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Objectives
• Investigate aerosol-cloud-interaction as aerosols are perturbed
• Compare modelled aerosol conditions of the mid 1980‘s („peak aerosol“ 

over Europe) to 2013
• Use modelled aerosol to derive CCN number concentration
• Use the derived CCN as input for high-resolution meteorological

simulations (ICON-LEM)
• Compare to available observations (HOPE campaigns, AVHRR)
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Model setup
• Nested Germany domain (resolution

7x7 km2)
• Simulation period: 2013/03/26 - 06/16

– 1985 scenario using the same meteorology

• 1985 emissions estimated using scaled
2009 emission inventory

• Overall annual emissions over Germany for
1985 from UBA

• CCN derived according to Abdul-Razzak
and Ghan (2000)
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Emissions over Germany in Mt a-1



Result: Aerosol 1985 vs 2013 (3-month domain mean)

On average: Much 
more ammonium 
sulfate, but slightly 
less ammonium 
nitrate in 1980’s

A factor of ~5 
difference in particle 
mass between 1985 
and 2013 



Result: CCN 1985 vs 2013 (3-month domain mean)

Assuming the same aerosol 
size distributions as in 2013, 
the average CCN number in 
1985 in the boundary layer is a 
factor of ~2-3 higher than in 
2013.



Comparison to observations (AOD: AVHRR, Northern Germany)

Costa Surós et al., ACP, 2020

Obs

Model

North Sea Baltic Sea

AOD compares well to observations in both periods, in particular the modelled reduction since 1985
Over- and underestimations are difficult to interpret because of observation uncertainty, especially for small 
AOD, and scarceness of observational data set, and same meteo scenario for both cases in the model



Comparison to observations (CCNc @Melpitz, Germany)
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N_CCNchem: applying activation parameterization to chemical aerosol mass measurements



Comparison to observations (CCNc @Melpitz, Germany)
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N_CCNchem: applying activation parameterization to chemical aerosol mass measurements

- generally good agreement
- model slightly underestimates CCN numbers at 0.2%
- this is caused by an underestimation of particles <100nm 

in the assumed size distributions
- size resolved treatment of aerosols is expected to improve 

the model system



Comparison to observations (CCN: LIDAR @Melpitz, Germany)

Costa Surós et al., ACP, 2020

- Modeled CCN 
concentrations of 2013-
scenario are in the range 
of observations (overlap 
of 25-75% percentile)

- Mean overestimation is 
factor of ~2.

- Modeled CCN 
concentration of 1985 
strongly exceeds today’s 
CCN concentrations 



Summary
• Aerosol composition and CCN concentration in mid 1980’s over Europe 

was simulated with COSMO-MUSCAT and compared to 2013
• In boundary layer: aerosol mass ~5 times and CCN ~2-3 higher in1980’s 

compared to 2013
• Comparison to available observations in both time periods (AOD) reveals 

reasonable agreement
• Today’s CCN concentrations by up to factor of 2 underestimated
• Overall, a size resolved treatment of aerosols is promising to prove the 

findings of this work 
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