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1. INTRODUCTION

Ozone is a secondary pollutant and formed
through a series of photochemical reactions of
volatile organic compounds (VOCs) and nitrogen
oxides (NOx). Ozone concentration can be
predicted by air quality model and the result can
be provided to support decision making or policy
formulation. Consequently, the accuracy of air
quality model simulation becomes significantly
important. The result of air quality model is greatly
affected by gaseous and aqueous phase chemical
reaction, transport, deposition as well as
topography and meteorological conditions.
Atmospheric chemistry mechanisms play the most
important role in the atmospheric chemistry model
(Stockwell et al., 1997).

A number of simulation results of box model
and 3-D air quality model were used to compare
the differences among various chemical
mechanisms (Gross and Stockwell, 2003; Jimenez
et al., 2003; Chen et al., 2010; Yu et al., 2010;
Ying and Li, 2011). Regional Atmospheric
Chemistry Mechanism (RACM) is an atmospheric
chemistry mechanism based on the Regional Acid
Deposition Model, version 2 (RADM2) (Stockwell
et al., 1990) and developed by Stockwell et al.
(1997), which consisted of 77 chemical species
and 237 reactions including photolysis that usually
plays the initiative role for many chemical
reactions in the atmosphere. Good photolysis rate
estimates must be made to accurately predict the
effects of air pollution. The photolysis rate is
mainly influenced by absorption cross sections
and quantum yields functioned of wavelength and
temperature. The parameters of photolysis rate
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used in RADM2 and RACM are the data of earlier
studies, thereafter many studies for photolysis rate
were published and new data are available
currently. What is the impact of updated photolysis
rate on simulation results for various chemical
mechanisms is an interesting topic for improving
the performance of air quality model. Therefore,
this study is subject to compare the differences of
simulated ozone concentrations for RADM2,
RACM mechanisms and photolysis rate constants
used in Models-3/CMAQ.

2. Methods

Based on the RADM2 module used in
Models-3/CMAQ, the gas-phase chemical
mechanism is modified to establish the RACM
module. In addition, the new parameters of
photolysis rate are also collected to update the
RADM2 and RACM modules in this study.

2.1 Establish of RACM module

Comparing to RADM2, the number of
chemical reactions in RACM is significant increase.
Moreover, a number of products, coefficients,
reaction rates and carbon numbers need to be
changed for establishing RACM module. Chemical
reactions can be divided into two parts of
photolysis and non-photolysis. Type of reaction,
reactant, product and its coefficient are necessary
to be set up in photolysis reaction. The steps for
establishing the RACM module are described as
follows:

2.2 Updating photolysis rate constants

There are two major data sources of
absorption cross sections and quantum yields to
update and adopt the photolysis rate constants in
this study. One is published by Sander et al. (2006)
and another is the online search system
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(http://www.atmosphere.mpg.de/enid/2.html) of the

atmospheric chemistry department of the Max
Planck Institute (MPI). Most of the rate constants
of the photolytic species can be updated in
RADMZ2 module. A comparison of data sources of
absorption cross sections and quantum yields
before and after updating is listed in Table 1. The
wavelength ranges have little difference after data
updating, the wavelength range become greater

for most part of species, but it become smaller for
some species. For example, the wavelength range
of NO3 is 5 nm before updating, but shortened to 1
nm after updating. A photolytic rate constant is
calculated by integrating the products of the
absorption cross section and quantum yield
corresponding to each wave band. Consequently,
more detailed data are helpful to the accuracy of
rate constant calculation.

Table 1 Comparison of data sources of absorption cross sections and quantum yields before and after
updating for various species

Before Updating After Updating
Species Cross Section Quantum Yield Cross Section Quantum Yield
Wavelength Reference Reference Wavelength Reference Reference
rang (nm) range (nm)
NO; 185~427 |Base etal. (1976) ﬁ%g‘)er etal. 242 ~ 665 s(gggg)r etal. Troe et al. (2000)
0 185~ 735 '(ng'\gg;e etal. 'Eq%‘;ggat etal. 185 ~ 830 S(;"ggg)r etal. DeMore et al. (1994)
0s 185 ~ 735 I?fgl\ég;e etal. (S1tgglé\;vell etal. 185 ~ 830 S(;ggg)r etal. ?{[ggl;v)vell etal.
HONO | 310~392 Sctgl‘\’/';"rvte('hggg) (nggg‘;ve" etal. 184 ~ 397 s(gggg)r etal. DeMore et al. (1994)
HNO, 190 ~ 327 I}/;cgga) and Molina (S1tggl(()\;vell etal. 190 ~ 352 S(gggg)r etal. ?}ggl;v)vell etal.
HNO, 188 ~ 332 I}/zcgg;a) and Molina (S1tggla\;vell etal. 190 ~ 352 S(gggg)r etal. ?}ggl;v)vell etal.
T R e i I i e
R N | N i
H.0, 190 ~352  |Lin etal.(1978) (ngg'é‘;ve" etal. 190 ~ 355 s(gggg)r etal. ?}gg‘;")ve" etal.
HCHO | 246~367 '}’L%%%?itgzt;" ?ﬂg%g?at etal. 226 ~ 375 s(gggg)r etal. Smith et al. (2002)
HCHO | 246~367 %%%%?ﬂtgztg" m%%t?at etal. 226 ~ 375 S(;‘ggg)r etal. Moortgat et al. (1983)
ALD 206 ~ 352 %ag'a‘é%r)t and Pitts ngf)hn etal. 202 ~ 361 S(;‘ggg)r etal. Atkinson et al. (1984)
OP1 210 ~ 357 “;'\;’;S:”i”(ﬂ o79) (S1tgg'8‘;ve" etal. 210 ~ 370 s(gggg)r etal. DeMore et al. (1994)
oP2 210 ~ 357 “ﬁ:’;‘;‘:”i”g o79) (S1tgg'(‘)‘;"e” etal. 210 ~ 370 s(gggg)r etal. DeMore et al. (1994)
PAA 190 ~ 352 Céilg?#gsre(fgge) (S1tgglé\;vell etal. 190 ~ 355 ?gggg)r etal. ?:ggl;v)vell etal.
KET 277 ~ 322 ((:%‘é%r)t and Pitts ﬁ%rg:)er etal 202 ~ 355 '\;'f(r}iggeg)m Gardner et al. (1984)
GLY 232~457 |Plumetal. (1983) | Carteretal. (1989) | 232 ~526 S(;‘ggg)r etal. Atkinson et al. (1992)
GLY 232 ~457 |Plumetal. (1983) | Carter et al. (1989) 232 ~ 526 s(gggg)r etal. Atkinson et al. (1992)
MGLY | 232~457 |Plumetal. (1983) | Carteretal. (1989) | 200 ~493 S(‘z"‘ggg)r etal. Carter et al. (1989)
DCB 185 ~ 362 %ag”seg)et al. Carter etal. (1989) | 185~ 362 ?fgseg)et al. Carter et al. (1989)
ONIT 263 ~ 327 ?f;‘é%r)t and Pitts ?fgg‘a‘;"e" etal. 270 ~ 330 A(ﬁ'gg%’” etal. | Atkinson et al. (1997)
MACR | 226~380 %agrg?)er etal. ﬁ%rg;)er etal. 250 ~ 395 s(gggg)r etal. Gierczak et al. (1997)
HKET | 277~322 ?f;‘é%r)t and Pitts ﬁ%rg:)er etal. 202 ~ 355 '\;'f(r:iggg)et Gardner et al. (1984)
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2.3 Air quality modeling

The meteorological conditions were
generated by the MMS with three-level nested
domains as shown in Fig. 1, including East Asia in
domain 1 with 81 km x81 km resolution,
southeastern China and Taiwan in domain 2 with
27 kmx27 km resolution, and entire Taiwan in
domain 3 with 9 km x9 km resolution. The ozone
episode of May 22 to May 29, 2003 was selected
to be simulated in this study because observed
data of ozone and its precursor were available.

Taiwan emission inventory dataset for 2003,
called TEDS 6.03 (CTCI, 2006), was used in this
study for anthropogenic emissions and Taiwan
biogenic emission inventory system, called TBEIS
2.0 (Chang et al., 2009) was used to estimate
biogenic emissions in Taiwan. The biogenic
emission of East Asia was estimated by a model
which structure is similar with TBEIS 2.0 The
anthropogenic emission of East Asia majorly
adopted the inventory dataset of REAS (Ohara et
al., 2007) and the quantity of emission was
distributed to 1km x 1km resolution based on the
population distribution in East Asia with the same
resolution.
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Fig. 1 Modeling framework with three-level nested
domains in this study

2.4 Description of simulation cases

To examine RADM2 and RACM and the
influence before and after updating photolysis
rates, four simulation cases were designed as
Table 2. Chemical reaction mechanism RADM2
and its original photolysis rates were used in Case
1. RADM2 and the updated photolysis rates in

this study were adopted in Case 2. Chemical
reaction mechanism RACM and original photolysis
rates of RACM were used in Case 3. RACM and
the photolysis rates collected in this study were
applied in Case 4.

Table 2 Chemical reaction mechanism and photolysis
rate adopted in various simulation Cases

Simulation | Chemical reaction .
- Photolysis rate
case mechanism
Case 1 RADM2 Original data in RADM2
Case 2 RADM2 Updated data in this
study
Original data in RADM2
Case 3 RACM and set up for the
others in this study
Case 4 RACM Set up in this study

3. Results and Discussion

Case 1 was served as the base case for a
comparison with other cases and the influences of
different change factors on model simulations
were analyzed. All of the ozone concentration
distribution charts below were the simulation
results at 2 p.m. of May 27, 2003.

3.1 Influence of updating photolytic rate
constants

The simulated ozone concentration in Case
1 was illustrated in Fig. 2a and the areas with a
high ozone concentration of more than 120 ppb
include Beijing, Shanghai, Korea and the
southwestern coast of Taiwan. Highly ozone
distributed areas in Case 2 were similar to those in
Case 1; however, the areas with an ozone
concentration of more than 120 ppb extended
compared with Case 1. Spatial distribution
differences of ozone concentrations before and
after updating photolytic rate constants in domain
1 were shown in Fig. 2b. The highest increase in
simulated ozone concentrations was in the coastal
areas of Korea by 12 to 16 ppb, followed by
Beijing, and Taiwan with an ozone increase of 4 to
8 ppb. The influence of ozone concentrations on
other areas was less than 4 ppb.

3.2 Influence of various chemical reaction
mechanisms

To understand the influence between
RADM2 and RACM on ozone concentration, the
results of Case 1 and Case 3 was compared.
Spatial distribution differences of simulated ozone
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concentrations between Case 1 and Case 3 in
domain 1 were shown in Fig. 2c. The result of
Case 3 indicated highly ozone distributed areas
were similar to those in Case 1; nevertheless,
areas with a high concentration expanded. The
largest difference of ozone concentration is over
28 ppb and occurred along the coastal areas in
Korea.

3.3 Influence of various chemical reaction
mechanisms with updating photolysis
rates

To analyze the effects of various chemical
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4. Conclusion

RACM module was established based on
RADM2 used in CMAQ and photolysis rate
constants were also updated by the new published
data in this study. Four combinations of RADM2
and RACM modules with original and updated
photolysis rates in CAMQ were simulated and

reaction mechanisms with updating photolysis
rates, a comparison of ozone concentration
between Cases 1 and 4 was made. Spatial
distribution differences of ozone concentrations in
domain 1 were shown in Fig. 2d. The areas that
ozone concentrations were less significant like
Taiwan and Guangdong in Case 1 had also
increased in Case 4. Districts with the greatest
concentration difference in these two cases were
in Beijing, Shenyang and coastal areas in Korea.
An ozone concentration difference of about 28 ppb
occurred in the aforesaid districts when RADM2
was replaced by RACM with updated photolysis
rates.
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Fig. 2 Spatial distribution differences of ozone concentrations for various cases in domain 1

compared to each other. According to the air
quality model simulation Cases 2 thru 4 and a
comparison with the simulation results of the base
case, the greatest difference of the peak
concentration level of ozone occurred in the
southwestern Taiwan. If the photolysis rate
constants were updated, the peak ozone
concentration level in these areas increased by
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about 12 ppb (10%). If using RACM without
updating the photolytic rate constants, an increase
of about 20 ppb (16%) in the peak ozone
concentration level occurred in southwestern
Taiwan. When RACM with updated photolysis rate
constants was used, a difference in the peak
ozone concentration level would be over 28 ppb
(approx. 23%). The ozone concentration simulated
by CMAQ with RACM mechanism was higher than
those in CMAQ with RADM2.
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