G 

76G 

77 

78 

79G 

80 

81G 

HOC00 + NO = NO2 + HOI + C 

HCHO + NO3 = HNO, + HO, + CO 

CCHO + OH = C20, + HZ0 

CCHO + hv = CO + HCHO + HO* + ROZR + RO, 

CCHO + NO3 = HNOJ + C20, 

RCHO + OH = C303 

82G 

83 

RCHO + hv = CCHO + HO1 + CO + R02R + RO1 

RCHO + NO, = HNOB + CaOa 

MEK + OH = Hz0 + 1.5 * R02 + 1.5 * R202 + 0.5 * CCHO 

+ 0.5*C303 + 0.5*HCHO + 0.5*C203 
MEK + hv = CzOa + CCHO + ROIR + RO, 

RNOs + OH = NO2 + 0.155 * MEK + 1.05 * RCHO 

+ 0.48rCCHO + O.l6*HCHO + 1.39tR202 

+ 1.39*R02 + O.ll*C 

84G CIO, + NO = CO, + NO2 + HCHO + ROzR + R02 

85G C203 + NO2 = PAN 

86 C203 + HO1 = ROOH + HCHO + CO* 

87 Cz03 + C203 = 2.0 * HO1 + 2.0 t HCHO + 2.0* CO, 

88 C,O, + CsOj = 2.0*HOz + HCHO + CCHO + 2.0*C01 

89G PAN = C,O, + NO2 

90G 

91G 

92 

93 

94G 

95G 

C303 + NO = CO2 + NO2 + CCHO + R02R + ROz 

C,O, + NO2 = PPN 

C303 + HO2 = ROOH + CCHO + CO2 

C,Os + C303 = 2.O*HOz + 2.0*CCHO + 2.0*C01 

PPN = C,O, + NO1 

96 

97 

98G 

99G 

100 

101 

102 

103 

104G 

105G 

*106G 

CRES + OH = 0.15 t ROzN + 0.075 t CRES + 0.85 t R02R 

+0.2*MGLY + RO1 + 5.5*C 

CRES + NO3 = HNOs + BZO + C 

MGLY + hv = HO1 + CO + C203 

MGLY + hv = HO1 + CO + C203 

MGLY + OH = CO + CzO, 

MGLY + NOp = HNOp + CO + C203 

BZO + NO1 = RNOB + 0.5:CRES + - 2.5 *C 

BZO+H02=0.5*CRES+ -2.5*C 

BZO=0.5*CRES+ -2.5*C 

AFG2 + OH = C303 

AFG2 + hv = HO2 + CO + C203 

CH, + OH = HCHO + R02R + RO, 

ALKl + OH = 0.8856 * R02R + 0.0856 * R02N + 0.0288 * HO2 

+ 0.5457*Rz02 + 1.5169*ROz + 0.0695rHCHO 

+ 0.3230* CCHO + 0.1956* RCHO + 0.5948 * MEK 

0.0066 * CO + 0.0650 t C 

109G 

110 

111 

112 

113G 

114 

115 

116 

117 

ALK2 + OH = 0.7639*ROzR + 0.2102*R02N + 0.0259*H02 

+ 0.84Ol*R,O, + 1.8142*ROZ + 0.1337tHCHO 

+ 0.0797 * CCHO + 0.3203 * RCHO + 0.9581 t MEK 

+ 0.03441 *CO + 0.0339 *CO, + 1.3235 * C 

ETHE + OH = 0.22 * CCHO + 1.56 * HCHO + ROIR + R02 

ETHE+0~=HCHO+0.37*OlSB+0.12*HO~+0.44*CO+0.56rC 

ETHE + 0 = HCHO + HO, + CO + ROzR + RO, 

ETHE + NO3 = NOI + 2*HCHO + R202 + ROZ 

OLEl + OH = 0.9660*HCHO + 0.5301*CCHO 

+ 0.2787 * RCHO + 0.0629 * MEK + 0.9660 * ROZR 

+ 0.0340tROlN + ROz + 0.5777*C 

OLEl + OS = 0.5823*HCHO + 0.3177*CCHO + O.l442*RCHO 

+ 0.2351* MEK + 0.0163 * MGLY + 0.2828 t CO 

+ 0.2687*O,SB + 0.1479*H02 + 0.0665aOH 

+ 0.1293*ROZR + O.l293*RO, + 0.9392*C 

OLEl+O=0.4*HO~+0.5tMEK+0.5*RCHO+2.1114*C 

OLEl + NO3 = NOI + HCHO + 0.5488 * CCHO + 0.2885 * RCHO 

+ 0.0651* MEK + R102 + RO, + 0.6381 *C 
0LE2 + OH = O.l570*HCHO + 0.7837tCCHO + 0.7232rRCHO 

+ 0.0721* MEK + 0.9365 * RO,R + 0.635 * R02N 
+ R02 + 0.4097+C 

118G 

119 

120 

0LE2 + 0, = 0.2lllrHCHO +0.536O*CCHO +0.3861rRCHO 

+ 0.3577+ MEK + 0.0108 * MGLY + O.l576*CO 
+ O.l919+O$B + 0.0017*C203 + 0.0017*Cp09 

+ 0.1790+H02 + 0.1107tOH + 0.2280*R02R 

+ 0.0051* R,O, + 0.2331* ROZ + 0.8393:C 

0LE2 + 0 = 0.4*H02 + 0.5rMEK + 0.5*RCHO + 3.1597*C 

0LE2 + NOI = NO, + O.l677*HCHO + 0.8369*CCHO 
+ 0.7722sRCHO + O.O770*MEK + RZ02 

+ R02 + 0.44368 C 

121G 0LE3 + OH = 0.4754 * HCHO + RCHO + RO,R + ROz + 5.0708 * C 

4.2E-12 

2.88-12 

5.55E-12 

Phtol2 

1.4E-12 

8.5E-12 

Phtol3 

1.4E-12 

2.92E-13 

Phtol4 

2.191E-11 

5.10E-12 

1.95E-28 

8.40E-12 

F = 0.27 

3.4E-13 

2.8E-12 

2.8E-12 

6.30E-2 

2.2816 

F = 0.27 

5.10E-12 

8.408-12 

3.4E-13 

2.8E-12 

1.6E17 

4.2E-11 
2.1E-11 

Phto 15 

0.107 x Phto 

1.72E-11 

1.4E-12 

1.3E-11 

3.4E-13 

l.OE-3 

1.72E-11 

Phto 17 

6.696E-13 

3.597E-12 

1.2967E-11 

1.96E-12 

1.2E-14 
l.O4E-11 

1.96E-12 

3.1829E-11 

l.l827E-17 

5.8620E-12 

6.0223E-14 

6.5558E-11 

2.025OE-16 

2.5142E-11 

1.3116E-12 
7.0909E-11 

- 181.2 

2516.4 

- 311.0 

1860.0 

- 251.6 

- 414.2 

708.6 

- 199.8 

- 4.0 

n = 1.0 

- 800.2 
- 529.9 

- 529.9 

12786 

13436 

n = 1.0 

- 199.8 

- 800.2 

- 529.9 
14074 

16 

- 300.0 

- 800.1 

2.0 1361 

- 437.8 

2630.0 

792.0 

2724.0 



Modified SAPRC90 chemical mechanism 

Table 1. (Continued) 

1199 

Label’ Reaction A (cm molec set) E ..%!R (K) 

122 

123 

124 

12% 

126G 

‘127 

*I28 

*I29 

??13OG 

??13lL 

‘132 

??133 

??134 

‘135 

??136 

9137 

OLE3 + 0, = 0.2377.HCHO + 0.15.CCHO + OS.RCHO 

+0.2l*MEK tO.l796*CO tO.l880*OsSB 
+ 0.1335*H02 + 13.06rOH +O.l35*RO,R 

t 0.135*R01 t 5.4889.C 

0LE3 + 0 = 0.4*;101 + O.S.MEK + O.S.RCHO + 6.7962.C 

0LE3 t NO, = NOI + 0.4754*HCHO + RCHO + R102 

+ RO1 + 5.0708.C 

AR01 + OH = 0.7433. ROzR + 0.2567+ HO2 + 0.7433 t ROz 

+ 0.2567rCRES i. 0.1132rMGLY + 0.3603.AFG2 t 3.9982rC 

AR02 t OH = 0.8176rROlR + 0.0051rROlN + 0.1773*HOz 

t 0.8228*R01 + 0.1798.CRES t 0.4310*MGLY 

+ 0.6061 ??AFG2 + 4.2979aC 

MEOH + OH = HCHO + HO1 

ETOH t OH = HO2 + CCHO 

MTBE + OH = ROIR + 0.42rR102 + 1.42*R01 

+ 0.48HCHO + 0.76. RCHO + 0.204. MEK + 1.34.C 

ISOP t OH = 1SOH 

ISOH t NO = 0.4 I. MACR t 0.41 ??MVK + 0.605. HCHO 

t 0.14rRN0, + CJ.O~*MFU, t 0.86*H01 + 0.86rN02 

ISOP t 0, = 0.59rMACR t 0.16rMVK t 0.89rHCHO 

t 0.27.OH t 0.2:‘rHO, +0.30*0 t 0.40*R02 

t 0.40+R10z +0.27tCO t 0.05.EPOX t 0.38*CHOz t 0.27rC01 

ISOP + NO, = NO, + HCHO + RCHO t R,O, t RO, 

1SOP + 0 = 0.85. EPOX + 0.085. I,PR 

MACR t OH =0.16*MEK t O.Sl.CO t 0.084rMGLY 

+ 0.56.HCHO + 1.48.ROI t 0.68rROlR 

+0.18*R101+0.12+PAN +0.2rPPN+0.48*C02 

MVK t OH = 0.64.CCHO + 0.26rMGLY t 0.52rHCHO 

+ 0.1 .RO*N t l.92*R02 + 0.52*ROlR 

+ 09OrR,O, + 0.38.PAN t 0.26.COz 

C,Hs t OH = 0.9C12.R01R t 0.0388rROlN + RO1 

t 0.26337 ??MEK + 0.30277 I RCHO 

5.2483E-17 

3.8394E-11 

3.6625E-12 

5.869E-12 

2.7279E-11 

5.4091E-13 

5.562OE-13 

5.886E-13 

2.54E-11 

2.0 

2.0 

2.0 

- 170.0 

- 532.0 

- 483.14 

- 410.17 

4.98-12 - 180.17 

7.86E- 15 

3.38-12 

5.8E-I 1 

1.86E-1 I 

4.13E-12 

1.35OE-12 

1913 

445.9 

- 175.14 

- 451.94 

2.0 44.0 

‘k = A x (T/300)’ x e _ ‘.jR r unless discussed in other footnotes; all rate constants are in cm molec s units. 

b”Phto I” stands for photolysis rate set 1. and so on. The photolysis rate sets are omitted for simplicity and are available upon request. 

‘If more than one line appears for a rate constant, the rate constant is calculated by 

The first line in the table gives A,,. B,,. Co; the second line gives Ai, B,, Ci: and the third line gives F and n. If the third line is omitted, then F = 0.6, 
n = 1.0. 

‘Some rate constants are derived from rhe rate constants of other reactions using formulas specified in the table. 

“Reaction labels: “*” indicates an updated reaction; numbers show the sequential numbers of the reactions; “G” and “L” stand for general-sensitive 

and limit-sensitive reactions, respectively, as discussed in the text. Reaction labels without “G” or ‘I” indicate non-sensitive reactions. 

In the process of chemical mechanism modification capability compared to OZIPP. As a trajectory 

and emissions processing, Carter’s mechanism prep- model, OZIPR simulates chemical and physical pro- 

aration software package (Carter, 1988) and U.S. cesses of an air column moving along the wind traject- 

EPA’s Emissions Processing System 2 (EPSZ) (Gar- ory. Emissions are injected into the air column as the 

dner et al., 1992) are used. Minor modifications to column passes over emission sources. Air above the 

Carter’s programs are made to reconcile the software column is mixed in as the mixing height rises during 

packages and our modelling system. the day. 

3. SENSITIVITY OF OZONE CONCENTRATIONS TO THE 

RATE CONSTAM; OF THE CD2273V2 MECHANISM 

The OZIPR trajectory model (Gery and Grouse, 

1989) is used to study sensitivity of ozone concentra- 

tions to the rate constants of the CD2273V2 mecha- 

nism for conditions of an ozone episode in the LFV. 

OZIPR is a research-oriented version of EPA’s 

OZIPP (Ozone Isopleth Plotting Package) computer 

modelling program. It has enhanced input-output 

3.1. Input to the OZIPR trajectory model 

The input to the OZIPR model includes initial 

concentrations in the mixed and aloft layers and hour- 

ly emissions, mixing heights, humidity, and temper- 

ature. The meteorological and chemical emissions 

were based on input data for one day ofthe 17-21 July 

1985, episode that we are simulating with the MC2 

meteorological model (Tanguay et al., 1990) and 

CALGRID photochemical model (Yamartino et al., 

1992). For 18 July 1985, a trajectory was obtained 

using MC2 and other software. It was constrained to 
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pass over the urban core of Vancouver at 8:00 during 

the morning rush hour. The trajectory starts at 600 

a.m. over the ocean about 15 km west of the coast. 

After passing over Vancouver, it continues in a gener- 

ally easterly direction, travelling over forested areas 

at the end of the day. The trajectory and the LFV 

modelling region are shown in Fig. 1. Meteorological 

conditions, including the hourly mixing height, 

temperature, and humidity, were taken from the corres- 

ponding grids of the MC2 simulation. 

The hourly emissions into the air mass were taken 

from an episode specific emissions inventory for 18 

July 1985. The emissions inventory was based on the 

Lower Mainland Emissions Inventory in British Col- 

umbia and an inventory of sources in Whatcom 

County in Washington state (McLaren et al., 1995). It 

was processed to obtain hourly speciated emissions 

on a 5 x 5 km2 grid. The emissions from each grid 

entering the moving air mass along the trajectory, 

assumed to have horizontal dimensions of 20 x 20 

km2, were weighted by the extent of coverage by the 

air mass. For the last two hours of the simulation, the 

air mass moves outside the boundary of the anthropo- 

genie emissions inventory into a predominantly for- 

ested region, which is assumed to have only biogenic 

emissions. The organic compound emissions are res- 

peciated to accommodate the modifications in the 

chemical mechanism and to match the speciation pro- 

file of the LFV emissions. The hourly speciated emis- 

sions along the trajectory are shown in Fig. 2. The 

hourly meterological and chemical emissions data are 

given in Table 2. 

Since the air mass started over the ocean in the 

early morning, it is assumed that the air mass was very 

clean. The assumed initial ground-level concentra- 

tions were: O3 15 ppb; VOC 10 ppbC; NO, 1 ppb; CO 

200ppb. The initial aloft concentrations were: O3 

20 ppb; VOC 20 ppbC; NO, 2 ppb; CO 200 ppb. The 

assumed initial ground-level concentrations are con- 

sistent with typical observed concentration ranges for 

regions between remote marine sites and urban sites 

(NRC, 1991; Chameides et al., 1992). The NO, and 

VOC concentrations were interpolated values be- 

tween the remote marine sites and the urban sites. The 

O3 concentration is set at the lower end of the marine 

site O3 range. The CO concentration of 200 ppb is the 

typical value for remote areas (Finlayson-Pitts and 

Pitts, 1986). The assumed initial concentrations of 03, 

NO,, CO and VOC are consistent with the surface- 

level concentrations of 16 ppb, 2.9 ppb, 232 ppb, and 

46 ppbC, respectively, calculated with MC2-CAL- 

GRID for the corresponding grid cells and time. The 

initial CH4 concentration is set to the global back- 

ground value of 1.79 ppm. Speciation of the initial 

VOC is based on the average VOC emissions in our 

modelling domain. Since the initial air mass is clean, 

any difference in model results caused by alternative 

speciation of initial VOC would be very small. 

5430 
_ _. _. _. 

5420 

WASHINGTON 

450 470 480490500510520530540550560 570 580 590 

Fig. 1. The Lower Fraser Valley (LFV) modelling region. The selected air mass trajectory for the period 
6:00-18:00,18 July 1985 is shown by a series of black triangles. Numbers on the horizontal and vertical axis 

are UTM (Universal Transverse Mercator) coordinates in km (in UTM zone 10). 
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Fig. 2. Hourly emissions entering the moving air mass. Units for the emitted NO, and VOC model species 
are “mol” and “mol c”, respectively. 

Table 2. Hourly mixing height, temperature, relative humidity, and VOC and 
NO, emissions along the trajectory 

Hour MH (m) T (R) RH (%) VOC (mol C) NO, (mol) 

690 100.0 291 72 403 104 

7:oo 98.9 292 73 50,473 7672 
8:OO 457.9 294 71 421,974 67,533 
‘3:oo 440.4 295 70 523,243 86,284 

l&O0 448.7 297 68 426,654 69,799 
1l:OO 470.9 298 66 295,773 48,547 
1:2:00 542.2 299 38 150,343 23,774 
13:OO 617.7 299 37 249,060 9093 
14:OO 669.8 299 34 127,663 1980 
1:5:00 697.1 299 32 31,929 20 
16:OO 709.2 299 27 23,301 0 
1’7:OO 735.8 300 28 22,355 0 
18:OO 616.1 299 28 14,195 0 
l!):OO 564.8 298 32 14,195 0 
20:O0 513.4 297 36 14,195 0 
2:1:00 462.0 296 40 14,195 0 
2:!:00 410.7 295 44 14,195 0 

3.2. Reaction classijcation based on sensitivity of 

ozone concentrations to the rate constants 

To test the sensitivity of O3 concentrations to rate 

constants, each rate constant in the CD2273V2 mech- 

anism is multiplied by a factor ranging from 0 to 2.0 

with an interval of 0.5. Particular attention is paid to 

the difference between the O3 responses to zero rate 

constant and to non-zero rate constants. 

O3 concentrations respond very differently to rate 

constant changes of different reactions in the 

CD2273V2 mechanbm. For some reactions, the O3 

concentrations do not change at all (to within 0.1 ppb) 

when their rate constants are changed from zero to two 

times their base case values. For some other reactions, 

maximum 1 h average O3 concentrations can vary as 

much as 362 ppb for the same rate constant range 

mentioned above. To differentiate the reactions ac- 

cording to their sensitivities, we use 2% as a standard. 

A reaction is classified as a sensitive reaction if the 

maximum one hour average 0s varies more than 2% 

of the base case value when the rate constant is changed 

from zero to twice the base case value. All other 

reactions are classified as non-sensitive reactions. 
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Among the 137 reactions in the CD2273V2 mecha- 

nism, 44 of them are found to be sensitive reactions. 

The other 93 reactions are non-sensitive. Among the 

44 sensitive reactions, 8 are classified as limit-sensitive 

reactions because very large changes in the rate con- 

stant, for example, setting it to zero, are required 

before significant changes are made on ozone concen- 

trations. The remaining 36 reactions are termed gen- 

eral sensitive reactions. The difference between the 

two types of reactions can be seen in the following 

sections. 

3.2.1. General sensitive reactions. The most impor- 

tant example of general ozone sensitive reactions is 

the photolysis of NO*. This is the only reaction that 

leads to the formation of ground state 0 and photo- 

chemical OS. Figure 3a shows the O3 concentration 

curves corresponding to different rate constants of the 

NO2 photolysis reaction. When the rate constant is 

doubled, the maximum 1 h average O3 concentration 

reaches 91.2 ppb, which is 22% higher than the base 

case O3 concentration. When the rate constant drops 

to half of its base case value, the O3 concentration 

drops by 29% to 45.9 ppb. As we will show in Section 

3.3, the sensitivity of maximum O3 concentrations to 

changes in base case NOz photolysis rate is the high- 

est among all 137 reactions. 

High sensitivity of 0, concentrations to the NO2 

photolysis rates suggests that the NOz supply in the 

system is abundant enough and one of the limiting 

factors in O3 production is the photolysis rate con- 

stant. It also suggests the potential for O3 in the LFV 

to reach higher levels if actinic flux were to increase. 

Another typical O3 sensitive reaction is Reaction 

16, which is the photolysis of O3 into excited state 

O(‘D) and OZ. Curves of instantaneous O3 concen- 

trations using different rate constants are shown in 

s 90 
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Fig. 3. Examples of sensitivities of O3 concentrations to rate constants of general sensitive reactions. (a) O3 
sensitivities to k,, which is the rate constant for NOa photolysis; (b) 0s sensitivities to k16, which is the rate 
constant for 0s + hv = O(‘D) + Oa. On the legend, “0.5 x kl” stands for base case kl values multiplied by 

0.5, and so on. 
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Fig. 3b for the reaction. When the rate constant is 

lowered to half of the base case value, the maximum 

1 h average O3 concentration drops to 55.6 ppb from 

a base value of 64.9 ppb. When the rate constant is 

lowered to zero, the maximum 1 h average O3 con- 

centration becomes 46.8 ppb. Doubling the rate 

constant raises the maximum 1 h average O3 

concentration to 85.8 ppb. In Section 3.3, we will 

show that the sensitivity of maximum O3 concentra- 

tions to the changes in the base case O3 photolysis 

rate is the third highest among all 137 reactions. 

The 36 general sensitive reactions are shown in 

Table 1 by reaction labels ended with the letter “G”. 

3.2.2. Limit-sensitive reactions. Within the 44 sensi- 

tive reactions, there is a subcategory of eight reactions 

that exhibit anomalous sensitivity. When a rate con- 

stant in this subcategory is multiplied by a factor 

ranging from 0.5 to 2, O3 concentration changes are 

hardly noticeable (less than 1 ppb). However, when 

“p 60 
8 

8 50 

B 
* 40 
i 

z 30 

1 20 

Fig. 4. Comparison of the variations of maximum 1 h aver- 
age O3 in the rate constant range k x 0.5 to k x 2 with those 
in the rate constant range k x 0 to k x 2 for the limit-sensitive 
reactions. {k(i) x 0, k(i) x 2) stands for the OJ variation in the 
range ki x 0 to ki x 2 while {k(i) x 0.5, k(i) x 2) stands for the 

O3 variation in the range ki x 0.5 to ki x 2. 

the rate constant is dropped to zero, which is equiva- 

lent to eliminating the reaction, dramatic changes in 

O3 concentrations appear. The 8 reactions in this 

subcategory are Reactions 2,20,26,28,50,55,60 and 

131. Reaction labels ending with “I” are used for 

these reactions in Table 1. 

Comparison of variations of maximum 1 h average 

O3 in two different rate constant ranges for the reac- 

tions is shown in Fig. 4. In the figure, {k(i) x 0.5, 

k(i) x 2) stands for the O3 variation in the rate con- 

stant range k x 0.5 to k x 2 for the ith reaction while 

{k(i) x 0, k(i) x 2) stands for the O3 variation in the 

range k(i) x 0 to k(i) x 2. The O3 variations in the rate 

constant range k x 0.5 to k x 2 are nearly impercep- 

tible in the figure, but the O3 variations in the range 

k x 0 to k x 2 are very obvious. For all these reactions, 

only a very small fraction (less than 10%) of the 

OX variations in the k x 0 to k x 2 range appears in the 

k x 0.5 to k x 2 range. That is to say, the O3 concentra- 

tions are not sensitive to rate constant changes near 

the base case value. They become sensitive only when 

the rate constants approach the limit value of zero. 

Therefore, the 8 reactions are classified as limit-sensi- 

tive reactions to indicate their O3 sensitivity near zero 

rate constant values. More than an order of magni- 

tude reduction in their rate constants is needed in 

order to see meaningful changes in ozone concentra- 

tions. These reactions are interesting since they are 

required in the mechanism although the sensitivity of 

ozone concentrations to small changes in the base 

case rate constants is negligible 

Reaction 50, R02R - + NO = NO2 + HOz a, is 

a representative of this type of reaction. Seven O3 con- 

centration curves corresponding to kSO x 0, 0.5, 0.9, 

1.0, 1.1,1.5,2.0 are shown in Fig. 5. However, only two 

curves are apparent since all non-zero rate constant 

curves overlap each other. The dramatic drop in 

O3 concentrations when the rate constant is reduced 

to 0 indicates that the reaction is limit-sensitive. The 

+ 0.5 x k50 

-a- 0.9xk50 

-o- 1.1 x k50 

Fig. 5. Sensitivity of O3 concentrations to rate constants of a limit-sensitive reaction, 
R02R. + NO = NOz + HOz’, reaction 50. 



1204 W. JIANG et al. 

overlapping of other curves shows that the O3 con- 

centrations are not sensitive to the change of rate 

constants near the base case rate constant value. 

The reasons behind the limit sensitivity of some 

reactions could be complicated considering the inter- 

actions of various reaction pathways. One explana- 

tion for the limit sensitivity is that with its base case 

rate constant, a reaction is so much faster than com- 

peting reactions that its dominance is maintained 

until the rate constant is reduced significantly. For 

example, Reaction 2, 0 + O2 + M = O3 + M, dom- 

inates the consumption of 0 and converts 0 to Oa. 

The reaction is very fast, and competing reaction 

pathways for 0 do not become important unless the 

rate constant of Reaction 2 is reduced substantially. 

Under these conditions, Oa production due to Reac- 

tion 2 would be greatly reduced. 

3.2.3. Non-sensitive reactions. When the rate con- 

stants of this type of reaction are multiplied by a fac- 

tor ranging from 0 to 2.0, the changes in 

O3 concentrations are negligible. Therefore, uncer- 

tainties in these rate constants do not directly affect 

the modelled daytime ozone concentrations unless the 

uncertainties are many times bigger than the rate 

constants themselves. 

The non-sensitive reactions are indicated in Table 

1 by reaction labels without the letter “G” or “L”. 

They include some non-negligible reactions such as 

NOa reactions and 0s + olefin reactions, which 

would be expected to be more important at night. 

Being listed as non-sensitive reactions only imply that 

0s concentrations are not sensitive to the rate con- 

stants of these reactions in our base case scenario for 

the specific time period. When the mechanism is in- 

corporated into another model or it is used in another 

region, different meteorology and emissions inventory 

may affect the sensitivities of calculated concentra- 

tions to the rate constants of these reactions. 

3.3. Quantitative sensitivity measures of ozone concen- 

trations to the rate constants of sensitive reactions 

Two quantitative measures of sensitivity are cal- 

culated for the rate constants of sensitive reactions. 

They are the sensitivity coefficients based on small 

rate constant changes, and the effects of large rate 

constant changes. 

3.3.1. Sensitivity coeficients. Quantitatively, local 

sensitivity of maximum O3 concentration to the ith 

rate constant can be represented by sensitivity coeffi- 

cients, defined as 

sensitivity coefficient = 
3 (max 0,) 

ski 
(1) 

where max0, stands for the maximum 1 h average 

O3 concentration and ki is the base case rate constant 

of the ith reaction. 

For practical purposes, an alternative equation 

sensitivity coefficient = 
A(max 0,) 

Aki/ki X 100 
(2) 

is used and AkiJki is chosen to be 

Aki kix 1.1 - kix0.9 
-= 

ki ki 
= 0.2. 

Note that the sensitivity coefficient based on equation 

(2) has a unit ppb 0, per % ki, which shows change in 

maximum 1 h average O3 in ppb for each percentage 

change in the rate constant. To implement equation 

(2), each base case rate constant is multiplied by 0.9 

and 1.1 separately and tests are conducted using these 

modified values. The sensitivity coefficients calculated 

this way reflect average sensitivity of ozone concen- 

trations to rate constants within the rate constant 

range 0.9 x ki to 1.1 x ki, which is close to base case 

values. The sensitivity coefficients can also be 

expressed as percentage changes in maximum 1 h 

average O3 for each percentage change in the rate 

constant. The units are then % O3 per % ki. 

The left half of Table 3 lists sensitivity coefficients 

for the 44 sensitive reactions in the CD2273V2 mecha- 

nism. They are sorted in descending order. The rate 

constants that have most positive sensitivity coeffi- 

cients appear at the beginning of the list while those 

with most negative sensitivity coefficients appear at 

the bottom. For the convenience of the readers, react- 

ants of the reactions are listed in the right of the table. 

If multiple pathways exist for the reactants, products 

of the reactions are also given. 

The first three rate constants in the list correspond 

to photolysis reactions, which are the photolysis of 

NO*, HCHO and OS, respectively. This fact confirms 

the great sensitivity of O3 levels to actinic flux, ab- 

sorption cross-sections and quantum yields which are 

used to calculate photolysis rates. Uncertainties in 

these quantities could contribute significantly to un- 

certainties in calculated O3 levels. Among the three 

reactions, NOz photolysis has been discussed above. 

The sensitive HCHO photolysis pathway produces 

two HOz.radicals, which then can convert NO to 

NOz and produce -OH radicals via Reaction 26, 

another sensitive reaction. The sensitive O3 photolysis 

pathway converts one OX molecule to one excited 

state O(‘D), which then combines with one Hz0 

molecule to produce two *OH via the next sensitive 

Reaction 17. The loss of one 0s in the photolysis 

reaction is more than offset by the production of two 

*OH which accelerate oxidation of NO later in the 

process. The fifth most sensitive reaction is Reaction 

126, which is the lumped reaction AR02 + OH. As 

we found in another study (Jiang et al., 1996), cal- 

culated O3 levels in the LFV are greatly affected by 

the AR02 emissions. The influences from both the 

AR02 emissions and the rate constant are all related 

to the overall rate of the lumped AR02 + OH reac- 

tion. The uncertainties in the chemistry of aromatics 

would therefore lead to relatively large uncertainties 

in calculated O3 levels. 

Three reactions that most negatively affect 

O3 levels include the reactions NO2 + OH, NO + O3 

and the conversion of O(‘D) to ground level 0(3P). 
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Table 3. O3 sensitivity to rate constants in the CD2273V2 mechanism 
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k(i) 

Sensitivity coefficients A Max O3 (ppb) if 

ppb03 per o/6 k(i)% O3 per % k(i) k(i) x 0 k(i) x 0.5 k(i) x 2 Reactants ( = products) 

k(l) 0.320 

k(68) 0.240 

416) 0.19fi 

W7) 0.180 

k(126) 0.180 

k(109) 0.090 

k(107) 0.080 

k(24) 0.07ti 

k(84) 0.070 

k(79) O.O6!i 

k(89) 0.06:! 

k(125) 0.060 

k(98) 0.05fi 

k(105) 0.050 

k(75) O.O4!i 

k(113) 0.045 

k(90) 0.040 

k(76) 0.040 

k(108) 0.040 

k(94) 0.030 

k(121) 0.020 

k(118) 0.020 

k(82) 0.015 

k(106) O.Ol!i 

k(20) 0.010 

k(81) 0.010 

k(50) 0.010 

k(26) 0.005 

k(95) O.OO!i 

k(130) 0.005 

k(2) 0.000 

k(28) 0.000 

k(55) 0.000 

k(60) 0.000 

k(131) 0.000 

k(99) - 0.015 

k(lO4) - 0.015 

k(70) - 0.025 

k(91) - O.O3(l 

k(69) - 0.07O 

k(85) - 0.085 

k(18) - 0.170 

k(5) - 0.305 

k(21) - 0.588 

0.493 - 47.3 

0.370 - 25.9 
0.300 - 18.1 

0.277 - 18.3 

0.277 - 29.8 

0.139 - 10.4 

0.123 - 9.1 

0.116 - 7.6 

0.108 - 32.1 

0.100 - 8.3 

0.095 - 18.7 

0.092 - 6.8 

0.085 - 10.8 

0.077 - 21.1 

0.069 - 6.7 

0.069 - 8.8 

0.062 - 13.6 

0.062 - 3.7 

0.062 - 6.0 

0.046 - 7.9 

0.031 - 2.7 

0.031 - 4.5 

0.023 - 1.3 

0.023 - 0.8 

0.015 - 12.3 

0.015 - 1.0 

0.015 - 46.5 

0.008 - 46.5 

0.008 - 1.3 

0.008 - 2.3 

0.000 - 53.8 

0.000 - 34.0 

0.000 - 5.1 

0.000 - 18.4 

0.000 - 8.0 

- 0.023 1.9 

- 0.023 2.0 

- 0.039 2.8 

- 0.046 3.9 

- 0.108 8.8 

- 0.131 10.0 

- 0.262 45.1 

- 0.470 343.1 

- 0.903 164.7 

- 19.0 26.3 

- 12.9 24.0 

- 9.3 20.9 

- 8.9 17.0 

- 12.3 9.8 

- 4.6 7.1 

- 4.3 7.3 

-4.1 7.8 

- 5.7 4.2 

- 3.8 6.6 

- 4.9 4.1 

- 3.1 5.4 

- 3.4 3.6 

- 3.9 3.0 

- 2.6 3.5 

- 2.7 2.6 

- 2.5 1.6 

- 1.8 3.6 

- 2.3 2.6 

- 2.2 2.0 

- 0.9 0.7 

- 1.4 1.6 

- 0.6 1.3 

- 0.4 1.0 

- 0.6 0.3 

- 0.5 1.0 

0.1 0.0 

- 0.7 0.3 

- 0.4 0.4 

- 0.6 0.3 

- 0.3 0.1 

- 0.1 0.2 

0.0 0.0 

0.0 0.0 

0.1 0.0 

0.8 - 1.2 

0.8 - 1.5 

1.3 - 2.0 

1.8 - 2.4 

3.7 - 5.5 

4.3 - 5.8 

17.2 - 8.9 

25.7 - 18.8 

43.7 - 33.4 

NO2 + hv 

HCHO+hv(=2*HO,+CO) 
03+hv(=01D+02) 
OlD + Hz0 

AR02 + OH 

ETHE + OH 

ALKl + OH 

CO+OH 

C203 + NO 

RCHO + hv 

PAN 

AR01 + OH 

MGLY + hv ( = HO2 + CO + C203) 

AFG2 + hv 

CCHO + OH 

OLEl + OH 

C303 + NO 
CCHO + hv 

ALK2 + OH 

PPN 

OLE3 + OH 

OLE2 + O3 

MEK + hv 

CH., + OH 

HONO + hv 

MEK + OH 

R02R + NO 

NO + HO2 

CRES + OH 

ISOP + OH 

O+O,+M 
HNOz, 

ROZN + NO 

RIO2 + NO 
ISOH + NO 

MGLY + OH 

AFG2 + OH 

HCHO + OH 

C303 + NO* 

HCHO + hv ( = CO) 

C203 + NO2 

OlD+M 

NO+03 
NOz + OH 

They are Reactions Z!l, 5 and 18, respectively. Loss of 

O3 by the NO + OS reaction is very obvious. Loss of 

O(‘D) by Reaction 18 reduces the system’s - OH pro- 

duction ability and I.ndirectly makes the O3 concen- 

trations lower. Negative O3 sensitivity of the 

NOz + OH reaction in our LFV modelling system is 

mostly caused by the consumption of. OH instead of 

the consumption of NOz by the reaction. Our other 

studies show that increasing NO2 emissions leads to 

lower O3 concentrations in the Vancouver urban 

plume (Jiang et al., 1996). Combining that fact with 

the negative sensitivity of the NOz + OH rate con- 

stant, it can be concluded that the consumption of 

-OH by the NOz + OH reaction is responsible for 

decreased OS levels. 

An important condition that could affect the values 

of sensitivity coefficients is the amount of NO, emis- 

sions. To see the potential impact of NO, emissions, 

we calculated sensitivity coefficients for a scenario in 

which NO, is reduced by 60%, which corresponds to 

the NO, level for maximum ozone in the scenario. 

Qualitatively, we found that the grouping of sensitive 

and non-sensitive reactions remained the same for the 

lower NO, scenario with a few minor exceptions. In 

general, the sensitivity coefficients were smaller for the 

lower NO, scenario. For the most positively and 

negatively sensitive reactions in Table 3, the sensitiv- 

ity coefficients of NOz + hv, NO + O3 and 

CZ03 + NO2 were 82, 71 and 84%, respectively, of 

the values in the high NO, scenario. The sensitivity 
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coefficients of Reactions 68,16,17, and 126 and 21,18, 

and 69 were 17-30% of the values in the high NO, 

scenario. For other reactions involving NO or NO,, 

there tended to be much smaller or virtually no cha- 

nges in sensitivity coefficients, with the exception of 

Reaction 26, HOz + NO = OH + NOz, for which 

the sensitivity increased from 0.008 to 0.096% O3 per 

%kz6 in the low NO, scenario. This difference in the 

sensitivity of the reactions of NO and NO2 is prob- 

ably related to the system moving towards conditions 

where availability of NO, is becoming more impor- 

tant in the low NO, scenario. 

3.3.2. Effects of large rate constant changes. Sensi- 

tivity coefficients calculated above can be considered 

as a sensitivity measurement for small rate constant 

changes near the base case situation. When a rate 

constant is changed far enough from its base case 

value, the effect on O3 concentrations can be different 

from that indicated by the sensitivity coefficient. The 

middle part of Table 3 lists changes in maximum 1 h 

average O3 concentrations when the base case rate 

constants of the sensitive reactions are multiplied by 

0,0.5, and 2. They can be used as a supplement to the 

sensitivity coefficients in assessing impact of changed 

rate constants to O3 levels. Note that reactions in 

Table 3 are sorted in descending order of sensitivity 

coefficients. The order for effects of large changes in 

rate constant is not necessarily the same. 

4. DISCUSSION AND CONCLUSIONS 

We modified and updated a version of the 

SAPRC90 mechanism implemented in CALGRID us- 

ing LFV emissions profiles, more recent experimental 

results and newly recommended rate constants. The 

new CD2273V2 mechanism contains explicit reac- 

tions for modelling impacts of alternative fuels and 

biogenic emissions, and will be used in both the 

OZIPR trajectory model and the CALGRID model 

to evaluate the potential roles of these emissions on 

air quality in the LFV. 

Sensitivity of ozone concentrations to rate con- 

stants of the new mechanism was determined using 

the OZIPR trajectory model for conditions of an 

ozone episode in the LFV. The adopted trajectory 

simulated the daytime chemistry of an urban plume in 

the LFV. Out of the 137 reactions in the mechanism, 

44 reactions were classified as sensitive reactions. 

Among them, 36 are general sensitive reactions. The 

other eight reactions were designated as limit-sensi- 

tive reactions since they only become sensitive when 

their rate constants approach the limit of zero or the 

rate constants are reduced by more than an order of 

magnitude. The remaining 93 reactions in the mecha- 

nism were not sensitive when their rate constants were 

changed from zero to two times their base case values. 

In general, the reactions identified as most sensitive 

to ozone formation in this work are consistent with 

the results of other recent studies involving several 

chemical mechanisms (Yang et al., 1995; Gao et al., 

1995; Dechaux et al., 1994). The objective of these 

studies was to determine the influence of estimated 

uncertainties in kinetic parameters on calculated con- 

centrations of ozone and other model species. If the 

rate constant sensitivities to ozone formation re- 

ported for the RADMZ (Gao et al., 1995) and the 

SAPRC90 (Yang et al., 1995) mechanisms are ad- 

justed assuming constant fractional uncertainty in the 

rate constants, the most sensitive reactions identified 

in these studies are consistent with the present results. 

The exceptions are some photolytic radical genera- 

tion reactions in the RADM2 mechanism that are less 

sensitive than found in the present study. Examples 

are photolysis of O3 and aldehydes, and reactions of 

O(‘D). This may be due to the use of higher initial 

concentrations in the RADM2 study, with no sub- 

sequent emissions. Very low initial concentrations of 

ozone and its precursors would make the system more 

sensitive to radical generation processes. This result 

illustrates a significant difference for the LFV com- 

pared to the typical situation in eastern North Amer- 

ica in which long range transport of O3 and its 

precursors leads to high initial concentrations in the 

analysis of sub-regional air quality. 

The explicit reactions of components of alternative 

fuels, such as propane, methanol, ethanol, and MTBE 

were not identified as sensitive reactions. This is likely 

due to the low emission rate of these species under the 

present scenario combined with the relatively small 

rate constants for the reactions of these species with 

OH. However, it is expected that the importance of 

these reactions could increase in future year scenarios 

that involve significant application of technologies 

utilizing these fuels. 

In usual applications of trajectory models, the tra- 

jectory is selected based on the final destination of an 

air mass. The destination is selected to coincide with 

the location of a monitoring station so that final 

calculated concentrations can be compared with ob- 

servations. In the present work, the trajectory was 

selected to track an air mass that passed over the 

urban core during the morning rush hour. The traject- 

ory therefore represents a situation where the air mass 

receives maximum early morning emissions during an 

actual ozone episode. Since the focus of this paper is 

to study the sensitivity of ozone concentrations to rate 

constants in order to characterize the modelling sys- 

tem, no attempt is made to adjust either base case 

emissions or other conditions in order to match the 

calculated concentrations with the ambient measure- 

ment data. 

However, the underprediction of ozone concentra- 

tions by the model is obvious for the adopted model- 

ling conditions. The calculated maximum 1 h average 

OJ concentration along the trajectory is 64.9 ppb 

when the base case rate constants are used. The value 

is 37% lower than the peak value of 102.5 ppb meas- 

ured at a downwind station at Chilliwack on 18 July 

1995. Although the comparison is not expected to be 
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accurate due to the 25 km distance between the Chil- 

liwack station and the selected trajectory, such a large 

gradient in ozone concentrations this far downwind is 

not expected. It is reasonable to conclude that there is 

an underprediction of O3 concentrations. The lower 

calculated peak O3 lsoncentrations are caused in part 

by a too rapid decrease in morning O3 concentra- 

tions, from 8:OO to 10:00 a.m., due to NO, titration of 

O3 in the model calculation. Such low values of 

O3 concentrations were not observed in the nearby 

urban monitoring slations in the morning hours. Al- 

though better agreement with observed ozone con- 

centrations could be obtained by adjustments to the 

emissions or initial conditions, there is no indepen- 

dent justification for doing so. Uncertainties in the 

chemical mechanism could also contribute to the 

underestimation of ozone, and the sensitivity study in 

this work identifies the most critical groups of reac- 

tions. 

The present study focused on a trajectory that 

includes the peak morning emissions from the urban 

core of Vancouver. The sensitivity of ozone concen- 

trations in the LFV to either kinetic parameters or 

emissions is expected to have a spatial variability that 

could only be estimated by using a 3D model, a pro- 

cess that would require significantly more resources. 

Also, the simulation was conducted only for daylight 

hours, and the influence of nighttime chemistry was 

not evaluated. Within these limitations, the present 

study provides a basis for identifying areas for further 

study. For example, the sensitivity of the rate con- 

stants of several photolysis reactions on O3 formation 

indicates that uncertainties in absorption cross sec- 

tions, quantum yields and actinic fluxes could have 

substantial impact on model performance. Also, un- 

certainties in the chemistry of aromatics can have 

a significant impact, since the sensitivity of ozone 

concentrations to the rate constant of the 

AR02 + OH reaction is very high. In another study 

concerning emissions in the LFV (Jiang et al., 1996), 

we also found that I:he ozone concentrations in the 

LFV are very sensitive to the AR02 emissions in the 

valley. Future work with the MC2-CALGRID model 

will evaluate this sensitivity more fully. Although the 

modelling studies indicate the importance of the 

chemistry of aromatics in the LFV, the chemistry of 

these compounds is one of the more uncertain areas in 

chemical mechanisms used in photochemical models. 

Therefore, the aromatic chemistry should be a priority 

to be addressed in future research. 
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