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Abstract

The impact of two recent gas-phase chemical kinetic mechanisms (CB05 and RACM2)
on the formation of secondary inorganic and organic aerosols is compared for simu-
lations of PM2.5 over Europe between 15 July and 15 August 2001. The host chem-
istry transport model is Polair3D of the Polyphemus air-quality platform. Particulate5

matter is modeled with SIREAM, which is coupled to the thermodynamic model ISOR-
ROPIA and to the secondary organic aerosol module MAEC. Model performance is
satisfactory with both mechanisms for speciated PM2.5. The monthly-mean difference
of the concentration of PM2.5 is less than 1 µg/m3 (6%) over the entire domain. Sec-
ondary chemical components of PM2.5 include sulfate, nitrate, ammonium and organic10

aerosols, and the chemical composition of PM2.5 is not significantly different between
the two mechanisms. Monthly-mean concentrations of inorganic aerosol are higher
with RACM2 than with CB05 (+16% for sulfate, +11% for nitrate, and +12% for ammo-
nium), whereas the concentrations of organic aerosols are slightly higher with CB05
than with RACM2 (+26% for anthropogenic SOA and +1% for biogenic SOA). Differ-15

ences in the inorganic and organic aerosols result primarily from differences in oxidant
concentrations (OH, O3 and NO3). Nitrate formation tends to be HNO3-limited over land
and differences in the concentrations of nitrate are due to differences in concentration
of HNO3. Differences in aerosols formed from aromatics SVOC are due to different
aromatics oxidation between CB05 and RACM2. The aromatics oxidation in CB0520

leads to more cresol formation, which then leads to more SOA. Differences in the aro-
matics aerosols would be significantly reduced with the recent CB05-TU mechanism
for toluene oxidation. Differences in the biogenic aerosols are due to different oxidant
concentrations (monoterpenes) and different particulate organic mass concentrations
affecting the gas-particle partitioning of SOA (isoprene).25
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1 Introduction

The contribution of secondary aerosols formed from atmospheric gas-phase species
to the total amount of particulate matter (PM) is important in many urban and re-
mote areas (Seinfeld and Pandis, 1998; Finlayson-Pitts and Pitts Jr., 2000), secondary
aerosols dominate atmospheric PM in Europe at many monitoring sites (Putaud et al.,5

2010). Secondary aerosols consist of inorganic and organic components. The forma-
tion of secondary aerosols is due to various physical processes (nucleation, conden-
sation and evaporation) and chemical processes (photochemical gas-phase oxidation
leading to the formation of semi-volatile products that may condense onto particles,
aqueous-phase oxidation and particulate-phase processes).10

Hence the gas-phase chemical mechanisms in air quality models (AQMs) play an im-
portant role in modeling aerosol concentrations. Different gas-phase chemical kinetic
mechanisms have been developed to represent atmospheric chemistry, ranging from
simple (less than ten species) to complex (several thousand species). Condensed
mechanisms with 50 to 100 species (e.g., SAPRC, RACM and carbon-bond mecha-15

nisms) are typically used in three-dimensional (3-D) AQMs to simulate the evolution
of ozone and PM (Luecken, 2008). Condensed mechanisms are classified as lumped
structure mechanisms (carbon-bond mechanisms: CB05 and CBM-IV) and lumped
species mechanisms (e.g., SAPRC and RACM mechanisms).

Several studies have been carried out to understand the impact of the gas-phase20

chemical mechanism on the formation of secondary aerosols. Sarwar et al. (2008)
compared CB05 and CBM-IV for the formations of sulfate, nitrate and secondary
organic aerosol (SOA) using the Community Multiscale Air Quality model (CMAQ).
Luecken (2008) compared the impact of CB05, CBM-IV and SAPRC99 on PM2.5 (parti-
cles less than 2.5 µm in aerodynamic diameter) for regulatory applications in the United25

States. Pan et al. (2008) compared CBM-Z, CB05 and SAPRC99 for the formation of
inorganic PM using the Weather Research and Forecasting model coupled with Chem-
istry (WRF/Chem) and the Model of Aerosol Dynamics, Reaction, Ionization, and Dis-
solution 1 (MADRID 1).
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This study focuses on differences in PM2.5 concentrations over Europe simulated
with two recent chemical mechanisms, a carbon-bond mechanism, CB05, and a
lumped species mechanism, RACM2. The gas-phase mechanisms were incorporated
within Polair3D, the 3-D AQM of the Polyphemus air-quality platform (Kim et al., 2009).
First, a brief description of the model used in this study is given. Coupling between5

the aerosol model and the chemical mechanisms is then discussed. Next, the setup of
the simulations is described and simulation results are compared to observed data. To
analyze the impact of the gas-phase chemical mechanism on PM concentrations, the
chemical composition of PM2.5 over Europe is presented in the first part of the analysis.
Then, mean concentrations of inorganic and organic PM2.5 simulated with CB05 and10

RACM2 are compared over the whole domain for each chemical component. Next,
comparisons of the spatial distributions of aerosols are presented. The results are
discussed in a diagnostic manner to identify the main causes of the discrepancies.

2 Model descriptions

The chemistry transport model Polair3D (Sartelet et al., 2007) of the air-quality platform15

Polyphemus version 1.6 (Mallet et al., 2007) is used in this study (http://cerea.enpc.fr/
polyphemus). PM is modeled with SIREAM (SIze REsolved Aerosol Model). SIREAM
segregates the particle size distribution into sections and simulates nucleation, coag-
ulation and condensation/evaporation processes (Debry et al., 2007a). SIREAM is
coupled to the thermodynamic model ISORROPIA for inorganic species (Nenes et al.,20

1998).
The SOA Modified AER/EPRI/Caltech module (MAEC) calculates the secondary or-

ganic components of particles (Debry et al., 2007b). MAEC is based on the AEC model
of Pun et al. (2002, 2006). Biogenic precursors such as isoprene and sesquiterpenes
are added, as well as glyoxal and methylglyoxal. The oxidation of isoprene leads to25

two surrogate SOA products following Zhang et al. (2007). Oligomerization in the par-
ticulate phase is parameterized following Pun and Seigneur (2007). Oxidation under
low-NOx and high-NOx conditions is differentiated for aromatic products.
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2.1 Chemical kinetic mechanisms

RACM2 (Goliff and Stockwell, 2008, 2010) is a recent mechanism developed via vari-
ous improvements in RACM (Stockwell et al., 1997). Recent developments in RACM2
related to aerosol formation concern the benzene scheme, separation of xylene iso-
mers (XYO for o-xylene and XYL for m- and p-xylene) and glyoxal photolysis. For5

the benzene scheme, phenol is now explicitly speciated as a product of benzene ox-
idation (Goliff and Stockwell, 2010). This speciation of phenol is important because
the oxidation of phenol leads to the formation of aromatic compounds which are SOA
precursors (Pun and Seigneur, 2007). CB05 (Yarwood et al., 2005) is an updated
version of CBM-IV (Gery et al., 1989). In CB05, most organic compounds are divided10

into smaller species elements based on the bond types of their carbon atoms.
Kim et al. (2009) studied the impact of using either CB05 or RACM2 on the chemistry

of ozone formation over Europe. This work focuses on aerosol formation. To couple
the chemical kinetic mechanisms with the aerosol module MAEC, gas-phase organic
precursors of SOA in CB05 and RACM2 were modified or added as described in the15

following paragraph.
Furthermore, the dinitrogen pentoxide (N2O5) chemistry in CB05 was modified. The

concentration of N2O5 does not strongly impact ozone formation chemistry, but it is
important for the formation of particulate nitrate via heterogeneous chemistry (Ja-
cob, 2000). CB05 involves two gas-phase reactions of N2O5 with water; one is a20

bimolecular reaction and the other is a termolecular reaction. Following the recent rec-
ommendation of IUPAC (International Union of Pure and Applied Chemistry), we ex-
cluded the termolecular reaction from CB05 and set an upper limit of 1.0×10−22 cm3

molecule−1 s−1 for the bimolecular reaction rate coefficient in the two mechanisms
(www.iupac-kinetic.ch.cam.ac.uk).25
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2.2 SOA formation in CB05 and RACM2

As organic gases are oxidized in the gas phase by hydroxyl radicals (OH), ozone (O3)
and nitrate radicals (NO3), their volatility is lowered. These oxidation reactions form
products of low volatility, which may condense on the available particles to establish
equilibrium between the gas and particle phases. There are four types of gas-phase5

organic precursors treated in MAEC: aromatics, long-chain alkanes, long-chain an-
thropogenic alkenes and biogenic alkenes. These precursors are consistent with the
RACM2 species because MAEC was originally developed in conjuction with RACM
(Debry et al., 2007b). However, some of these precursors are not available in CB05
and it is necessary to add them to make CB05 compatible with MAEC. These ad-10

ditions are made in such a way that they do not affect CB05 for oxidant formation.
Table 1a summarizes the gas-phase organic precursors for CB05 and RACM2. The
gas-phase organic precursors are oxidized to form Semi-Volatile Organic Compound
(SVOC), which may condense onto particles. SVOC used in MAEC are presented in
Table 1b.15

For aromatic precursors, RACM2 includes two surrogates (XYO, XYL) for xylenes,
whereas CB05 includes only one surrogate (XYL) for all xylene isomers. Phenol is ex-
plicitly modeled in RACM2 with the PHEN surrogate species. The two mechanisms
have the same precursors for toluene and cresols. RACM2 represents long-chain
alkane precursors with the HC8 surrogate species, which represents alkanes with an20

OH rate constant greater than 6.8×10−12 cm3 molecule−1 s−1. CB05 does not explicitly
include any alkane surrogate to form SOA because alkane species are decomposed
into PAR elements, which is the single carbon-bond surrogate. Therefore, it is nec-
essary to add a supplementary species to take into account the effect of alkanes on
SOA formation in CB05. Here, we add the HC8 surrogate of RACM2 to the CB0525

mechanism. The two mechanisms have the same anthropogenic alkene precursors,
but biogenic alkene precursors differ. Monoterpenes are represented with two species,
API and LIM, in RACM2 but only one species, TERP, in CB05. Because MAEC was
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developed originally using surrogate species of RACM (Debry et al., 2007b), biogenic
SOA are formed from the two species API and LIM. To have a similar treatment of SOA
formation by monoterpenes in CB05, API and LIM are added to CB05 for biogenic SOA
formation, in parallel to TERP, which is used solely for the gas-phase chemistry.

Tables 2a and b present the toluene and xylene oxidation chemistry, respectively, for5

SVOC formation in CB05 and RACM2. For toluene and xylene, we differentiate the
oxidation under low-NOx and high-NOx conditions. Under low-NOx conditions, SVOC
are formed from the oxidation of peroxy radicals formed from toluene or xylenes by
HO2, methyl-peroxy radical or higher peroxy radical surrogates (carbon number ≥ 2),
whereas under high-NOx conditions, SVOC are formed from the oxidation of those10

toluene or xylene peroxy radicals with NO and NO3. Even though CB05 has its own
toluene and xylene oxidation chemistry, the chemistry in RACM2 is more detailed than
in CB05 and better suited for representing SVOC formation under different NOx con-
ditions. Therefore, we use reactions of RACM2 for modeling the formation of SVOC
from the oxidation of toluene and xylene in CB05, in order to account for the NOx de-15

pendence of aromatic SVOC formation. Thus, new reactions to model the formation
of SVOC by the oxidation of toluene and xylene peroxy radicals are added to CB05.
In these reactions, the oxidants are also added as product of the reactions, so that
oxidant formation is not affected by SVOC formation.

The SVOC formation chemistry for other aromatic precursors (cresol and phenol) is20

similar between CB05 and RACM2 even though only RACM2 explicitly includes phenol.
We assume that the yield of SVOC from phenol is analogous to the yield of SVOC from
cresol (Pun and Seigneur, 2007). Table 2c presents the cresol and phenol oxidation
chemistry.

For long-chain alkanes and anthropogenic alkenes, the two mechanisms have the25

same oxidation chemistry. Table 2d presents the long-chain alkane and anthropogenic
alkene oxidation chemistry.

The oxidation chemistry of biogenic alkenes (monoterpenes and isoprene) is pre-
sented in Table 2e. As mentioned above, the monoterpene surrogates API and LIM
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of RACM2 were added to CB05, as well as the reactions in which they are involved
for the SVOC formation. In these reactions, the oxidants are also added as products
of the reactions, so that the original gas-phase mechanism is not affected by SVOC
formation.

3 Description of the simulations5

3.1 Modeling domain and setup

The modeling domain covers western and part of eastern Europe with a horizontal
resolution of 0.5◦×0.5◦. Detailed descriptions of the modeling domain and setup are
found in Kim et al. (2009) and Sartelet et al. (2007). The simulations are carried out
for one month from 15 July to 15 August 2001. Meteorological inputs are obtained10

from a reanalysis provided by the European Centre for Medium-Range Weather Fore-
casts (ECMWF). Anthropogenic emissions of gases and PM were generated with the
European Monitoring and Evaluation Programme (EMEP) inventory for 2001. NMHC
(Non-methane hydrocarbons) are disaggregated into real species following Passant
(2002). The re-aggregation into model species is done following Carter’s speciation15

database for both CB05 and RACM2 (Carter, 2008). As mentioned in Sect. 2.2, HC8,
API and LIM were added to CB05 as model species for SVOC formation. Therefore,
the speciation database of RACM2 is used to generate the emissions of HC8, API and
LIM in CB05. For PM, the EMEP inventory provides yearly concentrations of PM2.5
and PMcoarse. These raw data are temporally, chemically and granulometrically dis-20

tributed. PMcoarse is totally attributed to mineral dust and PM2.5 is speciated into black
carbon (20%), mineral dust (35%) and primary organic aerosol (POA, 45%). Biogenic
emissions are computed as in Simpson et al. (1999). Two-thirds of monoterpene emis-
sions are allocated to α-pinene (API) and one-third to limonene (LIM) in RACM2. In
CB05, all monoterpenes are allocated to model species TERP for the original gas-25

phase mechanism whereas the allocation using API and LIM is also used for SVOC
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formation. Sea-salt emissions are parameterized following Monahan et al. (1986).
They are assumed to consist of 54% of chloride, 38% of sodium and 8% of sulfate.
For gaseous boundary conditions, daily means are extracted from outputs of the global
chemistry-transport model MOZART2 run over a typical year (Horowitz et al., 2003).
For PM boundary conditions, daily means are based on outputs of the Goddard Chem-5

istry Aerosol Radiation and Transport (GOCART) model for sulfate, dust, black carbon,
organic carbon and sea salt (Chin et al., 2000).

3.2 Comparisons to observations

We compared the results obtained by the simulations to observed data provided by the
EMEP database. For O3, comparisons to data can be found in Kim et al. (2009). The10

EMEP database also provides observed data of PM10, PM2.5 and inorganic particulate
species (sulfate, nitrate and ammonium) for the year 2001.

To evaluate PM modeling, Boylan and Russell (2006) suggested to use the mean
fractional bias (MFB) and the mean fractional error (MFE) defined, respectively, by

MFB=
1
n

n∑
i=1

ci−oi

(ci+oi)/2
(1)15

MFE=
1
n

n∑
i=1

|ci−oi |
(ci+oi)/2

(2)

They proposed model performance goals (the level of accuracy that is considered to be
close to the best a model can be expected to achieve) and criteria (the level of accuracy
that is considered to be acceptable for modeling applications) using the MFB and the20

MFE. For major components of PM, the model performance goal is met when both the
MFB and the MFE are less than or equal to ±30% and + 50%, respectively, and the
model performance criterion is met when the MFB and the MFE are less than or equal
to ±60% and + 75%, respectively. Table 3 summarizes the statistics obtained in the
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comparisons of modeled concentrations to observed data from the EMEP database.
The nitrate results show the largest bias and error for both CB05 and RACM2.

The model performance goal for PM10 values obtained by the simulation using
RACM2 is met at 17 stations among 26 stations and the model performance criterion
is not met at only 6 stations. Similarly, the model performance goal for PM10 values5

obtained by the simulation using CB05 is met at 16 stations among 26 stations. The
model performance criterion is mostly not met at the stations located in Spain, where
the model underpredicts for both CB05 and RACM2.

Better results were obtained for PM2.5 than for PM10. The model performance goal,
for both CB05 and RACM2, is met at 11 stations among 17 stations and the model10

performance criterion is met at all stations. Again, lower performance is obtained at
the stations in Spain.

For sulfate, 24 stations and 30 stations among 54 stations meet the model per-
formance goal for CB05 and RACM2, respectively. Only 9 stations for CB05 and 7
stations for RACM2 are out of the model performance criterion. For ammonium, better15

model performance is obtained than for sulfate. Six among 9 stations meet the model
performance goal for both CB05 and RACM2. For nitrate, the goal is met at only 4 sta-
tions out of 14 stations for both CB05 and RACM2. However, the model performance
criterion is not met at only 3 stations with CB05 and 6 stations with RACM2.

When averaged over all stations (see Table 3), the performance goal is met for all20

species except nitrate, for which the performance criterion is met. These results are
consistent with PM model performance obtained in previous studies (Zhang et al.,
2006; Bailey et al., 2007; Russell, 2008) and are, therefore, considered to be satis-
factory.

4 Results25

The averaged concentration of PM2.5 over the domain is slightly higher with RACM2
than with CB05 (difference <1 µg/m3, 6%). Figure 1 displays domain-averaged
differences of the concentrations of PM2.5 and PM2.5 chemical components between
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the two mechanisms. The concentration of inorganic PM2.5 is higher for RACM2 than
for CB05 (+16% of sulfate, +12% of ammonium and +11% of nitrate), whereas the
concentration of SOA is slightly higher for CB05 than for RACM2 (+3%). The con-
centrations of mineral dust and POA remain unchanged when using CB05 or RACM2.
Before studying the impact of using CB05 or RACM2 on particulate chemical compo-5

nents, we discuss the PM2.5 chemical composition over Europe.

4.1 PM2.5 chemical composition

Accurate measurements of aerosol chemical composition remain challenging. Inor-
ganic species may be accurately measured with an uncertainty of about ±10% for
major species (Putaud et al., 2000), except in case where significant artifacts occur10

for nitrate and ammonium (e.g., under warm conditions) (Hering and Cass, 1999; Keck
and Wittmaack, 2005). However, measurements of organic carbon and black carbon
concentrations in particles may vary from an instrumental method to another. As a re-
sult, the uncertainties in black carbon may be on the order of a factor of two and those
in organic carbon can be about 20% (Chow et al., 2001).15

In our study, PM2.5 is composed on average of sulfate (21%), mineral dust (17%),
nitrate (15%), SOA (13%), ammonium (12%), chloride (10%), sodium (6%), black car-
bon (3%) and POA (3%). Figure 2 presents the contributions of secondary chemical
components to PM2.5 over Europe using RACM2. Results obtained using CB05 are
not significantly different.20

Sulfate is a dominant component of PM2.5 in marine regions. This is partly due to
direct emissions of sea-salt and to the oxidation of SO2 from ship emissions. Nitrate
and ammonium are mostly formed over land in northern Europe, where emissions of
NH3 and NOx are the largest. Ammonium is also formed over marine regions because
it neutralizes particulate sulfate. Anthropogenic organic aerosols are mostly formed in25

large urban regions, whereas biogenic organic aerosols are formed where emissions
of monoterpenes are high (northern Africa, Austria, southwestern France and Sweden)
or where emissions of isoprene are high (Spain, Italy and eastern Europe).
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4.2 PM2.5 differences by species

Differences in PM concentrations between CB05 and RACM2 are mostly due to differ-
ences in oxidant concentrations. Differences in concentrations of OH and NO3 between
CB05 and RACM2 are partly due to differences in the organic chemistry formulation but
also to different kinetics of oxidation of NO (Kim et al., 2009). The kinetics of oxidation5

of NO + O3 → NO2 is higher in CB05 than in RACM2, whereas the kinetics of oxidation
of NO + HO2 → NO2 + OH is higher in RACM2 than in CB05. Over the entire domain,
OH and O3 concentrations are on average higher with RACM2 (OH: 24% and O3: 4%)
but the average NO3 concentration is higher with CB05 (18%).

4.2.1 Inorganic aerosols10

The mean concentration of sulfate is higher in RACM2 than in CB05 (16%). Sulfate is
formed in both the gas phase and the aqueous phase. In the gas phase, the oxidation
of SO2 by the hydroxyl radical (OH) produces sulfuric acid, which condenses to form
sulfate. Because the mean concentration of OH is 24% higher in RACM2, and the
kinetics of the oxidation of SO2 is greater in RACM2 than in CB05 by 5%, the concen-15

tration of sulfate is higher in RACM2. In the aqueous phase, it is not easy to diagnose
whether RACM2 or CB05 would produce more sulfate. The oxidation of SO2 by ozone
and/or hydrogen peroxide (H2O2) produces sulfate. O3 is higher on average in RACM2
than CB05 (4%), whereas H2O2 is higher in CB05 than RACM2 (12%). The modeling
results show that gas-phase SO2 oxidation dominates sulfate formation here.20

The nitrate concentration over the entire domain is 11% higher with RACM2 than
CB05. Differences in nitrate concentrations are due to differences in HNO3 concen-
trations, which may condense to form nitrate. HNO3 is produced in the gas phase,
the aqueous phase, as well as heterogeneously on particle and droplet surfaces. The
following gas-phase reaction is the dominant daytime source:25
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NO2+OH→HNO3 (3)

and the main nighttime sources are the NO3 and N2O5 heterogeneous reactions:

NO3+NO2 →N2O5 (4)

N2O5(+H2O)→2HNO3 (5)5

NO3 →HNO3 (6)

Differences in the production of HNO3 from the oxidation of NO2 by OH are mostly
due to differences in OH concentrations, because the concentration of NO2 is similar
in RACM2 and CB05 (average difference <1%). The difference in the kinetics of the10

oxidation of NO2 by OH between the two mechanisms is small (3%). The formation of
HNO3 by heterogeneous reactions is higher with CB05 because of the higher concen-
tration of NO3 (18%), however, the contribution of the heterogeneous reactions to the
formation of HNO3 is not significant (3% only) compared to the gas-phase formation in
this study.15

Ammonium is produced by the condensation of NH3 on particles, mostly via neutral-
ization of sulfate and formation of ammonium nitrate. As shown in Sartelet et al. (2007),
ammonium nitrate formation over Europe is limited by the formation of HNO3. Because
the HNO3 concentration is higher on average in RACM2 than in CB05, the ammonium
nitrate formation is enhanced in RACM2. The combination of higher sulfate and HNO320

concentrations leads to higher ammonium concentrations with RACM2 (+12%).

4.2.2 Secondary organic aerosols

Monthly-mean concentrations of SOA are not considerably different between the two
mechanisms. The mean difference is 3% over the entire domain and the average value
of the concentration of SOA in CB05 is higher than in RACM2 by only 0.03 µg/m3.25

The maximum of the local differences between the two mechanisms is 0.6 µg/m3 at
20637
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locations where SOA concentrations predicted by CB05 are higher and 0.9 µg/m3 at
locations where SOA concentrations predicted by RACM2 are higher.

CB05 and RACM2 have the same concentration of gaseous biogenic VOC for
monoterpenes because emissions and photochemical reaction rates are the same (see
Sect. 2.2). Therefore, differences in the particulate phase for monoterpenes come from5

differences in the concentrations of oxidants (OH, O3 and NO3). RACM2 produces
more OH (24%) and O3 (4%) than CB05 whereas CB05 produces more NO3 (18%)
than RACM2. Because the formation of the hydrophilic monoterpene SVOC depends
on OH and O3, their concentration is mostly higher in RACM2 than in CB05 (BiA1D:
4% and BiA2D: 5%). The concentration of BiA0D is higher in CB05 than in RACM2.10

The reaction LIM with NO3 is the main reaction for the formation of BiA0D at nighttime.
The higher concentration of NO3 in CB05 leads to the higher concentration of BiA0D in
CB05. However, the concentration of BiAOD is very low compared to those of BiA1D
and BiA2D. The reaction of API with NO3 produces a hydrophobic monoterpene SVOC:
BiBmP. The concentration of BiBmP is higher in CB05 than in RACM2 (8%), because15

of the higher NO3 concentration in CB05.
The contribution of isoprene SOA to the formation of SOA is important in both mech-

anisms (about 20% of the monthly-mean concentration of SOA). The kinetics of the
isoprene oxidation by OH is almost the same in RACM2 and in CB05 (1% difference).
Therefore, the difference in OH concentrations is the main cause of the difference in20

isoprene SOA concentrations in the particulate phase. RACM2 is more conducive to
the formation of isoprene SOA than CB05 (differences for BiISO1: 5% and BiISO2:
6%) because of higher concentration of OH.

The production of anthropogenic SVOC is more important with CB05 than with
RACM2, although OH concentration is lower in CB05. The difference between CB0525

and RACM2 originates from the modeling of the reaction of aromatic-OH adducts with
O2 in the gas phase. Aromatic-OH adducts react with O2 to either abstract an H atom
to form ring-retaining products (cresol; via the oxidation of toluene) or add O2 to form
a peroxyl radical that subsequently leads to ring opening and the formation of scission
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products. RACM2 assumes that the majority of this reaction leads to ring-opening prod-
ucts (dicarbonyls and epoxide). In contrast, CB05 has a high fraction of ring-retaining
products (cresol). Figure 3 presents the differences of monthly-mean concentrations of
cresol between CB05 and RACM2 at each grid point. The mean concentration of cresol
in RACM2 is only 20% of that in CB05. Higher concentration of cresol in CB05 results in5

higher concentrations of the two hydrophobic SVOC (AnBlP: 14% and AnBmP: 135%)
in CB05 than in RACM2. If the formation of these SVOC by cresol oxidation is re-
moved from the two mechanisms, the differences in AnBlP and AnBmP concentrations
become much lower (AnBlP: 5% and AnBmP: 0.6%).

The mean concentration of toluene is higher with CB05 than with RACM2 (16%),10

because the emission rate of TOL (model species for toluene) is higher in CB05 (10%).
When volatile organic compound (VOC) emissions are allocated to model species,
each mechanism uses different methods for the VOC aggregation, leading to different
emission rates (e.g., benzaldehydes are explicitly represented by BALD model species
in RACM2, however, they are represented by TOL in CB05).15

PAMGLY, another anthropogenic aerosol is formed from methylglyoxal (MGLY) in the
aqueous phase by oligomerization. PAMGLY concentration depends only on MGLY
concentration because the coefficient of gas/particle partition for methylglyoxal is as-
sumed to already include the effect of oligomerization (Debry et al., 2007b). Because
the kinetics of the oxidation of MGLY by OH is higher in CB05 than in RACM2 at 298 K20

(13%), the concentration of MGLY is higher in RACM2 than in CB05 (11%). Therefore,
the concentration of PAMGLY in RACM2 is higher than in CB05 (20%). Similarly, PAGLY
is formed from glyoxal (GLY) by oligomerization. GLY is only included in RACM2. The
concentrations of PAMGLY and PAGLY are low compared with other anthropogenic
aerosols and they have, therefore, little influence on SOA total concentrations.25

4.3 PM2.5 spatial distributions

Figure 4 presents the modeled PM2.5 concentrations over Europe for RACM2 and
the differences between CB05 and RACM2. For the two chemical mechanisms, high
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concentrations of PM2.5 are simulated over large urban areas (e.g. Antwerp, Barcelona,
Cologne, Milan and Paris) and over northern Africa (due to mineral dust) by both CB05
and RACM2 (>20 µg/m3). RACM2 overall predicts more PM2.5 than CB05 except in
cities such as Paris and Madrid where the formation of nitrate, ammonium and SOA
with CB05 is higher than with RACM2. The differences are large over northern Italy,5

part of the Mediterranean Sea and Barcelona in Spain (>1.5 µg/m3).

4.3.1 Inorganic aerosols

Figure 5 presents the differences of the secondary PM2.5 chemical components be-
tween CB05 and RACM2. Monthly-mean concentrations of sulfate are higher with
RACM2 than CB05. The difference is particularly high over the Mediterranean Sea10

and northwestern Spain. The differences are due to the oxidation of SO2 by OH in
the gas-phase as explained in Sect. 4.2.1. In these regions, high SO2 emissions from
marine traffic combine with high OH concentrations. OH concentrations are higher in
RACM2 than in CB05, for example, the monthly-mean concentration of OH is about
50% and 25% higher in RACM2 than CB05 over the Adriatic Sea and northwestern15

Spain, respectively.
For nitrate, differences of monthly-mean concentrations are large in Paris, Barcelona,

the Netherlands and northern Italy. In Paris, a higher concentration of nitrate is ob-
tained with CB05. However, in Barcelona, northern Italy and the Netherlands, higher
concentrations of nitrate are obtained with RACM2.20

The formation of nitrate is limited by one of the two following precursors: ammonia
or HNO3. To diagnose the limiting precursor for the formation of nitrate, the following
“Gas Ratio” indicator (GR) may be used :

GR=
[NHT

3 ]−2[SO2−
4 ]

[HNOT
3 ]

, (7)
25

where NHT
3 (total ammonia) is the sum of ammonium and ammonia and HNOT

3 (total
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HNO3) is the sum of nitrate and HNO3 (Ansari and Pandis, 1998; Park et al., 2004).
Figure 6 shows the simulated monthly-mean GR over Europe. As discussed by Sartelet
et al. (2007), over continental Europe, nitrate formation is limited by the formation of
HNO3 (GR>1). Ammonia limits nitrate formation over the English Channel, the North
Sea and part of the Mediterranean Sea (0<GR<1). Negative GR values, which in-5

dicate an acidic sulfate aerosol, are limited to the southern Mediterranean Sea where
there is high marine traffic and, therefore, high SO2 emissions.

In Paris, Barcelona, northern Italy and the Netherlands, the nitrate concentration
varies with the HNO3 concentration (GR>1). As the total HNO3 concentration is higher
with CB05 than RACM2 over Paris, the nitrate concentration is higher. However, over10

the rest of continental Europe, and specially over Barcelona, northern Italy and the
Netherlands where the nitrate concentration is high, the nitrate concentration is lower
with CB05 than RACM2 because the total HNO3 concentration is lower. Over the North
Sea, the Atlantic Ocean and the English Channel, the nitrate concentrations are low
but higher with CB05 than RACM2. These higher concentrations of nitrate with CB0515

are linked to higher concentrations of free ammonia under ammonia-limited condition
(GR<1), which are itself due to lower concentrations of sulfate with CB05.

Over continental Europe, because GR>1, differences of ammonium monthly-mean
concentration follow the same pattern as nitrate concentration (e.g. high differences in
Paris, Barcelona, the Netherlands and northern Italy).20

4.3.2 Secondary organic aerosols

The regions where high differences of SOA concentrations between CB05 and RACM2
are obtained, are well correlated with the regions where high SOA concentrations are
obtained. Higher SOA concentrations are predicted by CB05 over most of Europe
except Sweden, northern Africa, southwestern France, Austria and part of the Mediter-25

ranean Sea. SOA concentrations are particularly higher with CB05 over parts of Italy,
Spain and Greece.
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The higher SOA concentrations with RACM2 over Sweden, northern Africa, south-
western France and Austria are due to higher SOA concentrations formed from
monoterpene SVOC (BiA0D, BiA1D, BiA2D and BiBmP). In these regions, the con-
centrations of these SOA are high and as the concentrations increase, the differences
of the concentrations also increase. The formation of the hydrophilic monoterpene5

SVOC (BiA0D and BiA1D) depends on the concentrations of OH and O3. The concen-
tration of the hydrophobic monoterpene SVOC (BiBmP) depends on the concentration
of NO3. In these regions, the concentrations of OH, O3 and NO3 tend to be higher with
RACM2 than CB05. Therefore, the concentration of SOA is higher with RACM2 than
CB05.10

The higher SOA concentrations with RACM2 over the Mediterranean Sea are due to
higher OH concentrations. Differences in that region which are due mostly to isoprene
SVOC (BiISO1 and BiISO2), are low (<0.2 µg/m3).

The concentrations of SOA formed from the anthropogenic SVOC are higher in CB05
than in RACM2 over the whole Europe because the concentration of the anthropogenic15

precursors are higher with CB05 than RACM2.
The higher SOA concentrations with CB05 in Italy, Spain and Greece are due to

higher concentrations of SOA formed from the monoterpene SVOC (BiBmP) and the
isoprene SVOC (BiISO1 and BiISO2). The differences of SOA formed from monoter-
penes SVOC (BiBmP) are higher with CB05 because NO3 concentrations are higher.20

Differences of SOA concentrations formed from the two isoprene SVOC show dif-
ferent patterns. Figure 7 presents the differences of SOA formed from the isoprene
SVOC (BiISO1 and BiISO2) between CB05 and RACM2. In Italy, Greece and Spain,
the concentrations of SOA formed from BiISO1 are higher with CB05. However, in the
same regions, the concentrations of SOA formed from BiISO2 are higher with RACM2.25

BiISO1 and BiISO2 have the same dependence on oxidant concentration. Differences
are due to differences in gas/particle phase partitioning. The partitioning depends
on the concentration of primary and secondary organics of PM, as follows Pankow
(1994a,b)
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[A]'K[G][OM] (8)

where K is the phase partitioning coefficient (m3/µg), [OM] is the total organic mass
(primary and secondary) (µg/m3), [A] is the concentration of the SOA species in the
particulate phase (µg/m3) and [G] is the concentration of the SOA species in the gas5

phase (µg/m3). In Italy, Greece and Spain, the organic mass ([OM]) is higher with
CB05 (see Fig. 5) because of higher BiBmP concentrations, which are due to higher
NO3 concentrations. However, gaseous SVOC (BiISO1 and BiISO2) are lower with
CB05 because of lower OH concentrations. The compensating negative differences of
[G] and positive differences of [OM] lead to variable differences in particulate concen-10

trations, [A] that tend to be positive when the partitioning coefficient K is low (case of
BiISO1) and negative when it is high (case of BiISO2).

5 Conclusions

The impact of two chemical mechanisms, CB05 and RACM2, on the formation of sec-
ondary inorganic and organic aerosols was studied using the air quality model, Po-15

lair3D of the Polyphemus modeling platform. The monthly-mean concentration of PM2.5
over the domain is higher with RACM2 than CB05 by 6%. This difference is due to in-
organic aerosols (sulfate, ammonium and nitrate) and organic aerosols (biogenic and
anthropogenic).

Differences in inorganic aerosols result primarily from differences in OH concentra-20

tions. The monthly-mean difference for sulfate is 16% and the maximum local differ-
ence is 28%. For nitrate, the difference of monthly-mean concentrations is 11% and
the maximum local difference is 50%. For ammonium, the difference of monthly-mean
concentrations is 12% and the maximum local difference is 23%. Nitrate formation is
limited by the formation of HNO3 over continental Europe. However, ammonia limits ni-25

trate formation over the English Channel, the North Sea and part of the Mediterranean
20643
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Sea. In other words, differences in the concentrations of nitrate are mostly due to differ-
ences in the concentrations of HNO3 where the concentrations of ammonia are high,
whereas differences in the concentrations of ammonia, which are due to differences in
the concentrations of sulfate, result in differences in the formation of nitrate where the
concentration of HNO3 is high relative to ammonia.5

Differences in organic aerosols result also mostly from differences in oxidant con-
centrations (OH, O3 and NO3). The difference in monthly-mean concentrations of an-
thropogenic SOA is 26%. Most of that difference is due to aromatics SOA. Differences
in the contribution of aromatics to anthropogenic aerosol formation are due to the fact
that aromatics oxidation in CB05 leads to more cresol formation from toluene oxida-10

tion. The concentration of SOA formed by the cresol oxidation is very different between
CB05 and RACM2. The maximum local differences are 42% for aerosol formed from
AnBlP and 370% for aerosol formed from AnBmP.

The difference in monthly-mean concentrations of biogenic SOA is 1%, which is the
compensating difference by higher concentration of BiBmP with CB05 (+12%) and15

lower concentrations of the other biogenic SOA (−4%). Differences in the biogenic
aerosol formation are partly due to differences in oxidant concentrations and partly
to the total organic mass, which influences the formation of biogenic aerosol by gas-
particle partitioning coefficients. The maximum local differences of aerosol formed from
monoterpene SVOC are 12% (BiA0D), 64% (BiA1D), 47% (BiA2D) and 92% (BiBmP).20

For the aerosol formed from isoprene SVOC, the maximum local differences are 13%
(BiISO1) and 8% (BiISO2).

The results obtained in this comparison of CB05 and RACM2 on the formation of sec-
ondary aerosols show that the predictions of PM2.5 with the mechanisms are very simi-
lar (only 6% difference and 15% maximum local difference). Differences may be higher25

for specific compounds (nitrate, AnBmP and BiBmP). Besides, the highest difference,
which is obtained for anthropogenic aerosols (aromatics oxidation), could be partly
solved by updating CB05 with CB05-TU, a chemical mechanism in which the toluene
oxidation mechanism was recently improved (Whitten et al., 2010). The concentration
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of cresol is lower with CB05-TU than with CB05 by about 70%. Thus, the discrepancy
in aromatics SOA formation between CB05 and RACM2 would be significantly reduced
with CB05-TU.
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Debry, É., Seigneur, C., and Sartelet, K.: Organic aerosols in the air quality platform Polyphe-
mus: oxidation pathways, hydrophilic/hydrophobic partitioning and oligomerization, Interna-
tional Aerosol Modeling Algorithms, University of California, Davis, 2007b. 20628, 20630,
20631, 20639

Finlayson-Pitts, B. J. and Pitts Jr., J. N.: Chemistry of the upper and lower atmosphere, Aca-5

demic Press, San Diego, 2000. 20627
Gery, M. W., Whitten, G. Z., Killus, J. P., and Dodge, M. C.: A photochemical kinetics mecha-

nism for urban and regional scale computer modeling, J. Geophys. Res., 94(D10), 12925–
12956, 1989. 20629

Goliff, W. S. and Stockwell, W. R.: The Regional Atmospheric Chemistry Mechanism, version10

2, an update, International conference on Atmospheric Chemical Mechanisms, University of
California, Davis, 2008. 20629

Goliff, W. S. and Stockwell, W. R.: The Regional Atmospheric Chemistry Mechanism, version
2. 1. Description and Evaluation, J. Geophys. Res, in preparation, 2010. 20629

Hering, S. and Cass, G.: The magnitude of bias in the measurement of PM2.5 arising from15

volatilization of particulate nitrate from teflon filters, J. Air Waste Manage. Assoc., 49, 725–
733, 1999. 20635

Horowitz, L. W., Walters, S., Mauzerall, D. L., Emmons, L. K., Rasch, P. J., Granier, C., Tie, X.,
Lamarque, J.-F., Schultz, M. G., Tyndall, G. S., Orlando, J. J., and Brasseur, G. P.: A global
simulation of tropospheric ozone and related tracers: Description and evaluation of MOZART,20

version 2, J. Geophys. Res., 108, 4784, doi:10.1029/2002JD002853, 2003. 20633
Jacob, D. J.: Heterogeneous chemistry and tropospheric ozone, Atmos. Environ., 34, 2131–

2159, doi:10.1016/S1352-2310(99)00462-8, 2000. 20629
Keck, L. and Wittmaack, K.: Effect of filter type and temperature on volatilisation losses from

ammonium salts in aerosol matter, Atmos. Environ., 39, 4093–4100, doi:10.1016/j.atmosenv.25

2005.03.029, 2005. 20635
Kim, Y., Sartelet, K., and Seigneur, C.: Comparison of two gas-phase chemical kinetic

mechanisms of ozone formation over Europe, J. Atmos. Chem., 62, 89–119, doi:10.1007/
s10874-009-9142-5, 2009. 20628, 20629, 20632, 20633, 20636

Luecken, D. J.: Comparison of atmospheric chemical mechanisms for regulatory and research30

applications, in: Simulation and Assessment of Chemical Processes in a Multiphase En-
vironment, 95–106, Springer, The Netherlands, doi:10.1007/978-1-4020-8846-9 8, 2008.
20627

20646

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/20625/2010/acpd-10-20625-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/20625/2010/acpd-10-20625-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
10, 20625–20672, 2010

Impact of the
gaseous chemical

mechanism on
aerosol formation

Y. Kim et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|
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A., Moreno, T., Pekkanen, J., Perrino, C., Pitz, M., Puxbaum, H., Querol, X., Rodriguez, S.,
Salma, I., Schwarz, J., Smolik, J., Schneider, J., Spindler, G., ten Brink, H., Tursic, J., Viana,10

M., Wiedensohler, A., and Raes, F.: A European aerosol phenomenology - 3: Physical and
chemical characteristics of particulate matter from 60 rural, urban, and kerbside sites across
Europe, Atmos. Environ., 44, 1308–1320, doi:10.1016/j.atmosenv.2009.12.011, 2010. 20627

Russell, A. G.: EPA Supersites program-related emissions-based particulate matter model-
ing: initial applications and advances, J. Air Waste Manage. Assoc., 58, 289–302, doi:15

10.3155-1047-3289.58.2.289, 2008. 20634
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Table 1a. Gas-phase organic precursors in the two mechanisms.

Precursor type RACM2 CB05

Aromatics TOL, XYL, XYO, CSL, PHEN TOL, XYL, CRES
Alkanes HC8 HC8∗

Anthropogenic alkenes OLT, OLI OLE, IOLE
Biogenic alkenes API, LIM,ISO API∗, LIM∗, TERP, ISOP

∗ added surrogates.
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Table 1b. Semi-volatile organic compounds (SVOC) formed from oxidation of gas-phase pre-
cursors.

Acronym Definitions of species

AnBlP, AnBmP anthropogenic hydrophobic compounds formed under high-NOx
condition

AnClP anthropogenic hydrophobic compound formed under low-NOx
condition

BiA0D, BiA1D, BiA2D biogenic hydrophilic compounds formed from monoterpenes
BiBmP biogenic hydrophobic compound formed from monoterpenes
BiISO1, BiISO2 biogenic compounds formed from isoprene
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Table 2a. Toluene oxidation chemistry for SVOC formation.

RACM2 CB05

TOL + HO → 0.89 TR2∗ + TOL + OH → 0.25 TOLP∗∗∗

other products + other products
TR2 → 0.28 TOLP∗ + other products
TOLP + HO2 → 0.78 AnClP + TOLP + HO2 → 0.78 AnClP + HO2∗∗ †

other products
TOLP + MO2 → 0.78 AnClP + TOLP + MEO2 → 0.78 AnClP + MEO2∗∗ †

other products
TOLP + ACO3 → 0.78 AnClP + TOLP + C2O3 → 0.78 AnClP + C2O3∗∗ †

other products
TOLP + NO → 0.053 AnBlP + TOLP + NO → 0.053 AnBlP +
0.336 AnBmP + other products 0.336 AnBmP + NO∗∗ †

TOLP + NO3 → 0.053 AnBlP + TOLP + NO3 → 0.053 AnBlP +
0.336 AnBmP + other products 0.336 AnBmP + NO3∗∗ †

∗ peroxy radicals formed from toluene, ∗∗ oxidant species added as a product to retain the original gas-phase mecha-
nism, ∗∗∗ new species added to the CB05 mechanism for the SVOC formation.
† new reactions added to the CB05 mechanism for the SVOC formation.
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Table 2b. Xylenes oxidation chemistry for SVOC formation.

RACM2 CB05

XYL + HO → 0.89 XY2∗ + XYL + OH → 0.274 XYLP∗∗∗ +
other products other products
XY2 → 0.308 XYLP∗ + other products
XYLP + HO2 → 0.71 AnClP + XYLP + HO2 → 0.71 AnClP + HO2∗∗ †

other products
XYLP + MO2 → 0.71 AnClP + XYLP + MEO2 → 0.71 AnClP + MEO2∗∗ †

other products
XYLP + ACO3 → 0.71 AnClP + XYLP + C2O3 → 0.71 AnClP + C2O3∗∗ †

other products
XYLP + NO → 0.023 AnBlP + XYLP + NO → 0.023 AnBlP +
0.32 AnBmP + other products 0.32 AnBmP + NO∗∗ †

XYLP + NO3 → 0.023 AnBlP + XYLP + NO3 → 0.023 AnBlP +
0.32 AnBmP + other products 0.32 AnBmP + NO3∗∗ †

XYO + HO → 0.89 XYO2∗ + other products
XYO2 → 0.308 XYOP∗ + other products
XYOP + HO2 → 0.71 AnClP + other products
XYOP + MO2 → 0.71 AnClP + other products
XYOP + ACO3 → 0.71 AnClP + other products
XYOP + NO → 0.023 AnBlP +
0.32 AnBmP + other products
XYOP + NO3 → 0.023 AnBlP +
0.32 AnBmP + other products

∗ peroxy radicals formed from xylenes,
∗∗, ∗∗∗, † see Table 2a.
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Table 2c. Cresol and phenol oxidation chemistry for SVOC formation.

RACM2 CB05

CSL∗ + HO → 0.014 AnBlP + CRES∗ + OH → 0.014 AnBlP +
0.09 AnBmP + other products 0.09 AnBmP + other products
CSL + NO3 → 0.04 AnBlP + CRES + NO3 → 0.04 AnBlP +
0.12 AnBmP + other products 0.12 AnBmP + other products
PHEN + HO → 0.014 AnBlP +
0.09 AnBmP + other products
PHEN + NO3 → 0.04 AnBlP +
0.12 AnBmP + other products

∗ CSL (cresol and other hydroxy substituted aromatics except phenols), CRES (cresol and higher molecular weight
phenols).
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Table 2d. Long-chain alkane and anthropogenic alkene oxidation chemistry for SVOC forma-
tion.

RACM2 CB05

HC8* + HO → 0.048 AnBlP + HC8*** + OH → 0.048 AnBlP + OH** †

other products
OLT* + HO → 0.0016 AnBlP + OLE* + OH → 0.0016 AnBlP + other products
other products
OLT + O3 → 0.0016 AnBlP + OLE + O3 → 0.0016 AnBlP + other products
other products
OLT + NO3 → 0.0016 AnBlP + OLE + NO3 → 0.0016 AnBlP + other products
other products
OLI* + HO → 0.003 AnBlP + IOLE* + OH → 0.003 AnBlP + other products
other products
OLI + O3 → 0.003 AnBlP + IOLE + O3 → 0.003 AnBlP + other products
other products
OLI + NO3 → 0.003 AnBlP + IOLE + NO3 → 0.003 AnBlP + other products
other products

∗ HC8 (surrogate for long-chain alkanes), OLT and OLE (surrogate for terminal alkenes), OLI and IOLE (surrogate for
internal alkenes),
∗∗, ∗∗∗, † see Table 2a.
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Table 2e. Biogenic alkene oxidation chemistry for SVOC formation.

RACM2 CB05

API∗ + HO → 0.164 BiA0D + 0.117 BiA1D + API∗∗∗ + OH → 0.164 BiA0D +
0.076 BiA2D + other products 0.117 BiA1D + 0.076 BiA2D + OH∗∗ †

API + NO3 → 0.8 BiBmP + other products API + NO3 → 0.8 BiBmP + NO3∗∗ †

API + O3 → 0.127 BiA0D + 0.142 BiA1D + API + O3 → 0.127 BiA0D +
0.044 BiA2D + other products 0.142 BiA1D + 0.044 BiA2D + O3∗∗ †

LIM∗ + HO → 0.407 BiA0D + 0.173 BiA1D + LIM∗∗∗ + OH → 0.407 BiA0D +
0.003 BiA2D + 0.024 BiBmP + other products 0.173 BiA1D + 0.003 BiA2D +

0.024 BiBmP + OH∗∗ †

LIM + NO3 → 0.309 BiA0D + 0.02 BiA1D + LIM + NO3 → 0.309 BiA0D +
other products 0.02 BiA1D + NO3∗∗ †

LIM + O3 → 0.197 BiA0D + 0.094 BiA1D + LIM + O3 → 0.197 BiA0D +
other products 0.094 BiA1D + O3∗∗ †

ISO + HO → 0.232 BiISO1 + 0.0288 BiISO2 + ISOP + OH → 0.232 BiISO1 +
other products 0.0288 BiISO2 + other products

∗ API (surrogate for alpha-pinene and other cyclic terpenes with one double bond), LIM (surrogate for d-limonene and
other cyclic diene-terpenes),
∗∗, ∗∗∗, † see Table 2a.
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Table 3. Comparison of modeled concentrations to observations from the EMEP database
(µg/m3).

Stations Observation∗ † Chemical Modeled MFB∗ MFE∗

mechanism data∗ †

PM10 26 18.9 CB05 14.0 −27% 42%
RACM2 14.7 −23% 40%

PM2.5 17 13.6 CB05 12.7 −13% 40%
RACM2 13.4 −8% 39%

Sulfate 54 2.9 CB05 2.5 −0.1% 45%
RACM2 2.8 1% 45%

Nitrate 14 1.6 CB05 2.4 0% 73%
RACM2 2.7 10% 72%

Ammonium 9 1.6 CB05 1.8 11% 43%
RACM2 2.0 19% 45%

∗ mean values over all stations, † monthly-mean concentrations.

20657

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/20625/2010/acpd-10-20625-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/20625/2010/acpd-10-20625-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
10, 20625–20672, 2010

Impact of the
gaseous chemical

mechanism on
aerosol formation

Y. Kim et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

sulfate ammonium nitrate SOA others*

if
fe
r
e
n
e
s

CB05

RACM2

difference

Fig. 1. Domain-averaged differences of the concentrations of PM2.5 and PM2.5 chemical com-
ponents between the two mechanisms, CB05 and RACM2.
∗ Mineral dust, black carbon, sea salts and primary organic aerosol.
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(a) Contribution of sulfate

Fig. 2. Contributions (µg/m3) of secondary chemical components to PM2.5 over Europe: (a)
sulfate (b) nitrate (c) ammonium (d) SOA.
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(b) Contribution of nitrate

Fig. 2. Continued.
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(c) Contribution of ammonium

Fig. 2. Continued.
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(d) Contribution of SOA

Fig. 2. Continued.
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Concentrations of CRES in CB05, ppb
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Fig. 3. Relation of concentrations of cresol between CB05 and RACM2 at each location. The
concentration of phenol that is specified only in RACM2 is added to the concentration of cresol
for RACM2.
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(a) PM2.5 with RACM2

Fig. 4. Modeled PM2.5 concentrations (µg/m3) over Europe with (a) RACM2 and (b) the corre-
sponding differences between the two mechanisms (CB05 – RACM2).
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(b) CB05 – RACM2

Fig. 4. Continued.
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(a) Sulfate

Fig. 5. Differences (CB05 – RACM2, µg/m3) of PM2.5 chemical components over Europe: (a)
sulfate (b) nitrate (c) ammonium (d) SOA.
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(b) Nitrate

Fig. 5. Continued.
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(c) Ammonium

Fig. 5. Continued.
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(d) SOA

Fig. 5. Continued.
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Fig. 6. Monthly-mean gas ratio (GR) in summer 2001 over Europe.
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(a) BiISO1

Fig. 7. (CB05 – RACM2, µg/m3) of SOA formed from (a) BiISO1 and (b) BiISO2 over Europe.
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(b) BiISO2

Fig. 7. Continued.
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