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Background

Atmospheric dynamics and physics interact with atmospheric chemistry through many
processes which essentially fall into two categories

1 Aerosol direct effects:

Presence of aerosols affect the radiative transfers in the atmosphere: typically, heating of aerosol layers, cooling of
the surface.

These effects in turn affect atmospheric chemistry through changes in PBL dynamics and winds

2 Aerosol indirect effects

Presence of aerosols change cloud microphysics: more cloud-condensation nuclei imply more numerous and
smaller droplets

Changes in clouds and precipitation affect the radiative balance of the atmosphere

Such changes also affect gas and aerosol concentrations through changes in photochemistry, scavenging, and
aqueous phase chemistry



Objectives

The objectives (and constraints) of CHIMERE-WRF coupling are twofold:

1 Represent the interactions between atmosphere and chemistry (including
direct and indirect effects of the aerosols on meteorology). CHIMERE-WRF needs
to be able to give insight in atmosphere/chemistry interactions through scientific
case studies in interaction with measurement campaigns. One of the objectives is
to understand how dense polluted plumes from anthropogenic/natural sources
interact with the atmospheric flow.

2 Do so without breaking the CHIMERE model, in particular the possibility to use it in
offline (forced) mode with any high-quality meteorological model forecast that user
have at their disposal.



POSSIBLE COUPLING STRATEGIES: One single model (inline coupling)

One possible strategy is to insert a
chemistry-transport module inside a meteorological
model, yielding only one executable, e.g.
WRF-CHEM

Advantages:

No interpolation problem : chemistry runs on the
exact same grid as dynamics

Consistency between the transport of chemical and
other variables is optimal

Drawbacks:

Lack of flexibility: it is difficult/impossible to
unplug/plug the chemistry module into another
model

Computation time: chemistry module is forced to
run at the same time step as meteorology, which
makes the whole executable time-consuming

Inline coupling: Chemistry model is included
within the meteorological model



POSSIBLE COUPLING STRATEGIES: Two standalone models (external coupling)

It is also possible to plug two standalone models
together through an external coupler

Advantages:

Each model stays fully functional as a standalone
model

Time stepping of both models is independant:
possibly faster calculations

Dependance to one particular meteorological model
is more reduced

Drawbacks:

Possibly different grid structures: interpolation
problems

All the variables needed for coupling need to be
sent through MPI messages: possible overhead in
computational cost. External coupling: Chemistry model and

meteorological model are two different
executables communicating through MPI
messages



POSSIBLE COUPLING STRATEGIES: The CHIMERE-WRF strategy

External coupling has been retained.

Meteorological model:

WRF has been retained for this coupling. It is the
most widely used regional met. model.

Implementation has been done using WRF v3.7.1.
Could be updated in future, as needed.

Coupler:

OASIS3-MCT has been retained

Unlike other couplers, this coupler is not a separate
executable but provides exchange libraries that are
called by each of the member models

Largely known and used in the atmospheric
modelling community: good prospects of coupling
with other compartments (e.g. surface, ocean, etc.)

External coupling: The strategy retained for
WRF-CHIMERE coupling through
OASIS-MCT coupler



DIRECT EFFECT OF AEROSOLS: [Briant et al., 2017]

The study by [Briant et al., 2017] presents the
development of the WRF-CHIMERE coupled
model with direct radiative effects only.

Design of the simulations:

28 2D and 3D variables sent from WRF to
CHIMERE (pressure, temperature, wind,
moisture, etc.)

23 3D variables sent from CHIMERE to
WRF (mostly AOD, SSA and asymmetry
factors for several wavelengths)

Simulation domain covers Africa, Europe
and a large part of the Atlantic ocean

Scheduling of variable exchanges in a
WRF-CHIMERE coupled simulation with direct
aerosol effects only



DIRECT EFFECT OF AEROSOLS: [Briant et al., 2017]

Conclusions:

Direct aerosol effect is very strong
over the study area due to strong
concentrations of mineral dust

The aerosol radiative effect is
during the dust emission events,
due to short and long wavelengths

The simulated effect on surface
temperatures is subtantial

It has also been shown that, apart
from taking into account the
radiative effect of aerosols,
high-frequency forcing has a
strong effect on simulated
concentrations



INDIRECT EFFECT OF AEROSOLS: [Tuccella et al., 2019]

The study by [Tuccella et al., 2019] presents the
development of the WRF-CHIMERE coupled
model with indirect radiative effects. This study
takes into account the effect of the aerosols
provided by CHIMERE on the cloud microphysics
and provides comparison with satellite data
(MODIS-AQUA) and airborne data from the
EUCAARI measure campaign on Benelux. Results
show the ability of the coupled model to reproduce
the main patterns in terms of cloud droplet number
concentration.

Distribution of cloud droplets number
concentrations as simulated by WRF-CHIMERE
and inferred by MODIS-AQUA



INDIRECT EFFECT OF AEROSOLS: [Tuccella et al., 2019]

The main patterns of the spatial structure of cloud droplets number concentration are reproduced
by the model

Substantial improvement compared to standalone WRF (constant prescribed CDNC)



The WRF-CHIMERE coupled model: Conclusions

WRF-CHIMERE coupled model is now working and published. First studies have shown that:

1 Technical achievements:

The chosen coupling strategy works and does not put a heavy burden on computational performance

Long and stable simulations can be performed,

Even if the user does not want to actually include coupled processes, using this technique permits to have forcing
by high-frequency meteorological fields

2 Scientific prospects:

This tool permits to study the direct and indirect effect of aerosols on meteorology with realistic and real-time
variations of their concentrations

Comparison of droplet number concentration to measurements show a strong added value of this strategy in
terms of cloud microphysics compared to standalone meteorological model

The strong perturbations of meteorological variables by both direct and indirect aerosol effects suggest sensitivity
of pollutant emissions and transport to these feedbacks (e.g. dust emissions as shown in Briant et al. 2017)
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Thank you for your attention !
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