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Abstract—Radiometric measurements of the microwave sea surface brightness temperature for the foam-free ocean
emissivity of foam were conducted during May 2000 at the and noted that “further research on the polarization signatures
Naval Research Laboratory’s Chesapeake Bay Detachment using of foam is imperative.” Kunkee [7] modeled the polarimetric

radiometers operating at 10.8 and 36.5 GHz. Horizontal and . . . T

vertical polarization measurements were performed at 36.5 GHz; surface S.'gnall Py incorporating surface f(?am .d|str|-but|on and
horizontal, vertical, +45°, —45°, left-circular, and right-circular @ dielectric mixing model for the foam emissivity. Differences
polarization measurements were obtained at 10.8 GHz. These between the dielectric mixing model and the measurements
measurements were carried out over a range of incidence anglesin [8] also underscore the need for further work on foam
from 30° to 60°. Surface foam was generated by blowing com- emissivity.

ressed air through a matrix of gas-permeable tubing supported L
Ey an aluminum f?ame and floatsg. Vidpeo micrographs%f thpepfoam .Although mgasurements _Of sea fO?.m emissivity have been ob-
were used to measure bubble size distribution and foam layer tained from aircraft and ship experiments over the ocean, the
thickness. A video camera was boresighted with the radiometers surface conditions were neither controlled nor thoroughly char-
to determine the beam-fill fraction of the foam generator. Results - acterized. Smith [8] determined the emissivity of sea foam based
show emissivities that were greater than 0.9 and approximately ,, 4ircraft observations of radiometric brightness temperature.
constant in value over the range of incidence angles for vertically Using radiometers mounted off the side of a research vessel
polarized radiation at both 10.8 and 36.5 GHz, while emissivities ; . ’
of horizontally polarized radiation showed a gradual decrease in Vorsin et al.[9] reported measurements of sea foam brightness
value as incidence angle increased. Emissivities at45°, —45°, temperature at wavelengths of 2 and 8 cm. Ashietl.[10] mea-
left-circular, and right-circular polarizations were all very nearly  sured the average microwave emissivity of foam generated by a
equal to each other and were in turn approximately equal to the ti,5ing_pucket experiment at 19 GHz for horizontally and verti-
average values of the horizontal and vertical emissivities in each cally polarized radiation in order to develop an accurate model
case.
of sea surface emissivity so that the air-sea gas transfer velocity
could be related to sea surface brightness temperature. Stogryn
[11] developed an empirical expression for sea foam emissivity
as a function of sea surface temperature, frequency, and inci-
. INTRODUCTION dence angle based on a review of previously published measure-
OAM ON THE OCEAN surface increases the emissivitynents of foam-covered sea surfaces. Thermal radio emission
F and brightness temperature measured by a passive M foam structures was measured in [12]; experimental and
crowave radiometer and is a key component of the wind speBigoretical studies of foam structures have also been carried out
signal measured by a linearly polarized radiometer. Accortll [13] and [14]. In addition, Guet al. [15] used electromag-
ingly, the accuracy of the sea foam model affects the accurdi§fic scattering theory to calculate the brightness temperature of
of physical wind speed retrieval algorithms. Understandirf§@m-covered ocean surfaces. The objective of the experiment
the effect of sea foam may be of greater importance for pgescribed here was to produce a set of dual-frequency measure-
larimetric radiometric observations of wind direction becaudBents of the emissivity of temporally stable foam supported by
the azimuthal variations in brightness temperature are sm&idetailed characterization of the surface and foam properties.

typically 1-3 K [1]-[5]. Yueh [6] modeled the polarimetric

Index Terms—Emissivity, foam, microwave radiometry,
polarimetry.
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images of foam coverage. A distance of 4.9 m was maintained
between the radiometer antennas and the spot on the water
surface at the center of the radiometer antennas’ main beams.
This was done in order to ensure that the generator was in the
far field of the antennas and that the change in the solid angle
subtended by the target foam generator was minimized as the
incidence angle was varied. The University of Massachusetts
radiometer, operating at 36.5 GHz, measured horizontal and
vertically polarized radiation. The Naval Research Laboratory
(NRL) 10.8-GHz polarimetric radiometer measured horizontal
(H), vertical (V),—45’ linear (M), +45° linear (P), left-circular
(L), and right-circular (R) polarizations. Both radiometergsgi' 1. Photograph of experimental'setup at the Naval Research Laboratory’s
. . esapeake Bay Detachment showing the foam generator floating on the sea
were Dicke-switched, and both had antenna half-power (3-d}tace and the two radiometers in the cradle of a telescopic arm lift.
beamwidths of approximately®°7 On-site calibrations of the
radiometers were performed using reference loads at liquid
nitrogen and ambient temperatures. Tipping curves were per-
formed at 36.5 GHz to utilize the cosmic background radiation
as a stable cold reference source. The radiometric sensitivity
was approximately 0.1 K for both instruments for an integration
time of 0.5 s; the data acquisition rate was 2 Hz. The absolute
error of the radiometric measurements was less than 2 K for the
horizontal and vertical polarizations of both instruments and
was less than 3 K for the 45, +-45, left-circular, and right-cir-
cular polarizations of the NRL radiometer. The measurements
reported in this work were carried out on May 25 and 26, 2000
under mostly clear skies with occasional patches of high cirrus
clouds. The water temperature was°®I®, and the salinity was
approximately 10 ppt.

hd:hil L
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I1l. VIDEO MEASUREMENTS

Atyp_lcal_lmage recorde(_J by the boresighted video camerady , Typical image of generated foam during the Chesapeake Bay
shown in Fig. 2. The fractional area foam coverage producegperiment, as observed by the crane-mounted video camera. The incidence

by the foam generator was determined from these images us#gje is 40.
the grayscale analysis procedure described in [16]. These data
were used to determine how well the foam filled the surface

area of the foam generator; the fractional area foam coverage
was found to be 0.95:-0.02. In addition to the surface video !
images, such as the one shown in Fig. 2, an underwater video
camera equipped with a telecentric macro zoom lens was usedto -
photograph the bubble microstructure of the foam on the water
surface. The bubble size distribution was found using images
of the interior foam structure, such as that shown in Fig. 3. The

total thickness of the foam layer was measured using similar im-

ages recorded at a lower magnification. The bubble size spectra
and foam thickness measurements provide values to initialize
numerical electromagnetic models for calculating foam emis-

sivities, (e.g., [15])_ The approximate foam Iayer thickness w&®. 3. Typical image of the bubble microstructure in the interior of the foam,
2.8cm as recorded by an underwater camera mounted near the center of the foam raft.
’ ’ The scale bar shown in the upper left corner represents a distance @frh000

the foam generator with no foam being generated can be ap-
IV. RADIOMETRIC MEASUREMENTS proximated as

For the purpose of this paper, antenna temperature is defingd, .= _ (M{EwTw + (1 - Ew)Tsxy } + (1=n)Tsack (1)
as the normalized apparent radiometric temperature at the an-’

tenna, weighted by the antenna pattern. For each polarizatisinere
the antenna temperature of the calm water surface occupied bf4 v antenna temperature of the calm water surface;
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7 beam-fill fraction of the foam generator target; 1.0 R —
Ew  emissivity of calm water surface; g'g e —‘Mold eIHH
Tw physical temperature of the water surface; ! + 3 ° Calm
. . 0.7 X — Model V
Tsky brightness temperature of the downwelling sk'& gg *
. 2 y x CalmV
radiation; 8 os s EoamH
Teack effective brightness temperature of the scene outsii§ 04 L\u\u\_ —Poly H
the solid angle subtended by the target. g'z o —PolyV
The quantity in braces is the radiation seen by the radiome + FoamV
that is emitted and reflected from the surface area of the foe ¢ , ‘ ‘ X Smith, V
generator. The radiation emitted by the surface is the product 25 35 45 55 65| 4 Smith, H

the surface emissivity and the surface temperature; the reflec Incidence Angle (deg.)
sky radiation is represented to first order by the product of the
surface reflectivity (1 - emissivity) and the downwelling skyig- 4. Foam and calm-water emissivities at 36.5 GHz, vertical and horizontal

‘e . larization. The curves labeled “Poly V" and “Poly H” are the polynomial
radiation [11]. For the case when foam is generated on the W#éﬁo the V and H foam emissivity data, respectively. “Calm V" and “Calm

surface H” are the calm-water experimental results; “Model V" and “Model H” are
modeled emissivity curves based on the Fresnel reflection coefficients of calm

_ . _ Ry _ _water [17]. The data points labeled “Smith, V" and “Smith, H" are from aircraft
Tar (N ErTw + (1= ) Ewliv + (£)(1 — Er)Lsxy measurements over the ocean at an incidence angle’dBhO
1

+(1 = f)(1 = Ey)Tsky} + (1 — n)TBack (2)
where The beam-fill fraction of the foam generator target is
T4,r antennatemperature of foam-covered water surface, [ Jrancrr F(0,9)d0
f fraction of generator surface covered by foam; n= ([, F®9)d%
47 ?

Er emissivity of foam-covered water surface.
In this analysis, it is assumed that the physical temperaturevgifiere (6, 9) is the normalized antenna pattern. Digitized an-
the foam and the water surface are the same, and it is alsotadna patterns were used to perform the integrations; the limits
sumed that the total brightness temperature of the target foafrintegration were determined from the video images of the
generator may be separated into a foam-covered portion d98m generator and the geometry of the experimental setup.

a foam-free portion. The value of the downwelling brightnesseam-fill fractions ranged from 0.97 at 3ihcidence angle to
temperatureXsxy) was approximated by the antenna temper@-93 at 60 incidence angle.

ture measureme (4 sxy) obtained by pointing the radiometer
upward at the specular angle. Subtracting (1) from (2) yields the V. EXPERIMENTAL RESULTS
following expression for the difference between the emissivi-

ties of a foam-covered surface and a smooth foam-free W%eoll;lg. 4 shows 36.5-GHz emissivity results for vertical (V) and

zontal (H) polarizations where (5) and (3) have been used to

surface: L
compute the emissivities of calm water and foam-covered water
Ep — By = Tar—Taw 3) surfaces. Model calm-water emissivities using the permittivity
(M) (Tw — Tasky) of seawater at microwave frequencies and based on the Fresnel

. reflection coefficients of calm water [17] were compared to
whereTsiy was approximated b, sicy . A separate measure- g, nerimental results with good agreement. The V polarization

ment of the calm water surface, looking away from the foaR,issijyity of the foam-covered surface was roughly constant at
generator but at the same incidence angle, for which it is asp g3 gyer the range of incidence angles, but the H polarization
sumed that the water s_urface completely fills the antenna f'eé%issivity decreased gradually fronD.88 at 30 incidence to

of view so thaty = 1, gives ~0.77 at 60 incidence angle. This decrease in emissivity with
incidence angle somewhat resembles the calm-water H polariza-

Taw = (Ew)Tw + (1 = Fw)Tsy @ tion results except that the foam emissivities are approximately
and 0.5 greater than the calm-water values. A power-series polyno-
mial of the form
Taw —Tasky
B = 2 2 5
Y Ty — Tasky ®) Ep = ag + a1(8) + az(0)”

whereTsky in (4) was again replaced B4 sky. In practice, was used to fit the foam emissivity versus incidence angle data.
the measurements of antenna temperature of water lookingHerea, a1, andas are the coefficients of the series, ghid the

the side of the generator usually agreed with the calm-waiacidence angle in degrees. Table | provides the H and V model
measurements of the foam generator itself to within 1 or 2 Kpefficients for the 36.5-GHz observations, and the polynomial
showing that the gas-permeable tubes, frame, and floats of fite are shown in Fig. 4. Foam emissivity measurements at 50
generator contributed very little to the background radiation. Fmcidence angle are not shown in Fig. 4 due to a pointing error
each polarization, the emissivities of a calm water surface anthat occurred during that particular measurement.
foam-covered water surface were calculated using (5) and (3)Fig. 5 shows the surface foam V and H emissivities and
respectively. polynomial fits at 10.8 GHz, along with modeled and measured
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TABLE | 1.0
COEFFICIENTS OF THEPOWER-SERIESMODEL FUNCTION AT 36.5 GHz 0.9 —¥ * ——,
0.8
Polarization a, a, a, 0.7
2 F M
H 0.5601 0.01747 2306e4 5 06 ¢+ roam
v 0.6696 0.01223 -1.352e-4 @ 0.5 —PolyM
‘E 04 ——o—0——0—0 L o CamM
1.0 “os || — Model M
0.9 gyt * FoamV 02 —
A — :
0.8 —a —— Poly V 0.1
> 0.7 A FoamH 0.0 T ‘ . . - : -
S 0.6 /"‘ Poly H 25 30 35 40 45 50 55 60 65
.é gi e x CalmV Incidence Angle (deg.)
w |  G— — . L .
0.3 1 Tt Model V Fig. 6. Foam and calm-water emissivity at 10.8 GHz fo45° linear (M)
0.2 o CalmH polarization. “Poly M” is the polynomial fit to the M foam emissivity data.
0.1 —— Model H “Calm M” represents the experimental results for calm water. The “Model M”
0.0 ‘ T T T : T T results are based on the Fresnel reflection coefficients of calm sea water [17].
25 30 35 40 45 50 55 60 65
Incidence Angle (deg.) (1)8 N
. - 4 — 4 |
0.8

Fig. 5. Foam and calm-water emissivity at 10.8 GHz, vertical and horizont
polarization. “Poly V" and “Poly H” are the polynomial fits to the V and H
foam emissivity data, respectlvely “Calm V" and “Calm H” are the calm-wate’s 0.6
experimental results; “Model V" and “Model H” are modeled emissivity curve 3 0.5

based on the Fresnel reflection coefficients of calm water [17]. E 04 —0
frr} o n] =] o 4d
0.3
TABLE || 0.2
COEFFICIENTS OF THEPOWER-SERIES MODEL FUNCTION AT 10.8 GHz 0.1
i i 0-0 T T T T T T T
Polarization a, a, a,
H 0.8962 0.002159 -6.572e-5 25 %0 35 40 45 50 55 60 65
\ 0.7864 0.006696 -7.329-5 Incidence Angle (deg.)
M 0.7504 0.007478 -9.665e-5
P 0.6878 0.01064 -1.353e-4 Fig. 7. Foam and calm-water emissivity at 10.8 GHz for left-circular (L)
L 0.7485 0.007729 -1.019e-4 polarization. “Poly L" is the polynomial fit to the L foam emissivity data.
R 0.7220 0.009183 -1.209e-4 “Calm L” represents the experimental results for calm water. The “Model L”

results are based on the Fresnel reflection coefficients of calm sea water [17].

emissivities of calm water. The results are very similar t 1.0

those at 36.5 GHz: the V emissivity of foam is approximatel 0.9 2 " : +

constant at 0.93; the H emissivities exhibit a gradual decres 08 Iy

as incidence angle increases, similar to that of the calm- waz- oe + FoamV
results, but displaced upward by approximately 0.55. Tig % 05 4 FoamH
polynomial coefficients at 10.8 GHz for H, V, M, P, L, and RE 0.4 —— Model V
polarizations are givenin Table II. Figs. 6 and 7 show 10.8-GH* 0.3 —— Model H
foam emissivity plots for-45° linear (M) and left-circular (L) 0.2

polarization, respectively, with model and measured emissiviti ~ 9-1

of calm water, and the polynomial fit to the foam emissivity dat 0.0 ' ' ' ' ' ' ‘
o1 X . R 25 30 35 40 45 50 55 60 65

also shown. Plots 045’ linear and right-circular polarization

emissivities were so close in value t45° and left-circular Incidence Angle (deg:)

that they are not shown. The45" linear and left-circular Fig. 8. Curves labeled “Model V” and “Model H” are values of foam

polarization plots agree fairly well with each other; they are igmissivity at 36.5 GHz computed from Stogryn [11]. “Foam V" and “Foam H”

turn roughly in agreement with the average values of the foaare the 36.5-GHz V and H foam emissivities, identical to data shown in Fig. 4.

H and V emissivities at 10.8 GHz shown in Fig. 5. Uncertainties

in the measurement of antenna temperature, foam fraction\We now compare our measurements with the empirical ex-

and beam-fill fraction were the primary sources of error ipressions given in [11], which are frequently cited in the liter-

the determination of emissivity. The absolute calibration @fture. The values of these analytic expressions are plotted as a

the radiometers was in the range to +3 K; the uncertainty function of incidence angle in Fig. 8 at a frequency of 36.5 GHz,

in foam fraction wast0.02; and the uncertainty in beam-fillalong with the H and V results from Fig. 4. Fig. 9 is a similar

fraction was+0.02. Propagation of these uncertainties througtomparison of the 10.8-GHz results from Fig. 5 with the values

the calculations ofy, and £ produced overall errors in the of Stogryn’s analytic expressions. His equations were devel-

computed emissivities of-0.02 for the H and V polarizations oped based on data in the 13.4-37-GHz range, but he considered

and of £0.03 for the P, M, L, and R polarizations [18, pextrapolations to the range 3—-50 GHz to be valid. At both fre-

41-43]. guencies, his equations predict emissivities that are smaller than
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1.0 . when the foam has decayed until a stable monolayer emulsion
0.9 g bubble structure is left on the surface. They concluded
08 s A, gas bu ucture i y de
> 07 < FoamV that the monolayer on the water surfa_ce acted as a transmon
g 06 layer and that diffraction effects contributed substantially to
Z 0.5 4 FoamH the dissipation of microwave energy. Additional foam structure
S 0.4 _me:: above the monolayer increases the diffraction loss, resulting
8-2 ——Vode in a surface of high emissivity. The relatively high values of
0:1 emissivity measured in this experiment are consistent both with
0.0 : : ; . : : : Droppleman’s work and with the results reported by Militskii
25 30 35 40 45 50 55 60 65 et al, since the present measurements of surface foam were
Incidence Angle (deg.) performed with a thickness of approximately one wavelength

or greater at both frequencies of observation.
Fig. 9. Curves labeled *“Model vV’ and “Model H” are values of foam The salinity of the water for this experiment was approxi-
emissivity at 10.8 GHz computed from Stogryn [11]. “Foam V" and “Foam Himately 10 ppt, whereas the salinity of sea water is in the range
are the 10.8-GHz H and V foam emissivities, identical to data shown in Fig. §0—36 ppt. For the frequencies used in this experiment, the
change in model calm-water emissivity as the salinity varies
the observed values. In addition, the angular dependence offhign 10-35 ppt is approximately 0.001, but the change in
model shows a slight decrease in vertically polarized emissivigynissivity of ocean foam as a function of salinity has not been
with incidence angle that is not observed in the experimental @xplored. A future experiment using a foam generator in water
sults at either frequency. The slopes of his H polarization curvagih a salinity of 35 ppt is planned in order to address this topic.
however, are somewhat similar to the slopes of the experimental
curves. Stogryn’s relations were developed using cases of arti- VI. SUMMARY
ficially generated and naturally occurring foam. At least three

: . . . : . -~ Radiometric measurements of foam at 10.8 and 36.5 GHz
possible explanations exist for why his analytic expressions give . .
I;ere performed using a foam generator floating on the sea-

smaller values of emissivity: overestimate of foam fraction [19 . .
. oo L . ater surface and two microwave radiometers mounted on a
radiometer calibration errors, or significantly thinner layers 9 . e . L
elescopic arm lift in order to view the foam generator at inci-

foam than the ones used in this experiment. dence angles from 30to 60°. The foam layer thickness was

From his airborne experiment., S!””.‘th [8] found the magimgrg proximately 2.8 cm. The 36.5-GHz radiometer measured
values of 37-GHz sea foam emissivity at H and V pOIa”Z"jlt'qr’?grizontaIIy and vertically polarized radiation; the 10.8-GHz

t?{ be O 72 and 0'89’| resf%%gl\aelﬁ His r_ne;su;emenlts, pe?;lormggiometer measured horizontal, verticalls’, +45°, left-cir-
atanincidence angie o ndshownin F1g. =, are lower ancular, and right-circular polarizations. The 10.8- and 36.5-GHz

the values measured in this experiment but are also larger th ically polarized foam emissivities were greater than 0.9

emissivities pregiicted by_the.Stogryn _model. For awaveleng(B er the range of incidence angles observed. At horizontal
of 2 cm, at vertlgal .p.olanzat|on, Vorsmt' aI_. [9] reported an olarization, both the 10.8- and 36.5-GHz emissivities were
experimental emissivity of 0.985 at an incidence angle f 5 ower than the vertically polarized emissivities and gradually

when looking aJ.[ foam f“’”? breaking waves in the BIQCk Sea‘decreased as the incidence angle increased. At 10.8 GHz, the
Based on a simple physical model for the geometric structur

95, +45°, left-circular, and right-circularly polarized emis-
of foam, Droppleman [20] predicted emissivities of sea foam af ... ’ -
ties were all approximately equal to each other and agreed
normal incidence for the frequencies 1.4, 10, 19, and 34 G Hes W pproxi y equ g

\ell with the averages of vertical and horizontal polarization
He showed that for ratios of foam thickness to Wavelengg}nissivities g P

greater than approximately 0.7, the sea foam emissivity may
be greater than 0.9 if the ratio of air volume to total foam

volume (R) is in the range 0.95-0.99. In this experiment, the
ratios of foam thickness to electromagnetic wavelength at 10.8The authors thank R. Fogelberg (University of Washington’s
and 36.5 GHz were approximately 1.0 and 3.4, respectiveRpplied Physics Laboratory, Seattle) for assistance in per-
Analysis of video images such as those shown in Fig. 3 foufi@rming the measurements, as well as C. Swift (University of
that R = 0.85 in the center of the foam layer. However, itMassachusetts, Amherst, MA) and two anonymous reviewers
is known that R increases as foam ages and water draiastheir helpful remarks.

from the interstitial areas [21], and the foam at the surface

is older than in the core where R was measured. Because of REFERENCES

this drainage effect, the value of R on the surface of the foamm P. S. Chang, P. W. Gaiser, L. Li, and K. M. St. Germain, “Multi-fre-

layer is likely to be higher than in the core region, possibly ~ quency polarimetric microwave ocean wind direction retrievals,” in

approaching a value of 0.95. Proc. IGARSSSingapore, 1997, pp. 1009-1011. _ _
B b . he d in brigh f AZ] S. Yueh, W. J. Wilson, F. K. Li, W. Ricketts, and S. V. Ngheim, “Polari-
y observing the decrease In brightness temperature o metric brightness temperatures of sea surfaces measured with K-band

layer of foam on a smooth water surface as the layer disin-  and Ka-band radiometersiEEE Trans. Geosci. Remote Sensiug.

tegrates, Militskiiet al. [12] have shown that approximately 35, pp. 1177-1187, Sept. 1997. _ o

850 90% of the initial i in brigh [3] S. Yueh, W. J. Wilson, S. J. Dinardo, and F. K. Li, “Polarimetric mi-
0 10 o of the Initial Increase In brightness temperature crowave brightness signatures of ocean wind directiol=EE Trans.

that occurs when the surface is covered in foam is still seen  Geosci. Remote Sensingl. 37, pp. 949-959, Mar. 1999.

ACKNOWLEDGMENT



2624

(4]

(5]

(6]

(7]

(8]
9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

[19]

(20]

[21]

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 40, NO. 12, DECEMBER 2002

J. R. Piepmeier and A. J. Gasiewski, “High-resolution passiv
polarimetric microwave mapping of ocean surface wind vectc
fields,” IEEE Trans. Geosci. Remote Sensingl. 39, pp. 606622,
Mar. 2001.

W. E. Asher received the B.A. degree in chemistry
from Reed College, Portland, OR, in 1980, and
the Ph.D. degree in environmental science and
engineering from Oregon Graduate Institute for
——, “Digital correlation microwave polarimetry/EEE Trans. Geosci. Science and Technology, Beaverton, OR, in 1987.
Remote Sensingol. 39, pp. 2392—2410, Nov. 2001. . His is currently a Senior Oceanographer at
S. Yueh, “Modeling of wind direction signals in polarimetric sea surfac: & the Applied Physics Laboratory, University of
brightness temperaturesEEE Trans. Geosci. Remote Sensivg. 35, p— Washington, Seattle, and a Staff Scientist at the De-
A L\

pp. 1400-1418, Nov. 1997. partment of Environmental Science and Engineering,

D. B. Kunkee, “Ocean surface foam modeling for passive remote sensi _ Oregon Health and Sciences University, Beaverton.

of ocean surface wind vectors,” Proc. IGARSSvol. 5, Seattle, WA, i _ His research interests include characterization of
July 1998, pp. 2336-2338. breaking waves, air-sea transfer processes, and modeling the formation of

P. M. Smith. “The emissivity of sea foam at 19 and 37 GHEEE Trans, Secondary organic aerosols. He is an Associate Editor forJthenal of
Geos?:i Igeymotgger:Sé?rI\\egcz)Gsi)T) 0541324? asgps; ]%SSE ans Geophysical Research Oceafsmerican Geophysical Union) and an editor
N. N. Vorsin, A. A. Glotov, V. G.’Mirovskii, V. Y’u. Raizer, I. A. TroitsKii, for Atmospheric Chemistry and Phys{&uropean Geophysical Society)

E. A. Sharkov, and V. S. Etkin, “Direct radiometric measurements of sea
foam,” Sov. J. Remote Sengol. 2, no. 3, pp. 520-525, 1984.

W. Asher, Q. Wang, E. C. Monahan, and P. M. Smith, “Estimation
of air-sea gas transfer velocities from apparent microwave brightness
temperature,’Marine Tech. Soc. Jvol. 32, no. 2, pp. 32-40, 1998.

A. Stogryn, “The emissivity of sea foam at microwave frequencies,”
J.Geophys. Resvol. 77, no. 9, pp. 1658-1666, Mar. 1972.

Yu. A. Militskii, V. Yu. Raizer, E. A. Sharkov, and V. S. Etkin, “Thermal
radio emission from foam structuresSov. Phys. Tech. Physol. 23,
no. 5, pp. 601-602, May 1978.

G. S. Bordonskiy, I. B. Vasil'’kova, V. M. Veselov, N. N. Vorsin, Yu. A.
Militskii, V. G. Mirovskiy, V. V. Nikitin, V. Yu. Raizer, Yu. B. Khapin,
Ye. A. Sharkov, and V. S. Etkin, “Spectral characteristics of the emi
sivity of foam formations,1zvestiya, Atmos. Ocean Phygol. 14, no.
6, pp. 464-469, 1978. chemical changes and optical emis_sions.

V. Yu. Raizer and E. A. Sharkov, “Electrodynamic description of dense Since 1998, he has been an Assistant Professor of

packed dispersed systemdzvestiya, Radiophys. Quantum Electron. electrical and computer engineering at the Univer-
vol. 24, no. 7, pp. 553-560, July 1981. sity of Massachusetts, Amherst. His technical interests include microwave/mil-

J. Guo, L. Tsang, W. Asher, K.-H. Ding, and C.-T. Chen “Appncaﬂongmeterwave remote sensing, particularly of the ocean and atmosphere, as well
of dense media radiative transfer theory for passive microwave rem radiometer design and miniaturization using MMIC architectures. During
sensing of foam covered ocealEEE Trans. Geosci. Remote SensingLo22 and 2000, he was a Navy-ASEE Summer Faculty Fellow at the Naval
vol. 39, pp. 1019-1027, May 2001 Research Laboratory, Washington, DC, and he currently serves as a member of
R o - . the WindSat Science Team. He is the current Editor and past Associate Editor
Yr\;nEsf eAr\s:sr i?dOSéf\S{a;lT;Tkgosféozzirzggfteif gzt}nti;;?;%cga;ei gacg the IEEE Geoscience and Remote Sensing Society (GRS-S) Newsletter.
R | 105 P 10 5559 560 Mav 1998 p phys. Dr. Reising received the URSI/USNC Best Student Paper Prize at the Na-
LeAS\' \(((I) . ’dng.T ’Sppf't o ey agl d 'If he dielectri tional Radio Science Meeting in Boulder, CO, in 1998. In 2000, he won an
-A.Kleinand C. T. Swift, "An improved model for the dielectric con- nice of Naval Research Young Investigator Award (YIP). He was awarded
stant of sea water at microwave frequencidEE Trans. Antennas g | iy Teaching Fellowship in 2001-2002. He is an ex-officio member of the

S. C. Reising (S'93-M'98) received the B.S.
and M.S. degrees in electrical engineering from
Washington University, St. Louis, MO, in 1989
and 1991, respectively. He received the Ph.D.
degree from Stanford University, Stanford, CA, in
1998, where his dissertation research focused on
low-frequency remote sensing of lightning and its
energetic coupling to the ionosphere, producing

Propagat, vol. 25, no. 1, pp. 104-111, 1977. _ GRS-S AdCom (without vote). He serves as Chair of the Springfield, MA, Joint
P.R. Bevington and D. K. Robinsobata Reduction and Error Analysis chapter of the IEEE AP, GRS, ED, MTT, and LEO Societies. He is a Member
for the Physical Sciences New York: McGraw-Hill, 1992. of URSI Commissions F, G, and H, and is the Commission F Co-Chair of the

W. Nordberg, J. Conaway, D. B.Duncan B. Ross, and T. Wilheit, “Mitnternational URSI Working Group on Solar Power Satellites. He is a member
crowave emission from afoam-covered, wind-driven séa\tmos. Sci.  of the American Meteorological Society, the American Geophysical Union, Tau
vol. 28, pp. 429-435, Apr. 1971. Beta Pi, and Eta Kappa Nu.

J. D. Droppleman, “Apparent microwave emissivity of sea foah,”

Geophys. Resvol. 75, no. 3, pp. 696—698, Jan. 1970.

S. Berkman and G. EglofEmulsions and Foams New York: Rein-

hold, 1941.

P. W. Gaiserreceived the B.S. degree in electrical engineering from Virginia
Tech, Blacksburg, in 1987, and the Ph.D. degree from the University of Mass-
achusetts, Amherst, in 1993, where he studied microwave remote sensing, with
, , . emphasis on synthetic aperture interferometric radiometry.
Iaég?éeRf(;z?n (fh?eoIJ’\:lliSéZsiscglfVTrkg]nzaE.SI.:IZ)I/Ee.t- ' He has been with the Naval Researc_h Laboratory (NRL), W_ashingto_n, DC,
teville, the M.S. degree in physics from Va{nderbiltsmce 1993_, and _cgr_rently heads thg Microwave Remote Sen_smg Sect'lon, Re-
Unive’rsity Nééhville TN, and the Ph.D degreemqte S(_ensmg_ Division at NRL. Whlle at NRIT, he has beer_l |nvolvgd in po-
in astropr;ysics from’the ’University of Miﬁnesota Ianmetnc radlometr_y research. His research interests 'also include instrument
Minneapolis 'design, data collection, and model development specifically for the purpose of
. : T . ocean wind vector measurements from space He is the Principal Investigator
He is currently a Research Physicist in the Mi-

- . . for the WindSat spaceborne polarimetric microwave radiometer demonstration
crowave Remote Sensing Section, Remote Sensi oject

Division, Naval Research Laboratory (NRL), Wash-
ington, DC. He has prepared a set of SSM/I simu-
lator radiometers and has conducted a series of NRL

RP-3A aircraft underflight measurements in support of the Navy’s initial cali-
bration of the DMSP SSM/I passive microwave sensors. He has performed many
field and aircraft experiments to study the emission of microwave radiation from
land and water surfaces.

_ Dr. Rose is a memper of the American Astronomical Society and the Ame{: M. St. Germain, photograph and biography not available at the time of
ican Geophysical Union. publication.



ROSEet al. RADIOMETRIC MEASUREMENTS OF THE MICROWAVE EMISSIVITY OF FOAM

D. J. Dowgialloreceived the B.S. degree in electrical
engineering from George Mason University, Fairfax,
VA, in 2001.

He has been with the Naval Research Laboraton
Washington, DC, since 1995, where he supports th
Passive Remote Sensing Group. His activities focu
on radiometer development for aircraft and spac:
platforms that are used for ocean and atmosphel
modeling. His work has included instruments
that have been deployed successfully to remot
regions including land, air, and sea. The demanding

K. A. Horgan was born in Tralee, Ireland, on Au-

gust 25, 1975. He received the B.S.E.E. (with honors
from the University of Massachusetts, Amherst, in
1999, where he is currentlyt pursuing the M.S.E.E
degree.

He is currently a Research Assistant in the Mi-
crowave Remote Sensing Laboratory, University o
Massachusetts. His research activity focuses on tt
development of a Ka-band polarimetric microwave
radiometer and polarimetric calibration techniques.

radars.

2625

G. Farquharson (M'98-SM'99) received the B.S.
(Eng.) and M.S. (Eng. ) degrees from the University
of Cape Town, Cape Town, South Africa, in 1996
and 1999, respectively. He is currently pursuing
the Ph.D. degree in electrical engineering at the
Microwave Remote Sensing Laboratory (MIRSL),
University of Massachusetts, Amherst.

During his Master's degree he worked on the
development of a ground-penetrating radar system
at the Radar Remote Sensing Laboratory, University
of Cape Town. At MIRSL, he is involved in remote

applications have led to a number of custom circuits that he has designed sedsing of the ocean surface with both ground-based and airborne microwave
implemented in several field campaigns.

E. J. Knapp received the B.S. degree in electrical
engineering from Washington University, St. Louis,
MO, in 1990. He received the M.S.E.C.E. from the
University of Massachusetts, Amherst, in 1993.

He is currently a Senior Research Engineer in the
Electrical and Computer Engineering Department
at the University of Massachusetts. His research
interests include active and passive microwave
remote sensing instrumentation and embedded
computer systems.



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


