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A NASA consistency project

Loeb et al. (2018) suggested the same ice optical
model be used in a broadband radiation
computation and retrieving the cloud description
input to the broadband radiation model.

Broadband radiation model Satellite observations
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Influence of ice cloud optical model consistency in
passive ice cloud retrieval and broadband radiation
parameterization
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Two ice optical models of interest

MC6

Eight-piece surface roughened
hexagonal column aggregate model
adopted in the Moderate Resolution
Imaging Spectroradiometer (MODIS)
Collection 6 (MC6) cloud retrieval
product (Platnick et al. 2017)

The two-habit model
(THM; Loeb et al. 2018)




CloudSat 2B-CWC-RVOD and 2C-ICE data
are used to test Minnis’s cloud vertical
extent parameterization
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Minnis’'s parameterization agrees with
both 2B-CWC- RVOD and 2C- ICE
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Both MC6 and THM overestimate SW and
LW cloud radiative effects at the TOA

RMSE (Wm2)  MAPE  MBE (W m?)

Fswmm 52.1 9.9% 43.0
Fswwm,T 50.5 9.4% 40.9
Fsw,m 61.7 12.4% 54 .4
Fsw,rt 59.7 11.8% 52.1
Frw,mm 13.1 6.7% -8.1
Fowwm Tt 12.9 6.6% -7.7
Frw,mm 13.6 7.0% -8.8
FuwT, 13.4 6.9% -8.4

MC6 o M ice cloud broadband radiation scheme is used in the computations
MC6 or THM-based MODIS ice-cloud retrievals serve as inputs for the simulation

(Ren, Yang, et al. 2023 in review)



Lateral radiation exchanges may become
more important in finer resolution models.
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The Speedy Algorithm for Radiative Transfer
through Cloud Sides (SPARTACUS)

Plane-parallel SPARTACUS

Linearization of the lateral exchange of incident solar radiation
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(Hogan and Shonk 2013)9
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Weaker SW CRE and stronger LW CRE in
the SPARTACUS simulations
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Radiation horizontal transfer adds vertical radiative
heating/cooling gradients to cloud top and base
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New Full Resolution Two Habit Model (THMv?2)

* 60-particle distorted single column and 20-particle
distorted 20-column aggregate ensembles.

 Builds on the concept of the previously developed
THM (Loeb et al. 2018).
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Extinction
Efficiency (Qext)

Single-Scattering

Asymmetry

Albedo (w)
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THM vs. THMv2 Optical Consistency
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THMv2 Radiative Parameterization added to Langley
Fu-Liou RTM
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Standard midlatitude winter; SW surface albedo of 0; LW emissivity of 1; Cloud layer between
300 — 200 hPa; Visible optical thickness of 7; Cloud particle effective radius of 32 micron.
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Lidar-Based Retrieval Consistency

* 532nm Integrated Attenuated Backscatter (IAB) can be calculated from ice cloud optical
thickness (ICOT;t) and Lidar Ratio (S).
* Lidar Ratios calculated by THM and THMv2 P;4 backscatter and compared against
collocated CALIOP IAB and CloudSat ICOT of ice cloud cases.
o Entire year of 2009, 2010, 2013, 2014.
o Multiple scattering factor (1) ranges from 0.5 to 0.8 to account for temperature and
particle size.
* THMv2 has significantly improved consistency.
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IAB Comparisons between Two Wavelengths

* CALIOP assumes opaque ice clouds have same IAB S - A< wEnm
for 532 and 1064nm wavelengths. o e e A= 1064
* THMv2 532/1064nm IAB ratios disagree with 260_“‘"--
assumption. g ’
0 1064nm has significantly higher imaginary 2>
refractive index (greater absorption). S 401

 THMv2 355/532nm IAB ratios remain mostly close to
1:1 value.
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Summary

* Investigated the influence of ice cloud optical model
consistency in passive ice cloud retrieval and
broadband radiation parameterization

o MC6 and THM ice particle models overestimate SW and LW
ice CREs.

o Horizontal radiative transfer increases vertical radiative
heating/cooling gradients near cloud top.

* Further expanded THMvZ2 lidar consistency study.

o THMvZ2 remains consistent to collocated IAB-ICOT
observations over a multiple scattering factor range.

o THMv2 532/1064 |AB ratios disprove CALIOP assumption
that IIABaQ, are equal for both wavelengths of observed opaque
ice clouds.
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