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Background
» IR sounding in the presence of clouds has been an issue for decades, especially for T/q profiles underneath the clouds.

»  The synergy between hyperspectral soundings (high spectral resolution) and imaging spectrometer (high spatial resolution): a MODIS pixel
within an AIRS footprint can see through clouds.

Objectives

»  Vertical correlations in the T and q profiles: how to make best use of such intrinsic a priori constraints?
»  Question to address: Can we build a deep-learning model to get cloud information and T/q profiles below clouds?

Approach and Results

o Temperature Bias vs Cloud Fraction by Level idity Bi i
 AIRS Radiance oo lemperature Bias vs Cloud Fraction by Level Humidity Bias vs Cloud Fraction by Level
(Vector) : 0.0 Pressure Level
Only when true cloud
: ; —01 -~ 1000 hPa
raction > 1% < .
AIRS Viewing X -0.2 3 -0.2 975 hPay
Zenith Angle N e R < -\n——r"—‘\'\'\ oo
ly 2 2 -0.3 ~=- 925 hPa
9 -0.4 @
N 2 2 -0.4
(2Pl g Pressure Level 3 o5
Radiance N N -0.6 1 —m— 1000 hPa E
(Image) L k3 975 hPa Z -0.6
Only when true cloud _og | ™ 950hPa —0.7
fraction <= 90% %7 —=- 925 hPa
MODIS + AIRS Model raction <=90% S| | = L] -0.8

R S S S S & B oo g g0 g oo
ST S S S S S S & :yg\" (,»n\ 9°\ ’ho\“ S po\ ’,\o\ },o\“ 90\
LA A S A i T AU S N S S A
Cloud Fraction Class Cloud Fraction Class
Temperature RMSE vs Cloud Fraction by Level Humidity RMSE vs Cloud Fraction by Level

Pressure Level
—e— 1000 hPa
975 hPa
—e— 950 hPa
—~e— 925 hPa

4
°

Temperature RMSE (K)
-
3
Humidity RMSE (%)
o
EYRY

|
©

©

an
2.8 Pressure Level
~&— 1000 hPa
26 ~ 975 hPa
—e— 950 hPa
24 —e— 925 hPa
i i i .
PR S - 20
o S &y z

& oA e @
G
N
e @

< <« &
&

! o
n

<
&

T
2 o S
R RO £

SO S
"
o b

AIRS: Wavenumber (cm) | VZA: Viewing Zenith Angle | ODIS: Band #
do g0 oo
Ertor bars = 1 standard deviation of [SHAP) values s
o

S

do g0 g
o o o g g g g do g g
> » P
SR
Cloud Fraction Class

© O o
) by o Gl ] Gl O S O
S N o > v > A P
g & 9 MR A A &

Fractional Error in Specific Humidity at 925 hPa
= Cloud Fraction Class

»  AIRS channels (~300-600 hPa) contribute most substantially to the overall PBL
retrieval performance.

»  Combining spatial and spectral information with a suitable deep-learning
framework yields robust PBL T/q retrievals in the presence of clouds up to 90%
cloud amount, as well as robust estimations of cloud fraction and CTP.

»  Most challenging cases are seen over marine stratus regions and coastal regions
(especially beyond 40°N/S).

Significance/Benefits to JPL and NASA

« PBLis one of the next Decadal Survey focus with a potential space-borne component of hyperspectral IR and MW sounding. An algorithm digesting multiple observations
must be developed to elevate the PBL measurement into a concrete mission concept. However, as constrained by fundamental physics of radiative transfer, no space-borne
single instrument can probe the PBL with desired accuracies or both vertical resolution and horizontal coverage.

* We show a deep-learning model framework that can effectively ingest spatial and spectral information to make PBL thermodynamic profile retrievals below cloud robust up
to a 90% cloud fraction. Proposed Y2 and Y3 efforts have a special focus on the PBL thermodynamic conditions during extreme events also provides capability of delivering
actionable science and innovative tools to the community using NASA’s Earth science observations.
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