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Introduction

** Why do we need Single FOV Retrieval method for IR hyperspectral Sounders
There are three methods for handling clouds: Hole hunting, Cloud-clearing (CC), and Cloud retrievals
» Hole hunting is more suitable for imaging high spatial resolution remote sensors
Fit radiance spectral directly but very low yield
Sounder SFOV is contaminated with clouds ~90% of time
» CC depends on validity of the cloud-clearing assumption
All the geophysical parameters within one FOR are homogeneous except for clouds
Fits cloud-cleared radiance spectra instead of original observed radiances
Cloud-clearing (CC) heavily depends on the quality of the first guess
» SFOV Retrieval Algorithm (SFOV-RA) fits observed radiance spectra directly
Provides radiometric closure
Provides higher spatial resolution EDRs than CC method (good for gravity wave studies, nowcasting,
CAPE calculations, atmospheric trace gas species)
Provides cloud products simultaneously during the inversion process
Provides error covariance matrix and averaging kernels
% What are advantages of using spectral fingerprinting method for climate studies
Works on spatiotemporally averaged data
Very fast (skips time-consuming L2 data products)
Fits radiance anomaly spectra directly (radiometric closure)
Relationships between the SFOV-RA and spectral fingerprinting
Radiance closure requires handling cloud explicitly together with all other parameters
PCRTM model is the key to both SFOV-RA and spectral fingerprinting
SFOV-RA provides radiometric consistent radiative kernels needed for the fingerprinting
Data fusion using consistent forward model and inversion for all IR sounders

*
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Description of SFOV-RA (PCRTM and PCRTM-RA)

R/

s* Two key components for a SFOV-RA

» A Principal Component-based Radiative Transfer Model (PCRTM)
Explore correlations by compressing hyperspectral data into Principal Component (PC) domain
Properly handles absorption, emission, and scattering of atmospheric molecules and clouds
Physical-based RT model by performing radiative transfer at only critically important frequencies
Consistent spectroscopy and training data for all IR sounders

» Simultaneous PCRTM Retrieval Algorithm (PCRTM-RA)
Uses 120-200 PCs- equivalent to use all spectral channels
Uses all available spectral information to separate contributions from atmospheric trace gases, cloud and surfaces
Uses PCA to reduce random measurement noises
No need to account for errors due to non-retrieved parameters (such as those in a sequential inversion algorithm)

¢ Leverage more than a decade of PCRTM-RA development at NASA LaRC

» Validated using AIRS, IASI, CrIS, and NAST-I sounder data

» Processed 2.4 years of CrIS/ATMS data recently

» Foundation for spectral fingerprinting method for AIRS and CrIS (can be used for IASI, and IASI-NG)
+* PCRTM-RA SFOV-RA products include

» Atmospheric Temperature, Water, CO,, CO, CH,, O3, and N,O profiles

» Cloud phase, height, temperature, size, optical depth

» Surface emissivity spectrum and skin temperature
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PCRTM Forward Model is Accurate and Fast
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Brightness Temp. (K)

PCRTM handles NLTE and solar scattering properly
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Example of Resolving Gravity Wave using SFOV
PCRTM-RA on AIRS Data
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Gravity wave detected by AIRS on Oct. 17%, 2010 near South Shetland Islands of Antarctic.
Perturbations (in Brightness Perturbations in the Perturbations in the
temperature) from the AIRS stratospheric temperature stratospheric temperature
channel radiance @ 2356.4 @2.7 hPa from the PCRTM @ 2.7 hPa from the AIRS
cm-? retrieval level 2 products

We wish to thank J. Gong and D. Wu from NASA for their collaborations on this work
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Pres. (hPa)

PCRTM Retrieval Algorithm can capture detailed 3-D
atmospheric temperature and humidity features
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PCRTM-RA Retrieved Temperature at 500 hPa
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Examples of PCRTM-RA Retrieved and ECMWF
Atmospheric Water Vapor from CrlIS

PCRTM-RA Retrieved H,0O at 500 hPa
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Atmospheric temperature profile retrieval with and
without multiple spectral regions
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Averaging Kernel and Error Covariance Matrix Provided by
PRCTM-RA
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Cloud top Temp., particle size, optical depth

Retrieval results from CrIS/ATMS observations
Cloud Temp. (K)
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PCRTM-RA Retrieved O5 at 300 hPa

Aig AN

NUCAPS Retrieved O; at 300 hPa

101G

0.08

0.06

0.4

0.G2

CLIMCAPS Retrieved O3 at 300 hPa

— 100 =50 0

—15¢ —16¢ =50 0 20 100G 15¢

MERRA2 O, used as CLIMCAPS Prior

(Xu.Liu-1@nasa.gov )

Comparisons of PCRTM-RA, NUCAPS, and CLIMCAPS
Retrieved O; from CrlS data on January 14, 2016
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Comparisons of PCRTM-RA, NUCAPS, and CLIMCAPS
Retrieved CO at 300 hPa from CrlS data on January 14, 2016

PCRTM-RA Retrieved CO (5-110 ppbv)
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More Examples Trace Gases Retrieval using PCRTM-RA
(CO plume movement and O; Stratospheric Intrusion

12/21/2015 ~ 12/27/2015 CO @300mb

May 1, 2014 NUCAPS ozone
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Trace Gas Retrievals and results from recent FIREX-AQ
NAST-I field campaign data

b1C
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* Retrieved global CO at 300 mb from NAST-I during FIREX-AQ on August 16, 2019
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Trace Gas Retrievals and Preliminary results from recent
FIREX-AQ field campaign data

60 B8O 100 120 140 160 180 200 220 240
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* Retrieved global CO at 800 mb from NAST-I during FIREX-AQ on August 16, 2019
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Spectral fingerprinting methodology
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Assumes a linear relationship between the change in climate variables and
the introduced change in TOA spectral radiance within specified
spatiotemporal scale
AR = SAa + €
AR - the radiance spectral fingerprints, S - radiative kernel,

A« - the change in climate variable,& — nonlinearity residual.
Attributes TOA spectral radiance change to the change in climate variable
Aa = (S7Z1S)STI1AR
X - spectral fingerprints uncertainty, covariance of €

Spectral fingerprinting challenges

Requires complicated radiative kernels § to account for contributions
from major climate variables including temperature, water vapor,
surface properties, trace gases, and clouds

Needs to ensure the ‘radiance closure’
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Comparison of SFOV PCRTM-RA Results and Spectral
Fingerprinting Results for CrlS
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PCRTM Spectral Fingerprinting Results on AIRS
and CrlIS Data

Comparison between the temperature anomalies at different altitudes derived from the
monthly mean AIRS spectral anomalies observed over tropical ocean regions from January,
2013 to December, 2018 and the corresponding values from the CrIS monthly mean spectral
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Comparison of AIRS L3 Product with PCRTM
Spectral Fingerprinting for Long-term AIRS Data
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Summary and conclusions

PCRTM-RA has been validated over the past decade with numerous IR sounders
AIRS, CrlS, IASI, and NAST-|

Provides radiometric closure
High spatial resolution
Provides cloud products simultaneously during the inversion process
Provides error covariance matrix and averaging kernels
Single FOV PCRTM-RA provide high spatial resolution products for weather and
composition studies
— Atmospheric Temperature, Water, CO,, CO, CH,, O3, and N,O profiles
— Cloud phase, height, temperature, size, optical depth
— Surface emissivity spectrum and skin temperature
— In the process of extending it to solar spectral region
Spectral fingerprinting using PCRTM is a great tool for climate change studies
— Works on gridded average radiances
— PCRTM produces realistic radiative kernels
— Results compare well with single FOV PCRTM retrievals
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Cloud Height Difference (2016-2017) for the
month of June derived from CrIS/ATMS data
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