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ABSTRACT

Surface winds as observed by the SEASAT-A satellite over the Indian Ocean for the period July
15-17, 1978 are analyzed. The purposes of the analysis are: (1) to evaluate the accuracy of the
SEASAT wind measurements by comparing these measurements with ship observations and (2)
to determine the improvement introduced to the description of the synoptic-scale wind field at the
surface by adding SEASAT data to ship and island wind observations. The results of our study
indicate that: (1) on the synoptic scale, the accuracy of SEASAT-derived winds is comparable to
that of conventional surface observations and (2) a significant improvement in the surface wind
analysis is achieved by incorporating SEASAT wind information, especially in data sparse areas.

1. Introduction

A major portion, approximately 75%, of the
tropics is covered by oceans. Over these oceanic
regions, the primary sources of surface meteoro-
logical observations are occasional ships and a few
isolated island stations. Thus, the tropics are
regions with extremely insufficient number of
observations. This insufficiency of observations has
been the major obstacle to the understanding and
the forecasting of the behavior of the tropical
atmosphere. Since the gathering by ships of
observations with spacing necessary to resolve even
just the synoptic scale disturbances is impractical,
one must look for an alternative solution to this
observational problem. A possible alternative is
remote sensing by meteorological satellites.

The first satellite which was designed to make
surface wind measurements is SEASAT-A. It was
launched on June 27, 1978 and was able to make
observations until it malfunctioned on October 10,
1978. The satellite carried several microwave
sensors which obtained information not only on
surface winds but also on other variables such as
ocean waves, clouds, water vapor, sea surface
temperatures and others (Born et al.,, 1979). The
surface wind direction and speed were deduced
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from scatterometer measurements (Grantham et
al., 1977) of radar signals backscattered by the sea
surface. The strength of the radar backscatter is
proportional to the sea surface roughness which, in
turn, is a function of the surface wind. The surface
wind is solved directly from the radar backscatter
with the aid of a model function or geophysical
algorithm. Unfortunately, due to the harmonic
nature of the function, there is more than one
solution for the wind vector (a maximum number
of four) corresponding to one backscatter measure-
ment. These solutions are approximately equal in
speed but vary widely in wind direction. Only one
of these represents the correct wind observation. In
practice, the correct solution is selected by compar-
ing the wind directions with a surface wind
direction which is inferred from other sources of
information, such as ship wind observations, the
surface pressure field and others.

In this paper, we will describe the results of a
study of SEASAT-derived winds over the Indian
Ocean. The study has the following two objectives:

1. To evaluate the accuracy of the wind obser-
vations obtained by SEASAT.

2. To assess the improvement of the description of
the surface wind field by the addition of
SEASAT observations to conventional data.
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The SEASAT data which have been available for
our study are rather few, being limited only to data
from seven orbits made during the three-day
period, July 15 to 17, 1978. The orbits are shown in
Fig. 1.

In brief, the results of our study indicate that: (1)
on the synoptic scale, the accuracy of SEASAT-
derived winds is comparable to that of con-
ventional surface observations and (2) a significant
improvement in the surface wind analysis is
achieved by incorporating SEASAT wind infor-
mation, especially in data sparse areas.

2. Research procedure

The approach used to conduct the research
consists of the following steps:

1. Analysis of wind observations from ships only,
in order to produce conventional maps of the
surface wind fields.

2. Analysis of corresponding SEASAT wind
observations only, in order to produce SEASAT
wind maps.

3. Comparison  between  conventional
SEASAT wind fields using Items 1 and 2.

4. Analysis of observations from all sources (ship,
island and SEASAT) in order to produce final
wind analyses.

and

In order to accomplish item 1, we plotted ship
wind information along strips corresponding to
areas covered by SEASAT observational data. In
lieu of operationally-received ship reports, we used
ship reports which are archived at the National
Climatic Center, Asheville, North Carolina. By
using the archived data, we are able to obtain the
largest possible number of ship observations for
analysis. The resulting number of observations is
still relatively small. Therefore, in order to increase
the number, we composited ship observations over
a 36-hour period centered approximately at the
SEASAT observational time. The ship obser-
vations are then analyzed by following the well-
known streamline-isotach analysis technique. An
example of the streamline-isotach analysis based on
ship observations is shown in Fig. 2.

For the SEASAT wind analysis (Item 2) the first
step to be done is to eliminate the ambiguity in the
SEASAT observed wind direction. This is done by
comparing each one of the SEASAT wind direc-
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tions with the surface wind direction given by the
ship analysis (Item 1) at the same location. The
SEASAT wind observation whose direction is
closest to the wind indicated by the ship analysis is
selected as the appropriate SEASAT wind obser-
vation for both direction and speed. The selection is
found to be difficult when two SEASAT wind
directions are about equally close to the wind
direction indicated by the ship analysis. The
selected SEASAT observations are then analyzed
using the same streamline-isotach technique em-
ployed in the analysis of the ship observations. An
example of the SEASAT wind analysis is shown in
Fig. 3. For each SEASAT reporting location, all
possible solutions for the wind vector (a maximum
number of four) are plotted. The chosen solutions
are the ones whose wind directions match the
direction denoted by the streamlines in the figure.
Note that the streamlines patterns in the figure do
not differ greatly from the streamline patterns of
the ship wind field (Fig. 2). The similarity in the
wind direction patterns is due to the wind direction
selection process just mentioned. On the other
hand, the corresponding wind speed patterns in
Figs. 2 and 3 show some significant differences.
This is due to the fact that SEASAT and ship wind
speed observations are completely independent
from each other.

In order to assess the accuracy of the SEASAT
wind description, we compared the SEASAT winds
with corresponding ship winds at selected geo-
graphical points on the analyzed maps. A total of
267 points is selected arbitrarily along the tracks of
the seven SEASAT passes over the Indian Ocean.
The average spacing between points is about 250
km. Fig. 2 shows an example of the distribution of
the points (indicated by small dots in the figure).
For each selected point, the wind direction and the
speed are extracted from both the SEASAT and the
ship wind fields. Corresponding wind direction and
speed values are then compared. Results of the
comparison are described in Section 3.

Finally, in order to evaluate the improvement in
the description of the wind field by incorporating
SEASAT data (Item 4), we produced final wind
maps by analyzing all types of available wind data
(ship, island, and SEASAT observations).- These
observations are not entirely synoptic, the
SEASAT observation being off by up to a few
hours. The addition of SEASAT wind information
eliminates to a great extent the large data-void
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Fig. 1. Map showing seven orbits for which SEASAT wind data are analyzed. The approximate time of the SEASAT
passes over the Indian Ocean is indicated along the orbits.

Fig. 2. Example of wind analysis based on ship Fig. 3. Example of SEASAT wind analysis. All possible
observations. Ship data are plotted in the conventional SEASAT wind solutions (up to four) are plotted for each
meteorological form (full barb, 5 m s-!). Solid lines are SEASAT reporting location; solutions are plotted in the

streamlines and dashed lines are isotachs at 2.5 m s~!  conventional meteorological form (a full barb, 5 m s~?).
intervals. Small dots denote points at which SEASAT  Solid lines are streamlines and dashed lines are isotachs
and ship winds are compared. at 2.5 m s~!intervals.
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areas over the open ocean and, therefore, should
lead to a more realistic surface wind analysis.
Surface wind information is plotted on the maps as
follows:

a. Wind observations from ships and islands are
plotted as reported.

b. SEASAT-derived wind speeds are corrected
before they are plotted. A simple correction of 2
m s~! is subtracted although a more complicated
way of correcting is indicated by the statistical
results to be presented in Section 3.

These maps are then analyzed (streamline-isotach
analysis technique) and compared with correspond-
ing maps based only on ship and island obser-
vations. The comparison is done primarily in the
wind speed; wind directions are not compared due
to the selection process involving the wind direc-
tion. Results of the comparison are shown in
Section 3.

3. Results

A considerable number of maps of streamline-
isotach analysis were prepared based on ship
observations (Item 1 of Section 2) as well as based
on SEASAT observations (Item 3). For the sake of
brevity, we show only two examples of such maps.
The examples (Figs. 2 and 3) correspond to a
portion of a SEASAT pass about 0000 GMT July
15, 1978. The comparisons between the ship and
SEASAT wind field for all the seven orbits in Fig. 1
are described in terms of averages, standard
deviations, histograms and scatter diagrams in this
section (Item 3).

Differences between ship and SEASAT winds,
both in speed and direction, are analyzed
statistically. The results show that, in the mean, the
wind direction difference (SEASAT minus ship) is
0.6 degrees; however, the standard deviation is
about 20 degrees. This value of the standard
deviation is within the accuracy which the
SEASAT measurements was originally designed
for; it is also comparable to the error of an
individual ship observation. The average windspeed
difference (SEASAT minus ship) is +2.2 m s~ and
the corresponding standard deviation is about 2 m
s}, This standard deviation is also within the
accuracy which SEASAT was designed for. To
what extent do these values agree with previous
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studies of SEASAT data? Based on a comparison
of 279 cases for the Gulf of Alaska (National
Aeronautics and Space Administration and Jet
Propulsion Laboratory, 1980), the average wind
direction difference is +0.6 degrees and the
standard deviation is about 16 degrees. For the
same Gulf of Alaska data (183 cases), the mean
speed difference is +2.0 m s™! and the standard
deviation is about 2.5 m s~!. These values indicate
that there are no significant differences between our
results and those of the Gulf of Alaska studies. In
interpreting the results of these two studies, one
should mention that there is a difference in the way
the comparison is made. In our study, the value of
the wind speed and direction are read off from
synoptic scale maps. In producing such maps, a
certain degree of smoothing is done in the analysis
of streamlines and isotachs. Thus the values which
are compared are representative of synoptic scale
motions. On the other hand, the comparison in the
Gulf of Alaska cited here is based on SEASAT
point measurements against interpolated values
based on synoptic analysis of ship observations.
The SEASAT point measurements in the Gulf of
Alaska study, may represent subsynoptic rather
than synoptic scale conditions.

The frequency distribution of the wind speed
differences (SEASAT minus ship) for our study
shows a skew-type distribution (Fig. 4). Note in the
figure that the difference value of 3.5 m s~! has the
maximum number of cases (30); this maximum is
followed by the difference values of 2.5 and 3.0 m
s~ with 27 cases each.
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Fig. 4. Graph showing the frequency distribution of the
wind speed differences (SEASAT minus ship) at selected
points along the SEASAT passes.
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In order to detect any systematic relationship
between the above differences and other
parameters such as wind direction and speed, we
have constructed scatter diagrams. Fig. 5 shows
the scatter diagram between the wind direction
difference and the SEASAT wind direction. It is
seen that, as expected, the wind direction dif-
ference is essentially independent of wind direction.
Fig. 6 is the corresponding scatter diagram for the
wind speed difference (SEASAT minus ship winds)
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Fig. 5. Scatter diagram between the wind direction

difference (SEASAT minus ship) and the SEASAT wind
direction at selected points along the SEASAT passes.
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Fig. 6. Scatter diagram between the wind speed dif-
ference (SEASAT minus ship) and the SEASAT wind
speed at selected points along the SEASAT passes.
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as a function of the SEASAT wind speed. Note the
large scatter shown by the data. In spite of the large
scatter, however, we can see a tendency for the
speed difference to increase with increasing
SEASAT wind speed. It is important to mention
that, if this speed difference is plotted against ship
wind speed instead of SEASAT wind speed
(diagram not shown), the tendency is just opposite,
i.e. the difference tends to decrease with increasing
wind speed. This tendency to decrease appears to
be in agreement with the results of a study
described in National Aeronautics and Space
Administration and Jet Propulsion Laboratory
(1980). However, the agreement is valid only if, in
both studies, the difference is plotted against ship
wind speed. In that study, it was not specified
whether the plot is against wind speed based on
surface observations or SEASAT wind speed. We
assume that the plot is between speed difference
and wind speed based on surface observations.

The statistical results above indicate that there is
no bias in the wind direction differences (SEASAT
minus ship observations). However, in the case of
the wind speed differences there is some bias, the
SEASAT wind speed being larger than the ship
wind speed. This bias is presumably due to the use
of an incorrect geophysical algorithm for comput-
ing the SEASAT wind from the radar backscatter.

Finally, we will discuss the resuits of the study to
assess the degree of improvement in the wind
analysis if the SEASAT data are added to
conventional data. In order to make the assess-
ment, two maps are analyzed separately for each
time period. The first map contains only conventio-
nal data while the second map contains both
conventional (ship and island) and SEASAT data.
Two separate analysts were employed to do each of
the two maps in order to obtain two independent
analyses. The analyses use data for the entire
Indian Ocean and for two time periods, centered at
0000 GMT July 15, 1978 and 0600 July 16, 1978.
The resulting maps show details in the streamline-
isotach patterns which appear to be unjustified in
terms of the density of the available data. The
greater detail in the patterns is due to the
experience of the analysts in drawing maps with
limited data.

Fig. 7 shows the wind analysis for 0000 GMT
July 15, 1978 based on conventional data only
while Fig. 8 shows the corresponding analysis
based on both conventional as well as SEASAT
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data. The ship and island observations were made
exactly at synoptic time (0000 GMT). However, the
SEASAT observations were made during three
passes, roughly at 0000, 0200 and 0400 GMT.
SEASAT information is plotted only at 115 points
along the swaths. It may be mentioned that the
addition of SEASAT observational data increases
the number of wind observations by about 200%
with respect to the number of conventional obser-
vations. It may be seen that the flow patterns are
generally similar for both maps. However, the
actual differences in wind speeds between the two
maps are relatively large as shown in Fig. 9. The
figures show three extensive regions with dif-
ferences greater than 5 m s~'. These regions are
located over the central, the southeast and the
southwest sections of the Indian Ocean. These are,
as expected, areas with practically no conventional
wind data.

Figs. 10 and 11 show the wind maps for 0600
July 16, 1978. The SEASAT observations used in
Fig. 11 are based on passes at approximately 0000,
0200, and 1400 GMT. The addition of 98
SEASAT observations increased the total number
of observations (conventional plus SEASAT) by
about 100%. A comparison of the wind fields for
the two maps shows that the streamline patterns are
similar to one another. The geographical distribu-
tion of the wind speed differences (Fig. 12)is similar
to that one for 0000 GMT July 15, 1978 (Fig. 9).
However, there is one noticeable exception in that
the area of maximum difference over the central
Indian Ocean is split into two parts.

For the purpose of estimating the improvement
in the wind analysis associated with the introduc-
tion of SEASAT data, we could assume that the
analysis based on the conventional plus the
SEASAT wind data represents a good approxi-
mation of the true wind field. We will assume, in
addition, that the analysis based only on conventio-
nal data is erroneous due primarily to the lack or
sparsity of observations. The difference (Figs. 9
and 12) between the two analyses may, therefore,
be regarded as errors in the analysis if SEASAT
data are not available. The values of differences
greater than 5 m s™' over extensive regions are
certainly serious, especially in terms of their effects
as initial conditions for numerical weather predic-
tion. We may conclude, therefore, that the incor-
poration of SEASAT data in the description of the
surface wind field would result in a significant
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improvement in the accuracy of the initialization of
numerical prediction over the oceans.

4. Concluding remarks

In this study we have attempted (1) to assess the
accuracy of SEASAT derived winds and (2) to
estimate the improvement of surface wind analysis
which is accomplished by adding SEASAT data to
conventional data. The geographical area of in-
vestigation is the Indian Ocean, which is charac-
terized by extensive regions with little observational
data from ships or islands. The research is done
with the aid of synoptic scale wind analyses of
observations; raw observational data were not used
directly in the assessment of the accuracy. Since a
certain amount of smoothing is done in the
synoptic scale analysis, the results of this study
apply only to large-scale synoptic conditions.

Our study shows that the accuracy of SEASAT-
derived winds is comparable to that of conventional
ship observations. In the case of island obser-
vations, the precision of such observations is
certainly greater than SEASAT observations.
However, the representativeness of island obser-
vations may be seriously affected by local
topographic effects. Thus island observations may
not prove, in practice, to be better than SEASAT
observations in representing synoptic scale features
of atmospheric flow patterns.

In regard to the improvement of surface wind
analysis by adding SEASAT to conventional data,
our study shows that considerable improvement is
achieved, primarily in the wind speed description.
The improvement is particularly significant in areas
with little conventional data. From an operational
viewpoint, the degree of improvement found in our
study would be an underestimate. This is due to the
fact that we used archived observational data
instead of operationally-transmitted data from
ships; the former are much greater in amount than
the latter. Since the open oceans are generally
data-void areas, the impact of SEASAT obser-
vations in the quantitative description and the
prediction of global weather is enormous. In this
connection, it is pertinent to mention that wind
observations at levels above the surface are now
operationally available from geostationary satel-
lites. It is clear, therefore, that future SEASAT-type
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observations, in combination with geostationary
satellite observations, would enable us to produce
three-dimensional descriptions of the wind field on a
synoptic basis. The availability of such descriptions
would, in turn, increase tremendously our quanti-
tative understanding of the atmosphere over
oceanic regions and lead ultimately to accurate
numerical weather prediction, especially in the
tropics.
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AHAJIM3 HABJIIOJAEHWUM BETPA HAJ WHOWNACKHUM OKEAHOM CITYTHUKOM CUCAT

AHaNH3UPYIOTCA OaHHBIE O HAGMIOAEHMAX CITyTHUKOM
CUCAT-A Berpa y nosepxHoctdH Han HHawickam
okeaHoM 3a nepuon 15-17 mona 1978 r. Uensio
aHanmu3a O6buTo: 1) OlEHKA TOMHOCTH H3MepeHMH
BETPa 3THM CIYTHHKOM IMyTEM CPAaBHEHHA HX C
DaHHBIMHA KopabenbHbix Habmopeuwit u 2) ompe-
HeNIeHNE YNy4LIeHUs, BBOOMMOTO B ONMCAHHE MOJIA
BETpPa y NOBEPXHOCTH CHHOMTHYECKOro macmraba
nmobGasnenueM gauHbix cnytHuka CHUCAT x HaGmro-
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JieHHAM BeTpa ¢ kopabne#t 1 ocTpoBoB. PesynbraThi
HAIOEr0 HMCCIEROBAHMA IIOKA3LIBAKOT, 410 1) B
CHHONITHYECKOM MacmTabe TOYHOCTHL AAHHBIX 3TOTO
COYTHHKZ CpaBHEMa C TaxkoBoM 1A OOBIMHBIX
HaOmogeHnt BeTpa y NOBEPXHOCTH H 4TO 2) y4er
nansbix cnytHuka CUCAT paer 3HauYMTENnBHOE
yIyulleHHEe B aHaluM3e BeTpa Yy IMOBEPXHOCTH,
ocobenno B 06/1aCTAX ¢ Pe3KHMH JAHHBIMH,



