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Aerosols over the Mediterranean region 
 

➢ A crossroads of numerous and various aerosol sources 

(Lelieveld et al., 2002) 
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Strong impact on radiative budget and regional climate (e.g. Zubler et al., 2011; Zanis et al., 2012, Nabat et al., 

2015). => For example in a study with CNRM-RCSM4 

 

 

 

 

 

 

 

 

 
 
 

 

Context of the study - Objective 

°C W/m² 
From Nabat et al., 2015 

Direct SW surface 
aerosol forcing 

Aerosol impact on  
surface temperature (T2m) Aerosol impact on sea surface temperature 
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However many different ways to simulate aerosols in current regional climate models 
 

e.g. in the Med-CORDEX initiative : 
 

      - several RCMs have no aerosols (PROTHEUS, EBU-POM, RegCM-3) 

      - others have a monthly climatology (LMDz, MORCE-MED, CNRM-RCSM, COSMO-CLM), 

often without yearly variations 

      - RegCM-4 is able to include prognostic aerosols 
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However many different ways to simulate aerosols in current regional climate models 
 

e.g. in the Med-CORDEX initiative : 
 

      - several RCMs have no aerosols (PROTHEUS, EBU-POM, RegCM-3) 
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Do we need prognostic aerosol schemes in regional climate models ? 

Or can we have only monthly AOD climatologies to represent the different effects of aerosols on 

climate? 
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ALADIN-Climat 

v5.3 + ISBA 

(ERA-INTERIM 

forcing, 50km) 

NEMO-MED8 

(10km) 

OASIS3 

(coupling) 

Déqué and Somot, 2008 
Colin et al., 2010 

CNRM-RCSM (Regional Climate System Model) 

Sevault et al., 2009 
Beuvier et al., 2010 
Herrmann et al., 2010 

Methodology : coupled ocean-atmosphere regional climate modeling 



2 possibilities to include aerosols  

Monthly AOD climatology 
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Dust / sea-salt / sulfate / 

BC / organic 

 

- Coupling with the 

radiation scheme (LW 

and SW) : direct effect  

+ first indirect effect of 

sulfate aerosols 
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Prognostic aerosol scheme (Michou et al., 2014 ; Nabat et al., 2014) 
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Methodology : coupled ocean-atmosphere regional climate modeling 

Dust 

Sulfate Black carbon 

Organic 

Sea salt 

(kg/m²/s) 

- Adapted from the GEMS/MACC 

scheme (Morcrette et al., 2009) 

 

- 5 aerosol types : 

Dynamic emissions for dust/sea-

salt 

ACCMIP inventaries for sulfate / 

BC / organic matter 

 

- Simplified scheme to keep a low 

numerical cost (multi-annual 

climate simulations) 

- 5 aerosol types : 

Dust / sea-salt / sulfate / 

BC / organic 

 

- Coupling with the 

radiation scheme (LW 

and SW) : direct effect  

+ first indirect effect of 

sulfate aerosols 

Emissions 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

=> 3 simulations carried out with CNRM-RCSM5 (JJA 2012 / with spectral nudging) : 
 

    PROG : prognostic aerosols / PROG-M : monthly AOD averaged from PROG / NO : no aerosol 
 

Daily radiative effects of aerosols 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Lampedusa : JJA 2012 
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=> 3 simulations carried out with CNRM-RCSM5 (JJA 2012 / with spectral nudging) : 
 

    PROG : prognostic aerosols / PROG-M : monthly AOD averaged from PROG / NO : no aerosol 
 

=> Impact on surface radiation (daily variability) 

Daily radiative effects of aerosols 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Lampedusa : JJA 2012 
Cloud cover 
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=> Improvement in 

PROG compared to 

PROG-M and NO : 

 

- during days with high 

aerosol loads 

 

- during days with low 

aerosol loads 

 

- Higher correlation and 

standard deviation in 

PROG 

 

- Similar results in other 

stations over the 

Mediterranean area 

 

 

 

 

 

 

 

 

% 

Bias (W/m²) 

+18  -6  -3  -17 

 

Correlation  

0.81 0.85 0.87 0.87 

 

Standard deviation 

(ratio) 

0.74 0.74 0.88 0.67 

Surface 

radiation (SW
d
) 

=> 3 simulations carried out with CNRM-RCSM5 (JJA 2012 / with spectral nudging) : 
 

    PROG : prognostic aerosols / PROG-M : monthly AOD averaged from PROG / NO : no aerosol 
 

=> Impact on surface radiation (daily variability) 

=> As expected, strong impact of the high frequency of aerosols on the radiation daily variability 

Daily radiative effects of aerosols 



Impact of prognostic aerosols on the average 

=> Differences in the summer average (JJA 2012) between PROG and PROG-M : 
 

 
SW downward surface radiation Surface air temperature (T2m) 

PROG – PROG-M 

W/m² °C 



Impact of prognostic aerosols on the average 

=> Differences in the summer average (JJA 2012) between PROG and PROG-M : 
 

 
SW downward surface radiation Surface air temperature (T2m) 

PROG – PROG-M 

W/m² °C 

 How explain these differences in this summer average while the average AOD is identical 

between PROG and PROG-M ? 

 

 Some hypotheses : 

- Role of the vertical distribution of aerosols (imposed in PROG-M, variable in PROG) ? 

- Relation between cloud and aerosol variabilities, or more generally between weather 

regimes and aerosols ? 

- Modification of the atmospheric dynamics by the aerosols ? 

 
 

 



Impact of prognostic aerosols on the average 

=> Differences in the summer average (JJA 2012) between PROG and PROG-M : 
 

 
SW downward surface radiation Surface air temperature (T2m) 

PROG – PROG-M 

W/m² °C 

 How explain these differences in this summer average while the average AOD is identical 

between PROG and PROG-M ? 

 

 Some hypotheses : 

- Role of the vertical distribution of aerosols (imposed in PROG-M, variable in PROG) ? 

- Relation between cloud and aerosol variabilities, or more generally between weather 

regimes and aerosols ? 

- Modification of the atmospheric dynamics by the aerosols ? 

 

 

 Simulations PROG and PROG-M over the 1980-2012 period (without spectral nudging) 
 

 



Links between aerosols and cloud cover 
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Aerosol direct SW radiative forcing in function of AOD and cloud cover 

=> Modification of the direct aerosol radiativeforcing by the presence of clouds 
 

 

AOD AOD 

=> For the same 

AOD, the presence of 

clouds reduces the 

dimming effect of 

aerosols 
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Links between aerosols and cloud cover 
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=> Modification of the direct aerosol radiativeforcing by the presence of clouds 
 

 

AOD AOD 

=> For the same 

AOD, the presence of 

clouds reduces the 

dimming effect of 

aerosols 

=> When cloud cover is very low, AOD is on average also lower. 
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Links between aerosols and weather regimes 

=> Classification in 4 North-Atlantic weather regimes (Vautard , 1990) 
 

 

 Correlation between anomalies in AOD and cloud cover 
 

 The effect of aerosols in PROG-M is probably stronger than in PROG because of the presence 

of too high aerosol loads during cloudless days 
 

 



Another hypothesis : modification of the atmospheric dynamics by 
dust aerosols 

=> Selection of days with high dust loads in the PROG simulation : 
(a day is considered as a « dusty day » if dust AOD > 90th quantile for 60% of the grid points inside the box )  

Sea level pressure Cloud cover AOD 

PROG : dusty days – all the days (average) 



Another hypothesis : modification of the atmospheric dynamics by 
dust aerosols 

=> Selection of days with high dust loads in the PROG simulation : 
(a day is considered as a « dusty day » if dust AOD > 90th quantile for 60% of the grid points inside the box )  

Sea level pressure Cloud cover AOD 

PROG : dusty days – all the days (average) 

PROG-M : same calculations as in PROG 
 (the lateral boundary forcing by ERA-Interim imposes the respect of the chronology) 

Sea level pressure Cloud cover AOD 



Another hypothesis : modification of the atmospheric dynamics by 
dust aerosols 

=> Estimation of the impact of dust aerosols during dusty days : 

Sea level pressure Cloud cover AOD 

PROG – PROG-M : dusty days – all the days (average) 



Another hypothesis : modification of the atmospheric dynamics by 
dust aerosols 

=> Estimation of the impact of dust aerosols during dusty days : 

Sea level pressure Cloud cover AOD 

PROG – PROG-M : dusty days – all the days (average) 

SW downward surface radiation Surface air temperature (T2m) 

 During dusty days : 

- Amplification in PROG of 

the low pressure system and 

the induced southerly winds 

- Advection of warm air in 

Italy and increase of cloud 

cover 

 

 The dynamics change 

prevails over the dust direct 

radiative forcing 
 



Conclusion 

 Evaluation of the differences between the use of prognostic aerosols and the use of 

monthly AOD means to represent aerosols in regional climate models: 

- At the daily scale : improvement of the daily surface radiation variability when using 

the prognostic aerosols 

- At the seasonal scale : significant differences in radiation and temperature 

 

 

 Importance of the links between aerosols, cloud cover and weather regimes: 

- AOD is on average lower when cloud cover is low 

- The effect of aerosols could be overestimated in simulations with monthly AOD means 

 

 

 Dust aerosols can also modify the atmospheric dynamics, and the radiative effect of dust 

aerosols at the surface can be masked by warm air advection 
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aerosols at the surface can be masked by warm air advection 

 

 

 Prospects: 

- Continue this study with other meteorological variables (precipitation, wind, …) 

- Understand the role of the vertical distribution of aerosols in PROG and PROG-M 

- Identify the effects on dynamics for the other aerosols (sulfate, sea-salt) 

- Reinforce the robustness of the results (ensembles of simulation, multi-model ?)  

- Interest for numerical weather forecast ? 
 



Thanks for your attention 

Contact: pierre.nabat@meteo.fr 
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