Calibration of the Model for Ocean Surface Emissivity at Microwave Frequencies

Sandra L. Cruz Pol
Electrical and Computer Engineering Department
University of Puerto Rico, Mayagiiez, PR 00681-9042
(787) 832-4040 x3178 / fax (787) 831-7564/ pol@ece.upr.edu

Christopher S. Ruf
Communications and Space Science Laboratory
Pennsylvania State University, University Park, PA 16802
(814) 865-2363 / fax (814) 863-8457/ ruf@ktb.ee.psu.edu

Abstract -- Modifications to theKlein and Swift[1] model is the opacity of the atmosphere. The total nadir emissivity of
for specular ocean emissivity have recently been suggestedtty ocean under low wind conditions can be expressed as [3],
Ellison et al.[2] in order to improve the performance at high

microwave frequencies. The work presented here tests b@Q:DSpec +0.0005- W for W<7mls (2

the original and modified models using a set of satellite and

ground based observations that is designed to eliminate as . S
much as possible the dependence of the test on parame&grew is the neutral stability wind speed at 19.5m above the

other than the surface emission itself. Clear sky, lowF2 s.urface. The first term in (2) refers to the specular
humidity, and low wind conditions were used exclusively, tGMmIssion of thg Seéa surface and the second term refers .t0. the
reduce the dependence of the test on atmospheric and wifi ect of the wmd-l.nd.uc':ed roughness on.the ocean emissivity.
roughened sea models. Radiosonde observations (RaO Z specular emissivity of the ocean Is a funptmn of the
coincident with TOPEX satellite overpasses were used Fauency of operation and the dlglectnc properties of the sea
reduce errors due to inexact knowledge of the atmospheY\@t.er'. . If the ocean surfacg f|I.Is a flat half-space, the
Our tests confirm the superior performance of the EllisginisSivity at normalincidence, is given by

model at higher frequencies. In an effort to remove the 5

residual bias between the models and the observations, we _ 1-\/E
also suggest a parameterized modification to both models that Uopec=1- 1++e (3)

“pbest fits” the models to the data. In this case, the modified
Ellison model maintains its superior performance at higwhere the second term on the right is the Fresnel reflection
frequencies, suggesting that it has an inherently more accuregefficient at nadir and is the dielectric coefficient of the sea
frequency dependence. The RMS error in the modifieater. The dielectric coefficient of sea water at microwave
Ellison emissivity model, over the range 18-40 GHz, is fountiequencies below 40 GHz can be represented by a simple
to be 0.0037, which in terms of brightness temperatur&ebye relaxation expression, given by

translates into a model error of approximately 1K.

e(f,.T,8)=¢, +-5 %= 4 9
1- j2rmf 21fe,
INTRODUCTION T ~ IC €, 4

The total brightness temperature measured by a downward ) , i
looking spaceborne microwave radiometer in the zenitfin€re & and &, are, respectively, the static and high

direction is given by frequency dielectric coefficients of the sea watgrjs the
permittivity of free spacet is relaxation time in seconds,is
T =T +[] TeT0OH the ionic conductivity of the dissolved salts in mho/m, fisd
2 VP 5 0s (00) (OH) Q) frequency in Hertz. The parametexs €,,, 7, and o are all
—T(VU,00 -T(V,
+(1- Ds)(TDN +Tce )e functions of the temperaturd, and salinity,S of the sea

water and are given lein and Swif{f1] and, more recently,
whereTs is the temperature of the surface in Kelip,is the by Ellison et al. [2] (henceforth referred to as KS77 and E96,

emissivity of the surface(1-[L) is the reflectivity of the respectively). The real and imaginary parts of the permittivity

surface,H is the satellite height in knilc is the cosmic a'€€&randé,, respectively.
radiation, Tpy is the upwelling brightness temperature and
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We introduce two new parameters to (4),namghand g, temperatures at 18 and 37 GHz are used to test the two
which are scaling factors to the real and imaginary partsmissivity models, since 21GHz is much more sensitive to
Retrieval of the adjustable parametexsandc,, for both the humidity and introduces significantly larger errors in the
KS77 and E96 ocean models is performed using the Newtastimation of ocean emissivit@fter all the data were filtered
Raphson method to “best fit" the TMR data at 18 and 3for the above conditions, we are left with a total of 263 RaOb
GHz. The performance of each modified model is theprofiles available with corresponding TOPEX altimeter and
evaluated using the RMS, bias and frequency dependenceaaiometer data. The total number of modeled vs. measured
metrics. Tg data points is then 526, since we are using the two

The KS77 model uses a simple Debye expression for the $@uency channels; 18 and 37 GHz.
water dielectric over a limited frequency ranie< (10 GHz)
and polynomial fits for the static dielectric coefficient, the ANALYSIS AND RESULTS
ionic conductivity and the relaxation time as a function of
temperature and salinity. This model is still widely used for The RMS difference between the modeled and measured
sea water dielectric coefficient although the author§gs and the bias were computed for each model. Another
recommend care when using their model at frequencies abanmetric, the frequency dependence of the bias, is defined as
10 GHz. The E96 model was developed using water samples
from the Mediterranean, Polar, Atlantic and Mid-Atlantic Freqgpep =aveA T, — avA T, (5)
Oceans.Ellison et al.improved the frequency range over that
of KS?? and edded a polynomial fit for the high frequenc%here avenT,
dielectric coefficient.

The atmospheric absorption model describedible et al.
[4] (henceforth referred to as L93) is dominated in th

is the error in brightnesSTBrur - TBnode)
averaged over all 263 data points at the frequéncihis
S‘arameter is an indication of the confidence with which the

! ; . odel can be extrapolated to higher frequencies. The
microwave region by two Van Vleck-Weisskopf broadene btained values are shown on Table 1 for both ocean

water vapt))or Iin.es, at 22| an(?c |_183 G':Z’ ';ogetherkwith aé}nissivity models, E96 and KS77. Both models are shown
oxygen absorption complex of lines taken Ir&0senkranz g .ot \yith the 193 atmospheric absorption model. The models

[5], as well as a water vapor eontirjuum term. Thgre also shown using the ModL atmospheric model developed
atmospheric absorption model describe€inz-Pol et al[6] in [6]

(henceforth referred to as ModL) is a modification to L93 tha’; As seen in Table 1, the frequency dependence of KS77-L93

5’ basetljl_ on a rgfinﬁd set of observations  of al';mosphelréc\/ery large, -2.88K. This is not surprising, since this model
ownwetling rightness . temperature by 4vas meant to be valid only for frequencies less than 10 GHz,
radlometer/spectromet.er operating 'F‘.‘he. near wqmty of trBfffthough it is commonly used for higher frequencies. The
22 GH.Z water vapor Ime. The modifications congstmg of 896-L93 model improves the frequency dependence (down to
1.3% increase in the line strength, together with a 6.6% 30K) as well as the RMS and bias

increase in the line width, of the 22 GHz absorption line are-'l-he RMS and bias shown in the fiést two entries of Table 1

determined to be statistically significant corrections to thg ith It iousl ted in I21. Th howed
L93 model within the range of 18-37 GHz. gree with results previously presented in [2]. They showe

TABLE 1. CoOMPARISON AMONG OCEAN EMISSIVITY MODELS.

DATA SETS Model Overall Bias [K] FregDep
RMS
The data used here includes measurements over Decerfbesan  Atm. [K] 18GHz |37GHz| [K]

1992 to May 1997, from three different sources. TOPEPks77 193 355 | -0.16 | 2.72 | -2.88
altimeter data pr0y|des a measurement of the eurface '%}96 193 307 163 | 0.66 | -2.30
the globe. provide. aimospherio emisdion and transmiooRs/. Modl | 828 | 067 | 163 | -2.30
and near surface air temperature. National Oceanogra 536 ModL 345 | -214 |-041] -174
Data Center (NODC) data provides sea surface temperatdY@dKS ModL 3.03 | -0.29 | 0.27 | -0.56
and salinity. These data sets are combined to modelghe fer=1.12, ¢,=.961)

observed by the TOPEX Microwave Radiometer (TMR), afModE  ModlL 2.98 |-0.16 | 0.14 | -0.30

the model is then compared with actual TMR measurementd(Ce=1-15, ¢=1.001)
Screening of the data is intended to isolate only those caggsmprovement in the RMS with their E96 ocean model over
most amenable to accurate modeling of tge To this end, KS77, as well as a lower bias, when using L93. However,
only low wind, cloud free, and low humidity cases ar&hen the new atmospheric model, ModL, is applied 48d
considered, and only data with near coincident TOPEX" entries), the RMS and bias for the KS77 model are

overpasses of radiosonde launches. Only TMR brightnesi4perior. On the other hand, E96 maintains its superior
frequency dependence. This is to be expected since the E96
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ocean dielectric model was developed from measurementgerins of brightness temperature, this error translates into
frequencies of up to 40 GHz. For both surface models, th@proximately, 0.003% 290K, or 1.07 K.

frequency dependence with the new atmospheric model show$he resulting RMS difference, bias and frequency
a small decrease from the one exhibited when using L#@pendence for the nominal and modified models are
(2.30K and 1.74K), but this dependence is still quite largeresented in Table 1. The bias in the modified models is
when one considers the potential error from extrapolatirgignificantly decreased, to about —0.16K for ModE and to
either model to much higher frequencies (e.g. the 85-90 Gldbout —0.3K for ModKS at both frequencies (see Tablé"1, 5

atmospheric window). and &' entries). The frequency dependence is also lowered,
to —0.56K and —0.30K for ModKS and ModE, respectively.
Modified Dielectric Model Parameter Estimation The overall RMS difference for both modified ocean models

In order to reduce the sensitivity of the error to frequency @ecreases, to 3.03K and 2.98K, respectively.

well as reduce the RMS difference and bias, both the KS77A comparison between the two modified models suggests

and L96 ocean models are parameterized and adjustedtiiat ModE has a superior overall performance to that of

“pest fit” the TMR data at 18 and 37 GHz using the NewtorModKS. It has the lowest bias. Its frequency dependence is

Raphson method. The performance of each modified modelif of that exhibited by ModKS, which will allow for more

is then evaluated using the same metrics described above. reliable extrapolation to higher frequencies. For these
The final estimates of the parametersare 1.12 anct; = reasons, ModE is the model that we would recommend for

0.961 for KS77 andg = 1.15andc; = 1.001 for E96. These future remote sensing applications involving microwave

modified versions of KS77 and E96 will be referred to asmissions from the ocean.

ModKS and ModE in the remainder of this work. Fig. 1

depicts the emissivity as given by the two ocean models and REFERENCES
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