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Abstract. The NASA scatterometer (NSCAT) is a spaceborne radar sensor designed to measure
the normalized radar backscattering coefficient 0° of the Earth’s surface. Over the ocean, back-
scatter measurements are used to infer surface wind vectors. Wind retrieval is based on a statistical
relationship between short-ocean wave roughness (that causes the backscatter) and the surface
wind speed and direction. For NSCAT geometry, multiple antennas are used to provide backscat-
ter measurements at several azimuth directions to resolve wind direction ambiguities. To achieve
the desired wind vector accuracy, these antenna beams must be calibrated within a few tenths of a
decibel. A simple relative-calibration method is applied to the NASA scatterometer backscatter
from homogenous, isotropic, large-area targets. These targets exhibit both azimuth and time in-
variant radar response. A simple polynomial model for incidence angle dependence of ¢ is used,
and the mean radar response from all antenna beams is taken as the reference. Corrections (o° bi-
ases) are calculated as differences (in log space) between measurements from particular beam and

the reference. This simple model is applied to data from the Amazon rain forest and the Siberian
plain. These areas are tested for temporal stability within the calibration period (several weeks).
High-resolution masks are applied to extract suitable calibration data sets. Calculated corrections
for each antenna beam are added to NSCAT o® measurements as a function of incidence angle.
The magnitudes of corrections show the necessity of on-orbit calibration.

1. Introduction

Satellite scatterometers are spaceborne radars that are used to
measure the normalized radar backscattering coefficient ¢” of the
Earth’s surface illuminated by the antenna. Measuring o” over the
ocean enables retrieval of near-surface wind vectors. The physical
_ basis for the retrieval is the empirical relation between radar
backscatter and the small-scale sea surface roughness, known as
the geophysical model function (GMF) [Schroeder et al., 1982).
Surface roughness (caused by wind-induced waves) is related to
the wind friction speed at the surface. Further, the spatial distri-
bution of these waves is anisotropic; thus measuring ¢ from dif-
ferent azimuths allows determination of the wind direction
[Naderi et al., 1991]. For satellite scatterometer configurations
with nonarticulating antennas, separate antennas are needed to
provide multiple-azimuth looks. Since relative changes in ¢” (as
a function of azimuth viewing) are used to infer the wind direc-
tion, it is very important that these antennas be well calibrated, at
least in the relative sense. Desired relative calibration accuracy
(of order 0.1 — 0.2 dB, which translates to as high as 10° retrieved
wind direction error) requires postlaunch, on orbit calibration and
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verification. Absolute ¢” biases that are common to all antenna
beams contribute to biases in the inferred wind speed, but these
may be removed once on orbit by “tuning” the GMF to match
“surface truth” comparisons in the form of in situ wind observa-
tions and numerical weather model analyses.

For previous satellite-borne scatterometers, several postlaunch
antenna beam balance methods have been used, namely, homoge-
nous area targets, ground-based transponders, and global ocean
surfaces. For the first method, potential targets must exhibit azi-
muth-independent and temporally stable radar response. At such
calibration sites, equality is expected (between antenna beams)
for all measurements taken at the same incidence angles [Birer et
al., 1982]. This method provides excellent relative normalization
that is used to eliminate differences in 6" caused by absolute gain
biases among antenna beams. An analysis of SeaSat A Scat-
terometer System (SASS) o” data by Kennet and Li [1989]
showed Amazon and Congo tropical rain forests to be homoge-
nous over a large area. Detailed analysis of the SASS measured
0" over the Amazon showed some temporal and spatial variability
that must be taken into account [Birer et al., 1982]. To remove
the effects of spatial variability, " data sets used for beam bal-
ancing can be filtered using a “mask” created by an enhancing
scatterometer resolution algorithm developed by Long et al
[1993]. Results of this procedure are reported by Long and Skou-
son [1996] for the SASS ¢” from the Amazon. Some diurnal
variations in Amazon ¢ measurements were observed in the past
[Birer et al., 1982; Long and Skouson, 1996]. This suggests sepa-
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rating descending (daytime) from ascending (night) over flights
for the NASA scatterometer (NSCAT) analysis.

In this paper we use this distributed land target technique to
determine 6" biases for the NSCAT antennas. These results are
compared to the ocean-derived antenna bias corrections ulti-
mately applied to all NSCAT 6" [Wentz and Smith, this issue;
Freilich and Dunbar, this issue]. After a brief introduction to the
NSCAT instrument in the next section (a broader description is
given by Naderi et al. [1991]), the beam calibration model is de-
scribed. Calibration data sets are extracted using resolution-
enhanced land masks. Potential calibration sites are tested for
temporal stability within the data accumulation period. Results
are presented for the Amazon rain forest (traditionally used) and
the Siberian plain. Correction tables, derived for each beam, are
used to achieve balanced 0" response over the NSCAT incidence
angles.

2. NASA Scatterometer

Spaceborne scatterometers are expected to become a key
source of near-surface ocean wind vector observations in the fu-
ture. This is because of their demonstrated ability to provide all-
weather frequent measurements with uniform global coverage.
The Ku band NASA scatterometer is the latest satellite scat-
terometer following SkyLab (1973, Ku band), SeaSat A scat-
terometer (SASS, 1978, Ku band), and European Remote Sensing
Satellite scatterometers (ERS 1 and 2, 1991 and 1996, C band).
NSCAT was launched on August 17, 1996, on board Japan’s Ad-
vanced Earth Observing Satellite (ADEOS). ADEOS failed on
June 30, 1997, owing to solar panel malfunction; however, an
extremely valuable set of ocean, ice, and land ¢” measurements
were obtained during its 9-month operation. ’

NSCAT transmits pulses at 14 GHz using six antennas that
produce *‘fan beam” patterns on the Earth’s surface as illustrated
in Figure 1. These antennas are slotted waveguide-array-fed horns
that produce fan beam patterns with beam widths of 25° (eleva-
tion) and 0.4° (azimuth). Fore beam (1 and 8) and aft beam (4 and
5) antennas are linear vertical polarization. The middle-azimuth
antennas are dual-linear polarized, with beams 3 and 7 being
horizontal and 2 and 6 vertical. This results in eight beams meas-
uring o® (four for each side; left side and right side swaths are
independent). Prelaunch, the antennas are calibrated to within *
0.25 dB using a cylindrical near-field antenna range at the Jet
Propulsion Laboratory. On orbit, each antenna beam is sequen-
tially illuminated, and the radar echo was subdivided into 25-km
resolution o” cells using Doppler processing [Naderi et al., 1991].
This produces twenty-four, 25-km (along beam) by 7- to 11-km
(cross beam), 0 resolution cells per beam. The corresponding in-
cidence angle range is approximately 20" (near swath) to 60° (far
swath).

NSCAT sequences through all eight beams during 3.74 s to
achieve along-track beam sampling of 25 km, and after approxi-
mately 2 min, the fore and aft antenna samples fully overlap.
With this configuration a surface location is sequentially viewed
at three different azimuths as the satellite passes overhead. The o”
measurements taken in 25-km resolution cells are combined to
produce wind vectors at 50-km resolution.

3. Calibration Model

Once on orbit, cross calibration between antennas must be per-
formed to achieve maximum wind vector accuracy. Aircraft un-
derflights proved inadequate during the SASS mission [Birer et
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Figure 1. NASA scatterometer (NSCAT) antenna illumination
patterns.

al., 1982]. Using homogenous land targets is a simple method
producing accurate cross-calibration corrections in a relatively
short time necessary to collect sufficient data quantity (typically
10 days). For any target, ¢” is a function of location, time, azi-
muth, incidence angle, and polarization. Areas used for calibra-
tion must have isotropic radar response (i.e., be independent of
azimuth [Long and Skouson, 1996]). Also, this response must be
temporally stable over the period that the calibration data set is
collected, and it must be uniform over a large area to eliminate
location dependence. Further, targets should be nonpolarized such
that they exhibit equal scattering characteristics for both vertical
and horizontal polarization. Targets satisfying these criteria ex-
hibit only incidence angle 6 dependence in ¢" response.

Calibration data sets are selected as discussed in section 4. Se-
lected measurements are grouped into M smaller location ele-
ments. Following Long and Skouson [1996], a p order polynomial
form is adopted as the model for the incidence angle response.
Thus for beam i (i = 1 - 8) and location element /:

60)=ay; +ay; 0 +..+a( 07 +noise )

G " () denotes modeled response calculated as the best fit in
the mean square sense. It is calculated from instantaneous i)
measurements falling completely within the element /. Regression
analyses performed in linear (¢” ratio) and log (0" dB) space
yield very similar results, and linear regressions are used for the
results presented herein. To calculate the a coefficients, a suffi-
cient number of measurements must be collected to obtain stable
estimates of the mean 6°(6) response. Typically, several thousand
0" are used for a given location element. The zero-mean noise
term is due to random uncertainties in the radar equation pa-
rameters and communication noise (i.e., signal-to-noise effects).
The noise term also includes some nonrandom effects such as
rain backscatter/attenuation. ADEOS did not include an instru-
ment for rain estimation, so that NSCAT 0" could be corrected
for these effects. Nevertheless, a careful examination of the histo-
grams of 0” demonstrates that the standard deviation was small
(typically < 0.5 dB). Averaging responses from all beams (four
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vertical and two horizontal), the reference set of polynomial coef-
ficients A;, becomes

k=1....(p+1) 2)

resulting in the mean incidence angle response model

D+l

GP0)= 3 A ! 3)
k=1

where ¥ = (6 - 40°) is taken for numerical stability near the beam

boresight. A third-order polynomial fit model is tabulated in Ta-
ble 1. Equation (2) combines both vertical and horizontal polari-
zation (all beams). This approach is based on the observed polari-
zation independence in Amazon c" (6) response [Birer et al.,
1982].

Averaging corrections from each location cell, the correction
to be applied to beam i becomes

1 |

"NR

c(9)—10Iog101 {" Jj @
[

The corrections defined by (4) are added to raw o" measure-
ments to achieve equality among antennas. Applied corrections
force individual beam responses to the reference value given by
(3). This 6" correction method is easily applied and has been used
previously [Long and Skouson, 1996].

NSCAT estimates the returned power P, by subtracting a
noise-only measurement P, from the signal+noise measurement
P, i.e. P,=P,-P,. Since the measurements are noisy, estimates of
P, can be negative when the Signal-to-noise ratio (SNR) is low
(i.e., when P,<P,), resulting in negative ¢" measurements. Add-
ing the bias correction as in (4) can scale the measurement errors
since the bias correction is applied to the estimated ¢". However,
low SNR is not a concern over most land areas since @” is typi-
cally larger than over the ocean. For example, the mean SNR for
the data over the Amazon basin is ~8 dB and no cases of negative
o were observed. Applying a bias correction that does not scale
the measurement error is problematic since the measurements of
P, and P, are noisy. However, given the magnitude of the correc-
tions, applying the correction minimizes the o” bias with only a
very small effect on the measurement error statistics.

4. Calibration Data Sets

It is necessary to use data from areas with homogenous, iso-
tropic, and nonpolarized radar response as calibration sets. There-
fore careful data selection must be performed prior to incidence
angle response modeling. Data are selected using masks produced
usirig the scatterometer image reconstruction (SIR) algorithm
[Long et al., 1993]. SIR is a resolution enhancement algorithm
based on spatial overlap of the measurements taken at nominal

Table 1. Third Order Polynomial Model Coefficients of NSCAT
o(6) Response over Amazon Tropical Rainforest

Coefficient Value
A 0.207
A -0.003
A -0.00043
Ay -0.0000013
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Figure 2. Amazon mask used for data editing. Black pixels are
within £ 0.5 dB of the mean normalized radar backscattering co-
efficient o°.

resolution during multiple passes (overflights). The algorithm
uses first-order model for the incidence angle response:

o'=A+B6 (5)

where ¢” is in decibels and 1 = (8 - 40°). There A is the normal-
ized radar cross section at 40° incidence angle and B is the inci-
dence angle slope. To generate masks, location pixels with A re-
sponse within + 0.5 dB of the mean response of the area are se-
lected for calibration [Wilson, 1998, Long and Skouson, 1996].

The Amazon rain forest mask for spatial data selection is
shown in Figure 2. This region is a standard calibration target that
has been used for SASS and ERS 1 calibration [Long and Skou-
son, 1996]. The river is clearly visible by following the excluded
area (shown in white). Only those NSCAT ¢ cells containing
pixels that are completely within masks are included in the cali-
bration data set.

To assure that the antenna beam ¢” corrections (beam biases)
are truly biases, it is desirable to perform calibrations at other lo-
cations. During the initial instrument calibration/validation ac-
tivities, many other homogeneous regions were found [Wilson,
1998]; however, in this paper, we present o calibrations at just
one of these. This is a large area with uniform A response in north
central Russia (Siberia) as shown in Figure 3. Using exclusively
masked data ensures spatial homogeneity of the target’s response.

Long-term temporal stability is tested by dividing the o” data
into two nonoverlapping time series and computing averages.
These 10-day time periods are November 6 -16 and 17 - 28, 1996.
Plots of ¢” versus incidence angle, hereafter called ¢"(6), are
shown in Figure 4 (Amazon) and Figure 5 (Siberia). From these
data it is clear that the target responses are equal for both polari-
zations. This finding is consistent with those of previous investi-
gators [Birer et al., 1982]. For each beam, ¢® (6) is plotted for
both time periods. Temporal stability is obvious, especially for
the Amazon. For Siberia, minor o” differences might be due to
climatic (seasonal) changes at this higher latitude; nevertheless,
they are small enough to qualify both targets as useful calibration
sites. Increasing the amount of data, by extending the time win-
dow to about 3 weeks (20 days), could introduce seasonal effects
into the radar response. Therefore a 3-week window is chosen as
a compromise between the amount of data and time stability.
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Figure 3. Siberian mask used for data editing. Black pixels are within £ 0.5 dB of the mean ¢°.
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Figure 4. Time stability of NSCAT 0”(6) response over Amazon for period 1, November 6 -16 (stars), and period
2, November 17-28 (circles).
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Figure 5. Time stability of NSCAT 6°(6) response over Siberia for period 1, November 6 -16 (stars), and period 2,

November 17-28 (circles).

Besides seasonal effects there is a diurnal effect in the @” (6)
response for both regions. Previously, for both SASS and ERS 1,
0"() differences between night (ascending) and day (descending)
passes have been observed [Birer et al., 1982; Long and Skouson,
1996). The geophysical causes for these diurnal differences are
not completely understood. They have been attributed to morning
dew on the forest leaves [Birer et al., 1982] and to average ori-
entation of leaves in the canopy at difterent Sun angles [Long and
Skouson, 1996]. Since ¢"(6) differs between spacecraft ascending
and descending passes, the data set is separated according to the
spacecraft direction. Therefore, during the NSCAT calibration pe-
riod (November 6 - 28, 1996), separate ascending/descending
0"(6) responses are plotted for the Amazon basin in Figure 6. It
should be noted that the calibration model is valid as long as the
radar response is isotropic; thus changes in ¢"(6) do not invali-
date this technique. However, it is important that separate indi-
vidual beam models (equation (1)) and reference model (equation
(3)) be calculated for ascending and descending directions. Be-
cause the NSCAT antenna gains are expected to be time invari-
ant, beam corrections (equation (4)) should be independent of the
spacecraft direction. Comparisons between ascending and de-
scending derived beam corrections will be discussed in section 5.

In previous investigations [Birer et al., 1982; Long and Skou-
son, 1996], o” data were used over the entire Amazon region.
However, as explained in section 3, our calibration model divides
the mask into M subset location elements. Dividing the Amazon
mask into approximately semicircular elements of 500 km di-
ameter results in M = 19 cells, which are depicted in Figure 7.
This approach further strengthens the spatial homogeneity as-
sumption because of the limited area over which measurements
are grouped. Beam biases determined over smaller elements are
averaged over the entire mask region. To assess the homogeneity

of the Amazon mask, 0" biases were also determined using the
entire mask and comparisons were made with the average of the
elements. Results were very similar and differed by only several
hundredths of a decibel. This is not considered to be statistically
significant; therefore this result supports the approach taken by
previous investigators.

5. Results

As described in the previous section, the calibration model is
used on the selected data set. This model causes all beams to have
the same ¢ (6) response. The beam corrections (equation (4)) are
applied to raw 0" measurements to obtain the mean G°(8) re-
sponse (equation (3)).

Beam correction results, ¢i(6), shown in Figures 8 — 13 are
close, but there are small differences that are statistically signifi-
cant. For example, consider differences between ascending
(night) and descending (day) c(6) for the Amazon during the No-
vember 1996 window shown in Figure 8. For the right-hand
swath (beams 1-4), the middle beams and the aft beam (2, 3, and
4) differ by less than 0.2 dB, essentially independent of incidence
angle. On the other hand, the forward beam (1) exhibits an ap-
proximately parabolic dependence of the ascending/descending
difference. For the left-hand swath (beams 5-8), the two middle
beams that are mechanically connected appear to be offset by a
constant 0.2 dB. This behavior is perplexing, in that it implies
that the square of the peak gain for antenna beam 6 changes by
0.2 dB from the ascending (night) to descending (day) side of the
orbit (" is proportional to antenna gain squared). The aft beam
(5) appears to have a similar incidence angle characteristic as
does the forward beam for the opposite side. A number of possi-
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sigma—0 [dB]

sigma-0 [dB]

Inc Ang [deg]

Ascending passes: *
Descending passes: o

Figure 6. Diurnal effect of NSCAT ¢”(6) response over Amazon for ascending passes (stars) and descending

passes (circles).

ble causes to explain this behavior have been examined and dis-
missed; however, there is one that could explain most of the as-
cending/descending observations. We believe that the antenna
bore sight is changing by several tenths of a degree during the or-
bit owing to unknown latitude-dependent offsets in the spacecraft

attitude (roll, pitch, and yaw) [Wilson, 1998]. An independent
spacecraft attitude investigation was conducted using ADEOS
engineering data (J. A. Hashmall et al., private communication,
1997). Preliminary results support this hypothesis; but because
the ADEOS housekeeping data are limited to only one orbit every

Figure 7. Boundaries of individual isotropic location elements.
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Figure 8. Differential beam corrections (ascending — descending revolutions) for Amazon, November 1996.

12 hours, the findings are not conclusive. Regardless, since the
antenna gains are expected to be constant, the averages of the as-
cending and descending beam corrections are used.

Figure 9 shows calculated (average of ascending and de-

Incidence Angle [deg]

scending) ci(6) for the Amazon during November 1996. Again, dB.

plots are separated for the right- and left-hand swaths. The indi-
vidual beam corrections are of the order of few tenths of a deci-

bel, which is significant for

lectively, all beams are within +0.5 dB. Recognizing that the an-
tenna gain enters into the radar equation (0" calculation) as a
squared parameter, these results compare favorably with the
prelaunch, near-field antenna gain calibration accuracy of +0.25

Figure 10 shows the same c/(6) plots for the Siberian region
for November 1996. For corresponding beams, similar curves are

desired wind vector accuracy. Col- noted in Figures 9 and 10; however, there are some differences of
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Figure 9. Beam corrections based on Amazon November 1996 data.
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Figure 10. Beam corrections based on Siberia November 1996 data.

a few tenths of a decibel. These differences are highest for hori-
zontally polarized beams 3 and 7, suggesting possible polariza-
tion effects. However, even these extreme differences are within
projected calibration accuracy. Because of the excellent stability
of the NSCAT instrument, the observed repeatability of the mean
Amazon ¢” () for 10-day periods has a standard deviation of
about 0.02-0.04 dB. For Siberia, the repeatability is less good,
but generally within a factor of 2 (i.e., about 0.04-0.08 dB).

Beam biases should be independent of the data set; thus good
agreement between Amazon and Siberia is expected. Yet there
are observed o (6) differences of a few tenths of a dB; they can-
not be explained by statistical uncertainty. Some difference in the
beam corrections could be attributed to changes in the Siberia ¢”
(6) due to more severe weather changes. Another possibility is
variability of the antenna bore sight with latitude (discussed in the
preceding paragraph). Regardless of the cause, because of the
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Figure 11. Differential beam corrections (November 96 - January 1997) from Amazon data.
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greater confidence in the Amazon data, it is used for calibration
purposes. Nevertheless, the Siberian data are still useful to pro-
vide indeperident confirmation of the beam bias stability.

Confidence in the beam bias stability is also gained by repeat-
ing calibration for a different time period. For the Amazon the
excellent stability of the beam biases is observed (in Figure 11)
by calculating differences between the corresponding beam cor-
rections derived from two time periods: November 6 - 28, 1996,
and January 8 - 29, 1997. For the right-hand swath, beams 2, 3,
and 4 differ by less than 0.05 dB for most incidence angles. Only
near the extremes of the incidence angles do the deltas increase to
about 0.1 dB. This is most likely the result of the less accurate re-
gression fit due to the reduced number of ¢” at these incidence
angles. Even though the forward beam exhibits the worst behav-
ior, it is still excellent (delta less than 0.1 dB). For the left-hand
swath, beam biases exhibit slightly less accurate results. Only
beam 5 exceeds deltas of greater than 0.1 dB and then only for
incidence angles below 33°; all deltas are less than 0.2 dB. The
curves for beams 1 and 5 are different from those of the other
beams; however, these differences are not significant and are
within desired calibration accuracy (=0.2 dB). These results dem-
onstrate that beam corrections are extremely stable and that resid-
ual error after compensation should be less than about 0.1 dB.
This will produce negligible biases in the retrieved ocean surface
wind vectors.

The corresponding results for Siberia (Figure 12) are similar.
Here changes in the beam biases, estimated from data taken over
Siberia in two time periods: November 6 - 28, 1996, and January
8 - 29, 1997, are presented. The curve shapes for particular beams
differ somewhat from the Amazon-based curves in Figure 11.
This should be attributed to more severe seasonal changes of the
Siberian radar response. However, even for a less time-stable tar-
get, such as Siberia, the derived NSCAT beam biases are still
consistent within = 0.2 dB.
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The effect of correcting 0" measurements by application of
beam corrections is illustrated in Figure 13, where separate o” (6)
responses for ascending and descending spacecraft direction are
given. Raw (uncorrected) o” measurements show significant
scatter among individual beam responses that illustrate the need
for beam balancing. Applying the averaged (ascending and de-
scending) beam corrections significantly reduces this scatter (i.e.,
reduces standard deviation of measurements). Note that the ¢” (6)
response converges for all antenna beams at an incidence angle
near the beam bore sights (about 47° where the antenna gain var-
ies slowly with angle). For incidence angles removed from this
bore sight, the ¢” differences between beams grow larger with in-
creasing (and decreasing) incidence angle. This suggests that
there may be small pointing errors among beams and that slight
pointing adjustments could improve the agreement. Since
NSCAT utilizes Doppler processing to form o cells (incidence
angles), pointing to each cell is related to Doppler frequency shift
rather than just geometric angle. Because of this, each beam re-
quires a different bore sight adjustment. Simulations performed to
assess this effect, show that, for the worst case beam, adjustments
of order 0.5° are required to improve the agreement over the
given incidence angle range. A subsequent analysis of antenna
deployment errors and thermal-induced alignment distortions
cannot account for even 0.1° error; so we believe that spacecraft
attitude offsets for ascending and descending portions of the orbit
may be the cause.

Thus, while applying the average beam corrections is imper-
fect, it provides excellent beam balance for the ocean wind vector
measurement application. Further, since the “true” value of o is
not known, adjusting the measurements to the average results in a
relative calibration that makes ¢” measurements consistent among
themselves rather than an absolute o”. Any residual absolute bi-
ases may be removed by adjustments in the geophysical model
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Figure 12. Differential beam corrections (November 96 - January 1997) from Siberian data.
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Figure 13. Effects of corrections on beam response for Amazon, November 1996.

function during on-orbit geophysical validation with surface
truth.

During NSCAT postlaunch calibration, beam biases were also
determined using alternative analyzes of the ocean backscatter.
These techniques developed by Wentz and Smith [this issue] and
Freilich and Dunbar [this issue] were judged (by the NSCAT en-
gineering team) to best represent the biases for the ocean o
measurement. These techniques were based on comparisons with

Beam 1 Beam 2

ocean wind field models provided by the National Weather Serv-
ice and the European Centre for Medium-Range Weather Fore-
casting. Beam balance was determined by adjusting ¢ so as to
retrieve (using the GMF) winds that were in the closest agree-
ment with the numerical weather models. Thus this method criti-
cally depends on the accuracy of both GMF and referent wind
model. Any inaccuracy in either of the two would produce erro-
neous o” bias estimations. Thus erroneous ¢” could retrieve cor-

Beam 3 Beam 4

correction [dB)

correction [dB]

- : :
20 40 20 40
Incidence Angle [deg]

20 40 20 40

Figure 14. Comparison of NSCAT baseline, ocean-derived, and land-derived beam corrections for ascend-

ing passes.
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Figure 15. Comparison of NSCAT baseline, ocean-derived, and land-derived beam corrections for de-

scending passes.

rect winds if the GMF were imperfect. Despite this concern the
NSCAT engineering team accepted the ocean-based beam cor-
rections because they resulted the best agreement with modeled
wind fields over ocean.

The beam balance method proposed herein does not require
external information such as modeled wind fields, and our results
do not depend on the accuracy of the applied GMF. Our method
relies exclusively on the NSCAT ¢” data. It is recommended that
users of NSCAT o” data remove ocean-based corrections and ap-
ply our beam balance defined in (4), particularly for land applica-
tions.

Comparisons of the ocean and land beam corrections are illus-
trated in Figure 14 (ascending passes) and Figure 15 (descending
passes). Note that ocean beam corrections use beam 4 for nor-
malization of the other beams. For comparison purposes the land
beam corrections are also presented as normalized values to beam
4.

6. Conclusions

A simple method is applied to remove NSCAT o measure-
ment biases caused primarily by errors in measured antenna
gains. This method uses homogeneous, isotropic, wide-area land
targets to provide relative antenna gain corrections. The advan-
tage of the method is its simplicity and its relatively fast conver-
gence. A 3-week time period is adopted as a compromise between
the amount of accumulated data and seasonal effects in target’s
response. The method adjusts all antennas to the reference value
of the normalized radar cross section that is, for each incidence
angle 6, the average ¢ from all beams. The corrections are cal-
culated for each antenna beam as differences between the meas-
urements and the reference 0”(6) response. The magnitude of the
resulting corrections (up to 1 dB) clearly demonstrates the neces-

sity of the on-orbit calibration before producing the final NSCAT
o" data set. Comparisons are made with independent beam cor-
rections from analyzes of global ocean backscatter. Small differ-
ences exist as a function of incidence angle for the various beams;
but they are generally less than 0.2 dB. When either set of beam
biases is used for NSCAT wind retrievals, the results are nearly
identical. This justifies the decision to use ocean-derived beam
biases to produce ocean winds.

For applications of NSCAT raw ¢, it is suggested that the
ocean-derived beam biases be removed and the beam corrections
reported herein be applied. To aid this process, a table of differ-
ential corrections is available from the Jet Propulsion Laboratory,
Physical Oceanography Distributed Active Archive Center (PO-
DAAQ).
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