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. ABSTRACT

Preliminary observations at 13.9 GHz of the rodor backscatter
ond microwave emission from the sea kave been analyzed using dota
obtained by the radiometer—scctterometer on Skyfab. Results indicate
approximately o square-low relationship between differgnﬁal'scm-
tering coefficient ond windspeed at angles of 407 to 507, after
correction for directional effects, over a ronge from about 4 up
to cbout 25 meters/sec, The brighiness temperoture response was
also observed, and considercile success wos achieved -in correcting
it for atmospheric ottenvation and emission. .

Measurements reported here were made in June, 1973, over
Hurricone Ava off the west coast of Mexico and over relatively -
calm conditions in the Gulf of Mexico end Coribbean Sea. Many
other chservotions were made with the Skylab initrument, but

- analysis awails corrections to the data, '

INTRODUCTION

Skylab was & monned spacecraft launched in Moy.of 1973 and occupied by three different
erews, one in Moy and June, one in August and September, and one from November into Febreory of
1974, The spacecroft contained o sef of earth resources experiments, including ¢ microwove redicmeter=
scotterometer (Experiment 5=193), Choracteristics of the RADSCAT instrument hove been descri’Ted in
various NASA publications and in some journals, so anly the briefest summary will be included,

The Skyleb RADSCAT instrument cperated ot o freauency of 13.9 GHz (wove lenath 2,16 em),
It used a porabolie antennc with epproximaotely a bwo degree beam at the half-power point.. This beam~
width was effectively 1.54 cegrees for the scatterometer where the two=way half-power point is used
The entenna could be mechanically scenned in four different modes: )

1. In-Treck Non-Contiguous (Overlepping measurements ot cngles of 0, 15, 257, 40
end 48 degrees between the cntenng painting direction and the verticol at the
spacecraflf, with 132 kilometers between centers of each set of messurementsy’

2. Cros-Treck Non=Contiguous (hiecsurements at the same cngles of intidence, byt
perpendicular to the trock so they ore spaced opproximately 100 kilometers
rather than overlepping)

3. In-Track Conticucus (Poinis ot the some angles os for T end 2 for scotterometer
and intermediate angles for rodiometer, with the points spaced cpproximately 25
kilometers) . . ) _ )

4, Cross-Track Contiguous {12 poius over g 22 dearee angular rence obowt the
center point; center point may be veriical or tilted ahead or to the side oy i3,
30 or 40 degrees) :

ik veried with made

Q . .
of K. B3 . L varied with mede, bat Joer
cent lobhmot 0,25 ¢8), In the irseus modes, he rodiometer received bioth horio: net woeri=
cel pclerizetizn, ond the scerre ter tromemitted horizenict, receiving both heorirontal gnd vertica|,
PR P T S e S S Sl el ek
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. scotterometer was with the some palerization es the selected radiometer and scotterometer teceiver polar=

* - .y 3 - N - .

izotion. It wes olso possible to operate 18 @ radiometer=only or o scattetometer—only mode, in which
case both vertica! end horizental polarizations were used. -

1n this pcper, preliminary data en bockicattering ana emission from the cceon ore presented, Al
of thé dota shown cre for the ronth of June, 1973, Preliminary indicctions ore that goad observations
were chrained during August-Seprember ond Decembar=lanvory. However, the final revision of the dala
is incomplois far these manths, 30 the results could art he rresented. . ‘

During the winter missicn, on entenna problem existed thet prevented scanning in the alono-
track direciion ond cesuited in degraded pericrmonce =8 wider beem and higher sidelobes. Rodiometer
data for this eriod proochly are not ssable beccuse of the nign sidelobe level, but scotterometer uata

should be interesiing.
HURRICAINE AVA

We were fortunate that ecrly in June the Skylab ground track passed near a Pacific Ocean
hurricone off the coast of Mexico, This heppened on 7 June, 1973, '

Coverage fer Hurricene Ava was not in the original pians.for June 7 and the spacecraft was not
in o mode for which its vertical axis vos oriented towards the earth. However, calculations indicated
. that the orientation would be satisfactory in its solar inertial mode for cress—track coverage for most
of the expected location of Hurricane Ava, Coriseauently, specigl arrangements were made to operate
the radiometer—scatierometer during that time. Figure | shows the crea covered, with a preliminary
wind field estimute bosed upon a hurricare rodel developed at New York University“ and upon pressure
measurements ot the eye of the hurricane and outsidé the crea of the hurricane. The spacecrait :
epproached from the morthwest and traveled toward the southeost clong a treck indicated by the letter E
in Figure }. Letter A indicates the maximum incident-angle trock {about 50 degrees), letter B indicotes
the 42 degree incidentmangle track, ete. The poth of the spacecraft was too.for to the east to permit
coverage into the very=h igh—wind-speed center of the hurricane., However, winds were observed up to.
ebout 30 knots {23 m/'s) during sweeps 8, 9 ond 10. Because of the solar inerticl orientction of the
smacecraft, operation of the RADSCAT instrument was not possible after the pass labeled 12, and in fact
tﬁe dato points for scon 12 ore probably invalid. R .
Figure 2 shows o comperison of the 52-degree scotterometer response at vertieo! and horizental

polarizations with the wind speed cafculated by the hurricane mode!. The tenth scan occurred at a
oint where the elevated radiomstar temperature, as well as the elevated scattering coefficient, indi-
cated that the rain wos o9 heavy; 5o that the rediometer lost contoct with the surfoce becouse of
attenuation and most of the scatteromerer signol was backscattered irom the raindrops. The curves in
Figure 1 hove also been corrected for attenuation as determined by the radiometric brightness increase
ond for §Jind direction using o directional response curve obtained by Jones of [NASA Langley Research

Center,

Figure 3 illustrates the mognitude of the corrections for the vertically polarized response. MNote
the increase in antenna tempergture for the rediometer is much too great to be coused by variations in
wind speed ond consequently must be due to attenuation in the cloud. This wos used to determine on’
ottenuation correction of up to obout 0.5 dB for the scatterometer as shown at the bettom. The espect
angle correction converts all responses to eguivalent of wind responses, using Jones's model . MNote thot
this correction changes repicly as the spocecraft goes by the eye of the hurricone so that cbservation
direction chenges from downwind to crosswind, :

The oscillation, with o minimum at cell 2 and o maximum at cefl & followed by enother minimum
at cell 7, is prcbobly o better reoresentation of the true wind speed then thar presented by the model
wind-speed colculation shown, since the model does not take into account wind variations and rain
bands which are normally found radicting from the center of o hurricane. Presumably this oscillation is
in fact coused by passoge of the spacecraft by a rain band.

The horizontally polarized ontenna tempercture also was plotted versus wind speed after o cor
yection was mode for eoporent brightnéss temperoture increoses as shown in Figure 5. The correction
was quite large where the rcin end heavy etrenvetion occurred, cnd the devigtion from the theorericol
is larger ot that point. whether the fock of the esciliotien cttrisuted to o roin bond in the scatterometer
data hos to 6o with some compensating effect or whether it represents more of @ wind direction than wind
speed effect o vhe scelterometer cannot be determined at this time.

DATA FROM THE CARIBZEAN AND GULF OF MEXICO

On June 5, 1973, the spocecrait flevs across the Gulf of Mexico, the Yucetan Peninsula, and
the coast of Honduros ond on into the Coriboesn Sed. Figure & shows e verticatly polerized seottering
cocfficient at 207 compored with wind estimates iy that region. The seoltening cocificient has been
cotrected for gsmect crale. Sizable vorigtions in the Jepe of the curve Letween the scatterometer dota
and the wind wred data ore provobly due to the coareness with which the calculotions of wind spced
could be made. For instance, ihe coicwialed Wing speco respume siuws nu Giieot of tha zooer ot
Honduras, but we know that the coost does hove on effect, '



Figure 7 shows the harizontolly palarized responses for the same pau. They oppear 10 compare
somewhat better with the wind soeed estimate than the verticatly polarized responses, but not-significantly
so. Inoll coses, o responses ore appraximately o3 one would ex~ect. '

Figures 8 and 9 show similar comporisons for the . orticaily ond horizontatly polarized 50 degree
responses. ‘ :

A} of the observations from posses acrons the Carnitbeon and Gulf of Mexico during S5and 11durz
were combinnd +5 determine the 30~degree vertical polnrisntion wind speed response shown in Figure 10.
The simple prediciion is tosed voan smell perturcation theary. Aost goints are relct.valy close ta the
simple prediction, except for @ pair ot wind speeds thet may be low enough 3o that the capilldry waves
ore nol propeity developed. ' :

Figure 11 shows o similar response ot 50 degrees. 1he stope of the response is greoter than et
30 degrees and, with the exception of the very [ow wind speeds, the scoiter of the data points about the
theoretice! prediction is less. '

Figure 12 shows a similar comporison for horizontal p2larization ot 50 degrees.

We ore indebted to Professor A, E. Besharinov o7 the Institute of Redicengineering ond Elec— -
tronies in Moscow for his suggestion to establish the consistency of the data by comparing estimated wind
speeds based on 30-cegree incidence oncie and based on 50-degree incidence onale. The result is shown
in Figure 13, The consistancy is most encourcoing, ieading one to suspect that much of the scetter in the
points shown on Figures 10, 11 and 12 would discppear if locol wind speed measurements were vsed rather
than wind speeds based upen @ hindeasting model s '

Figure 14 presents the data in o different way, comparing the wind tpeed estimated by meteoro~
logical methods and wind speed estimated using the scattering coefiicient at both 30 and 50 degrees, The
lines joining pairs of points on the graph connect cbservations made for the same spot on the ocean of two
different incident angles.

OVERAAND EXAMPLE

Figure 15 shows an example of the responses of the radiometer and scatterometer for travel ocross
the surfoce of the lond, These cremerely presented os an illustration of the type of response observed
over land vithout analysis. Analysis of these data will be the subject of separate papers. ‘

CONCLUSION

The preliminary Skylcb dota from June of 1973 indicate good correspondence between rader and
radiomelric signals received irom the ccean and wind speed. Apparentiy, much of the scatter of the dafa
points is coused by coarseness of the aveitable meteorological cete rather than by deviations in the
response of the scatteremeter to the local wind speed, Corrections for ospect ongle were made using @
measurement by Jones ot 40-dearee incidence onale and 25-knot wind speed; presumably, improvements
in these corrections will be possisie when additional measurements of this kind ore ovcilable. They should
further reduce the scatter in the data.. - .

This preliminary report of the Skyleb RADSCAT dotd is most encouraging, but ¢ greot deal of
odditional data was collected ond possible voriations in response in different letitudes must owoit reduction
and cnolysis of these other dota. S
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