lie within the swath. Thus, it appears
that such centers would be accurately
positioned. This in itself would be a sig-
nificant accomplishment, improving the
numerical weather prediction in data-
poor regions.
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Seasat Scanning Multichannel Microwave Radiometer:
Results of the Gulf of Alaska Workshop

Abstract. The scanning multichannel microwave radiometer results for the Gulf of
Alaska Seasat Experiment Workshop are quite encouraging, especially in view of the
immaturity of the data-processing algorithms. For open ocean, rain-free cells of
highest-quality surface truth wind determinations exhibit standard deviations of 3
meters per second about a bias of 1.5 meters per second. The sea-surface temper-
ature shows a standard deviation of approximately 1.5°C about a bias of 3° to 5°C
under a variety of changing meteorological conditions.

The Seasat scanning multichannel mi-
crowave radiometer (SMMR) was flown
to provide estimates of sea-surface tem-
perature (SST) and surface wind speed
(1), geophysical parameters of value in
weather prediction, oceanographic re-
search, and commercial operations. The
accurate determination of these two pa-
rameters requires estimates of atmo-
spheric water vapor and liquid water
(clouds and rain). To provide these geo-
physical outputs, the SMMR measures
Earth radiation with a scanning antenna
operating at 6.6, 10.7, 18, 21, and 37 GHz
at vertical and horizontal polarizations.

e Surface truth

o Wilheit algorithm

& Wentz algorithm

A Wentz algorithm as
revised in Workshop

24~

—
©

e

—
N
T

Surface wind speed (m/sec)

0
Quality of surface truth

6
/ 2 Good
1 Fair
0 Poor
0 TR DN NN TR U SO SR S SN
6 12 18 24
58°N Cell number 40°N

Fig. 1. Seasat SMMR wind comparison for
revolution 1298; the scan was conducted near
the center of the swath.
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The SMMR scans to the starboard side
of the spacecraft track and has a swath
width of 600 km.

The antenna temperature measured by
a radiometer system is the weighted in-
tegral of the brightness temperature dis-
tribution over -all solid angles. The
weighting is provided by the antenna pat-
terns, which are peaked in the boresight
direction and taper off rapidly away from
the boresight to the lower sidelobe lev-
els. The purpose of the antenna pattern
correction (APC) algorithm (2) is to in-
vert the antenna pattern effects, deriving
brightness temperatures from measure-
ments of the antenna temperature. In ad-
dition, the algorithm corrects for polar-
ization mixing introduced by the scan-
ning mode and averages the data onto
Earth-located grids for geophysical data
processing.

To provide an early data-processing
capability for the SMMR, an interim ver-
sion of the APC was developed which
contains all the major corrections except
sidelobe effects within the Earth-viewing
region. In the open ocean away from
land regions, it was anticipated that re-
sults accurate enough for an initial data
evaluation would be obtainable with the
APC interim version. The interim ver-
sion has been used for the Gulf of Alaska
Seasat Experiment (GOASEX) Work-
shop. .

Two entry algorithms to retrieve geo-
physical parameters were investigated in
the GOASEX Workshop. The Wentz
geophysical algorithm (3) is based on a
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theoretically derived function for com-
puting the brightness temperatures ob-
served by the SMMR. This function de-
pends on the SST, the sea-surface wind
speed, the columnar atmospheric water
vapor, and the columnar liquid cloud wa-
ter. A nonlinear, iterated, least-squares
estimator operates on this function to de-
termine the several environmental pa-
rameters sensed by the SMMR. The Wil-
heit geophysical algorithm is based on
statistical relationships between bright-

ness temperatures and the geophysical
parameters obtained from an ensemble
of realistic SST values, wind speeds, at-
mospheric temperature profiles, water
vapor profiles, and cloud models by mul-
tiple linear regression. One treats non-
linear features of the problem by relating
a suitable function (not necessarily lin-
ear) of brightness temperature to the
geophysical parameters and by using dif-
fering sets of regression coefficients
which depend upon values of geophysi-

Table 1. Comparison of SMMR-derived surface wind speed against surface truth field data from
kinematic analysis of revolutions 1135, 1212, 1292, and 1298.

Swath Bias RMSD 8 No. of
location (m/sec) (m/sec) (m/sec) samples

Wentz algorithm versus category 2 surface truth

Inner edge 2.83 4.41 3.66 7

Center scans 1.54 3.22 2.86 42

Outer edge 0.46 2.49 2.61 8

Overall 1.54 3.30 2.95(2.93)* 57
Wilheit algorithm versus category 2 surface truth

Inner edge 10.56 10.95 3.13 7

Center scans 7.75 8.02 2.28 42

Outer edge 5.31 5.73 2.29 8

Overall 7.75 8.20 2.71 (2.40)* 57
Wentz algorithm versus category 1 surface truth

Inner edge 2.62 4.30 3.47 27

Center scans 2.28 4.18 3.52 96

Outer edge 0.78 3.21 3.20 18

Overall 2.16 4.09 3.49 (3.47)* 141
Wilheit algorithm versus category 1 surface truth

Inner edge 12.28 12.61 2.84 27

Center scans 8.51 9.07 3.14 96

Outer edge 4.58 5.60 3.21 18

Overall 8.73 9.51 3.77 3.09)* 141

*Error residual after removal of cross-track-dependent biases.

295

292

289

24

21 -

g ©s|
@ @
5 5
*@ 286 *é -
3 v 8 12
3 T £
@ ! d -
P | ! R = Rainfall rate = | Rainfall rate
\H.' 0.5 mm /hour ol 2 0.5 mm /hour
v o0 NMFS, B o-0  NMFS,
o 1-30 Sept. 78 - - 1-30 Sept. 78
280 @ SMMR Rev. 1292, | ! @ SMMR Rev. 1292,
25 Sept. 78 6 L 25 Sept. 78
L o0 SMMR Rev. 1163, - i 00 SMMR Rev. 1163,
277 |- 16 Sept. 78 | V! 16 Sept. 78
&4 SMMR Rev. 1206, v &4 SMMR Rev. 1206,
19 Sept. 78 3 °R 19 Sept. 78
274 ! 1 | 1 1 1 ! I | | | | L I I 1 | L | ! 1 | I | !
50 44 38 32 26 50 44 38 32 26
Latitude (°N) Latitude (°N)

Fig. 2. Comparison of the NMFS sea temperature analysis with SMMR data from the east track

for (A) Wilheit and (B) Wentz algorithms.
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cal parameters determined in an initial
calculation.

The GOASEX Workshop version of
the SMMR algorithms can best be de-
scribed as preliminary. The first geo-
physical outputs were produced in late
November 1978. The data, from a pass
over Hurricane Fico, uncovered a num-
ber of software errors and a few concep-
tual errors in the geophysical processing
algorithms. During the 2 months avail-
able to produce data for the workshop,
such errors were corrected where pos-
sible. However, the entry geophysical al-
gorithms were not refined with the use of
Seasat data in this process.

During initial evaluation activities,
brightness temperature gradients from
one edge of the swath to the other were
observed in several of the passes, partic-
ularly for the 6.6-GHz channel. The geo-
physical algorithms interpret these gradi-
ents as variations due to wind speed or
SST across the swath. In most cases,
such variations were not found in surface
truth, particularly in the SST. Potential
causes for these cross-track biases are
polarization cross-coupling, deviation of
the spacecraft attitude from nominal (as
assumed in the interim APC); and Fara-
day rotation. We circumvented this diffi-
culty in the GOASEX Workshop by re-
stricting evaluation to data sets having
the same location in the swath (for ex-
ample, near the center of the swath).

Wind speed data derived from the
SMMR were evaluated on the basis of
detailed studies of data from four
GOASEX orbits characterized by a wide
range of wind speeds and atmospheric
conditions. These wind speeds were
compared to the surface truth wind fields
at roughly five points in the cross-track
direction, three points near the center of
the swath and one point at each edge.
Figure 1 compares the surface truth wind
speeds to winds computed by the entry
algorithms. Both algorithms successfully
track the relative changes in the wind
speeds observed, although both algo-
rithms, especially the Wilheit algorithm,
exhibit significant bias.

Similar plots from other orbits re-
vealed two additional features of the
SMMR winds produced through both al-
gorithms. First, the algorithms fail to
provide reasonable relative or absolute
measures of the wind speed when rain,
as indicated by the algorithms and cor-
roborated by satellite and ship data, was
present. Second, an unrealistic variation
in cross-track bias appears in the wind
speeds. Possible reasons for the cross-
track bias are given above.

The overall performance of the entry
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algorithms demonstrated in the limited
data set examined here is shown in Table
1. The statistics computed are (i) the
mean difference or bias (SMMR minus
surface truth), (ii) the root-mean-square
difference (RMSD), and (iii) the standard
deviation of the error about the mean, 8.
The statistics are stratified by surface
truth category, algorithm, and relative
location within the swath. The inner
edge is always located near the sub-
satellite track. Grid points near land and
at points at which either algorithm in-
dicated that rain was present were ex-
cluded. The surface truth data from kine-
matic analyses were categorized by esti-
mated accuracy (primarily determined by
spot report proximity and number) with
categories 1 and 2 believed to be accurate
to = 3 and = 2 m/sec, respectively.

This initial statistical evaluation is en-
couraging, in view of the fact that the al-
gorithms have yet to be refined by the
use of Seasat data. The systematic cross-
swath variation in the wind speed bias is
evident in both algorithms, although to a
larger degree in the Wilheit algorithm.
As the quality of the surface truth de-
grades, so does the error in the SMMR
winds; this result suggests that already a
significant fraction of the RMSD in wind
can be assigned to the surface truth. This
initial study suggests strongly that, with
higher-quality surface truth data (as from
data buoys) and further refinements of
the entry algorithm, the Seasat SMMR
design goal of a wind speed measure-
ment capability of = 2 m/sec can be
met, at least under nonprecipitating con-
ditions. Further evidence for this con-
clusion can be drawn from the plot (Fig.
1) of the Wentz winds resulting after
changes suggested in the GOASEX
Workshop were made. The bias for this
near-center swath position has been ef-
fectively removed. Unfortunately, the
bias is only reduced for cross-scan posi-
tions near the swath edges (not shown in
Fig. 1).

The SST comparison data were taken
from the September 1978 bulletin of
the National Marine Fisheries Service
(NMFS) ). The accuracy of these data
has been compared to higher-quality, ex-
pendable bathythermograph data (accu-
rate to = 0.2°C) collected on semi-
monthly aircraft flights. The comparison
for 13 September 1978 shows the NMFS
data biased high by 0.7°C with a standard
deviation of 0.9°C, which is in agreement
with the advertised accuracy of these
data. Consequently, we believe that the
NMFS data were adequate for the pre-
liminary analysis presented here.

We evaluated SMMR-derived SST
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Table 2. Seasat passes used in the study of
SMMR sea-surface temperature data. The
mean and the standard deviation of the
SMMR values (Wilheit algorithm) are given
with respect to the monthly NMFS analysis.

Tsumr minus Tups (°C)

Revo- Date Stan- No.
lution (1978)  Mean dard of
devia- sam-
tion ples
West track
1163 9/16 -4.1 1.3 21
1206 9/19 -3.5 1.4 22
1292 9/25 -3.2 1.8 18
East track
1164 9/16 -4.8 0.9 20
1207 9/19 -4.5 1.6 25
1293 9/25 -39 1.4 20

data for six Gulf of Alaska passes. Since
the spacecraft was in a 3-day, repeat
ground track orbit, the data consisted of
two descending tracks separated by
about 2000 km (referred to as east and
west tracks), each of which was covered
on three passes. The SMMR SST values
were extracted from one of the cells
closest to the center of the swath in an
effort to minimize the cross-track bias
problem. Figure 2 presents the data from
six SMMR passes from the east track for
both the Wilheit and Wentz algorithms;
the NMFS analysis along each track is
also plotted. In almost every case, the
SMMR temperatures are low by several
degrees or more. In addition, the Wentz
algorithm yields increasing discrepancy
toward the south. The Wilheit algorithm
appears to successfully provide the me-
ridional gradient. Means and standard
deviations of SMMR SST values from
this algorithm relative to the NMFS
values for both east and west tracks are
given in Table 2.

Once the cold bias (3° to 4°C) is re-
moved, individual SMMR estimates are
in agreement with the NMFS analysis to
approximately = 1.5°C. The stability of
the SMMR SST estimates over the 9-day
period (16 through 25 September 1978) is
encouraging evidence that the instru-
ment and the Wilheit algorithm are op-
erating well over a variety of changing
meteorological conditions. Significantly
degraded accuracy was expected for re-
trievals of SST values under rainfall con-
ditions exceeding 0.5 mm/hour. Points
in Fig. 2 where the rain exceeded this
amount are marked with an R. Only
one point, for revolution 1292 at 46°N,
indicates serious rain problems. This re-
sult suggests that 0.5 mm/hour may be
too conservative a value.

The algorithms determined integrated

atmospheric water vapor and altimeter
path length corrections that are quite
consistent with the limited surface truth
provided by a set of radiosonde ascents
over the Canadian ocean weather station
PAPA, the National Oceanic and Atmo-
spheric Administration research vessel
Oceanographer, and Bermuda. This
sample set, although insufficient for a
full statistical evaluation, indicates that
integrated water vapor agreed to within
0.3 g/cm?® root-mean-square, and the
altimeter path length correction was
within 2 cm root-mean-square of radio-
sonde-determined values.

Probably because of biases in the
brightness temperature input, both al-
gorithms produce small negative inte-
grated liquid water content in many
cells. Surface truth data of this type were
not available for comparison. The rain
rate determinations of the two al-
gorithms are consistent with each other.
The rain pattern for the ascending 19
September 1978 pass is corroborated by
ship reports in the vicinity of the front.

R. G. LiPEs
Jet Propulsion Laboratory,
California Institute of Technology,
Pasadena 91103
R. L. BERNSTEIN
Scripps Institution of Oceanography,
University of California, San Diego,
La Jolla 92093
V. J. CARDONE
Oceanweather, Inc., New York 10601
K. B. KATSAROS
University of Washington,
Seattle 98195
E. G. NJjoku, A. L. RILEY
Jet Propulsion Laboratory
D. B. Ross
Atlantic Oceanic and Meteorological
Laboratory, National Oceanic and
Atmospheric Administration,
Miami, Florida 33149
C. T. SwiIFT
NASA Langley Research Center,
Hampton, Virginia 23665
F. J. WENTZ
Frank J. Wentz and Associates,
San Francisco, California 94103

References and Notes

1. P. Gloersen and F. Barath, IEEE J. Oceanic
Eng. OE-2, 172 (1977).

2. E. Njoku, Boundary-Layer
press.

3. G. J. Bierman, R. G. Lipes, F. J. Wentz, paper
presented at the Twelfth Annual Asilomar Con-
ference on Circuits, Systems, and Computers,
Pacific Grove, Calif., 6 to 8 November 1978.

4. NOAA National Marine Fisheries Service,
“‘Fishing Information’’ (Southwest Fisheries
Center, La Jolla, Calif., September 1978).

5. The work described in this report was carried
out by the Jet Propulsion Laboratory, California
Institute of Technology, under NASA contract
NAS7-100.

Meteorol., in

20 April 1979
1417



