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properties? Bering Sea 
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    with different clean INP and Ni  
    concentrations 



INP treatment (Solomon et al. 2015) & implications 

Reference setup 1: Initial INP: 6 l-1 which gives Ni of realistic magnitude 
  
Reference setup 2: Initial INP: 1 l-1 underestimates Ni, but still has ice 
                                within the cloud 



Comparison with observations 

Blue: reference 1 (INP_ini =6 l-1) 
Red:  reference 2 (INP_ini =1 l-1) 
Black: aircraft observations 
Cyan: radar/lidar observations 

Simulations compare well with 
observations 
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Cloud response of perturbed cloud for INP initialized with 6 l-1 

INP perturbations: ⊙ = 0 l-1, ✡ = 1.3 l-1, ◇ = 3.0 l-1, = 5 l-1 

 
CCN perturbations [cm-3]: 

Increase in Ni and IWP even when no additional INP emitted! 



Enhanced freezing by cloud top radiative cooling 
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Enhanced freezing by cloud top radiative cooling 

[K h-1] 

Cloud top radiative cooling Latent heat release 

Cloud top radiative cooling dominates except for the INPini6 perturbed ship simulation 



Cloud response of perturbed cloud for INP initialized with 1 l-1 

INP perturbations: ⊙ = 0 l-1, ✡ = 1.3 l-1, ◇ = 3.0 l-1, = 5 l-1 

 
CCN perturbations [cm-3]: 

Stronger impact of INP in mixed-phase clouds with low background ice content 



Process summary: seeding with CCN 



Summary 

1)  Cloud radiative cooling triggered by CCN + precipitation suppression increases 
immersion freezing near cloud top. 

 
2)   Feedback processes within the ice phase reduce/inhibit a liquid water path 

increase. 
 
3)  Cycling of INP through the cloud and sub-cloud layer and subsequent freezing 

induced by recycled INP is important for sustaining mixed-phase clouds and 
vital in constraining aerosol-cloud interactions.  

4)  Aerosol perturbations as low as 100 cm-3 are sufficient to shift the cloud state 
outside the background variability. 


