Climate-aerosol interactions over the Mediterranean region:

a regional coupled modelling approach

01 | Why study aerosols over the Mediterranean ?
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» Important impact on radiat
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» A crossroads of air masses bringin

» High spatio-temporal variability

Daily variability

g aerosols from different sources (Lelieveld, 2002)
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» Decrease of surface temperature (T2m) by aerosols over land (-0.4°C on average
in Europe) and over sea (-0.5°C on average over the Mediterranean Sea)

» Amplification with the ocean-atmosphere coupling (advection of colder and
drier air over land)

» In order to study the mean impact of aerosols on regional climate, simulation ensembles have been
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02 | Methodology

» A fully coupled regional climate system model (CNRM-RCSM) has been developed for ten years at CNRM, including the following components:
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Impact of aerosols at the daily scale
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atmosphere, ocean, land surface, rivers, and more recently aerosols.
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Monthly AOD climatologies
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» Surface direct SW radiative forcing is negative due to the extinction of incident radiation by aerosols.
» Semi-direct aerosol forcing (due to changes in atmospheric profiles and circulation) is slightly positive.

» LW radiative forcing is mainly due to dust particles, and is weaker than SW radiative forcing.
2m-temperature for coupled (C) and atmosphere-only simulations (F)

Vertical profiles (June 2007)
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P 5 aerosol types (dust / sea-salt / sulphate / black carbon / organic carbon)
» Coupling with the radiation scheme (shortwave and longwave)
» Need for realistic AOD fields: development of a new AOD data set, based

on both model and satellite products (Nabat et al., 2013), available for the
1979-2012 period
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» 3 simulations carried out during summer 2012 (JJA) using
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» However days with high aerosol loads are often characterized by south-

03 4 - ern winds responsible for dust outbreaks but also warm advection !
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» Reduction of the activity of the hydrological cycle by aerosols (decrease in SST, latent heat loss, humidity in

Monthly water volume with density higher than 29.1 kg/m3
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» Increase of surface density in the Mediterranean Sea (cooling prevails over the decrease in salinity)
» Amplification of oceanic convection by aerosols, notably in the dense water formation areas

» SW surface radiation:
- Brightening in Europe stronger in TRANS (+3.2 W/m®/decade) than in REF (+0.6 W/m?*/decade)
- Comparison with homogenized ground-based observations (Sanchez-Lorenzo et al., 2013) :

underestimation of the brightening in REF
higher spatial correlation between the model and the observations in TRANS (0.42) than in

REF (0.10)
- Aerosols explain 81 £+ 15 % of the brightening in Europe (mainly due to the direct effect)

Colored points = obs

» Sea surface temperature (SST):
- Stronger warming in the Mediterranean SST in TRANS
(0.24°C/decade) than in REF (0.17°C/decade)
- Given observations (Reynolds et al., 2002), improvement of the
warming in SST in TRANS compared to REF

In collaboration with Arturo Sanchez-Lorenzo and Martin Wild

» 2 simulations using CNRM-RCSM have been carried out over the 1980-2012 period:
REF (without any aerosol trend) / TRANS (including the sulphate aerosol trend)

2m-temperature trend (1980-2007)
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» An increase of the latent heat loss over the Mediterranean Sea has
also been noted in TRANS, as well as a decrease in the river discharge
(not shown here)

e and ECA networks

06 | Conclusion

Several effects of aerosols on regional climate have been shown at different time and spatial scales
using for the first time a regional climate model system over the Mediterranean:

- Impact of aerosol daily variability on surface radiation and temperature

- Impact of aerosols on mean regional climate : negative radiative forcing at the surface with en-
suing cooling and decrease in the activity of the hydrological cycle (importance of using a fully
coupled regional climate system model for aerosol-climate studies)

- Important contribution of aerosols to the regional climate trends since 1980
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Future work:

- More detailed analysis on the consequences of the choice of the aerosol representation in cli-
mate models (prognostic aerosols Vs. AOD climatology)

- Further developments in the prognostic aerosol scheme

- Regional climate scenarios using prognostic aerosols
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