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The Global Perspective  
 
IPCC 2007   

Anthropogenic Aerosols counteract  
the global warming. 
 
The estimated radiative forcing is 
negative  and highly uncertain at 
continental  to global scale. 
 
However, aerosol effects on the 
radiation budget are not 
homogeneous. 
 
Furthermore, on the regional scale 
and the cloud scale the radiative 
forcing  can be positive. 
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Trenberth et al. 2009  

The Energy Budget  
 

Increase or reduction of local 
planetary albedo  (albedo, 
cloudiness).  
 
Change of cloud top temperature. 
 
High concentration of 
anthropogenic  aerosols can lead to 
masking of temperature 
observations. 
 
Change in latent heat release over 
the ocean (CCN, evaporation).  
 
Change in temperature gradient  
(reduction in difference NET down, 
land -15.6Wm2, ocean +6.9Wm2). 
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based studies and satellite data. 
 
 

Current Discussion  
 



7th Study Conference on BALTEX  - June 10, 2013  

Otto et al. 2013 
The rate of global mean warming has been lower over the past decade than previously. It has been 
argued that this observation might require a downward revision of estimates of equilibrium 
climate sensitivity.  
The estimates of effective radiative forcing by aerosols in particular vary strongly between model 
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Stevens and Bony, 2013 
Questions: How do marine boundary-layer clouds depend on their environment? Or how do 
atmospheric circulations couple to moist convection through surface and radiative fluxes?  
The first question ends up being key to explaining the intermodel spread in climate sensitivity, the 
second to the pattern of the regional response to warming. 
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to lack of knowledge about cloud interactions with both black carbon and co-emitted organic 
carbon. 
 
 
Andreae and Ramanathan 2013 
Because BC is concentrated near ist sources, it intruduces spatial gradients in solar heating of the 
surface. The net effect e.g. is a weakened monsoon circulation and a reduction of evaporation, 
reducing the amount of water available for rainfall. 
Better observational constraints are needed at all scales, from aerosol microphysics to global 
satellite studies of cloud properties. 
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Air Pollution and Cloud Albedo  
 

Cloud Reflectance [%] 

The late 80s mean cloud reflectance  in Central Europe  
reduced to late 90s by about 2% (in strongly polluted 
regions 5%).  
 
The effect decreases from source regions of pollution to 
remote regions.  
 
Additional  anthropogenic sulphate particles increased 
the reflectance  of stratus clouds by about 7%. 
 
Stronger reduction of about 8% was observed for 
meridional circulation type (especially stationary 
blocking high pressure centres, following GWL catalog).  
 
If climate change leads to a change in the frequency of 
circulation types then it will change the magnitude of 
aerosol  effects on climate in the Baltic Region. 
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show a conspecious low  relation G/Gclear   
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Cloud properties could have changed due to 
anthropogenic aerosols. 

Rising biogenic organic vapour emissions 
in response to warming  enhance 
condensation on particles and their 
growth to the size of cloud condensation 
nuclei (Paasonen et al. 2013). 
 
The negative feedbacks were strongest at 
the most northern and remote sites. 
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Cloud Condensation Nuclei  
 

The Baltic Region is a region with CCN number of 
108-109 per cm2. 
 
The extinction coefficient at the coast of the 
southern Baltic  Sea is by  an order of magnitude 
increased for air masses originating from continent.  
 
The aerosol number concentrations are of similar 
magnitude as along the coasts of West Afrika, India 
and China. 
 
High CCN numbers are also observed in the 
stormtrack of the Southern  Ocean. The area is an 
interesting testbed for analysis of the natural 
aerosol cloud-mediated processes. 



7th Study Conference on BALTEX  - June 10, 2013  

Chl-a 
change [%] 

Clouds 
Radiation 

change [%] 

Phytoplankton and Clouds  
 

Aerosol cloud-mediated climate processes 
are observed over the Southern Ocean 
from 45°S to 65°S, especially in regions 
with plankton blooms, indicated by high 
chlorophyll-a concentration in seawater. 
 



7th Study Conference on BALTEX  - June 10, 2013  

Chl-a 
change [%] 

Clouds 
Radiation 

change [%] 

Phytoplankton and Clouds  
 

Aerosol cloud-mediated climate processes 
are observed over the Southern Ocean 
from 45°S to 65°S, especially in regions 
with plankton blooms, indicated by high 
chlorophyll-a concentration in seawater. 
 
The increase in cloud condensation nuclei 
number decreases cloud droplet effective 
radius and increases cloud optical 
thickness for water clouds.  
 



7th Study Conference on BALTEX  - June 10, 2013  

Chl-a 
change [%] 

Clouds 
Radiation 

change [%] 

Phytoplankton and Clouds  
 

Aerosol cloud-mediated climate processes 
are observed over the Southern Ocean 
from 45°S to 65°S, especially in regions 
with plankton blooms, indicated by high 
chlorophyll-a concentration in seawater. 
 
The increase in cloud condensation nuclei 
number decreases cloud droplet effective 
radius and increases cloud optical 
thickness for water clouds.  
 
The upward short-wave radiative flux at 
the top of the atmosphere increases.  



7th Study Conference on BALTEX  - June 10, 2013  

Chl-a 
change [%] 

Clouds 
Radiation 

change [%] 

Phytoplankton and Clouds  
 

Aerosol cloud-mediated climate processes 
are observed over the Southern Ocean 
from 45°S to 65°S, especially in regions 
with plankton blooms, indicated by high 
chlorophyll-a concentration in seawater. 
 
The increase in cloud condensation nuclei 
number decreases cloud droplet effective 
radius and increases cloud optical 
thickness for water clouds.  
 
The upward short-wave radiative flux at 
the top of the atmosphere increases.  
 
Precipitation amount decreases. 
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Desideratum 
 

We need to investigate the influence of changing emissions 
(e.g. sulphur, black carbon and BVOCs) on regional climate 

Modelling activities constrained by observations need to be focussed 
on aerosol cloud-mediated climate processes in the Baltic Region.  
This ideally should include: 
 
• Treatment of biogenic  and carbonaceous aerosols. 
• Change of biogenic emissions in a changing climate including dimethyl 

sulphide (DMS).   
• Effects of spatial gradients in solar heating (dependent on circulation 

types). 
• Effects of higher CCN numbers and absorption on cloud albedo and 

precipitation. 
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Thank you for your attention. 
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