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« Past work — Demonstrated that the operational use of AIRS clear-sky
radiances was suboptimal —cloud-cleared radiances are superior

» Ported and customized the AIRS cloud-clearing algorithm on NCCS
New: exploring the sensitivity to data density changes for the
internally-produced CCRs

« Assimilating cloud-cleared CrlIS (taken from the NOAA CLASS)

* Experiments investigating the 2017 Boreal TC Season

» Future work: work on a customizable version of the CrlS cloud-clearing
algorithm
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Ten years (2007-2017) of work by this team with assimilation of cloud-
cleared retrievals showed a very strong impact on the representation of
tropical cyclones

In 2018, this team demonstrated the positive impact of assimilating cloud-cleared AIRS
radiances in a global 3DVAR framework on tropical cyclone representation.

Reale, O., E. McGrath-Spangler, W. McCarty, D. Holdaway, R, Gelaro, Conzgalo 1872160CT2014
2018: Impact of adaptively thinned AIRS cloud-cleared radiances
on tropical cyclone representation in a global data assimilation

and forecast system. Weather and Forecasting, 33, 908-931.

Major Findings: Cloud-cleared AIRS radiances are superior compared
to clear-sky radiances, but need to be thinned more aggressively on

the global scale
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In 2019, we improved the cloud clearing algorithm to
facilitate an operational use of CCRs

« Latency and external dependencies in the original algorithm were seen as
limitations by operational centers as not controllable

« The cloud-clearing algorithm developed by Joel Susskind and his team was
ported to NCCS and a first attempt was made to customize it (thanks to Lena
Iredell, Lou Kouvaris and John Blaisdell) and free it from external dependencies
(using the model own fields as first guess, instead of ECMWF neural network)

« During 2019, the algorithm was fully parallelized with a 75 gain factor in speed
 Produced AIRS CCRs to cover the entire boreal 2017 TC season

« Vast set of experiments assimilating these CCRs in the new hybrid 4DEnVAR
GEQOS for the entire period



National Aeronautics and Space Administration N ew " .
|

1) Exploring the sensitivity to internally produced AIRS CCR
global density;
2) Assimilating cloud-cleared radiances from CrlS

GEQOS-5 DAS hybrid 4DEnVar version 5.17

Assimilation from 31 Jul — 20 Oct 2017 of all observations assimilated operationally

10 day forecasts from the following experiments:

« RAD: AIRS and CrlS clear-sky radiances, regularly-spaced thinning (180km)

« CLD 300: AIRS cloud-cleared radiances from the GES DISC, regularly-spaced
thinning (300km)

« CCR _300: internally-produced AIRS cloud-cleared radiances, same thinning as CLD3
« CCR _260: internally-produced AIRS cloud-cleared radiances, thinned at 260 km
* CrlS_300: cloud-cleared CrlS radiances, from NOAA CLASS, thinned at 300km
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Forecasts_ Statistics
500—mb Heights Global
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None of the new experiments degrade the
global skill compared to the RAD

(that mimics the operational” approach),
except the assimilation of cloud-cleared
radiances taken from the DAAC
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Increasing density of internally produced
CCRs (to 260 km instead of 300) improves

the skill up to day 7

Assimilation of cloud-cleared CrlS radiances
from NOAA CLASS also produce some
increase in global skill

However global skill is just a safety check:
more diagnostics are needed
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Legend

A far better, significant (99.99% confidence)
A better, significant (99% confidence)
CLD—300 GEOS scorecard slightly better, significant (95%
Comparison of scores for RAD (control) and CLD_300 experiments for confidence)
the period of Aug 20, 2017 to Oct 09, 2017 no significant difference

slightly worse, significant (95%
confidence)
V worse, significant (99% confidence)
V far worse, significant (99.99%
confidence)

The scorecard is a much more robust diagnostics.
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The result shows that assimilation of cloud-
cleared AIRS radiances from the DAAC in the T e v |
GEOS has some negative impacts, compared to i
the assimilation of clear-sky radiances, which = Succ i
would be the “operational” :
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CrlS_300 GEOS Scorecard

Comparison of scores for RAD (control) and CrlS_300 experiments
for the period of Aug 20, 2017 to Oct 09, 2017
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The result shows that assimilation of cloud-cleared
CrlIS radiances from NOAA CLASS in the GEOS is
essentially neutral compared the assimilation of

CrlS clear-sky radiances
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Legend

A far better, significant (99.99% confidence)

CCR 300 GEOS scorecard /\ better, significant (99% confidence)

- slightly better, significant (95% confidence)
Comparison of scores for RAD (control) and CCR_300 experiments no significant difference
for the period of Aug 20, 2017 to Oct 09, 2017 slightly worse, significant (95% confidence)

V/ worse, significant (99% confidence)
V far worse, significant (99.99% confidence)

Northern Hemisphere Southern Hemisphere Tropics

Pressure Pressure Pressure
Variable COR RMS Variable COR RMS Variable COR RMS
Level Level Level

However, the assimilation of internally-produced
cloud-cleared radiances thinned at 300 km, against s —— = =

the clear-sky radiances used operationally, show e T =

slight improvements in the mid-latitudes and strong
improvements in the tropics. o i | o0 e |
This is a robust diagnostics that indicates the validity
of tailoring the cloud-clearing algorithm towards a T SO0 U 1o
specific forecast framework

GM A Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov 10




nautics and Space Administration

Legend Legend

A far better, significant (99.99% confidence) A far better, significant (99.99% confidence)

CC R 260 GEOS scorecard A better, significant (99% confidence) Cc R 300 G Eos SCOrecard A better, significant (99% confidence)
- slightly better, significant (95% confidence) - slightly better, significant (95% confidence)
Comparison of scores for RAD (control) and CCR_260 experiments no significant difference Comparison of scores for RAD (control) and CCR_300 experiments no significant difference
for the period of Aug 20, 2017 to Oct 09, 2017 slightly worse, significant (95% confidence) for the period of Aug 20, 2017 to Oct 09, 2017 slightly worse, significant (95% confidence)

V worse, significant (99% confidence) V/ worse, significant (99% confidence)
V far worse, significant (99.99% confidence) V far worse, significant (99.99% confidence)

Northern Hemisphere Southern Hemisphere Tropics Northern Hemisphere Southern Hemisphere Tropics

Pressure Pressure Pressure Pressure Pressure Pressure
Variable COR RMS Variable COR Variable COR Variable COR RMS Variable COR RMS Variable COR RMS
Level Level Level Level Level Level

Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345

100 100 100 100 (A A Al 100 100

250 250
Geopotential Geopotential ” Geopotential Geopotential 500 Geopotential 500 Geopotential

Height Height - Height Height Height Height
700 700

850 850

AAAAAN AAATA
Specific

Humidity Humidity : Humidity ! Humidity Humidity — AMMAN

Specific I Specific Specific . - Specific y X Specific

Humidity

Temperature Temperature Temperature Temperature Temperature Temperature

Global Modeling and Assi
gmao.gsfc.nasa.gov




National Aeronautics and Space Adnfinigikatia

Legend

A far better, significant (99.99% confidence) Legend

CC R_300 GEOS scorecard A better, significant (99% confidence) A far better, significant (99.99% confidence)

Coii?drzzczitter, significant (95% CCR 260 GEOS Scorecard A\ better, significant (99% confidence)

Comparison of scores for CLD_300 (control) and CCR_300 no significant difference slightly better, significant (95% confidence)
experiments for the period of Aug 20, 2017 to Oct 09, 2017 slightly worse, significant (95% Comparison of scores for CLD_300 (control) and CCR_260 no significant difference
confidence) experiments for the period of Aug 20, 2017 to Oct 09, 2017 slightly worse, significant (95% confidence)
V worse, significant (99% confidence) / worse, significant (99% confidence)
V far worse, significant (99.99% V far worse, significant (99.99% confidence)
confidence)

Northern Hemisphere Southern Hemisphere Tropics

Northern Hemisphere Southern Hemisphere Tropics
Pressure Pressure Pressure
Variable COR Variable COR Variable COR
Pressure Pressure Pressure Level Level Level
Variable COR RMS Variable col RMS Variable COR RMS
Level Level Level Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345

Forecast Day 1234512345 Forecast Day 1234512345 Forecast Day 1234512345 100 3 AAMANAN 100 100

100 |AAAAAAAAT|AAAAAAAAA 100 100 | AAAAAAAAA| I e 2 i 250
Geopotential Geopotential Geopotential
220 ) el : Height : Height i ; Height | %
Geopotential 00 Geopotential Geopotential 00 700
Height Height K Height il
700 ;i i 700 i 850

850 ¢ 850

Specific — Specific — . Specific

A44444A Humidity ; Humidity 3 Humidity

Specific Specific Specific
Humidity - B Humidity : . Humidity

AAAAAAAAA|AAAAA]
AAAAAAAAA AAAAAAANS:

Temperature Temperature % & Temperature

Temperature i | | Temperature Temperature

AN

AAAAAAAAA AAAAAANAN

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov




National Aeronautics and Space Administration

Legend
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Conclusions and future work

« In 2018 demonstrated value of assimilating AIRS cloud-cleared radiances

 In 2019 we ported the AST algorithm on NCCS, deprived if of neural network, ECMWF, allowed for
customized selection of channels; parallelized it; demonstrated that the assimilation of these customized
radiances produced better results than assimilation of radiances from the DAAC

consistent large improvement of TC structure

of obtained from NOAA CLASS gives promising result
particularly on TC intensity forecast and TC structure

« We expect further improvements with the planned internal production of GEOS-tailored CrlS radiances

* Next step: IASI; continuing work on the Polar Regions
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