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MOTIVATION

Cirrus clouds (thin, wispy ice clouds) 
form high in the atmosphere. 

They have important radiative effects 
and regulate the amount of water 

vapor entering the stratosphere from 
the troposphere through the tropical 

tropopause layer.

Current climate models represent ice 
microphysics in a highly simplified 
way and do not treat ice crystal 

habits consistently.

Credit: M. Jentoft-Nilsen/R. Stockli 

https://docs.google.com/file/d/1gN90h7Hm8mzsVWGhrX5NQFPRO2UXYDWU/preview
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METHODS

Single crystal laboratory 
experiments

Main Idea: Combine disparate observational data sources to reduce structural 
and parametric uncertainty in physics-based models of ice growth

Cloud chamber 
observations

Aircraft/balloon 
observations

Radar observations

+ spatial, temporal 
coverage in real 
atmospheric conditions
- limited local 
environmental, aerosol 
conditions

+ detailed local 
information, true 
atmospheric conditions
- snapshots, no info on 
past ice growth history

+ population based, time 
evolving, controlled 
conditions
- limited sampling 
conditions, not true 
atmospheric conditions

+ long sampling times, 
time evolving, controlled 
conditions
- limited sampling 
conditions, not true 
atmospheric conditions

Develop and evaluate 
physics-based models in 

precisely controlled 
conditions

Evaluate and constrain 
parameters in 

physics-based models 
developed from single ice 

crystal experiments

Combine many past 
observations to reduce 
structural uncertainty in 
physics based models

Refine parameter 
constraints in true 

atmospheric conditions 
using Bayesian inference
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RESULTS

See poster for more details!
Lamb et al. 2022, ACPD

Cloud chamber 
observations

Evaluate and constrain parameters in 
physics-based models developed from 

single ice crystal experiments

Ice growth rates in AIDA can generally be 
modeled with physics-based models 
developed from single crystal 
experiments but show greater deviations 
at low temperatures (<205 K)
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FUTURE PLANS

Very high resolution (SEM) images of 
ice from the IceBALL campaign

COCPIT Database:
12 million CPI images from 
past aircraft campaigns 

Bailey and Hallet, 2009 

Aircraft/balloon 
observations

Combine many past 
observations to reduce 
structural uncertainty in 
physics based models
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FUTURE PLANS

● Develop models for ice mass-size relationships

● Unified single ice category PUMAS microphysics 
scheme to integrate into CESM for Level 3 readiness

Radar observations

Refine parameter 
constraints in true 

atmospheric conditions 
using Bayesian inference
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DISCUSSION POINTS

● CPI/SEM images are 2D– how can we infer true 3D structure?
● How to add meaningful physical constraints in latent space?
● ML methods to infer a sequence from a series of images?
● How to deal with sampling biases in observations?
● How to parameterize ice habit in models with the fewest 

possible number of variables? 
● Multi-fidelity methods? 
○ Many low res./few high res. images
○ A few detailed in situ case studies/many remote observations
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MOTIVATION

Credit: M. Jentoft-Nilsen/R. Stockli 

Cirrus clouds (thin, wispy ice clouds) 
form high in the atmosphere. 

They have important radiative effects 
and regulate the amount of water 

vapor entering the stratosphere from 
the troposphere through the tropical 

tropopause layer.

Current climate models ignore the 
complexity of ice microphysics and 
neither accurately nor consistently 

represent ice crystal habits.


