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II. Simulation of Tropospheric Ozone and Its Precursors in East Asia
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Abstract The transport and transformation processes of tropospheric ozone and its precursors in East Asia during
the period of 22 February to 5 May 2001 are investigated by use of the Models-3 Community Multi-scale Air Quality
(CMAQ) modeling system with meteorological fields produced by the Regional Atmospheric Modeling System
(RAMS). In order to evaluate the model performance, simulated concentrations of ozone (O;) and its closely relat-
ed precursors such as hydroxyl radical (OH), hydroperoxy radical (HO,), nitric oxide (NO), nitrogen dioxide
(NO;), ethene (C;H,), ethane (C;Hs), and carbon monoxide (CO) are compared with a set of observations meas-
ured on board two aircrafts DC-8 and P3-B during the Transport and Chemical Evolution over the Pacific (TRACE-
P) field campaign. The DC-8 flights have an altitude variation from 150 m to 12 km, and the P-3B flight altitudes
range from 150 m to 7 km. Two aircrafts made extensive observations in the western Pacific with bases near Hong
Kong, Okinawa and Tokyo during the period from 7 March to 2 April 2001, successively. In comparing the model
results with the aircraft observations, the observed data are averaged over 5 minutes, and based on the averaged
sampling latitude, longitude, height and time, simulated values are extracted from the model outputs.

Comparison of the observed mixing ratios of OH, HO,, NO, NO,, C;H,, C;Hs, CO, and O; with observa-
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tions during the period from 7 March to 2 April 2001 on board DC-8 and P-3B shows that averaged simulation values
of these chemical species are generally in good agreement with their observed ones, and more than 50% of the simu-
lated OH, HO., C;H;s, CO and O; values are within a factor of 2 of their observations, while the model overpre-
dicts OH and O; and underpredicts CO. For example, simulated OH values are higher than the observed ones by
factors of 1. 56 and 1. 36 on board DC-8 and P3B, and their correlation coefficients are 0. 88 and 0. 83, respectively.
The overestimation of O; are in factors of 1. 27 and 1. 19 for DC-8 and P3B, respectively, and the O3 overprediction
is especially evident at high altitudes for DC-8 in association with a too strong stratospheric input in the model and
related downward transport. Statistics of the comparison also shows that the Normalized Mean Errors (NMEs) for
NO, NO;, and C;H; are all larger than 60%. The observed mixing ratios of these chemical species vertically exhibit
large variations, and the simulated vertical distribution patterns are generally similar to the observed ones. This im-
plies that the model system captures the spatial-temporal distributions reasonably well, as two aircraft flights cov-
ered a wide area over the western Pacific and lasted over one month during the field campaign. The model system al-
so treats transport and transformation processes of different non-methane hydrocarbon species properly, and reason-
ably depicts the processes influencing the tropospheric ozone distributions such as photochemical production, strato-
spheric ozone influx into troposphere, etc.

The evaluation results indicate that CMAQ is able to simulate the distributions of ozone and its closely related
species in the troposphere over East Asia reasonably well. This provides us with much confidence for further use of

CMAQ to investigate the chemical evolution of the Asian outflow over the western Pacific and the ensemble of the

processes that control this evolution.
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Table 1 Major gases and aerosols treated in the model system
ha=2 o7/ 75 £ Fh
No. Chemical species No. Chemical species
1 —% k% Nitrogen monoxide (NO) 22 JHAEBEEEAEERER Peroxyacetyl nitrate (PAN)
2 &4k A Nitrogen dioxide (NO) 23 B S EREL Aitken mode sulfate mass (ASO4T)
3 —%fk#k Carbon monoxide (CO) 24 FHIRBLAS A A MLk
4 AR Sulfur dioxide (SO2) Accumulation mode primary organic mass (AORGPA])
5 H % Formaldehyde (HCHO) 25  FREBLAAER
6 ZEEMEMEE Acetaldehyde and higher aldehydes (ALD) Accumulation mode ammonium mass (ANH4])
7 L%t Ethane (G Hg) 26 BRHURAS FU A ALK
8  ZJ# Ethene (C2Hy) Aithen mode primary organic mass (AORGPAI)
9 A%t Propane (CsHg) 27  BRHERE SRR Aitken mode ammonium mass (ANHA41D)
10 5% Tsoprene (ISOP) 28 T AN IR 9 BB B S WA A HLAR Accumulation mode an-
11 A% Monoterpenes (TERP) thropogenic secondary organic mass (AORGA])
12 HIRAL IG5 S /IR 29  FHERFSAEERER Accumulation mode nitrate mass (ANO3])

Toluene and less reactive aromatics (TOL)
13 448 Alkene (OLT-+OLD
14 ZHIRAG A TG PEROR B0 05 e

Xylene and more reactive aromatics (XYL)
15 A& H i3 Hydroxyl radical (OH)
16 A EHE B A& Hydroperoxy radical (HO;)
17 3454k A Hydrogen peroxide (HyO2)
18 R4 Ozone (O3)
19 & Sulfuric Acid (H>SO,)
20 FffR Nitric acid(HNO3)
21 FHESBESHRERER Accumulation mode sulfate mass (ASO4))

30 PWT AABEAYBRIRBIZS R A A LK Aithen mode anthropogen-
ic secondary organic mass (AORGAI)

31 BHIRAMAREL Aithen mode nitrate mass (ANO3I)

32 BEFAMBE RS K AEE YLK Accumulation mode bio-
genic secondary biogenic organic mass (AORGB])

33 BURBIE AR
Accumulation mode elemental carbon mass (AEC])

34 JETAEYE RS AEA P Aithen mode biogenic sec-
ondary biogenic organic mass (AORGBI)

35 BB Aithen mode elemental carbon mass (AECI)

36 MR Coarse mode marine mass (ASEAS)

TE: BRI EARN 0. 01~0. 1 pm BYRTIRIL s BURSHR HARN 0. 1~2 pm SRR HISHE HARKRT 2 pom BRI

Note: Aithen mode represents atmospheric particles with diameters in the range of 0. 01 - 0. 1 um, accumulation mode refers to the

particles with diameters of 0. 1-2 pm, and coarse mode stands for the particles larger than 2 pm.
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Table 2 Statistical summaries of the comparisons of the model results with observations on board DC-8

N Cn C, R. Pis/ % Puo/ % MB NMB/ %  RMSE NME/ %
OH (10712) 1000 0. 20 0.13 1. 60 42.3 68.7 0. 07 55.9 0.12 67.3
HO, (10712) 1000 12.8 10. 3 1.28 68. 8 90. 2 2.47 24.0 4.81 33.2
NO (10712) 858 31.0 46.9 3.96 26. 3 43.7  —15.9 —33.9 71.01 73.5
NO, (10712) 665 77.3 79.5 7.68 26. 3 45.9 —2.20 —2.7 135.57 84.6
CyHs (1079 1018 1. 14 1.27 1.02 64.5 93.0 —0.12 —9.7 0. 54 31.7
CoH (107%) 648 0. 09 0. 09 2.72 29. 8 48.3 —0.01 —6.5 0. 20 69. 4
CO (1079) 1072 135.0 155. 3 0. 95 78. 4 94.4  —20.29 —13.1 60. 51 27.0
05(1079) 1081 74.9 58.8 1. 46 63.7 81.5 16. 05 27.3 41.01 45.8
*3 EES P-3B WG (FRoH) LB — L5t &R
Table 3 Same as Table 1 but for P-3B
N Con Co R. Pis/%  Pao/% MB NMB/%  RMSE NME/ %
OH (10712) 909 0. 25 0.19 1. 85 46.5 69.3 0. 07 35.6 0.13 50. 9
HO, (10712) 129 16.12 18. 85 1.03 61.2 83.7 —2.73 —14.5 9.68 35.6
NO (10712) 974 41.17 34. 69 1.72 30. 1 61.8 6. 47 18.7 60. 63 72.7
NO, (10712) 730 137.12 108. 95 2.01 36. 7 57. 4 28.17 25.9 147. 60 76.5
CoHs (1079 1041 1. 40 1.56 0.97 66. 7 93.6 —0.16 —10.6 0.58 29. 4
CoHy(107%) 773 0.13 0. 09 3.29 31.8 49.9 0. 04 38.5 0. 20 90. 0
CO (107%) 1050 154. 8 183.9 0. 94 73.2 94.2 —29.18 —15.9 76. 32 28. 4
05(1079) 1084 64.3 54.1 1.28 78.9 92.9 10. 13 18.7 21. 61 29. 2
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Fig. 1 Observed (dots) and modeled (triangles) vertical variations in OH concentrations during the DC-8 flights 07 to 17 and the P-3B

flights 08 to 19
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