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This talk aims at presenting two aerosol models
that are part of the air-quality modeling system Po-
lyphemus : SIREAM (SIze Resolved Aerosol Mo-
del) based on a sectional description of the aero-
sol distribution and MAM (Modal Aerosol Model) ba-
sed on a modal discretization. The models are first
described, as well as their coupling to the chemistry-
transport model Polair3D of Polyphemus. Validations
were made at the regional scale over Paris and To-
kyo, and at the continental scales over Europe and
over Asia in the framework of MICS (Model Inter-
Comparison Study). Sensitivity of aerosol concen-
trations to configuration choices used in the aerosol
models, such as whether or not the assumption of
thermodynamic equilibrium is made for coarse aero-
sols, is briefly presented.

1 MODELING

The models SIREAM and MAM are described in
details in Debry et al. [2007] and Sartelet et al.
[2006]. SIREAM (SIze Resolved Aerosol Model) ba-
sed on a sectional description of the aerosol dis-
tribution and MAM (Modal Aerosol Model) based
on a modal discretization. The models share phy-
sical parameterizations. They both assume inter-
nal mixing of inert (mineral dust, elemental car-
bon), inorganic (sodium, chloride, nitrate, sulfate
and ammonium) and organic species (primary orga-
nics and secondary organics following Schell et al.
[2001]). The following processes are modeled : ter-
nary nucleation following Napari et al. [2002], Brow-
nian coagulation, condensation/evaporation solved
using ISORROPIA (Nenes et al. [1998]). Mass trans-
fer can be solved either assuming thermodynamic
equilibrium (bulk equilibrium approach) or dynami-
cally. In addition, a hybrid approach can be used
in which thermodynamic equilibrium is assumed
for the smallest sections/modes and mass trans-
fer is computed dynamically for the largest sec-
tions/modes. In the framework of the air quality
modeling system Polyphemus, SIREAM/MAM are
coupled to the chemistry transport model Polair3D
(Mallet et al. [2007]). Heterogeneous reactions :
HO2 → 0.5 H2O2, NO2 → 0.5 HONO + 0.5 HNO3,
NO3 → HNO3, N2O5 → 2 HNO3 are modeled
following Jacob [2000] with the reaction probabili-
ties γHO2

= 0.1, γNO2
= 10−6, γNO3

= 2.10−4,
γN2O5

= 0.01, except when specified. When the li-
quid water content of the cell exceeds a threshold va-
lue of 0.05g m−3, the grid cell is assumed to contain
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a cloud, and a model for aqueous phase chemistry
for cloud dropets (based on the Variable Size Re-
solved Model VSRM of Fahey and Pandis [2003]) is
called instead of SIREAM/MAM.

2 VALIDATION AND SENSITIVITY STU-
DIES

The validation of Polyphemus-SIREAM or
Polyphemus-MAM was done at the regional scale
over Paris (Tombette and Sportisse [2007]), Greater
Tokyo (Sartelet et al. [2007b]), at the regional scale
over Asia (Sartelet et al. [2007c]) and over Europe
(Sartelet et al. [2007a]). The domain and input
data are not detailed here, and the comparisons to
measurements are only briefly summarized. The
scores obtained for PM10 and inorganic aerosols
(sulfate and nitrate) are presented (measured and
simulated mean, correlation, normalized mean error
NME and normalized mean bias NMB, see Sartelet
et al. [2007c] for a definition of these statistics).
Different assumptions can be made in the modeling
and different parameterizations can be used. To
test the impact of aerosol processes and modeling
assumptions on aerosol concentrations, sensitivity
studies were carried out for each validation. The
reference simulation is the simulation used to
compute the scores. The reference simulation is
compared to simulations where only one aerosol
process differ from the reference simulation. The
comparison is done by computing the NME between
the reference simulation and the other simulations.
Although the impact of aerosol processes on aerosol
concentrations differ depending on local conditions
and the chemical component studied, comparisons
of the different sensitivity studies allow us to point
out common features and differences.

2.1 At the regional scale

2.1.1 over Greater Paris

Over Greater Paris, Tombette and Sportisse
[2007] run a simulation for 5 months, from 1 May
2001 to 30 September 2001, using 10 sections in
the range 0.01µm - 10µm. The scores for PM10 ave-
raged over 8 stations are given in table 1.

A sensitivity study was conducted over the first
15 days of July. All the discretization points in the
domain of study are taken into account when com-
puting the statistics. Three simulations are conside-
red in the sensitivity study : a run without hetero-
geneous reaction (the reaction probabilities are ta-
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TAB. 1 – Scores for PM10 over Greater Paris

Meas. mean Sim. mean Corr NMB NME
23.0 23.9 59.5 4.0 32.4
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FIG. 1 – Over Greater Paris, for PM10, differences
between the reference run and a run without hetero-
geneous reaction (1), bulk equilibrium (2) and dyna-
mic mass transfer (3)

ken as γHO2
= 0.2, γNO2

= 10−5, γNO3
= 10−3,

γN2O5
= 0.03 in the reference run), a run assuming

bulk equilibrium for all sections instead of computing
dynamically the largest 3 sections (i.e. sections of
diameter larger than 1.25µm), and a run where all
sections are computed dynamically. As shown in Fi-
gure 1, PM10 concentrations were found to be very
sensitive to heterogeneous reaction with a NME of
11% but less sensitive to whether mass transfer is
computed dynamically or assuming bulk equilibrium
(the NME is about 4%).

2.1.2 over Greater Tokyo

Over Greater Tokyo, Sartelet et al. [2007b] use
Polyphemus-MAM to simulate two high-pollution epi-
sodes : one in winter (9 and 10 December 1999) and
one in summer (31 July and 1 August 2001). The 4
modes lie in the diameter range 0.001µm and 10µm.

The scores are given in table 2 for inorganic PM2.5

(sulfate and nitrate) at 4 stations for the winter epi-
sode and two stations for the summer episode. Bet-
ter scores are generally observed for sulfate than ni-
trate.

Only the concentrations at the location of mea-
surements were considered in the sensitivity study.
In the reference run, condensation assuming ther-
modynamic equilibrium, dry deposition, nucleation
and coagulation are taken into account, heteroge-
neous reactions are ignored. Eight simulations were
conducted : without condensation, using the hy-
brid scheme (thermodynamic equilibrium is assu-
med only for the smallest mode instead of the four

TAB. 2 – Scores for sulfate and nitrate over Tokyo in
the winter episode (first 2 lines) and in the summer
episode (last 2 lines)

Meas. Sim. Corr NMB NME
sulfate 2.6 3.3 66.2 -26 41
nitrate 4.5 4.1 44.5 8 111
sulfate 13.3 14.1 -2 -7 34
nitrate 5.7 2.1 34 62 67

modes), with heterogeneous reactions (the reaction
probabilities are taken as γHO2

= 0.2, γNO2
= 10−4,

γNO3
= 10−3, γN2O5

= 0.03 in the reference run),
without deposition, without nucleation, without coa-
gulation, using SIREAM instead of MAM (i.e. using
the sectional distribution instead of the modal distri-
bution), using CMAQ instead of Polyphemus-MAM.
Because CMAQ models the same processes as
Polyphemus-MAM, comparison of the reference run
to CMAQ allows us to have a rough idea of the sensi-
tivity to parameterizations in and outside the aerosol
module.

Comparisons of the NME between each of these
simulations and the reference run is shown in Fi-
gure 2. For sulfate, in the summer episode, the im-
pact of long-range transport dominates because the
close by Mount Oyama of Miyake Island was in erup-
tion at that time. This is illustrated by the fact that
the highest sensitivity is observed when CMAQ is
used (with a NME of 42% against 12% for condensa-
tion). In the winter episode, sulfate is mostly impac-
ted by condensation (21%), CMAQ (20%), coagula-
tion (17%), and deposition to a lesser extent(10%).
Whereas nucleation and coagulation are negligible
in the summer episode (1%), they are not in the win-
ter episode (17% and 5%). The impact of coagula-
tion is larger in the winter episode than in the sum-
mer episode, because the number of small particles
is higher in the winter episode as a consequence of
higher nucleation.

For nitrate, the impacts of condensation, heteroge-
neous reactions and CMAQ dominate (66%, 190%

and 100% respectively in the winter episode and
99%, 119% and 251% in the summer episode). The
impact of the thermodynamic equilibrium assump-
tion is limited (12% in the winter episode and 49%

in the summer episode).

For both sulfate and nitrate, the impact of dry de-
position is limited (8 to 10%).

The impact of using a sectional representation of
the size distribution is small, also not negligible, and
it is higher for nitrate (8-18%) than for sulfate (6-8%).
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FIG. 2 – Over Greater Tokyo, for sulfate and nitrate,
differences between the reference run and a run wi-
thout condensation (1), using the hybrid scheme (2),
with heterogeneous reaction (3), without dry depo-
sition (4), without nucleation (5), without coagulation
(6), SIREAM (7), CMAQ (8)

TAB. 3 – Scores for sulfate and nitrate over 24 sta-
tions of East Asia in March 2001

Meas. Sim. NMB NME
sulfate 4.9 5.2 13 13
nitrate 0.9 1.8 24 27

2.2 At the continental scale

2.2.1 over East Asia

The validation of Polyphemus-SIREAM over East
Asia was done in the framework of the model inter-
comparison study–Asia Phase II (MICS2).The sensi-
tivity study was conducted only for March 2001. The
scores for sulfate and nitrate over 24 stations are gi-
ven in table 3. In the reference run, 10 sections in
the range 0.01µm - 10µm are used, thermodynamic
equilibrium is assumed, heterogeneous reactions
and cloud chemistry are ignored. Only the concen-
trations at the location of measurements were consi-
dered in the sensitivity study. Seven simulations
were conducted : with 3 sections instead of 10, with
the hybrid scheme (with a cutoff diameter of 0.6µm,
i.e. the finest 6 sections are computed with the full
equilibrium approach), without coagulation, with he-
terogeneous reaction (γHO2

= 0.2, γNO2
= 10−4,

γNO3
= 10−3, γN2O5

= 0.03), with cloud chemistry,
using CMAQ instead of Polyphemus-SIREAM.

As shown in Figure 3, sulfate is mostly impacted
by CMAQ (34%), and by cloud chemistry (17%), he-
terogeneous reaction (15%) and coagulation (11%)
to a lesser extent. For nitrate, the impact of hetero-
geneous reactions is very large (99%) followed by
CMAQ (71%). The number of sections, the hybrid
scheme and coagulation have much smaller impacts
although they are not negligeable (15%, 13% and
15% respectively).

2.2.2 over Europe

Sartelet et al. [2007a] presented a validation of
multi-pollutants over Europe with a focus on aerosols
for the year 2001 (see the scores in table 4 evalua-
ted with three different databases (EMEP, AirBase
and BDQA). A sensitivity study was conducted over
1 month in summer (between 15 July and 14 August
2001) and 1 month in winter (between 15 November
and 14 December 2001).

All the discretization points in the domain of study
are considered when computing the statistics. In the
reference run, 5 sections in the range 0.01µm -
10µm are used, thermodynamic equilibrium is assu-
med, heterogeneous reactions and cloud chemistry
are taken into account, nucleation is ignored. Twelve
other simulations were conducted : with 10 sections
instead of 5, with dynamic mass transfer for all sec-
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FIG. 3 – Over East Asia, for sulfate and nitrate,
differences between the reference run and a run
with 3 sections instead of 10 (1), with the hybrid
scheme (2), without coagulation (3), with heteroge-
neous reaction (4), with cloud chemistry (5), using
CMAQ instead of Polyphemus-SIREAM (6)

TAB. 4 – Scores for PM10, sulfate and nitrate over
Europe 2001. E refers to the EMEP database, A to
the airbase database and B to the bdqa database.

Meas. Sim. Corr NMB NME
PM10 (E) 16.9 15.6 55 -1 51
PM10 (A) 24.9 15.4 44 -33 49
PM10 (B) 19.8 15.8 57 -19 36
sulfate (E) 2.5 2.1 56 -5 51
sulfate (A) 1.9 2.4 51 73 105
nitrate (E) 2.6 4.1 41 91 122
nitrate (A) 3.5 4.4 72 27 56

tions, without the heterogeneous reaction for N2O5,
with varying reaction probability for the heteroge-
neous reaction N2O5 (following Evans and Jacob
[2005] and Riemer et al. [2003]), with nucleation (by
adding 2 bins between 0.001µm and 0.01µm), with
the criterion LWC (liquid water content) < 0.07g m−3

instead of LWC < 0.05g m−3 to call the aqueous
model VSRM, with a different criterion to call the
aqueous model VSRM (VSRM is called when the
cloud fraction is greater than 20%), with different pa-
rameterizations of the diameter and falling velocity of
raindrops (instead of the parameterizations of Loos-
more and Cederwall [2004], the parameterization of
Seinfeld [1985] is used for the falling velocity of rain-
drops and the one of Pruppacher and Klett [1998]
is used for the diameter of raindrops), with monthly
boundary conditions from Mozart version 2.4 (Ho-
rowitz [2003]) instead of daily boundary conditions
from Gocart (Chin et al. [2000])), with the parame-
terization of Louis (Louis [1979]) rather than Troen
Mahrt (Troen and Mahrt [1986]) for vertical diffusion.

As shown in Figure 4 for the winter run and Fi-
gure 5 for the summer run, PM10, sulfate and ni-
trate are strongly impacted by the parameterization
used for vertical diffusion (for PM10, it corresponds to
the highest sensitivity with a NME of 20% in winter
and 29% in summer). For PM10, sulfate and nitrate,
low sensitivity is observed to the number of sections
used, to whether the reaction probability of the he-
terogeneous reaction N2O5 varies or not, to nuclea-
tion and the threshold used for LWC. In winter, PM10

is sensitive to whether LWC or a cloud criterion is
used to call VSRM, to the parameterization of sca-
venging, to boundary conditions and to the hetero-
geneous reaction of N2O5 (NMEs of about 10%). In
summer, PM10 is sensitive to boundary conditions
(NME = 16%) and to the parameterization used for
scavenging (NME = 8%). For sulfate, the highest
sensitivity in both winter and summer corresponds
to boudary condition (with a NME of 22 and 19%).
Sulfate is also sensitive to the criterion used to call
VSRM (with a NME of 10 and 8%), and to the he-
terogeneous reaction N2O5 in winter (NME = 8%).
For nitrate, there is a high sensitivity to the hetero-
geneous reaction N2O5 (with a NME of 63 and 24%)
and to the dynamic mass transfer (with a NME of 17
and 27%). To a lesser extent, nitrate is also sensitive
to the cloud criterion use to call VSRM (with a NME
of 11 and 16%).

3 CONCLUSION

The chemistry transport model Polyphemus with
the aerosol module MAM or SIREAM performs rea-
sonnably well at the regional scale over Paris, Tokyo
and at the continental scale over Europe and Asia.
For each validation, sensitivity studies were conduc-
ted. As expected, PM10 is sensitive to configuration
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FIG. 4 – Over Europe, for PM10, sulfate and nitrate,
differences between the reference run and a run
with 10 sections (1), with dynamic mass transfer (2),
without the heterogeneous reaction N2O5 (3), with
varying reaction probability for the heterogeneous
reaction N2O5 (4), with nucleation (5), with the crite-
rion LWC < 0.07µg m−3 to call the aqueous model
VSRM (6), with the cloud fraction to diagnose when
to call VSRM (7), with a different parameterization
for scavenging (8), with different boundary conditions
(9), with a different parameterization for vertical dif-
fusion (10).
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FIG. 5 – Over Europe, for PM10, sulfate and nitrate,
differences between the reference run and the other
runs of the sensitivity study (see caption of Figure 4).

choices outside the aerosol module, such as vertical
diffusion and boundary conditions, but also to pa-
rameterizations inside the aerosol module, such as
scavenging or heterogeneous reactions. Size distri-
bution, coagulation and nucleation have lower sensi-
tivities. Sulfate is sensitive to boundary conditions,
to the criterion used to diagnose clouds. For ni-
trate, high sensitivity to the heterogeneous reaction
of N2O5 was observed, although the sensitivity be-
comes low in the european runs when the reaction
probability varies with the aerosol composition, tem-
perature and relative humidity following Evans and
Jacob [2005] and Riemer et al. [2003]. The sensiti-
vity to the dynamic mass transfer varies depending
on conditions.
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