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Ed5 Cloud Algorithm

» Ed4 Aqua-MODIS cloud properties the most accurate and consistent record ever produced
» Ed4 Terra-MODIS clouds not as stable as Aqua - hampered by unmitigated calibration changes
» Ed4 GEO record also state-of-the-art for the 5 GEO-rings, but inconsistent across platforms

Ed5 Objectives

1.

Improve cross-platform consistency between MODIS and VIIRS, and across 25+ GEQO’s
* Develop and apply common algorithms: 11 channels for MODIS and VIIRS, 3 channels for GEO’s
» Better account for satellite SRF differences in atmospheric corrections, clear sky simulations, and cloud models

Apply updated/new ancillary data inputs

* Radiances: MODIS collection (C7), latest VIIRS collection

e Calibration normalizations to Aqua-MODIS C7 for all satellites

e Atmospheric state (ERA5)

» Updated surface characterizations (IGBP, snow/ice maps)

* Improved clear sky radiances: more accurate methods for land surface skin temperature and reflectance

Improve accuracies based on extensive comparisons with CALIPSO/CloudSat
* Cloud mask (adjust logic to enable common algo approach applied to instruments with different SRF’s)
* Optical & microphysical properties
- Revised water droplet models to improve cross-platform consistency
- New two-habit ice scattering model
* Apply some machine learning
- heights, optical properties at night, cloud detection over Antarctica (LEO night), GEO twilight and sun-glint



Edition 5 Final Software Delivery Schedule

Instrument (BDS) June 2025 Gains ( March 2026)
IClouds May 2026 November 2026

Inversion (SSF) February 2027 August 2027

TISA Gridding (SSF1deg-Hour) April 2027 October 2027 (if needed)

TISA (SSF1deg-Day/Month) June 2027 December 2027 (if needed)

FluxByCldTyp June 2027 December 2027 (if needed)
IGEO Clouds March 2027 N/A

SARB (SYN1deg-Hour/MHour/Day/Month)  April 2028 N/A

CldTypHist November 2027 January 2028 (if needed)

EBAF September 2028 N/A
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State of the Ed5 MODIS Clouds \

Current Ed5 test version is Alpha-5

Cloud parameter comparisons with Ed4 and CALIPSO

Cloud fraction, optical depth, height
Clear sky radiance evaluations
Summary and plans for remaining work before MODIS delivery

GEO Update



Alpha-5 minus Ed4 MODIS Cloud Fraction Jan 2008 Aqua-MODIS Total Cloud Fraction Comparisons (NIGHT)
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_Alpha-5 minus Ed4 MODIS Cloud Fraction Jan 2020 Aqua-MODIS Total Cloud Fraction Comparisons (NIGHT)
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_Alpha-5 minus Ed4 MODIS Fraction Jan 2008 Aqua-MODIS Total Cloud Fraction Comparisons (DAY)
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Alpha-5 minus Ed4 MODIS Cloud Fraction Jan 2020 Aqua-MODIS Total Cloud Fraction Comparisons (DAY)
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Aqua-MODIS total cloud fraction validation with CALIOP
July 2020 (C-Train era) C-Train: sparse spatial sampling

Day, snow/ice-free (SIF) ocean/water surfaces but better view angle sampling

. than A-Train
Progress towards Edition 5, Alpha 5 >
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Aqua-MODIS total cloud fraction validation with CALIOP
July 2020 (C-Train era) C-Train: sparse spatial sampling

Night, snow/ice-free (SIF) ocean/water surfadlighttime data also show increased but better view angle sampling
’ MODIS cloud fraction from A-Train to C-
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Baseline without Correction
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Application of Clear-Sky BT Correction Fits in Oct 2020 Cloud Mask
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Application of Clear-Sky BT Correction Fits in Oct 2020 Cloud Mask

With Corrections
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Application of Clear-Sky BT Correction Fits in Oct 2020 Cloud Mask

Baseline without Correction
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Application of Clear-Sky BT Correction Fits in Oct 2020 Cloud Mask

With Corrections
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October 2020, night

Clear-sky BT errors also correlated with PW
- fairly consistent from month to month

MOA precipitable water [g cm?]

0 1 2 3 4 5 6 7 8

Next steps
* Test PWfits

e Compile seasonalfits into one
set of corrections that could be
applied across entire record
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Ed5S Alphab Cloud Fraction Summary

Notable Improvements:
 Compared to Ed4, daytime ocean is more regionally consistent with CALIPSO (C-Train).
* Nighttime ocean much better than Ed4 (increased low clouds and eliminated tropical high cloud bias).
* Daytime land - reduced false clouds over high-elevated desert
* Polar daytime clouds similar to Ed4 despite dropping 6.7 and 13 pm bands (Tau much improved)
* NH Polar night tuned well to account for loss of 6.7 and 13 pm, but ERA-5 Tskin errors challenging
* SH Polar clouds identified with Nnet are much more spatially consistent, mitigate loss of 6.7/13 um
but still very challenging over the high plateau

Work still in progress:

* Final tuning to reduce daytime SIF non-glint oceanic low clouds
* Testing clear-sky BT bias corrections to reduce latitude dependent cloud detection errors
* Final tuning over land to better account for clear-sky errors

Unmitigated challenges:
* Large ERAS skin temperature errors over snow &ice



Neural Net for Nighttime Optical Depth



lce Cloud Optical Depth
Aqua-MODIS July 2020

Alpha-5 applies a neural netto more accurately assign COD’s at night
for optically thick clouds (trained with IR BTs during day) — leads to
more accurate cloud height assignment and computed fluxes

Nighttime theoretical approach only works for optically thin clouds

Neural net COD more realistic than Ed4 but still too low compared to
daytime (too many false thin clouds from theoretical method)

Solution to better partition Nnet and theoretical COD’s ready to test




Liguid Cloud Optical Depth
Aqua-MODIS July 2020

Day/night differences not as large asice in Ed4
COD Nnet trained separately for ice and liquid clouds

Overall, better nighttime COD for liquid clouds with Nnet
but diurnal cycle can not be captured




Cloud Top Height Neural Net
For
Optically Thick Ice Clouds



July 2020 Cloud Top Height Comparisons with CALIPSO

MODIS Ice Clouds with optical depth > 6 DAY
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July 2020 Cloud Top Height Comparisons with CALIPSO
MODIS Ice Clouds with optical depth >6
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Ed5 MODIS Delivery Status )

Remaining work

. Sunny and team working with DMT on delivery preparations

. Finaltuning for cloud mask
- complete clear sky updates and corrections

. Test new implementation procedure for Nighttime Tau neural net
- current implementation still allows for too many theoretical (thin) cloud rets.

. Cloud height neural net and implementation need further vetting
. Evaluate new logic for daytime no retrievals
. Evaluate Terra-MODIS clouds

Risks

. To meet schedule, we may have to freeze code before remaining work is completed

. MODIS/VIIRS cloud retrieval consistency not yet well understood
- C7 scalings for VIIRS still in progress
» Need to ensure clear-sky end is well characterized in SW for cloud mask
- Without radiance scalings, consistency is better than Ed4/ED1C but...

* Neuralnetimpacts and consistency across platforms not yet known
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GEO UPDATE

Latest Ed5 Test Version is Alpha 4



> Updates

* Revised cloud reflectance lookup tables (LUT) that fix past
methodological inconsistencies.

* New LUT reduces number of pixels with no physical solution.

* New logic for retrieving cloud optical thickness when no solution
Is found for cloud particle size.

* Development of tuning factors for reducing clear-sky biases
between computed and observed Tb at 3.9 um.

* Bug fix: ozone profile truncation logic removed.



GEO Edition 5 Cloud Fraction
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GEO Edition 4 Cloud Fraction

01/2020 Ed4, CF nighttime
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01/2020 Ed4, CF daytime
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e CFisreduced in Ed5

* A CF decrease over the
high latitude ocean
helps mitigate biases
observed in Ed4.



January 2020  night, full-disk
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* Reasonable agreement with
CALIPSO.

 Substantial underestimation
north of 40 ° N, primarily over
land.

* Cloud mask tuning will
continue once the new skin
temperature (neural net) is
rederived during the following
months.



GEO Cloud optical thickness (COT)

01/2020 EdS, COT daytime 07/2020 Ed5, COT daytime
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e Ed5 and Ed 4 COT are
similar

* Discrepancies primarily
attributed:

* The reliance of Ed5 on the
0.64 um for clouds over
show/ice surface

* Differentice cloud optical
models



GEOQO cloud particle size (Re and De)
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Ed5

Ed4

Nighttime Cloud Optical thickness (COT) reconstruction
with KDT

Day Night
07/2020 Ed5, COT daytime 07/2020 Ed5, COT nighttime
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Cloud reconstruction with KDT: Cloud Fraction (mask)
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e KDT removes cloud fraction
underestimation for 70 °<SZA<90°

 KDT also mitigates artifacts over
sunglint (not shown).



Future work

» Assess cloud products for 2" generation GEO
* Explore ways to reduce biases in 3.9 um clear-sky computations
* Ongoing work for improving the 2-channel algorithm

* Re-compute neural net Skin Temp and continue cloud mask
tuning

* Assess clear-sky BT errors, similarto LEO
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Satellite-derived Tskin Difference
Ed4 minus Ed5

April Monthly Mean, Nighttime

0 50 100 150 200 250 300 350
Longitude (°)

If Zhou atlas is assumed to be accurate, then CWG Tskin is overestimated by up to 3K.



Aqua-MODIS total cloud fraction validation with CALIOP
July 2008 (A-Train era) A-Train: good spatial sampling but

Day, snow/ice-free (SIF) ocean/water surfaces limited view angle sampling

Progress towards Edition 5, Alpha 5 >
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Aqua-MODIS total cloud fraction validation with CALIOP
July 2008 (A-Train era)
Night, snow/ice-free (SIF) ocean/water surfaces

A-Train: good spatial sampling but

limited view angle sampling
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