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Motivations

How to explore information from thousands of spectral channels

— AIRS (Atmospheric Infrared Sounder): 2378
— CrlS (Cross Track Infrared Sounder): 1305
— NAST-I (NPOESS Airborne Sounder Testbed): 8632
— IASI (Infrared Atmospheric Sounding Interferometer): 8461
— TES (Tropospheric Emission Spectrometer): tens of thousands

— CLARREO (Climate Absolute Radiance and Refractivity Observatory): thousands

How to deal with clouds
— Clear-sky only

— Cloud clearing
— Cloudy modeling and retrieval

How to handle surface emissivity
— Hinge points
— EOF representations

Explore super channel approach to reduce dimensionality
— ~100 super channels using principal component analysis
— All spectral information are used in the inversion process
— Take advantage of channel correlations to beat down the instrument noise
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Radiative tranfer model for super channels @’

 Principal Component-based Radiative Transfer Model (PCRTM)
— predicts PC scores (Y) instead of channel radiances (R)
— PC scores (super channels) are linearly related to channel radiances

—
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» The relationship is derived from the properties of eigenvectors and instrument
line shape functions:
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» References:
— Liu et Applied Optics 2006
— Saunders et al., J. Geophys. Res., 2007
— Liuetal Q. J. R. Meterol. Soc. 2007
— Liuetal. ACP 2009
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Example of eigenvectors for super channels
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Eigenvectors capture correlated spectral
information of hyperspectral data

— Remove redundant information

— Average out random instrument noises

PC scores capture all information content

— PC scores linearly related to channel
radiances

— Atmospheric profiles, cloud, and surface
properties are a function of the PC scores
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Comparison of PCRTM with LBL radiative transfer
model

Example of 1451 Spectra from LELRTM and PCRTM
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Comparison of PCRTM with IASI, NAST-I and AIRS
observations

NAST-| Spectra (Observed vs. Calculated using Radiosonde) 300 b
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Example of simulated CLARREO Spectra using
PCRTM and AIRS L2 product

PCRTM Simulated CLARREQO Spectrum
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Example of applying PCRTM to calculate the OLR and @/
comparison with CERES observations

Global Monthly Mean
Nadir LW Radiance |
Year 2001-2005 by 10deg Latitude
0.: 10.

» Work done by Fred Rose and Seiji
Kato at NASA Langley

2001 2002 2003 2004 2005 2006
10.: 20.

Rad

« PCRTM used to calculate cloudy
radiance from 50 cm! to 2800 cm-"

2001 2002 2003 2004 2005 2006
20.: 30.

using MODIS/CERES cloud fields \, : ,
and model atmospheres e PR

« PCRTM OLRs are compared with e, . oo o SRy
CERES observations i S | : AN
2001 2002 003 50.: 60. 004 005 2006

» Orders of magnitude faster than E 4, \
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Radiative transfer under cloudy conditions @

dR(, w)

Mdr

- R(T,M)—%wLR(T,M')P(M,u')du'—%%P(u,—uo)e'”“" +(1-w)B{(T(D)]

» Cloud effective transmissivity and reflectivity calculated using DISORT
— Dependence on particle size, optical depth, observation angles are captured
* Code can handle as many as 100 layers of clouds in principal
— Compares well with DISORT
— Much faster speed relative to full multiple scattering calculations
— Only slightly slower than clear sky radiative transfer calculation

Clear sky condition --RT done recursively : R, , = R, ¢, , + (11, )B(T},v)

Under ClOUdy condition : Rl+l,v = Rl,vtl,v + (1 - Z‘clouaf,v - rcloud,v )B(]—'cloud 2 V) + rcloud,deown

I+1,v
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Ice and water cloud properties
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Comparison of PCRTM calculated cloudy radiance
with IASI observations

Ice Cloud, 1= 0.462, Size = 38 pm, Top =273 mb
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PCRTM retrieval algorithm uses optimal estimation @
method to retrieve geophysical parameters

X=X, =(K'S]'K+A+SH)'K'S'[(y,-Y,)+K(X, -X,)]

’ Input PCRTM
Parameters, . .
Bac\.;gmunh State + Both y and x vectors are in EOF domain
Data ector an

Jector 3 , : :
Mat e Small matrix and vector dimensions

Sensor Information

— Only 100 super channels needed
— Simply minimizing cost function

Y

v — Channel-to-channel correlated noise handled
Read In NAST-| + All parameters retrieved simultaneously
Next FOV Radiance and Convert . .
itto PC Scores — No need to estimate errors of non-retrieved parameters
v » Surface emissivity retrieved as EOF coefficients
Calculate PC Scores . .
and Jacobian » Good retrieval stability

Y

Y, =2a R () * Spectral correlation captured by the EOFs
= ‘ » See example later and Dr. Zhou'’s talk

| Single FOV retrieval
P eator Matrix Inversion — High spatial resolution (no need for cloud clearing)
l — Cloud parameters retrieved explicitly
— Multiple scattering effect included
Provide retrieval error estimate of the retrievals

— Compressed state vector and associated error covariance
matrix

EOF — Averaging kernel

Transformation

— N“»r —
R — 2)‘,(/,
i=1

Output Retrieved
State Vector

Retrieval
Converged?

Need Radiance
for QC?
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3-D Atmospheric Temperature and Moisture
Structures Retrieved from IASI Data

3 movies showing IASI temperature and
moisture cross-sections on 11/04/2007 over
Anglet France

— T and H,0 as a function of altitude j_(:% A TS

— Tand H,0 along satellite track o

— T and H,0 x-track e
— Note fine atmospheric features capture ! e w0 e
— Coherent spatial features Lon.(deg) ——
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Comparison of PCRTM retrieved temperature and
moisture profiles with ECMWF

Statistics (101 levels , no vertical averaging)
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Comparison of PCRTM retrieval with radiosondes

* Temperature, moisture, and ozone cross-sections

* Plots are deviation from the mean

* Fine water vapor structures captured by the
retrieval system

* Avery cloudy sky condition

* Retrieve parameters:
- Atmosphere temperature profile
— Atmospheric moisture profile O3, CO profiles
- Cloud top, optical depth, phase, effective size
- Surface emissivity and skin temperature
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Cloud Retrieval performance simulated IASI spectra@
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« Simulate IASI spectra from known state vector
* Perform PCRTM physical retrieval for T, H,O, O5, CO, cloud, and surface properties
simultaneously
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Example of retrieved regional and global surface @/

skin temperature

Date Location Surface ARIES Measured [ASI-retrieved
Pressure skin temperature surface skin
(hPa) (K) temperature (K)
19 April 2007 ARM CART site 972.0 284.7 284.8
29 April 2007 Gulf of Mexico 1021.7 297.8 297.6
30 April 2007 Gulf of Mexico 1017.5 298.6 298.1
4 May 2007 Gulf of Mexico 1009.9 297.4 297.1

» Comparison of PCRTM retrieved surface skin temperature with ARIES measured Tskin

* mean error of 0.18 K

* Left plot: ECMWEF July, 2009 surface skin temperature
 Right plot: PCRTM retrieved surface skin temperature
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Emissivity

Emissivity

Example of retrieved regional and global surface @
emissvity

1

T T
PCRTM Retriesved
AERIES Measurad
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099 ———— Surface emissivity retrieved as eigenvector

0.8 e coefficients (5-10 EOFs)

0.97 Top left: Comparison of retrieved ocean

0.06 emissivity with ARIES aircraft measurements

o.0s Bottom left: Comparison of retrieved land

004 emissivity with ARIES aircraft measurement

0.98 * There are some spatial coverage between the

00n aircraft measurements and the satellite
observations

1 L L L L 1 1 s L L 1
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Wavenumber (em) Top right: Example of retrieved global surface
emissivity at 1140 cm-?
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Example of trace gas retrievals ( CO retrieval sensitivity
study and global CO retrieved from real IASI data

14

12r

10

AT 'S

~ltitude (km)

i 0 1 0 1 I
0 0.1 0.2 0 2 4 0 0.005 0.01
CO mixing ratio {ppmv) Diff (ppmy) 10-3 Standard deviation (ppmv)
x

0.14

0.12

0.1

0.08

0.06

0.04

* Notice that the feature near 2020-2250 cm-"
0.02 are removed when CO profile is explicitly
retrieved in the inversion algorithm
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Summary and Conclusions @/

« PCRTM super channel approach is promising
— Accurate and fast relative to LBL and other rapid RTM
— Provides PC scores (super channels) and channel spectra
— Provides Jacobians in both spectral and EOF domain

« Explored direct retrieval of cloud properties with other parameters
— Enable single FOV retrieval to minimize possible inhomogeneous effects
— PCRTM calculates clouds contribution efficiently

« PCRTM retrieval algorithm provide simultaneous retrieval of
- T, H,0, O4, CO, N,O, CH,, CO, vertical profiles
— cloud optical depth, cloud height and cloud effective size
— Surface skin temperature and surface emissivities
— Error covariance and averaging kernel can be outputed in EOF compact form

« The algorithm is ready to process more hyperspectral data (multiple months

and years)
— Derive climate dataset form AIRS, IASI, CrlS and CLARREO using the same

methodology
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