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STATISTICS OF KU"BAND MICROWAVE RESPONSE OF THE UNITED STATES
WITH A SATELLITE-BORNE RADIOMETLY,/SCATTEROMETER

Abstract

The Skylab $S-193 radiometer/scatterometer collected thousands of
measurements of scattering coefficient and brightness temperature over
various parts of the United States during the summer of 1973 at angles
of incidence between vertical and about 45°, These measurements
have been combined to produce histograms of the response at each of
several -angles within this range, and to establish average scattering
coefficient vs angle curves with 10% and 90% exceedance levels as
well.

The variation of the radiometric measurements is primarily in the
region from 255°K to 285°K, with very few measurements giving higher
values, but a significant, though small, number giving values down to
and even below 200°K, The scattering coefficient _v&ries, for the mean,
from about 0 dB at 1° off vertical to a low in the neighborhood of
10 dB at 45°. The variability of the scattering coefficient measure=
ments with this coarse-resolution sensor is surprisingly small.

The number of distinguishable levels is slightly more for the
scatterometer than for the radiometer, but the amount of variation in
brightness temperature caused by the physical temperature of the ground
is enough so that the scatterometer can be used to distinguish signifi-

cantly more meaningful levels than the radiometer,



DESIGN DATA COLLECTICH: WITH
SKYLAB/EREP MICROWAVE INSTRUMENT =193 "

The University of Kansas, Center for Research Ine., reports the following
work performed during the period 1 October 1974 to 31 Qciober 1974.

1.0 CONTINUING STUDIES

1.1 (Task 2.1.1.2, 2.1.3.1, 2,1.3.2) Development of Catalogue for Radiometer
Temperature Mecsuremenfs-PerFormed to Daote.

Satisfactory progress was made in the compilation of this catalogue .

1.2 (Task 2.1.3.3) Study of EfFe.cts of Atmosphere Upon 5193 Rad/Scat Measurements.

The variation of soil moisture on the terrain surface compounds the probfem of
estimoting the trye effects of clouds. The soil moisture retention is a funcfion of the
soil texture, so to estimate the effects, soil texture information along with soil
moisture and climatological conditions are required. Such information is being coded
for examination, Preliminary corrections for clouds have in some cases, however,

proved quite satisfactory without detaited analysis of soil types.

1.3 (Task 2.1.1.5, 2.1.3.1, 2.1.3.2) Ground Truth Collection and Data Catalogue—
Significant Highlights. ;

Reprocessed data received from NASA on another project for Quality testing was
decommutated into a form amenable for processing. Cursory examinations show some
differences in the data values between the old and new SL2 data. Many regions of
data drop-outs.in the original data have now been filled in.. The original data is being
replaced by this reprocessed data in the dato base included for data=processing.

Some of tha highlights of this month's activitv are enumerated below.

a). Specific Site Studies

[ IR

Work on the snecific site studies, Texas and Utah, is continuing satisfactorily.
The results for these specific sites will be formally documented ond presented at a



conference, The results will be enclosed as an Giicchment to next month's progress
report. A source of delay was due to the incorpuation of the new data received
for DOY 156 (Texas and Utah) from NASA.

b}, Computer Data Analysis — General Statistics

The first findings in this effort have been documented. Attached is a copy of
the text of a paper presented orally at USNC/URSI Annual Meeting, Boulder, Colorade, .
October 17, 1974, The authors on this presentation are Dr, R, K. Moore, Dr, F. T, Ulaby,
A. Sobti, and T. Burton. |

c). S-193 Footprint Analysis _
Progress was satisfactory in this activity. The regions being investigated are the

plains of Illinois, and the forest regions of Minnesota.

2.0 REPORTS COMPLETED

One report was completed this month, "Statistics of 'K“-Bqnd Microwave Response
of the United States Wiih a Sateliite~Borie Radiornei*er/S‘cc:i"‘i:ewmei-er’-’, RSL Techitical
Report 243-8, R. K. Moore, F, T. Ulaby, A, Sobti, and T. Burton, October 1974,

This report constitutes the text of a paper presented bm!iy at USNC/URS] Annual
Meeting in Boulder, Colorado, October 17, 1974,

3.0 SPECIAL ANALYSES

No special analyses were requested of us this month,”

4.0 DATA RECEIVED

Some $-193 R/S reprocessed data was received on another project and has beein

included in the data-base.



5.0 COMMENT.
We are still trying to get a reasonable source for providing atmospheric con=

dition over c!! *ast sites. The imagery from the S190 cameras contains o large amount

of cloud covered terrain. Alternate sources for ground truth are being investigated.

AS:th



1.0 INTRODUCTION

Preliminary results are presented of the radiometer brightness temperature und
the scatterometer differential scattering coefficient from a large number of points in
the United States, obtained with the Skylab RADSCAT instrument during the summer of
1973, These data were cbtained with a quite large resolution cell; consequenﬂy}
each point represents a significant average of various kinds of terrain. The total statis-
tical picture presented gives the distribution and mean or median values for a large
and heterogeneous sample of the United States. Consequently, the results on both mean
and Vdriabili’ry of the data should be quite useful for future design of high=altitude,
modest-resclution microwove sensors in the two-centimeter wavelength regime..

The Skylab Earth Resources Experiment Package carried two microwave instru=
ments. One of these was the $~193 Radiometer/Scatterometer. The system operated
at 13.9 GHz (2.16 cm). The antenna was a parabolic reflector that could be scanned
mechanically over a range from vertical out to about 48° off vertical in many different
modes. The one-way beamwidih appropriate to radiometric measurements was 2.02% at
vertical incidence this corresnonds with o circle 15,4 km in diamefer and at 45°% an-
ellipse 21.6 x 30.5 km. For the scatterometer, the r.bund"fr.ip'hu!f-power beamwidth
is required; this is 1.54° and corresponds with a circle 11.7 km in diameter at vertical
or an ellipse 16.6 x 23.5 km at 45°, The radiometer had @ precision of measurement A
that varied between about 0.7°K and 1.3°K for one standard deviation, with the particu=
lar value depending upon the mode selected. The scatferometer precision was 0.25 to
0.5 dB for one standard deviation. Again the variation is due to mode selection,

Data presented here was collected during the first and second occupancy of Skylab
in June and in August/September of 1973, Data collected during the winter will be
reported later.

A coarse-resolution sensor of this type has somewhat limited utility, for most remote
sensing applications involving the land require resolutions of the order of 200 meters or
better. However, certain applications appear tikely, even for poor resolution sensors
of this kind. These include monitoring regions of differing soil moisture content,
possible monitaring of snow, monitoring the extent of frozen ground (important in flood
forecasting), and monitoring the extent of ice over the ocean. A major purpose of a
cataiog of scatiering coefficients and brightness temperatures at this resciution is pro=

viding informaiion to the designers of future radar ond radiometer systems for spacecrafi,



Although most future spacecraft radars will probully have finer resolutions, with the
synthetic aperture imaging radar being the most important system, dota collected witn
this poor resolution is important to the design of ifiese systems. The dynamic range -
and required ==nsitivity for the synthetic-aperture radar, prior to processing the signs!
to achieve fine resolution, will be approximately modeled by the data collected with

the S-193 scatterometer. This is because a spacecraft synthetic-aperture radar will

illuminate with its actual physical antenna aperture @ patch on the ground that is
several kilometers across in one dimension, although it may be only a few fens of
meters in the other direction. Such a large illuminated area will have about the same
degree of averaging as the 5-193, - |

Another potential application of these data is comparison of the experimental
results with theory for radar backscatter and verification of the validity of the theories
for large areas. This may be particularly interesting when applied to the theories cur-
rently used for comparable or larger resolution cells on the other planets. Here, we
have an opportunity to test the techniques used for analysis of the surface properties of -

other planets on our own planet, for which we have collateral information.

2.0 COVERAGE

The 5193 operated on numerous passages over the United States in each of
its modes. Figure 1, 2, and 3 illustrate coverage with three of the different modes.

In Figure 1, the In-Track Contiguous Mode coverage is shown, With this mode,
a measurement was made for each of five incident angles every four seconds (about 30 kms
of travel). Thus, in regions where all angular measurements overlapped, a curve of |
scattering coefficient versus angle is possible. On the illustration, the open part of
each coverage bar shows the region where vertical-incidence measurements were made,
The stippled extensions show the regions where the antenna made measurements while
tilted ahead, but for which the instrument was turned off as the spacecraft passed over=
head. Thus, the data sets for different angles come from similar areas, but the areas
are not identicai. Measurements made with this node involve a single antenna poluriza-
tion; that is, the scattering coefficient was measured with the same polarization for |
transmitting and receiving, and the some receiving polarization was used for radiomeier -

and scotterometer,



Figure 7 shows the coverage for the In-Track Non-Contiguous Mode., With

this mode, u ..cusurement was made every 100 b ui each. of the five angles, bui this
measurement usually consisted of vertically and norizontally polarized radiometric
measurements ond vertical, horizontal, and cross—polarized scatterometer measurements,
This mode was primarily intended for use over the ocean so that its use over the land wos
quite restricted as obvious from the féguré. |

| Figure 3 illustrates the large coverage obtained with the Cross=Track Contiguous
Mode., In this mode, 12 measurements are made in a scan across the track with a scan
interval of 2.1 seconds. The center of the scan may be in various position as indicated
on the figure. The angular range is approximately 22°; thus, when the center isat
pitch-angle 0, roil*&ngle 0, the scan goes through nadir with a maximum angte of inci~
dence of about 11° on each side of the spacecraff ground track, The scan center, pitched
ahead ]50, 290, or 40°, results in a smaller range of incident angles for the 11° motion
either side of the track. When the antenna is pitched af angle 0, but rolled to the right
or left, the full 22° scan results in different incident angles. The ground frack is shown
at center for each case where the roll angle is 0, and at the left or right for the rare
cases where the roll angle is ]50, Since most of the data collected with the Cross=Track
Contiguous Mode are in the western part of the United States, some bias exists in the data
sets, However, the large 1TC pass (indicated in Figure 1) over the eastern part of the
United States should partially balance the western bias of the large quantity of Cross=

Track Contiguous Mode data shown in Figure 3.

3.0 OBSERVATIONS NEAR VERTICAL INCIDENCE

Histograms have been prepared of the brightness temperature and differential
scattering coefficient both for the entire dota set and for various subsets. In this section
are shown histograms for the angle of incidence near vertical, The complete data set
includes all of the angles out to 117, but examples are shown only for the 1 = 2° and
the 10 = 11° cases.

Dense clouds may significantly attenuate the radar signal resulting in a reduzed
measured value for scattering coefficient, but they are even more important with with
regard o ine radiometric brighiness, for they not unly atfenuate but aiso radiaie inio

the radicmeter ieceiver. No attempt has been made here to correct the results for ihe



presence of cloudss Such an attempt will be made fater and reported sepa~
rately. |

Figure « shows the radiometric brightness terﬁpercture at the 1 = 2° angle of
incidence for the romplete data set. Efforts are underway to estimate the emissivity
related to these brightness temperatures, but the resuits are not yet available. Thus,
the temperatures shown here have a wider dispersion than the emissivities, for some
of the measurements were made in the northern tier of states and others in the south-
western deserts. The histogram shown extends down fo 200°; few measurements were
made with brightness temperu’rﬁres lower than this volue. In every case, these could
be ascribed to water surfaces so they are not reported here since this discussion deals
only with land surfaces. The preponderance of measurements is in the range from
265%K to 285°K. Since the anticipated-differences in ground temperafures are about
10°, the corresponding emissivities probably have an even narrower range of variation.

Figure 5 shows differential scattering coefficients for the same 1 - 2° range
of angles of incidence. As expected, the scattering coefficient peaks up in the
neighborhood of O dB or slightly below, with almost no values less than =5 dB and
enly a few greater than +8 dB. The +15 dB value mcyKin fact be even larger, for this
is the saturation level of the instrument., Values in this region were found for the salt
fiats adjocent to Great Salt Lake in Utah and for smooth water surfaces. Probably the
cluster of points dround +10 dB also should be associated with either water or the salt
flats. | _

Figure 6 shows a histogram similar to that of Figure 4, for the brightness tem=

“perature in 10 = 11° range of incident angles, The dispersion at this angle of incidence
is significantly greater than that closer to vertical, The comments regarding the effects
of cloud and of surface temperature apply in this case as well,

Figure 7 for 10 = 11° should be compared with Figure 5 for 1 = 2° for the
scattering coefficient. The dispersion at 10 - 11° is much less for the scatterometer
than that at vertical incidence and peaks around a value of about =7 dB; that is, the
scattering is considerably weaker at 10 or 11° than closer to vertical. This is in accord
with both theory and experiments made with aircraft and ground-based instruments, The
relatively smait dispersion at this angle of incidence is perhaps in part caused by the
cross—over of scattering~coefficient-versus—angle curves in the neighborhood of 10~ 15°,

That is, most theories and previous experimsnis ‘ndicate thet relatively flat surfaces have



steeper scattering-coefficient~versus—angle curves than relatively rough surfoces, and
the curves i i cross in this range of angles i lncidence. .

Specific examples are presented here for tvio cases: one run across the Utan
salt flats and adiacent high desert and mountain areas, and the other across agricuitural
- plains of North Dakota and eastern Montana,
| Figure 3 shows the radiometric brightnes: tamperature for the Utah measurements.
Note that in addition to the concentration in the neighborhood of 270 to 280° there is
much dispersion to lower brightness temperatures. In fact, this pass also contains many
measurements below 200°K. Most of these quite low temperatures are associated with

the specular reflection in the salt flats where apparently moisture is close eno&gh to the
' surface fo significantly reduce the measured brightness temperature.

Figure 9 shows the scattering coefficient for the same area. Here, the scattering
coefficient range splits into two parts, the one between 0 and -5 dB compares well
with the scattering coefficient observed in other parts of the country. The scattering
coefficients above +5 dB appear to be mostly from the nearly specular salt flats, The
higher concentration in the 14.5 and 15 dB values is because of saturation of the instru-
ment at this point. No doubt the actual effective scattering coefficient histogram would
extend to higher values if saturation had not taken place. The figure shows only the
angles of incidence between 0 and 20, whereas the corresponding figure for the radiometer
showed all values between 0 and 15°, This is possible with the radiometer because there
is little variation with angle near vertical incidence, whereas the variation for the scat=
tering coefficient near vertical incidence is quite large so the scaftering coefficient figure
must be for a confined range of angles.

Figure 10 shows the brightness temperatures measured in the first 15° from vertical
over the North Dakota farmland; although these concentrate in the neighborhood of 270°,
they also extend down to 260°, Since there is little likelihood of @ very flat wet surface
in North Dakota, the explanation of the values between 220 and 250° has not yet been
established. The lower mode of the distribution presumably has to do with the lower
surface physical temperatures in North Dakota relative fo the surface temperatures in Utah.

Figure 11 shows the 1 = 3° scattering coefficient measurements in North Dakota
(the number cf mecsurements between 0 and 1° ez insignificant). The general range
for the North Daketa near-vertical measurements is comparable with that for the entire

U.S5. data sei. Presumably ihe three values near 15 dB may be refieciions fram lakes,



4,0 OFF~VERTICAL MEASUREMENTS

Althoush measurements were made at various angles as summarized later, the
examples show: "zre are for the region of 32 - 33° incidence and for vertical polarization,
" These were selected since measurements at this angle and polarization were more plentiful

than at any other angle because of the preponderance of Cross-Track=Contiguous data
‘with a 29° piteh angle for the center of the scan. The incidence angle with the curved
earth is somewhat larger than the pitch angle ot the spacecraft even for measurements
made along the greund track, and incidence angle is somewhat larger than that for the
measurements off the ground track. This explains the presence of the largest number

of measurements in the range about 3° beyond the pitch angle, -

Figure 12 shows the overalldistribution of brightness temperature in this angular .
range. Note that the horizontal scale has been expanded compared with the scale used
in previous figures, so the width of the distribution appears only half as great as the
previous scale, Nevertheless, the distribution does have many values over the 30°
range from 265 to 295°. 1f we assume a variation of 10 or 15° in the ground femperafure,

" the remaining distribution-would still Lo in-the neighborhood of 20 to. 15% after correc~
tion for differences in ground temperature.

Figure 13 shows the comparable range of scattering coefficients. Once ogain,
the scale has been expanded, compared with the previous examples, so that it is now
a total of 20 dB rather than 50 dB. The range of scattering coefficients observed is
surprisingly small in view of the great variability evidenced by dota measured in previous
ground-based or aircraft programs, Presumably, this is partly due to the averaging of
the large resolution cell and partly to the consistency of the measurements here made over
a relatively short period of time and with the same carefully calibrated insirument, when
comparéd with measurements made over long periods of time with instruments that in some
cases are less carefully calibrated, No cbservations were made at these anglesof incidence
~ of scattering coefficient exceeding -6.3 dB. A very small number of measurements is less

than -15 dB and these may be from occasional water surfaces.



5.0 SUMMARY OF MEASUREMENTS

No consistent trend of angular variation was cbserved for the brightness tempera=
ture measurements, but the measurements of scattering coefficient show extremely consis-
tent trends. Consequently, curves are p_resente& ot variation of scattering coe_ffi.cieﬁt
with angle, but no such curves are presented for ilie brightness temperature. |

Figure 14 shows an expanded—scale summary of the near-vertical measuremenis of
vertical polarization scattering coefficient, No point is indicated for 0° because most
of the measurements were at least at a 12 angle of incidence, so that the number of
points between 0 and 1° is insufficient to obtain good statistics,

The mean value calculated here is shown with a solid line, The upper and
lower 10% observation levels are also indicated. The points on the mean value curve
are quite consistent. The inconsistencies in the values for the 10% and 90% levels are
due to the relatively small numbers of samples outside these bounds. Even so, it is quite
apparent that the spread in measured values is greatest very close to the vertical. Clearly,
designers for altimeters and other devices that operate upon' the signals from very close to
the vertical can use volues for scattering. coefficients of the arder of =5 dPa in. fherr desmm .
with confidence that the instrument will indeed be sufficiently sensitive for necrly every
case. Presumably, since this value is somewhat greater than those observed in ground-
based experiments, the larger minimum value of differential scattering coefficient in
this spacecraft experiment is in part due to averaging over relatively large illuminated
areds. '

Figure 15 shows the summary of measurements af all of the angles of incidence
for which a large enough sample is available, Note that the horizontal scale is different
from that of the previous figure by about a factor of 5. The points shown within the first
10° are the same as those plotted in the previous figure. The well-known phenorﬁenon
of flattening of the scattering coefficient curve seems to occur at around 10°, which is
o somewhat smaller angle than previous ground-based measurements indicate; but is in
the same order of magnitude as these previous measurements.

The numbers of measurements involved in each point are leferenf but the means
are believed to e reasonably accurate in every case. The low value for the 10% level
point af 33% s probably due to inclusion of @ small amount of data from water surfaces
and. from the Utah sali fiats, This dato quantity is large enougn fo significaniiy affeci
the 10% level, Lut not large enough to significaiily change the mean. Presumably, ile

. , T O f ey . . .
smaller dafa set associaied wiin ine 457 angie of incidence does not inciude any suci

7



surfaces. Mest of the 45° data were obtained during the long pass illusirated in Figure
" 1, where the ii~Track Contiguous Mode was ussd in the eastern United States.

Perhups the most surprising thing about this figure is the relatively small range
within which 80% of the observations lie at any particular angle. In no case away
from the vertical does this range exceed 5 dB (if we assume that the dash line is more
representative of the 10% leve! at 33° for land than the observation point there).
Hence, the dynamic range require‘d for any radar system using a large illuminated area
comparable with that of the Skylab scatterometer is quite small at the larger angles of
incidence, Of course, if the instrument had to operate over-the full range of angles
as did the $-193 scatterometer, the dynamic range would be greater and if it had to
operate over both land and water, the dynamic range would be significantly greater than
shown here for land alone, |

It is interesting to compare the relative variation of the scattering coefficient
and brightness temperature measurements. To get some idea of the number of discernible
levels that might be measured with each of the two instruments, Figure 15 fabulates this
information. The 10 - 50% range of scattering coefficient over the entire angular range
between 14 and 47° comes out to only 2,63 dB and the 50 - 90% range comes.out to .
1.78 dB. For the brightness temperature the values as indicated are 8.86 and 4.76°K." To
get some idea of the number of discernible levels, one must divide this range by the measure-
ment precision which is a rough indication of the width of a discernible level, This has
been done in the bottom part of the figure, using the approximate precisions for the
instruments of 1°K for the radiometer and 0,25 dB for the scatterometer. On this basis
the scatterometer has a somewhat larger number of discemible levels than the radiometer,
although the ratio is not great. In other words, the number of discernible levels is
comparable in the two, but somewhat less for the radiometer. One should also consider,
however, that the radiometer requires a calibration in terms of the actual surface tem—
perature because the brightness temperature is proportional to the product of emissivity
and surface temperature. Thus, the scattering' measurement seems more likely to be akie
to discern a significant number of differences in the terrain than the rediometric tempera-
ture measurement if information is not available on the physical temperature of the ground.
If informaticr: is available for the physical temperature and cloud effects are not important,

the two instruments appear to have comparable amplitude resolution,
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6.0 CONCLUSIONS

Preliminary indications from the Skylab microwave measurements made during
the summer ora that the brightness temperature varizs over a range of about 30° for
the majority of terrains relatively independent of angle of observation between vertical
and 45°, The variation for the scattering coefficient with crngle is quite significant
and has been presented in graphical form. The range of variation of the scattering coeffi-
cient is relatively small compared with what one might have concluded on the basis
of previously reported aircraft and ground measurements, but this may be due in large
part to the larger area averaged by the spacecraft instrument, |

The preliminary observations reported here constitute ¢ quite useful set of
information for design of future spacecraft radiometers and redars operating in the vicinity
of the 2=centimeter wavelength used for this set of measurements. The observations are
being further analyzed to categorize them and to determine the ability of the two instru-
ments to measure variations in terrain of value to those charged with monitoring or
determining differences on the earth's surface. Indications are that both instruments are
. cepable of about the same degres of discrimination if the physical temperators of the - -
ground can be determined and if clouds are not a significant factor. If clouds are a
significant factor, or if the physical temperature of the ground cannot be determined

readily, the scatterometer seems to offer more promise for discrimination of ground phe~

nemenon .,



IN-TRACK CONTIGUOUS MODE

. Coverage of United Siates and Canada
' witl. SKYLA3 7 -193 Radscat
Summer of 1973

-] Vertical Coverage

— . Coverage at Higher
Incidence Angle Only

Figure 1.,
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2 \ IN-TRACK NON-CONTIGUOUS MODE

- Coverage of United States and Canada
with SKYLAB $-193 Radscat
Summer of 1973

nguré 2.



CROSS-TPACK CONTIGUOUS MODE

[ pitch Angle 0, Rofl Angle 0
Pitch Angle 15, Roll Angle 0
{1 Pitch Angte 29, Rolt Angle 0
Pitch Angle 40, Roll Angle 0
(1 pitch Angle 6, Roll-left with Scan Center at 15°

[ Pitch Angle ®, Roll-right with Scan Center at 15°

- Coverage of United States and Canada
with SKYLAS $-193 Radscat
0 Summerof 1573 o

Figure 3.
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Angle of Incidence: 1-2°

Radiometric Brightness Temperature
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Cloud Effects.
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Frevtency of Occurrence

Angle cof Incidence: 1-2°

Differential Scattering Coefficient ¢°
Measured at Various Sites in the
United States with SKYLAB S-193
13.9 GHz Scatterometer during
the Summer of 1973.
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Ficguency of Occurrence

Angle of Incidence: 10-11°
Vertical Polarization

Radiometric Brightness Temperature

Measured at Various Sites in the

United States with SKYLAB $-193
13.9 GHz Radiometer During Summer

of 1973, Data Not Corrected for Cloud

Effects.
il
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Frequency of Occurrence

Angle of Incidence: 10-11°
Vertical Polarization

Py

Differential Scattering Coefficient ¢°
Measured at Various Sites in the
1. ~ United States with SKYLAB S-193

i | 13.9 GHz Scatterometer During

1 o Summer of 1973.
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Angle of Inciderice Range: 0-15°
Vertical Polarization
"5 June 1973

Radiometric Brightness Temperature

Measured During a Pass Across Utah
Salt Fiats, Desert, and Mountains _
with SKYLAB S-193 13.9 GHz . T
Radiometer Curing Summer of 1973,
Data Nct Corrected for Cloud Effects,
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Angle of incidence; 0-2°
5 june 1975

Differential Scattering Coefficient ¢°
Measured During a Pass Across Utah
Sait Flats, Desert, and Mountains
with SKYLAB S-193 13.9 GHz
Scatterometer During Summer

of 1973, | -
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Angle of Incidence Range: 0-15°

Vertical Polarization
9 August 1973

Radiometric Brightness Temperature
Measured During a Pass Across
North Dakota Farmiand with

SLYLAB S$-193 12.9 GHz
‘Radiometer During Summer of 1973,
Data Not Corrected for Cloud Effects.
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Frequency of Occurrence

Angle of Incidence: 1?3°
9 August 1973

Differential Scattering Coefficient ¢°
Measured During a Pass Across
North Dakota Farmland with
SKYLAB S-193 13.9 GHz
Scatterometer During Summer
of 1972, -
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Frequency of Occurrence

Angle of Incidence: 32-33°
Vertical Folarization

Radiometric Brightness Tempee*ature |
at Various Sites in the United States
with SKYLAB $-193 13.9 GHz | n
Radiometer During Sumimer of i 1973. RN .

Data Not Corrected for Cloud £ffects. - |
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Angle of Incidence; 32-33°
Vertica! Polarization

Differential Scattering Coefficient ¢
Measured at Various Sites in the
United States with SKYLAB $-193

13.9 GHz Scatterometer During

S Summer of 1973, - .
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10 . Differential Scattering Coefficient
o Measured at Various Sites
| in the United States with .
V\ SKYLAB §-193 Scatterometer
5 During Summer 1973,
\ {Vertical Polarization)
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Figure 14.
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10 | Differential Scattering Coefficient
| 0° Mcasured at Various Sites

in the United States with
SKYLAB $-193 Scatterometer
During Summer 1973,

(Vertical Polarization)
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Coh

WE IGHTED MEAN RANGES

RELATIVE DATA VARIATIONS
- FOR
RADIOMETER AND SCATTFROMETER

FOR 14 - 470 ANGULAR RANGE

range

quantity
measured 10 - 50% 50 - 90%
Ag? 2.63 dB 1.78 dB
AT, 8.860K 4.769K
MEASUREMENT PRECIS 10N (i0):
RAD - =~10K |
SCAT -~ ~=0.25dB
relative range
variation 10 - 50% 50 - 90%
A00 ‘
0.25 10. 52 1.12
ATB S
10 8. 86 4. 76

Figure 16,




