. Sl

e

v L -

S il R

A sectional cldﬁ“d‘r;ﬁicrophysical model
(CARMA Cloud) in CESM2

Cheng-Cheng Liul’, Yungian Zhu?3, Lu Wang!,
Charles G. Bardeen?, Christopher Maloney?3,
Simone Tilmes#, Francis Vitt?,

Jennifer E. Kay>?, Adam Herrington®,
Owen B. Toon>1

ILASP, CU Boulder: Laboratory for Atmospheric and Space Physics,

University of Colorado Boulder
— 2CIRES 3NOAA CSL 4NSF NCAR/ACOM 5ATOC, CU Boulder SNSF NCAR/CGD

*Email: ChengCheng.Liu@colorado.edu

.......



Introduction

« Clouds are critical to climate systems but remain highly uncertain in
climate models.
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CAMG6/CLUBB cloud fraction is comparable to satellite

observation. We need to adjust macrophysics.
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CARMA Cloud captures patterns for liquid water path

(LWP) but has ~ 30%-50% more LWP
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CARMA Cloud captures patterns for LWP Ratio

(cloud/total LWP)
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CARMA Cloud is close to the observed effective radius

of liquid cloud
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Simulated SWCF is comparable to data (biases < 5% on global

average), while simulated LWCF is ~ 40% lower than data
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Simulated albedo i1s comparable to CERES
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« Global climate model with sectional cloud microphysics.

« CARMA Cloud captures patterns for liquid water path (LWP) but has
~ 30%-50% more LWP.

« CARMA Cloud is close to the observed effective radius of liquid
cloud, revealing reasonable simulations of aerosol-cloud interactions.

« Both models are good for SWCF (<5% error) and albedo (<1% error).
LWCF and total cloud forcing have some biases compared to data.




Future improvements

 Adjust macrophysics for cloud fraction

 Add interactive aerosols for liquid clouds by putting aerosols in the
liquid-cloud particles

« Add ice multiplication
« Add immersion freezing

« Improve computational efficiency without sacrificing microphysics
(e.g. coagulation)




