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Raaiative Transfer Equation (RIE)ss

eIBIIENEE, non-scattering, azimuthal symmetiy

R (6)=| £.(@)B, (M) + [ 1,(6.6,)1) (6)cosOsin 0 |r,. (6,) + 1] (6y),
Rvs\(eo)

Surface Leaving Radiance

R, (6,) = observation
R . (6,) =surface reflected radiance
g, (6,) = surface emissivity

7,.(6,) = path transmittance

r,(6,6,) = bidirectional reflectance
|j(.9) = downwelling radiance
17(8,) = upwelling radiance

B, (T ) = blackbody surface emission

@ = local zenith angle

6, = local satellite zenith angle
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OGEAN, SUr ace IR Emissivit —
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ReEIaCE EmISSIVILY models (e:.g., Masuda et al., 1988; Watts'et al.,
U)o Worand Smith, 1997) have been derived from Cox-Munk
Weles orr statlstlcs
Lodijgiie)e es (LLUT) of model emissivity are used in radiative
frzlgfes odellng

‘t'ance of atmospheric radiance is a more challenging problem:
Surface IS neither specular nor Lambertian, but quasi-specular
= Depends upon the hemispherical radiance dlstrlbutlon

= — Using 1 — € may lead to systematic errors of forward radiance in
window channels

— These errors may be significant for applications requiring high accuracy
(e.g., SST)
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VERREA AtMOSPhEric Emltwiﬂh

teerometer (MEAERI)

J

11 0= ozlsiziel EIFS) alasialgiae samplaraownwalling and™ "

-Ir
r)/vlalhr Ocl:z):\hbrated IR spectra near the surface (Minnett
Cell,, 20

pidiracelracy calibration is achieved using 2 NIST-
W2CEz]e blackpodies

2 Ja ved products include

e | lgh dccuracy radiometric skin SST derived from semi-opaque
—— ~‘§pectra| region (~7.7 pm) (Smith et al., 1996)

r"'""""

= e Essential for accurate cal/val of advanced instruments and
= algorithms

® (0.1 K absolute accuracy— this simply is the “gold-standard” for
satellite “ground truth’

— Continuous retrievals of lower tropospheric profiles at turbulent
time scales (e.g., Feltz et al., 1998)

— Retrieval of ocean surface spectral emissivity

-
—
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VEAERII Field Campaigns
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2004, Aerosol and Ocean Science Expedition (AEROSE)
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N
NIVSAERILHIgh Resolution Spectra,

VRAERINErGhthess Temperatures, AEROSE 06-Mar-04

s, M-AERIT provides field

Downlooking (Sea) and UplookKing (Sky) Views OnSarvztors of

B e ST OO RTUEORPRPPRRPRPUOO
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From Nalli et al. (2005)
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Reflection™Viodel™

GOl tor IRIA
gptics lisle)

a N

IFRETECVITY: Known from
i\ gdrefractive indices

atet Model: Cox-Munk mean square
S|Bperstatistics dependent upon local
—sliifiace wind speed

. Coordinate transformation: Transform
slope coordinates to local zenith and
aZImUth angle From Nalli et al. (2001)

e Account for wave blocking and
reflected emission consistent with the

Cartesian coordinate system for a wave
emissivity model facet under the Kirchhoff approximation
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: :-:'_ @, 1S the azimuth upper limit that elimates self - blocking
- | y,=c0s6,, u,=C0S0O.
6. 1s the facet normal zenith angle
p, Is the Fresnel reflection coefficient
P isa normalized Cox - Munk wave slope PDF

This equation essentially describes the reflected radiance as
the ensemble effect of rays reflected from all possible slopes
into the field of view of the observer.
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BrBetic Diff_@ity-AragJet"‘ -

EOIREONVERIENCE IN| lietrievals, computation s reatI reduced by
]J’J'thC]LJC]J’JgF eecton airtsivIty=anagiere, (INalli'e 2 70)0)i

LI p.1l @) Pdeda,
jo [ p,Pdedy,

1¥(6,) =

wn eads to
= R,.(8,)=17(8,)r,(8,,V),

= "Tfrem which @, can be determined by finding the zeros of the
- equation.

A fast transmittance model can be used to calculate LUT for
a range of wavenumbers, wind speeds and atmospheric

OpaC|t|eS[ I'e'l EV == f V,QO,V’TVO(HO)
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s Nom-Unity"emissivity
signal is apparent

e, \Water vapor

absorption lines

appear as “spikes”

® The specular model
..... oy underestimates the
©_Quasi- observation in
microwindows by
~(0.2 K

wave number (cm'1)

Model calculations versus M-AERI observation
for 550 view angle at 22:18 UTC, 17-Mar-96.
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CSP 960317; 21.52-22.49 UTC CSP 960409; 22.09-22.83 UTC
8, = 65° co-added spectra = 1 By= 55° co-added spectra = 3 8, = 65° co-added spectra = 1 By= 55° co-added spectra = 2

800 850 900 950 1000

8, = 45° co-added spectra = 1 9y = 35° co-added spectra = 1

300 ; 300

800 850 900 950 800 850 900 950 800 850 900 850 1000

wavenumber (cm’) wavenumber (cm™) wavenumber (cm’™) wavenumber (cm™)

17-Mar-96, 22:18 UTC (2.1 S, 179.9 W) 09-Apr-96, 22:28 UTC (7.3 N, 172.6W)
V=4.9 m/s; roll = —1.08° V= 13.7 m/s; roll = —0.459
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S ESEDIChcGNDEVEIOpImEnt

lstallNtplooking and  dewnlooking
ioVandiradiance models (e.q.,
KEARNIA) 01 research workstation., (in
progress)

GoRAlCE statisticall analyses of M-AERI
ieldidata toiverify/guantify model
Sl <

= -__é'r_iz_e window: channel spectral

= Jiespoense functions and' centroid Planck
=~ approximations.

=== Run forward radiance calculations for
~——  Window channels over range of wind
=~ speeds, zenith angles and atmospheric

= —=——conditions.

~  — Derive lookup tables and/or parametric

— fit of reflection diffusivity angle
designed to be used in conjunction
with the Wu-Smith emissivity model

currently implemented by NCEP/EMC.

m—
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Implementation and Dissemination
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Validate model calculations against M-
AERI spectra acquired during
oceanographic field campaigns,
including AEROSE 2004.

Tech transfer to NCEP/EMC for
operational implementation into CRTM.

Implementation within AIRS forward
model.

Document work in peer-reviewed
journal publication.

Document and present work at 2
scientific conferences (1 domestic and
1 international).
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