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Fridlind and Ackerman 
[ed. Andronache 2018]

Fridlind et al. [JAS 2012]



ARM/ASR PI Meeting • 21 March 2018 • Fridlind et al. / NASA GISS

liquid-phase 

stratiform clouds

Liquid-phase low cloud fraction

• Preliminary version of ModelE3 (Ackerman, Cheng, Del Genio, Kelley)
– turbulent mixing [Bretherton and Park 2009]
– large-scale cloud fraction for liquid [Smith 1990], ice [Ballard and Wilson 1999]
– large-scale two-moment microphysics [Gettelman and Morrison 2015]

ModelE2.1, 2x2.5x40L ModelE3, C90x62L



ARM/ASR PI Meeting • 21 March 2018 • Fridlind et al. / NASA GISS

ModelE3 gas and aerosol-phase chemistry

Bauer et al., Atmos. Chem. Phys. 8, 6603-6635, 2008
Bauer et al., Atmos. Chem. Phys., 10, 7439-7456, 2010
Gao et al. Geosci. Model Dev., 10, 751-764, 2017

Droplet activation following
Adbul-Razzak et al. (1998)
and Abdul-Razzak and Ghan (2000)
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ModelE3 off-line INP calculations

• feldspar NINP(T) @ 600 mb using an active site scheme [cf. Atkinson et al. 2013]
• inform MATRIX single dust type

ModelE2.1, 40L
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ModelE3 SCM versus LES

DHARMA LES     
ModelE3 SCM

• M-PACE case [Klein et al. 2009]
– reasonable behavior
– liquid-phase boundary layer is big challenge!

ModelE3, 62L
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Mixed-phase low cloud occurrence frequency at NSA
• Preliminary version of ModelE3

– immersion freezing [Bigg 1953] of cloud and rain drops
– contact freezing [Young 1974] of cloud drops
– aerosol freezing with prescribed cloud ice concentration (100/L) 

and RHIcrit following Kärcher and Lohmann [2002]
– convective detrainment glaciated at 0°C

mixed-phase 
stratiform cloudsNSA Observations ModelE3, 62L
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Ground-based forward simulator for phase

Lamer et al. [in prep.]
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Ground-based forward simulator for phase

Lamer et al. [in prep.]
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Ground-based forward simulator for phase

Lamer et al. [in prep.]

Total attenuation

a2) Lidar total copol backscattering detected log10(m-1)

a1) Lidar total copol backscattering log10(m-1)

Attenuation Loss of sensitivity with range
b2) Radar total copol reflectivity detected (dBZ)

b1) Radar total copol reflectivity (dBZ)

-40�
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Ground-based forward simulator for phase

Lamer et al. [in prep.] following Shupe [2007]
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Ground-based forward simulator for phase

Lamer et al. [in prep.]
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(GO)2-SIM phase map

Ice phase

Mixed-phase misclassified as ice

Liquid phase

Ice phase misclassified as mixed-phase

Mixed-phase
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Ground-based forward simulator for phase

Lamer et al. [in prep.]
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AWARE project plan

• Hire a post-doc 

(www.giss.nasa.gov/employment)

• Deeper evaluation of cloud properties and 

context during AWARE

– application of (GO)2-SIM to ModelE simulations and 

observations (cloud occurrence, phase)

– comparison of observed and simulated CCN spectra

– analysis of PBL and free tropospheric thermodynamics

– conditional evaluation of ice properties (Ka-W) and 

active processes (Ka-W-X)

– two LES case studies to refine approach

Kneifel et al., JGR 2015
3 different modes 

è Different principal microphysical

processes?
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Modeling strategy


