CERES GEO Clouds Working Group Report {x

NASA

David Painemal
AMA, Hampton VA

W. L. Smith (CWG Lead)
NASA Langley Research Center, Hampton, VA

Q. Trepte (mask), G. Hong (models), P. Minnis (aigorithms), C. YOSt (val, mask), R. Palikonda (Geo lead), S. Bedka (retrievals, val), B.
Scarino (cal, Tskin, GEO, NASA LaRC),

F-L. Chang (coz2, corrk), D. Spangenberg (everything), Cecilia Wang (machine learning), B. Shan (Geo), A. DiNorscia (sounding)
AMA, Hampton, VA

T. Chee (IT), ADNET, Hampton, VA

L. Nguyen (IT lead, GEO), NASA Langley Research Center
= Yang (ice models), Texas A&M University

Thanks to Dave Doelling and the TISA/calibration teams!

Fall 2024 CERES Science Team Meeting,
Lawrence Livermore National Laboratory, 1-3 October 2024



1.

AN
Ed5 Cloud Algorithm Updates "*’i

Input data

* Radiances (latest GEO calibrations)
e Atmospheric state (GEOS-IT)

 Surface characterizations (IGBP, snow/ice maps, Tskin, Rclr)

2. Cloud Properties

Algorithm components were fully revised to improve algorithm consistency across all
the GEO sensors

Atmospheric corrections (much improved)
Cloud mask (improved logic and new tuning - ongoing)
Optical & microphysical properties (THM for ice clouds)

Use of machine learning for nighttime thick COP, polar night mask, cloud heights, phase
in overlapping clouds

* Preliminary implementation reported in this presentation

For the 3.9-um channel: solar constant based on Kurucz and Fontenla et al. (2006,
Astrophys. J ).




Common 3-channel Algorithm for GEO’s
(day: 0.65, 3.9, 11 um night: 3.9, 6.7, 11 um)

Inter-satellite consistency check

Objectives:

(1) Evaluate the consistency of cloud fraction and daytime cloud optical

properties to help identify remaining problems in the new system before tuning
cloud mask for accuracy.

(2) Assess cloud fraction against CALIPSO
(3) Document changes relative to Edition 4.

July 2019: GOES-16 (G16), Meteosat-11 (M11), Meteosat-8
July 2012: GOES-13 (G13), GOES-15 (G15), and Meteosat-9
(M9)
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Total Cloud Fraction
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Comparison between GEOs and CALIPSO

3-channel CF
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* The assessment is not easy (sampling issues, different products, etc.).
e Both Ed4 and 3-channel (Ed5) are generally consistent with CALIPSO.



Total Cloud Fraction

Ed5 (3channel) CF daytime, 07/2012
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Comparison between GEOs and CALIPSO

3-channel CF
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* Both Ed4 and 3-channel (Ed5) are generally consistent with CALIPSO.



Total cloud optical thickness (COT)
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Latitudinal averages
by longitude

Total cloud optical depth
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* Good inter-satellite
consistency between the older
GOES and Met-9

e Differences in North America
need to be investigated.

* Ed5 COT<Ed4 COT
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Daytime particle size (Liquid and ice)
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Cloud particle size: 3-channel (Ed5) vs Ed4
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» EdS5 particle size decreases by ~ 2-3 um (liquid), 6 um (ice).
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Daytime particle size (Liquid and ice)
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Particle size: 3-channel vs Ed4

L|q Re: 3- channel vs Ed4, July 2012
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* Large discontinuities across different satellites are removed in Ed5 (3-channel).
* EdS5 particle size decreases by ~ 2-3 um (liquid), 6 um (ice).
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Cloud mask refinements using K-d tree

* K-d tree methodology addresses 2 key issues :
* cloud mask detection in sunglint conditions and twilight (day-to-night transition).
* Computation of nighttime cloud optical depth

e Evaluation for GOES-16 in July 2019
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Cloud mask refinements using K-d tree

GOES-16, 07/2019
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» K-d tree substantially improves cloud fraction (mask) during sunglint/twilight.

* Nighttime k-d tree optical depth is more consistent with its daytime counterpart.
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AR

Next steps for GEO 3ch N

NASA

Other GEO sensors (GOES-17, GOES-18) will be tested during the following months.

k-d tree algorithm will be refined and implemented in more satellites.

Cloud mask tunning will continue, informed by comparisons against CALIOP.

The algorithm development for the 2-channel satellites (GMS-5,Met-5, and Met-7) is
ongoing.
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QUESTIONS ?
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