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Aerosol effect on clouds III



Immediate feedbacks of changes in the droplet size 
distribution in the cloud scale: 

(1) Cloud’s optical properties
(2) Droplet collection processes
(3) Droplets Mobility
(4) Diffusion processes efficiency
(5) Twilight – mixing – entrainment 

All of the above link cloud microphysics to dynamics



Cloud Core and Margins
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Cloud Core and Margins

By 3 measures 

!"



Cloud Core and Margins
Heiblum et al, 2019
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Heiblum et al, 2019
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How will aerosol concentration affect such partition?
Heiblum et al, 2019
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How will aerosol concentration affect such partition?
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So if most of the cloud is sub-saturated, what is a cloud?
What is the cloud boundary?
What is the cloud fraction?

On sequence of:

Core -> Margins -> Entrainment and mixing -> Twilight
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A short intermezzo on mixed and cold microphysics

So far we talked about warm (phase) clouds.

When ice and water hydrometeors coexist -> mixed phase cloud

Ice only -> cold clouds (cirrus, anvils, polar)
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A short intermezzo on mixed and cold microphysics

But the level of complexity is much higher; and so our level of understanding is 
inversely proportion to the complexity. 

Why mixed on cold clouds processes are more complex?

(I) It has more thermodynamic pathways: 
• vapor to/from liquid  - condensation and evaporation
• liquid to/from ice - freezing and melting  
• vapor to/from ice - deposition and sublimation 
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Ice saturation vapor is lower than water.

This imply preferable diffusion toward ice 
particles

It allows conditions supersaturation over 
ice when it is subsaturation over water
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Ice saturation vapor is lower than water.

This imply preferable diffusion toward ice 
particles

It allows conditions supersaturation over 
ice when it is subsaturation over water

It also allows for cases for which ice 
consume the ambient S such that it goes 
below the critical S for water. In such case 
ice will grow on the expense of water. 

Wegener-Bergeron-Findeizen (WBF) 
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A short intermezzo on mixed and cold microphysics

But the level of complexity is much higher; and so our level of understanding is 
inversely proportion to the complexity. 

Why mixed on cold clouds processes are more complex?

(I) It has more thermodynamic pathways: 
• vapor to/from liquid  - condensation and evaporation
• liquid to/from ice - freezing and melting  
• vapor to/from ice - deposition and sublimation 

(II) Many types of ice formation mechanisms
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A short intermezzo on mixed and cold microphysics

When passing the T=0 ℃ -> supercooled droplets

Similarly to the gas to water transition, homogenous nucleation will require 
much lower temperatures ~ -35 to -40 ℃ (depends also on the droplet size)      
-> Homogenous nucleation occurs high in the atmosphere.

Heterogeneous nucleation -> freezing in much higher temperatures. Depends 
heavily on the Ice Nuclei (IN) properties.
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Khain, A., & Pinsky, M. (2018). Microphysical Processes in Ice and Mixed-Phase Clouds. From Vali, 1999, with changes.
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Ice multiplication – Secondary ice processes 

Secondary ice fragments will serve as ideal IN. If they are small we can call them IN. 
Larger can be viewed as ice particle that can collect or being collected …

Eventually most of the freezing can be secondary – by contact.

In mixed phase clouds the transition to stochastic processes is likely to be faster.
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secondary ice production (SIP)
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secondary ice production (SIP)
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A short intermezzo on mixed and cold microphysics

But the level of complexity is much higher; and so our level of understanding is 
inversely proportion to the complexity. 

Why mixed on cold clouds processes are more complex?

(I) It has more thermodynamic pathways: 
• vapor to/from liquid  - condensation and evaporation
• liquid to/from ice - freezing and melting  
• vapor to/from ice - deposition and sublimation 

(II) Many types of ice formation mechanisms

(III) Many types of ice crystal shapes -> verity of ETV functions



What makes a particle good IN? 

https://en.wikipedia.org/wiki/Ice_crystals
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https://en.wikipedia.org/wiki/Ice_crystals
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What makes particle a good IN? 

What makes particle a good IN? 
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Slow to fast freezing -> deposition to contact freezing 

By Rubelson - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=45347722

By Brocken Inaglory - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=5792113
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http://www.snowcrystals.com/science/science.html

http://www.snowcrystals.com/science/science.html
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A short intermezzo on mixed and cold microphysics

But the level of complexity is much higher; and so our level of understanding is 
inversely proportion to the complexity. 

Why mixed on cold clouds processes are more complex?

(I) It has more thermodynamic pathways: 
• vapor to/from liquid  - condensation and evaporation
• liquid to/from ice - freezing and melting  
• vapor to/from ice - deposition and sublimation 

(II) Many types of ice formation mechanisms

(III) Many types of ice crystal shapes -> verity of ETV functions

(IV) Many types of ice and water clusters/aggregates 

(V) Interaction with EM radiation and therefore RS is much more complex



Creating your Own Clouds at Home - Ilan Koren



Creating your Own Clouds at Home - Ilan Koren



Creating your Own Clouds at Home - Ilan Koren


