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Why does microphysics matter?

Largest uncertainty in cloud feedback
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Past microphysics studies — different schemes
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Microphysics sensitivity study using RCE-SCREAM
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| Research questions

% How do microphysics parameterizations affect cirrus clouds?

2. Sensitivity study:

1. Comparing two ice

, turning up and down
nucleation schemes .
certain processes




P3 microphysics: old vs new

Standard ice_nucleation scheme

1. Default freezing mechanism

(Cooper 1986)

2. Options for using predicted
or prescribed CCN and

number concentration



New ice nucleation scheme is more complex

Standard ice_nucleation scheme New ice nucleation scheme
1. Default freezing mechanism 1. Freezing for mixed phase
(Cooper 1986) (Cooper 1986)
2. Options for using predicted 2. Allows for deposition
or prescribed CCN and freezing in cirrus
number concentration (Mohler et al., 2006)

3. Allows for heterogeneous vs

homogeneous competition
(Liu & Penner, 2005)



New ice nucleation scheme is more complex
(and hopefully more physical)
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Microphysical changes in new freezing scheme

Observations Standard New Freezing
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’ Changing ice nucleation impacts the vertical structure and
cloud (micro)physics
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’ The peak cloud ice mass is shifted to a lower altitude
(higher OLR)
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Research questions

% How do microphysics parameterizations affect cirrus clouds?

Std

2. Sensitivity study:
1. Comparing two ice SIS e Sy

, turning up and down
nucleation schemes

ice_nuc

certain processes

Changes to processes of ice nucleation can impact the
microphysics of cirrus clouds in ice crystal number
concentration (ICNC), mean ice mass radius, and more



Sensitivity Study
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Sensitivity Study

lce sedimentation
Scaling by 2 - 2 x for

average grid box ice mass

Vapor deposition
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Microphysical changes affect top-of-atmosphere radiation
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Decreasing vapor deposition decreases cloud ice

- Default
20.0

1/2x dep
17.5 - 2X dep

15.0 TTL

12.5

10.0

7.5 Std

Vapor deposmon

5.0 rate =
339 -

ASR (W/m2)
2 R
o =

2.5

0.0 T T T T T
000 0.025 0.050 0.075 0.10 244 245 246 247 248 249 250

In-cloud IWC (g/m3) OLR (W/m?)




Increasing vapor deposition decreases cloud fraction

ice crystals grow slower
but are larger in number
20.0 and stick around longer
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Changing sedimentation rate has no impact on TOA radiation
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Decreasing sedimentation rate decreases cloud ice mass
but increases cloud fraction, nearly balancing out

less ice falls out, larger
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Microphysical changes affect top-of-atmosphere radiation
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Research questions

% How do microphysics parameterizations affect cirrus clouds?

Std

2. Sensitivity study:

1. Comparing two ice

, turning up and down
nucleation schemes

ice_nuc

certain processes

microphysics of cirrus clouds in ice crystal number for TOA radiation and cloud physics — sedimentation

’ Ll
concentration (ICNC), mean ice mass radius, and more doesn’t play as large a role for small ice crystals
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Research questions & preliminary results

% How do microphysics parameterizations affect cirrus clouds?

Small changes in microphysics have important implications for TOA radiation
and cloud physics — sedimentation doesn’t play as large a role for small ice crystals

How can changes in microphysics contribute to the model spread
and interact with the model dynamics?

Model spread in TOA radiation for small changes in microphysics for is up to 6 W /m?
(maybe up to 10% of variability of DYAMOND models)

by



Research questions & preliminary results

% How do microphysics parameterizations affect cirrus clouds?

Small changes in microphysics have important implications for TOA radiation
and cloud physics — sedimentation doesn’t play a large role for small ice crystals

How can changes in microphysics contribute to the model spread
and interact with the model dynamics?

Model spread in TOA radiation for small changes in microphysics for is up to 3 W /m?
(maybe up to 30% of variability of DYAMOND models)

As SSTs increase how do anvil and TTL cirrus change?

Future work: run RCE set-up with +4K SSTs and continue microphysics sensitivity study
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Future work

Total condensed water
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Thank you!

smturbev(@uw.edu




Supplementary slides
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Changing ice nucleation
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Vertical mean profiles
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Microphysical changes in new freezing scheme
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Martina’s insitu data Default freezing New freezing scheme
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