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Motivation for IR SFOV soundings
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Moisture has large spatial variation, IR SFOV moisture soundings preserve

spatial gradients that are important for monitoring/predicting mesoscale
features, severe weather, and other weather events




Outline

Handling surface IR emissivities in
nyperspectral IR sounding retrieval

Handling clouds — With hyperspectral IR
radiances, cloudy soundings can be derived
along with cloud properties

Algorithm demonstration and validation with
AIRS

Apply to IASI data — preliminary results
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[1] Retrieval of temperature, moisture profiles and surtace
skin temperature from hyperspectral infrared (IR) radiances
requires spectral information about the surface emissivity.
Using constant or inaccurate surface emissivities typically
results i large temperature and moisture profile errors,
particularly over semi-arid or arid arcas where the variation
m emissivity is large both spectrally and spatially. A
physically based algorithm has been developed to refrieve a
hyperspectral IR emissivity spectrum simultaneously with
the temperature and moisture profiles, as well as the surface
skin temperature. To make the solution stable and efficient,
the hyperspectral emissivity spectrum is represented by
eigenvectors, derived from the laboratory measured
hyperspectral emissivity database, in the refrieval process.
Experience with Atmospheric InfraRed Sounder (AIRS)
radiances shows that simultaneous retrieval of the
emissivity spectrum and the sounding improves the
surface skin temperature and temperature and moisture
profiles, particularly in the near surface layer. Citation: Li,J.,
J.1Li, E. Weisz, and D. K. Zhou {2007), Physical retrieval of surface
emissivity spectrum from hyperspectral infrared radiances,
Geophys. Res. Lett., 34, 1L16812, doi:1(.1029/2007GL030543.

Sounder [Plokhenko and Menzel, 2000] and Moderate
Resolution Imaging Spectroradiometer (MODIS) [Wawn
and Li, 1997; Ma et al., 2002; Seemann et al., 2003; Wan
et al., 2004]. Handling IR surface emissivities in the
retrieval process is essential for deriving accurate boundary
layer temperature and moisture profiles, and surface skin
temperature, especially over land. This is equally true for IR
radiance assimilation in Numerical Weather Prediction
(NWP).

[4] Surface emissivity for a given channel is often not
updated simultaneously with profiles in the physical itera-
tive process, for example, using emissivities from a regres-
sion approach [Li et al., 2000; Zhou et al., 2006]. Some
physical algorithms also retrieve emissivities together with
the sounding, but only at selected channels and spectral
bands. Hayden [198&] retrieved emissivities at two spectral
bands (longwave and shortwave IR bands) in GOES sound-
Ing processing. Zhou et al. [2007] and Susskind et al. [2003]
used approximately 40 and 4 channels, respectively, for
emissivity retrieval mn AIRS retrieval processing. It is
difficult to retrieve emissivities of all channels directly in
the sounding step, due to a large number of unknowns in the



Retrieval Algorithm

Atmospheric measurement equation

y=F(X)+e

Y = (R, Ryyees RS
X = (t(P);W(P); 0(P)its; Errerrs €4)

Regularization and discrepancy principle (Li and Huang 1999)

(Cost function)

J(¥) = (Yo = Ve (X)) E7 (Yo = Ve (X)) + (X=%)" 155" (X = %)
Too many parameters to retrieve if including all channels’ emissivities !!!

EOF expansion

X = iai¢i = ag;

@: eigenvector matrix;
a. eigenvector coefficients to be retrieved
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Weighting Function for Surface Emissivity

Brightness Temperature
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Emissivity signal in IR is small (e.g., 0.01 emissivity results in ~0.5 K
change in window region), but its impact on boundary sounding is
significant. Weaker signals in short wave region make it hard to retrieve.
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Retrieval Experiments — Simulation over desert

32 Deszert samples
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Three types of physical retrieval

1. Using constant emissivities of 0.98 and fixed in
iterations.

3. Using regression emissivities and updated in iterations.



Pressure (hPa)

Simulated Retrieval for Desert (32 profiles)
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8-day composite of global
hyperspectral IR emissivity
spectrum from AIRS SFOV clear sky
radiances between Jan. 1 and Jan. 8
of 2004 — CIMSS research product



Global AIRS emissivity map — CIMSS research product
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Algorithm will also be applied to IASI for global emissivity product



AIRS emis, LatLon: 37.75/-112.25 (pixet 256/136)
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AIRS emissivity (CH: 1265/8.21um)
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Comparison with operational
MODIS emissivity product

e 4.30 um
e 9.30 pm
e 12.10 um



AIRS emissivity (CH: 2042/4.30pum) 4.30 pm
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AIRS emissivity (CH: 1144/9.30um)
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AIRS emissivity (CH: 543/12.10pum) 12.10 pm
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Some applications of global
hyperspectral IR emissivity data

e Data assimilation of hyperspectral IR
radiances

o Surface property and ecosystem change study

e Data base for other products (dust, aerosol)
from LEO and products from GEO

e Climate model

e Climate emissivity data record (AIRS, IASI,
CrlS ...))
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Cloudy soundings and cloud
properties

e Two approaches

— Retrieval of cloud properties when sounding Is
available, for example, using forecast profile
(Wel et al. 2004, Li et al. 2004, 2005)

— Simultaneous retrieval of sounding and cloud
properties (Zhou et al. 2007, Welsz et al.
2007)



BT (K)

AIRS cloudy BT spectrum with various cloud
optical thickness
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A fast cloudy
radiative
transfer model
accounting for
atmospheric
absorption,
cloud particle
scattering and
absorption
has been
developed.

pc pc .
R=R,Fr o+ (1 —Fr—Fg) Bere— |, Bdr +Fg ) Bcdz

R,...radiance below cloud (=R,+RT+R\), B...Planck function, pc ...cloud top pressure,

z....transmittance of cloud top, 7= 7%/ ... downwelling transmittance,

Fr...cloud reflectance function, F...cloud transmissive function



F3: Thick ice clouds
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IASI sub-pixel cloud mask and classification mask can be derived from AVHRR !
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1 AIRS alone
Sept. 02 2003 B S e

AIRSBT @ 901.7 cm™

MODIS + AIRS

AIRS AIRS CT

Window BT retrievals
AIRS COT ~ ‘aaii. . mc. -
(0.55 um) 7
retrievals

MODIS cloud mask is used for AIRS cloud detection ! CIMSS/UW
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Aerosol backscatter cross section m'1str
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Cloudy sounding approach

e Using the cloudy RTM, soundings are
derived down to the surface In clear and
thin cloudy skies, while above-cloud
soundings are derived Iin thick cloud
conditions, detalls see (Welisz et al. 2007 -
GRL; Zhou et al. 2007 — JAS).



Hurricane Cloud-top pressures in eye and environment regions

Granule 171, 08-13-2003
Environment-.., BT at 8112 cm’
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Erightness Temperaiure (¥}

Temperature difference between hurricane eye and outside pixel
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Case Study 1: 07-22-2006, AIRS granule 8 (asc)
“Interesting SH 2-layer cloud structure” (Weisz et al. 2007 — GRL)
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Initial IASI Retrieval (JAIVEX case on 05-02-2007)

IASI START: 20070502161453Z
BT at 902.50 cm™ (11.08 um)

AIRS and IASI has ~3.5 hours
time difference in this case

AIRS Start Time: 19:47 UTC (asc)
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and on/off technique (cloudmask1f.m) is applied for now




SFOV Cloud Top Pressure [hPa]
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|ASI
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SFOV water vapor mixing ratio [g/kg] cross-section along IASI footprints 15

Footprints 15: IASI RTV Humidity [g/kg]
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Scanline 43: |ASI RTY Humidity [g/kg)
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Summary

« Algorithms for hyperspectral IR SFOV approach
IS developed for retrieval of sounding, surface
IR emissivity spectrum and cloud properties

 AIRS and IASI show promising on applying the
algorithms to the hyperspectral infrared
radiance measurements

* Focus will be on cloudy sounding improvement
and impact on hurricane genesis, intensity and
track forecast in our future work
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