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;’iﬂ Objective = g%

»To develop a unified, physics-based, microwave
ocean surface radiometric emissivity model,
which is useful over wide ranges of:

< Frequency
<+ Wind speed
< Earth incidence angle

» Model shall be tuned using all credible surface
emissivity data




o“’iﬂ Model Requirements and Goals g%

» Requirements

<+ Model emissivity shall be smoothly varying and
monotonic with parameters

aFreq: 1-40 GHz
— Goal: 1-200 GHz

QEIA: 0-70 degrees
— Goal: 80 deg

aWS: 0 - hurricane force winds (> 70 m/s)
aPol: Linear, Vertical and Horizontal

< No slope inflections in emissivity versus
parameters




Rl Summary \gﬁi

» In the conduct of this dissertation research the- o
following were performed:

< Analysis of airborne Stepped Freqg Microwave
Radiometer (SFMR) brightness temperature (T,)
measurements in hurricanes

0 Derivation of roughness emissivity at C-band
a Derivation of % foam coverage vs. wind speed
< Extensive literature search for ocean surface

emissivity (theory & measurements)

a Tuning of model parameters using published emissivity
results
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‘%ﬂ Rational for Unified Emissivity Model \gﬁ

» Retrievals, to measure physical parameters
< Ocean surface parameters
aWS, Salinity, SST
<+ Atmospheric parameters
aCLW, WV, RR, Atmos Temp
—Correction for surface effect needed

» Inter-satellite Radiometric Calibration

» Monte Carlo simulation for radiometer
Instrument design & performance evaluation
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Rational Cont.© gﬁi

»No single unified ocean surface emissivity
model exists

» Existing models have significant limitations,
especially over earth incidence angle (EIA)
and surface wind speed range
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Microwave Radiative Transfer
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5’-’-}‘ Passive Microwave Remote Sensing \gﬁﬂ

In remote sensing applications, non-coherent
microwave blackbody radiation collected by the
antenna is the desired signal

_ — Power = KT,,,B
Tapp o TUP +€ (Tsurf +Tref ) @ "
/6
N,

Atmosphere

Ocean




S%Passive Microwave Remote Sensing cOnt.g%

Total apparent brightness temperature
measured by a radiometer

Tooo = Tup 1€ (Tgurs + Tt )

Sea Surface Emissivity i1s embedded Iin T
and T

sur

surf

ref

T

surf

T (1 g)x (Tdown cos )
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Current Emissivity Models \gﬁﬂ

» Three kinds of emissivity models

< Statistical Regression Empirical Models
aUhlhorn et. al. (Limited in EIA & Freq)

<+Semi-empirical Models
aMeissner& Wentz (Limited in EIA, WS, Freq)
aWilheit (Limited in WS)

<+Physics-Based with empirical coefficients

aStogryn <7




S}E Emissivity Model Architecture @1
Physics-based

gtotal — gocean T A‘c"Wind Direction
=(1-FF )&, o+ FF €.,

ocean roug

& — gsmooth + A[;‘

rough EeXCesSs

A‘E‘Wind Direction — Ai COS(Z)_I_ AZ COS(ZZ)

Principal advantage is ability to extend into 3D
parameter space
<+ Freq, EIA, WS
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Qzﬁ Ocean Emissivity

-FF ¢, +(1-FF)s

FAE

EXCesSS

ocean rough

E =&

rough  “smoot

Empirical Parameters

NS
X A & excess

*Esmooth — (1'[)_,
>FF

B grough

N
**Efoam
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:;il Emissivity: Foam-Free Ocean kgﬁi
» Represented by .

(1_ FF )grough
where
grough smooth T Ag excess
» \Where
“Emooth: OMOOLN ocean emissivity, T, EIA)
WS )
EIA
WAE oycoss - EXCESS EMISSIVILY, £| freq
SST
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3’;15 Smooth Ocean Emissivity \gﬁi

» Theoretical Parameters

K *Esmooth — (1 [)
/" : Fresnel power reflection coefficient

—I'= - |p?]
e, COSO —+Je, —sin2 6
pV—poI:_ - 5
_erc03¢9+\/er—sm 0 |
_cose—\/er—sinzé?_
pH—poI: . o
_cos@+\/er—sm 0




S}E Typical Ocean Power Reflectivity @1
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5”-}‘ Dielectric Constant Models (e,) \gﬁn

» Four microwave dielectric constant models
were studied

< Lane and Saxton (1951)

< Stogryn (1971)

<+ Klein & Swift (1977)

< Meissner and Wentz (2000) selected \/;_|

» Models depend on three parameters:
< Sea Surface Temp (physical)
< Frequency
< Salinity




5’%‘ Sea Water Dielectric Constant @1

Real Imaginary
80 F FE 3 F FF O
—— = S=0 PPT T~
70 m= $=10 PPT /] 50
» = 5=20 PPT / i
_ i —
wh S=36 PPT W 40 y '/ m— S=0 PPT |
50 - / e S=10 PPT
G (@) = 5=20 PPT
D 40 C -60 m— =36 PPT ]|
(Y 3o &
- 80
20
\ -100
10 T.
0 : T 120,

10 100 200 1000 10 - 100 200 1000

Frequency, GHz

Saline (0, 10, 20 and 36 ppt)

Sea surface temperature of (25°C) )
CFRSL B

[EEN



S
OJ‘
.’. l\

» The excess emissivity Is

& excess ) \ggj

Excess emissivity (4

1
A& = f (ws, EIA, freq)x
excess ( q) SST

<+Dependence on Sea Surface Temperature
(SST), was adopted from Alex Stogryn work
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» Modeling based on selected data

< Laboratory experiments
a Alex Stogryn collected experiments

< Ocean surface brightness observations
0 Stepped Frequency Microwave Radiometer (SFMR)
< Total emissivity

QTran et. al. derived emissivity from Topex/Poseidon
Microwave Radiometer (TMR)

a Messiner and Wentz derived emissivity from Special
Sensor Microwave/lmager (SSM/I)

Emissivity: Foam-Free Ocean \gﬁﬂ
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o=% Rough Emissivity @ Nadir for 7 GHz @1
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os-}l Rough Emissivity @ 53 deg for 7 GHz @1
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S’iﬂ Ocean Emissivity \gﬁn

ocean

-FF ¢, +(1-FF)s

rough

& — gsmooth + Ag
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o
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3}‘ Emissivity of Sea Foam gﬁﬂ

» Represented by

FF X gfoam

»Where
+FF : Foam fraction coverage, f(WS)

& o.m- FOAM EMISSIVILY,
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o"l&ll Foam Fraction (FF) Estimation g%

» Foam Fraction modeled as f(WS)
< Independent of frequency & EIA
» Used SFMR nadir ocean surface emissivity
model
<+ FF estimated iteratively
<+ WIind speeds to hurricane force winds (Cat. 5)
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The FF estimation process was Iiterative

_ EsemR ~(1-FF)e
€ foam = FE

rough

HighWS

Then compute FF over all WS range

<gSFMR> freq - <gr0ugh> freq

<gfoam> freq - <grough> freq

FF =

nadir

CFRSL

o4% Foam Fraction (FF) Estimation cont.




J48 Estimates of Hurricane Foam Fraction @1
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& Emissivity of Foam &

» Foam modeling based on selected published data
< Laboratory experiments & Field Measurements

a Foam, Fain, Oil Slicks and GPS Reflectrometry
(FROG), Spanish National funds, Camps et. al.
— L-Band (1.4 GHz)
— EIA (0-90) degrees
o Wave tank experiments by L. A. Rose in 2002,2004
— Freq: 10.8, 18.7, 37 GHz
— EIA 53 degrees

o Naval Research Laboratory (NRL) Chesapeake Bay
Detachment
— Freq: 10.8 & 36.5 GHz
— EIA (30 — 60 ) degrees




il Emissivity of Foam cont. g?i

aZheng et. al Foam emissivity model
—Freq : 18.7, 23.8, and 34 GHz
— Nadir
aOther collected observations from the literature
— Reul et. al.
— Williams et. al
— Bordkonskiy et. al.
— Gue et. al.
— Zhou et. al.
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Emissivity of Foam cont g%

» Derived the emissivity of foam at C-band from
+SFMR @ high wind speeds
a SFMR emissivity model @ nadir
aSFMR Tbh measurements during aircraft banked turns

» EIA (Nadir ~ 35 degrees)

» Data collected from 18 hurricane flights over 3
years

a Ruf et. al. emissivity model for WindSat hurricane
observations (3 Hurricanes)

» EIA (53 degrees)
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Sfoam ‘ \gsj

» The emissivity of foam, &;,,,, modeled as

Eram =Q(freq)x f (ws, EIA)

» Dependence on foam thickness significant In

C-bano
< WIno

region
speed used as a proxi for thickness

< Thic

Kness effects negligible for higher frequencies




Qzﬁ‘ Foam EmISSIVItY-zhang et. al @ﬂ
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o=% CFRSL Emissivity of Foam at Nadir @1
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JUR E1A Dependence of Foam Emissivity \g%
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3’;15 Ocean Wind Direction Effect \gﬁi

» Derived from Maxwell’s equations

<+ V & H Pol emissions are even periodic functions of the
relative wind direction y ,

A"E‘Wind Direction — Ai COS(Z)_I_ AZ COS(ZZ)_I_

o [ freq )
r
= EIA
A.and A, are f
WS
. Pol

x IS the relative wind direction

defined as: difference between the wind direction and the
radiometer (antenna) azimuthal look angle




;’iﬂ Wind Direction cont. g%

»Wind directional emissivity modeling based on o
selected data

< Ocean surface observations

aTopexposeidon Microwave Radiometer (TMR)
— Freq: 18, 21, 37 GHz
— Nadir Observations

QAircraft S-band measurements 1n Pacific ocean

and Barents sea Trokhimovski et. al.

— Freq: S-band (2.65 GHz)
— Nadir Observations




Wind Direction cont. ggSﬂ

aSatellite radiometer observations (F.
Wentz, ReMSS, 2000)

—Freq: 11, 19, 37 GHz
—EIA : 53 degrees
aWindSat wind direction observations

—Freq: 10.7, 18.7, 37 GHz
—EIA: 53 degrees
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4%  Wind Direction First Harmonic at ggSn
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2% Wind Direction Second Harmonic at gﬁn
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o?;}i Nadir Wind Direction for 10 GHz &1
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4% Wind Direction for 10 GHz @ 53 deg g%
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CFRSL Ocean Total Emissivity
Model Results




m T, with respect to EIA

O
& in comparison to Tran et al. (¢) &Messiner et al. (m)
WS =6 m/s
H-Pol V-Pol

12 essiner 250
= ., J
> 200
D - AN
! 150 — Messiner
60
=~ \
100
I_Q 40 N\ \Tran
20 50
0 0
0 20 40 60 80 0 20 40 60 80 100
EIA, deg




TR Total Ocean Emissivity Comparisons &Q]
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R Total Ocean Emissivity g
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4% Emissivity Model WS Extrapolation @1
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summary gﬁﬂ

» A unified physical-based ocean emissivity model has
been developed for
< Frequency range : 1 - >40 GHz
< EIA range : Nadir — 70 degrees
WS: 0 to >70 m/s
» Both polarizations (V & H Pol)
» Wind Direction

» The model has been implemented in current HIRAD
wind speed retrieval error studies
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o‘;g,; Nadir Wind Direction &1
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o Foam Emissivity V-Pol

¢ In comparison to Rose et al. (o) \g‘%
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Foam Emissivity H-Pol=

In comparison to Rose et al. (o) Kgg’
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