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Abstract

CHIMERE is a chemical transport model widely used within the air quality scientific community. The actual version of CHIMERE is coupled
with the MM5 mesoscale meteorological model. To facilitate model development, MM5 is replaced here with the Weather Research and Fore-
casting (WRF) model. With the accuracy of air quality models being highly dependent on the quality of meteorological drivers, this coupling
allows one to take advantage of relevant new developments in meteorological modelling.
� 2008 Elsevier Ltd. All rights reserved.
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Air quality models are highly dependent on the value of
meteorological inputs, and any improvement in meteorologi-
cal fields should be maintained in Chemistry-Transport
Models (CTMs). The CHIMERE CTM (Schmidt et al.,
2001; Bessagnet et al., 2004) is a multi-scale model for air
quality simulations widely extended within the scientific com-
munity, designed to be used as an operational forecasting
system or a numerical laboratory for research purposes. The
current open version of CHIMERE uses meteorological fields
from MM5 (Dudhia, 1993; Grell et al., 1995) mesoscale
model, and IFS-ECMWF (Simmons et al., 1989) model.

BSC-CNS has developed software for the linkage between
the Advanced Research Weather Research and Forecasting
(WRF/ARW) model (Michalakes et al., 2005; Skamarock
et al., 2005) and the CHIMERE CTM. The source code of
the linkage is available through the Web site http://www.bsc.
es/plantillaH.php?cat_id¼445. This will allow CHIMERE
users to take advantage of the new developments introduced
within WRF. WRF represents the effort of developing a next
generation mesoscale meteorological model for operational
and research applications, and has the objective to replace

Software availability

Name of software: wrf_chimere_pack-v1.0
Developers: Oriol Jorba and Thomas Loridan
Address: C/Jordi Girona, 31, 08034 Barcelona
Phone: þ34 93 413 40 50
Fax: þ34 93 413 77 21
E-mail: oriol.jorba@bsc.es
First available: 2007
Availability: http://www.bsc.es/plantillaH.php?cat_id¼445
Cost: free
Program language: Fortran and shell scripting
Program size: 580 kB
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some of the current mesoscale models (e.g., Dudhia, 1993;
Janjic, 1994) and meteorological drivers of air quality models
(e.g., Cheng et al., 2007).

CHIMERE can be run on any rectangular non-staggered
grid system, with no need to match the land-use, emission
inventory or meteorological grids and therefore the original
meteorological interface interpolates all variables from the
output MM5 grid into the photochemical one. The present
coupling follows a similar approach; however, one counterpart
of this flexibility is the amount of computer time spent looking
for interpolation weights when large domains are defined. The
horizontal grid of MM5 is an Arakawa-B with velocity vari-
able staggered relatively to other scalars, while WRF/ARW
uses an Arakawa C grid. The staggered points of WRF/
ARW are not situated in corners (as MM5) but at half distance
of mass points which implies an interpolation of U points and
another for V points while MM5 only interpolates once (U and
V are staggered in the same point). To reduce computational
costs, a speed-up procedure is introduced as an optional inter-
polation mode. When the CHIMERE grid matches the one
formed by mass points in WRF model outputs, we directly
adapt the interpolation procedure without computing the geo-
metrical weights (location of staggered points is already
known for staggered variables). A further advantage of the
procedure is that all variables apart from U and V components
of horizontal wind do not need to be interpolated (already
computed on mass points), and the consistence of scalar fields
from the meteorological model is therefore maintained. The
treatment of the vertical coordinate in CHIMERE is transpar-
ent from the definition of the terrain following coordinate of
the meteorological model (WRF/ARW is based on dry hydro-
static pressure, while MM5 is based on a reference total pres-
sure). The altitude in meters of the sigma levels is diagnosed
from WRF/ARW and passed to the pre-processor of CHI-
MERE which vertically interpolates to the final model layers.

Concerning WRF physical parameterizations, most of them
represent an evolution and improvement of those used in MM5
model, and the linkage developed is fully compatible, allowing
the users to configure the meteorological model with complex
land surface schemes, and taking into account several micro-
physical species from simple 3-class schemes to more detailed
ones with 6 moisture species (e.g., Kessler, 1969; Lin et al.,
1983). The moisture species required by CHIMERE are cloud
liquid water mixing ratio, rain water mixing ratio, water va-
pour mixing ratio, and ice mixing ratio. Note that values of
cloud, rain, ice and vapour mixing ratio have to be adapted
to remove all negative values that sometimes appear as a result
of mass conservation and the advection scheme used by WRF/
ARW for their computation. All the microphysics parameteri-
zations available in WRF are compatible with the coupling,
and a specific routine is used for the Ferrier microphysics (Fer-
rier et al., 2002) to compute mixing ratios from the fractions
used to represent ice and snow species.

CHIMERE is designed to take soil moisture into account for
the representation of erosion and resuspension. WRF/ARW can
predict soil moisture with complex land surface models. The
erosion/resuspension option can be activated with the WRF

soil moisture. Both Noah (Chen and Dudhia, 2001) and RUC
(Smirnova et al., 1997, 2000) land surface models are
compatible.

The present coupling package is considered to be of high
interest for the scientific community to continue improving
air quality predictions with the introduction of new-generation
meteorological models. The package has been tested with
WRFv2 outputs and CHIMERE V200511B-1, V200603par-
rc1, V200606B and V200709A.

Acknowledgements

This work was funded by the projects CICYT CGL2006-
08903 and CICYT CGL2006-11879 of the Spanish Ministry
of Education and Science and the CALIOPE project of the
Spanish Ministry of the Environment. The source code is
available through the Web site http://www.bsc.es/plantillaH.
php?cat_id¼445.

References

Bessagnet, B., Hodzic, A., Vautard, R., Beekmann, M., Cheinet, S.,
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