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About this Talk
 Improved Forward & Inversion Models, and

so improved Cirrus, Tenuous, and Multi-layered
Cloud Property Retrievals



Why and What to Improve?
 CERES Ed3 First “GET_MULTI” Code was delivered

in Summer 2006, but later validation with CALIPSO &
CloudSAT data found that:
1. CERES upper clouds were too low and too few,
2. CERES multi-layered clouds were too few and

some occurred were convective clouds.
3. CERES multi-layered lower-cloud heights were

mainly default values in pixel-scale processing.
 Main uncertainty and errors in multi-layered clouds:

1. Original CO2-retrieved upper cloud tops were too
low,

2. Good neighbor low clouds were hard to call in
in real-time processing.



Satellite
data & model inputs

LaRC cloud mask
& retrievals

Improved CERES single-
& multi-layered cloud

properties

Improve Upper Cloud Top
Properties
Zc, Pc, Tc, & Ec,
Also determine Zc-low, Pc-low,
Tc-low, when a CO2-cloud top
was retrieved

Determine Multi-layered
Cloud Properties:
Zc1, Pc1, Tc1, & Ec1
Zc2, Pc2, Tc2, & Ec2

Determine Multi-layered
Cloud particle sizes:
De1/Re1 at 3.7, 2.1, 1.6m
Re2 at 3.7, 2.1, 1.6m

Improve CERES Thin and Multi-layered Cloud Retrievals



Forward Model Improvement
 For CO2-cloud top retrieval, the vertical resolutions below

100 mb increased from every 50 mb to various pressure
levels at:
100, 125, 150, 175, 200, 225, 250, 275, 300, 330, 360, 400,
440, 500, 600, 700, 800, and 900 mb, plus the surface level.

 For multi-layered retrieval, a benchmark lookup-table
radiance library is created using the standard LaRC Minnis
cloud properties. The radiance library consists of various
upper-layer ice-cloud properties (optical depths, particle
sizes, heights) and lower-layer water-cloud properties
(optical depths, particle sizes, heights) at various solar
zenith, satellite zenith, and associated relative azimuth
angles for two standard mid-latitude atmospheric profiles
in winter and summer.

 *Running FAST and ACCURATE is all the matters.



Uncertainty and Error Reduction

 Uncertainty can come from both satellite data and model
simulations.

 Errors can come from the single cloud layer assumption.



Upper clouds:
Tco2 , Pco2 , Zco2

Background lower clouds:
Tc-low, Pc-low, Zc-low

Background surface: Ts, Ps, Zs

Improvement for CERES Upper and Lower Clouds

 The upper cloud top properties were retrieved iteratively together
with their associated underlying lower cloud properties.

 The lower cloud properties were in fact only an underlying
radiative background information, but will be a candidate for
potential multilayered lower cloud layer.



Uncertainty and Automated Adjustment
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Improving CERES Cloud Top Location
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Improving Multi-layered Cloud Properties (Vertical View)
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Improving Multi-layered Cloud Properties
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Improving Multi-layered Cloud Properties
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Improving Multi-layered Cloud De/Re (Vertical View)
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Improving Multi-layered Cloud De/Re
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Improving Multi-layered Cloud De/Re
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Improving Multi-layered Cloud Properties (AQUA View)
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Improving Multi-layered Cloud Properties (AQUA View)



Single-layer vs Two-layer Cloud Simulations
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VIS

(high+low) from 2-layer retrieval
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Improving Multi-layered Cloud Properties (AQUA View)



Improving Multi-layered Cloud Properties (TERRA View)
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Improving Multi-layered Cloud Properties (TERRA View)



Improving Multi-layered Cloud Properties (GOES12 View)



Improving Multi-layered Cloud Properties (GOES12 View)



Improving Multi-layered Cloud Properties (GOES12 View)



Conclusion
 The improved results from modified GET_CO2,

GET_MULTI, and GET_MULTI_Re, looked
encouraging.

 But the tests were off-CERES frame work
processing.

 GET_MULTI and GET_MULTI_Re are working.
 Future work will be mainly testing the robustness of

the modified CO2 retrievals.


