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SCIENTIFIC CONTEXT MODEL DESCRIPTION
For several years, signmificant efforts were made by the scientific commumty to The M2C2 (Model of Multiphase Cloud Chemistry) model [4,5] 1s an air parcel model coupling
understand tropospheric chemistry. However, these efforts have been mamly focused aerosol and cloud microphysics with chemistry. For aerosol particles, a two-moment microphysical
on homogeneous gas phase chemistry, which is currently well documented [1,2]. The scheme 1s used and aerosols are represented by the sum of n (ne[1,6]) lognormal distributions
role of clouds 1n the chemical composition of the atmosphere 1s significant m two evolving due to nucleation and mmpaction scavenging. The cloud parameterization also considers a
aspects of the planetary evolution: the atmospheric oxidizing capacity and the two-moment scheme with warm processes for cloud water and rammwater and with 1ce processes,
greenhouse effect linked to the role of aerosols (direct and indirect) in radiative forcing. which are under development, for three hydrometeors: pristine 1ce, snow and graupel. The multiphase
Even 1f some modeling studies have attempted to understand the overall role of cloud chemistry module 15 explicit and 15 valid for any environment; the aqueous phase chemistry
chemistry m global climate studies [3], our knowledge 1s still at a rudimentary stage mecharusm describes the chemistry of HO,, sulfur, chlorne, carbonates, NO,, transition metals and
when looking at the details of cloud processes. An mtegrated approach using modeling organic compounds [5,6]. Liquid drops pH 1s calculated at each time step by solving the
tools mcluding laboratory data and field observations could help to mprove our clectroneutrality equation. The dynamical trajectory used to mitialize the air parcel comes from 3D
understanding of these processes. meso-scale simulations using nested gnds.
EXAMPLES of M2C2 APPLICATIONS
Study of wintertime polluted air mass at the Puy de Dome mountain station
made Aitken mode accumulation 1
The M2C2 model has been applied to typical wintertime continental air mass erione dust HiO o ions st 0 i o

under anthropogenic mfluence encountered at the Puy de Doéme station, an
ACCENT super-site n the middle of France. The air parcel model has been
mtialized using a back-trajectory computed from a three dimensional
simulation of the studies situation performed with a meso-scale meteorological

model usimng three nested grids. The concentrations of trace gases are mitialized

with data from the CIME campaign. For aerosol particles, four modes are used
and theirr physical and chemical properties are taken from the classification of
aerosol particles depending on the air masses encountered at the Puy de Déme
|7]. Fie aerosol particles (Aitken mode) exhibit a high contribution of organic
compounds while coarse aerosol particles show a high contribution of morganic
compounds, nitrate, sulfate and ammonum (Figure 1). Measurements show the
presence of two accumulation modes, one with predominance of organic
compounds and another one with predominance of morganic compounds
(I'igure 1). Companison of results with measurements show a good capability of
the model to reproduce observed chemical concentrations mn gas phase and mn
cloud water. While measurements do not allow determining the origin of the
different sources of chemical species m cloud water and to identify these
sources, the model provides this mformation. Results show that, for morganic
compounds, aerosol particles scavenging predominates (Table 1) with the
highest contribution for sulphate due to activation of accumulation mode 2 and
coarse mode. For mitrate, the contribution from aerosols scavenging 1s less
important due to high NO_ levels leading to efhcient mirate production both n
gas and aqueous phases (Table 1).
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the end of the simulation.

Impact of radical versus non-radical pathway in the Fenton chemistry on the iron redox cycle in clouds

M2C2 model allows performing easily sensitivity tests either on chemistry or on
microphysics processes. Such test has been performed for example on an
important chemical production pathway of OH radical mn cloud; the Fenton
chemistry mitiated by the oxidation of Fe(Il) by hydrogen peroxide [8]. The
first step of Fenton chemistry 1s actually under controversy [9], either it
produces an OH radical (Al-radical pathway) or a ferryl ion (A2-non-radical
pathway). These two pathways have been studied usmg M2C2 m order to assess
therr impact on HO,_ chemistry in cloud through the redox cycle of wron. Results
show that, considering the non-radical pathway, the production of OH radical n
cloud decreases (Iiygure 2). However, for the non-radical case, the ferryl 1on
concentration 18 up to four orders of magmitude higher than the OH
concentration highlighting its potential role m oxidative capacity of cloud
droplets.

Conclusion and perspectives
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In conclusion, the M2C2 model 1s a powerful numerical tool to study interactions between aerosol particles, microphysical processes and chemistry mn cloud. It could be used just as easily for

interpretation of mn-situ measurements and for theoretical studies to highlight the mam reaction pathway m a given chemical mechanism. Moreover, the framework of the model allows performing

sensitivity tests before setting up parameterizations to be mncluded in chemical transport models. Following the implementation of the ice phase microphysics in the model, the interactions between

chemistry and 1ced hydrometeors will be included in the model allowing the study of mixed phase clouds chemistry.
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