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ViZ., 9m SIVIty and reflectance) are recognlzed to be
EYNEEIONSHN most satellite remote sensing applications

.l.

-

Al LUgh the surface emissivity is often close to unity,
SuEicurrent accuracy requwements for parameter
-{__- | -;eﬁ rievals have invalidated the “classical’ (e.g., Twomey,
= 1977) assumption of a blackbody surface (e.g, Kornfield
' Z ~and Susskind, 1977)

* Therefore, most statistical and physical retrieval
algorithms must account somehow for non-unity
emissivity
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Essuminelazimuthal symmetry):

RIS SV

-

rptIVIty |ia((90)

17 (6,)

a, (‘90) —

* Bidirectional (6.6.) = 11(6,)
reflectance (BRDF): RS MOIE)
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SOSEIVaNEN oI ENErgy Implies that for radiance iecident
NsehRaNayER Interface
al +rl +7 1 =1

v

=a, +r +7, =1

SE0lan opague surface,
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Eor aillayer in thermodynamic equilibrium, Kirchhoff’s Law states

that
&, (‘90) =4, (‘90)

= £,(0,) =1-r1,(6,)
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iative Transter Equationu(RITE) e

gZmuhall symmetry)

) =| £, 6B, (T)+ [ 1,(0.6,)1} (0)cososin0do |z, (6,) +1] (6y),

Ivr\(feo)
R .(6,) = Surface Leaving Radiance

(1
UL

R, (6,) = observation
1, (6,) =surface reflected radiance
&, (6,) = surface emissivity

7, (6,) = path transmittance

r.(6,6,) = bidirectional reflectance
¥ (8) = downwelling radiance
17(8,) = upwelling radiance

B, (T, ) = blackbody surface emission

= local zenith angle
6, = observer local zenith angle
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= “Fresnel Equations:

E., N, cos®, —cos®
0.0 <[ 5] Mo e,
[

Eo N, cos®, +cos O,

va,@i)s[

EOi 1
* Such reflection is defined as specular.
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ElExiinction coefficient k(V) has been
Piained in the laboratory by applying the Beer-
BEMPERFILaW for the attenuation of radiant flux
irlre) gh a cell' wedge of pure water.

'-—i-r-_

:,i:s-’ he refractive index n(v) can then be obtained
= from k via Kramers-Kronig analysis (a Fourier
~ transform technique).

* Friedman (1969) obtained corrections for the
effects of dissolved ions present in sea water.
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VITEEIEriUNi thersurnface creating| capillary waves,
Whiehndepending onispeed and fetch, generate “gravity”

WeWesys

_--..
-

— Al '__'.-
SRS rolighness scatters incident radiation in directions
&= other than the specular direction.

T B
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= _Bécause surface curvature is large compared to IR (and
visible) wavelengths, the geometrical optics limit applies.

7-Sep-05 N. Nalli - Cross Training Meeting 12

i

Wind \Roughened Water
Siifaces _

p—




r)omz the surface is then
2guivalent toithat fromi a
plenetangent toithe surface
2|t 'th

* IR (and visible) reflection
from water surfaces is From Nall et al. (2001)
considered quasi-specular,
because the specular
component is still significant.

Cartesian coordinate system for a wave facet
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=Cox and Munk also found the mean-square slope o< to
vary directly and linearly with wind speed.

* The ensemble mean emissivity is written as

£ (0,)=1 - —Hp (©.)P(z, )COS(@i)dzxdzy

Ooooo n
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ACeoUNtng for\Wave Blocking

INIINENSIOPETCOMPONENLST(Z,; Z, ) arerexpressed nern
ZeIICOSsIIErana azimutia angle

P(2,.2,) = Pt 0%) = —
2o

- \_/\/_éV '_ wlocking Is accounted for by adjusting the limit on the azimuth
Riegration and using a normalized PDF, P". The facet model is
En expressed as

T—
—
—

._-_ 1o,

£.(0)=1- [[p,(©)P*(u,.c%) dpdy,

* This essentially is the famous Masuda et al. (1988) model. Among
other things, Masuda et al. published convenient lookup tables of

model emissivity
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=eld"®bservations e

Tra fp 2 3 ~ iar ~ T 1 ~ ~ 20 ~
E‘SQJE:‘ ENCORVERIENCEIOIRINENVIASUEEREIRAIPNE RS

IMVZSBIWIGEIN USEA INIISAWES PIre Al
pitthe lack ef-any’ means to “validate” the
igaistindependent field data.

3 -

NCEGRaetrofitted UW-Madison Atmospheric
EninediRadiancerinterferometer (AERI) was
seployed atisea for' a 4-day field experiment in the
EllirerlViexico (Smith et all, 1996). For the first

'Jr 2y lIR spectraiofithe ocean surface were obtained.

= '1’Te algorlthm for retrlevmg spectral emissivity from
- = the AERI (and today’s M-AERI) uplooking
:____:,F—‘-' N(atmospheric) and downlooking (ocean) radiances is

-

~ ~  based upon

t \
TB(V,9)= Bvl(R ( sea) [1 g, (®|e)]R ( sky)

gv (®ie)

The effective incidence angle of the emissivity is
iterated until the T; spectral variance is minimized.
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Figures from Smith et al. (1996)
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SOIPENSONS against oluservearemissivity irom AERI during the 4-
clzly Ellfor Vexico cruise suggested a significant deficiency in the
VIt tielel e el at'larger view angles.

L

Al d_to arnumber of recent enhancements in the basic
V acet models.

:-\f.\ atts et al. (1996) and Wu and Smith (1997) both include physics to

=

"" aCCUunt for multiple reflections.

f“f - — Surface-emitted, surface-reflected (SESR) radiation was determined to
i - be significant

: — SESR was accounted for by first computing an enhanced Fresnel
reflectivity using the same PDF

* More recently, Henderson et al. (2003) used a Monte Carlo facet
model to account for this effect in a more rigorous manner.
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Ehenced Emissivity Models
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Waltts et al. (1996)
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*Among other things, note that the enhanced
emissivity models predict a higher emissivity with
increasing surface roughness.

*|t should also be noted that these models have
not attempted to model the reflected component of

radiance.
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Hendersen’et al. (2003)
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OVEIRECEANS; Spectrallemissivity can be predicted as a
ipEueniollocal surface windspeed, based upon
PJHSS]L:] Aterface optics and the wave facet model.

Lzigiel st ifaces ane another story...

> Puglt hed @cean emissivity models compare reasonably
=5 el -agalnst observations (viz., AERI).

_-—-'--

5’.‘;-—" sowever, more recent results from M-AERI (Hanafin and

~  Minnett, 2005) are showing even these “enhanced”
models to be somewhat deficient at larger angles and
windspeeds.

* Jo be continued...
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