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ABSTRACT
We derive a simplified algorithm for retrievingwind vectorsfrom microwavescatterometerobservations.
The azimuthaldependenceof the seasurfaceradarcrosssectionis modeledby a double-cosinefunction, rather
than the traditional second-ordercosineexpansion.The algorithm is testedusing the aircraft scatterometer
obtainedduring the AAFE-RADSCAT Experimentin 1975and 1976.Thereis little difference
observations
betweenthe performanceof the simplifiedalgorithm and the more involved least-squares
searchingalgorithm.
The AAFE-RADSCAT aircraft observationsare sampledso asto simulatethe threelook satellitescatterometer
NSCAT that will be launchedon the JapaneseAdvancedEarth ObservingSatellite(ADEOS). The resultsof
the retrievalsindicatethat it is probablynot possibleto uniquelydeterminethe wind directionusingjustNSCAT
observationsbecauseof a 180" ambiguity. However,if forecastmodelscan predict the wind direction to an
accuracyof +90o, therebyeliminating the ambiguity,then the resultsindicatethat NSCAT can determinethe
wind direction to an accuracyof about +20" . Better performanceis obtainedwhen the three observationsare
the samepolarization(either u-pol or ft-pol), as comparedto using a mix of u-pol and ft-pol observations.

1. Introduction
Over the world's oceans and seas,the satellite microwave scatterometer has the capability of sensing the
near-surfbce wind speed and direction. The Seasat
scatterometer(SASS), launched in 1978,measuredthe
wind speed to better than 2 m s-r (Jones et al. 1979;
Jones et al. 1982). The capability to sensewind direction was partially verified, albeit the direction could
not be uniquely determined due to the existence of
multiple solutions in the retrieval equations.
Scatterometersscheduledfor launching in the 1990s
will have an additional antenna (three azimuth looks
rather than the two-look configuration used by SASS).
The purpose of the third antenna is to reduce the number of multiple solutions. These future scatterometers
are the NASA scatterometer (NSCAT) to be launched
on the Japanese Advanced Earth Observing Satellite
(ADEOS); the scatterometer to be launched on the
European Remote SensingSatellite (E'R.S-I); and NASA's Earth Observing System (EOS) scatterometer.
In this FoF€r, we introduce a new retrieval algorithm
for processing scatterometer data. The algorithm is
considerably simpler than previous algorithms that
search wind vector space for least-squaressolutions,
such as that originally developed by Wentz et al.
(1982). The algorithm is usedto reprocessthe 3-month
SASS dataset. The perforrnance of the algorithm for

future threelook scatterometers is tested by using aircraft measurements taken by the RADSCAT scatterometer during the Advanced Applications Flight Experiment (AAFE) conducted by NASA Langley Research Center (Jones et al. 1977). These observations
are sampled so as to correspond to the NSCAT azimuth
angles.
In the past, computer simulated data have been used
to evaluate the performance of three-look scatterometers (Wentz 1979; Grantham et al. t982; Chi and
Li 1988). The simulations herein are intended to complement these earlier studies. As compared to the simulated data, the aircraft data fr€ly, in some ways, be
more representative ofthe actual observations that will
be obtained by NSCAT.
2. Azimuth-angle dependenceof the NRCS

The AAFE-RADSCAT aircraft experiment (Jones
et al. 1977; Jones and Schroeder 1978) revealedthat
the radar return from the sea surface was strongly
modulated by the wind direction for incidence angles
of 20" and greater. The radar backscattered power is
measured in terms ofthe normalized radar crosssection
(NRCS), which is denoted by o". The NRCS in the
upwind and downwind directions was observed to be
substantially larger than the crosswind observations.
In addition, the upwind oo was somewhat higher than
the downwind oo, particularly for horizontal polarization at high incidence angles. These results were obConesponding
authoraddress:Dr. FrankJ. Wentz,RemoteSensing tained by flying the aircraft in circles such that the aziSystems,I l0l CollegeAve. Suite220, SantaRosa,CA 95404.
muth angle @6ofthe scatterometerobservationsvaried
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from 0o to 360", while the incidence angle remained one of the previous expressionsusing the coefficients
constant. A good approximation for the azimuth-angJe derived from the least-squaresfit. There is little difference between the quality of fit for the four expressions.
dependencewas found to be
The valuesof 6 for expressions( I ), ( 2), (3 ), and ( 5 )
(I)
oo : Ao * At cosf -t Az cos20
are0.46,0.44,0.43, and0.47 dB, respectively.We expect
that this variability is primarily due to microscale
relative
to
angle
look
the
azimuth
where @represents
the azimuth angleof the wind direction Q*,i.a.,6: Qo variations in the surface wind field. As compared to
- 0,. Upwind, crosswind, and downwind observations satellite observations, the signal to noise for RADSCAT
are representedby d : 0o, +90o, and 180", respec- is large, and hence the variability of o" due to instrutively. A variation to ( 1) that is also a good approxi- ment noise is considerablylessthan 0.5 dB.
Figures I and 2 show an example of a circle dataset
mation to the aircraft data is
for horizontal and vertical polarizations. respectively.
logoo : Ao * A1 cos$ * Az cos2S.
Q)
The NRCS in decibels(i.e., l0logoo )is plotted versus
the relative azimuth look angle d. The wind speedfor
polarization
of
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l3 m s-r, and the
e, incidence angle 0i, and wind speed W.The At coef- this circle flight is approximatell
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ficient is a measure of the upwind-downwind difilerThe model calculations
ence, and the A2 coefficient is a measure of the along- to the aircraft measurements.
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The dependenceof the NRCS on azimuth angle can larly true
\\'hen
is no upthere
asvmmetn'.
upwind-downwind
be modeled by another expression, which we call the
( l) and (3) are
models
asymmetry.
wind-downwind
double-cosine function,
identical,and models (2) and (5 ) are also identical.
oo : Ao + l(6)At + lAz + t@)A1l cos2S (3)
-90o < d < 90'
7@): *0.5, when
^Y@): -0.5, otherwise.

(4a)

-L4

(4b)

This expression is two cosineswith different amplitudes
splined together at -90" and 90o. Equation (3) is
i dent ic alt o ( 1) f o r d : 0 o ,9 0 o , 1 8 0 " , a n d 2 7 0" and
is continuous to the first derivative of 6. The primary
difference between ( I ) and ( 3 ) is that the minima of
(3) occur exactly at 90o and 180o,while the minima
of ( I ) are displaced from the crosswind direction (exOur objectivein incept for specialcaseof At:0).
troducing this new azimuthal form for oo is to simplify
the retrieval problem, as is discussedin the next section.
Another possible model for the NRCS analogous to
(2) is

lt
-16

co
ut -tB
E

z

logoo : Ao + l@)At + lAz + l@)Ar I cos2d. (5 )
An analysisis done to determinehow well ( I), (2),
( 3 ), and ( 5 ) fit the AAFE-RADSCAT' observations.
For each circle flight, values fot As, At, and A2 ate
found to best match the aircraft scatterometer data in
a least-squaressense.Given these three derived coefficients, the following after-the-fit rms difference is
computed:
6:

1o(tlog(6i,"^loSot)f')t'',

(6)

where ( ) denotes an average over all observations
in all ciicle datasets (36 azimuth angles times 64 circles). The term o,f,"uis the AAFE-RADSCAT observation and ofioa is the value of the NRCS coming from
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Frc. l. An example of the NRCS azimuthal dependencefor horizontal polarization. The symbol "O" shows the aircraft measurements. The large-dashed,small-dashed, solid, and dotted curves show
four different models for the azimuthal dependence.
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NOTES AND CORRESPONDENCE

data may determine a better model. If this occurs, the
algorithm presented herein will need to be modified.
Ifthe change in the model is not too large, the simplified
algorithm could still be used to obtain a "first guess"
for the wind vector solutions, which could then be perturbed to account for the change in the azimuthal dependence.
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3. Wind vector retrieval from two orthogonal observations
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Ftc. 2. An example of the NRCS azimuthal dependencefor vertical
polarization. The symbol "O" shows the aircraft measurements.The
large-dashed,small-dashed, solid, and dotted curves show four different models for the azimuthal dependence.

The Seasat scatterometer and the scatterometers
planned for future missions such as ER,S-1, ADEOS,
and EOS all have a forward and an aft antenna that
observe the ocean surface from orthogonal directions.
In addition, the future scatterometershave a third antenna looking between the forward and aft antennas.
The purpose of the third antenna is to eliminate some
of the multiple solutions that occur when inverting the
set of NRCS equations. These multiple solutions are
called ambiguities. (In the Seasatliterature, they are
sometimes referred to as "aliases." ) The utility of the
third antenna in reducing the number of ambiguities
is discussedin the next section.
To begin the formulation of the retrieval algorithm,
let (o")r and (o"), denote the averagevalue of the
forward and aft NRCS, where the average is over an
area on the ocean surface. Typically, the areal resolution for the satellite scatterometersis between 25 and
100 km. This averageis then given by
(o"),:(Ao),+{Q)(A'),

With respect to the location of the NRCS maxima
and minima, the traditional harmonic-expansion
model and the double-cosine model are equally restrictive. Both models require that the maxima occur
at 0" and 180o.The harmonic-expansionmodel places
the minima at 90" + LA and 270" - LO, where Ad
depends on the values of At and A2 and is typically
about 5o. The minima of the double-cosinemodel are
exactly at 90o and 270". Most of the circle datasets
show the minima near 90o and 270" , but the data variability precludes determining which model "best" represents the data. In some cases,the observed NRCS
azimuthal dependence does not agree with either
model, with the minima being shifted by as much as
45" from their typical 90o and 270" locations (Colton
1989). This discrepancy is probably due to a confused
seastate. The treatment of these anomalous casesposes
a very difficult problem for scatterometry.
In view of the variability in the observedNRCS azimuthal dependence, the differences among the four
models does not seem significant, and henceforth ( 3 )
will be used to represent the azimuth angle dependence
becauseit simplifies the retrieval problem. However,
it is recognized that this conclusion is basedon a limited
dataset and that additional analvses of other aircraft

+ l(At)i + r( 6)(A');

I c o s 2 di Q )

where subscript i denotesthe antenna (i: I or 2) and
( ); denotes an averageover all observations within
the specified resolution cell. The azimuth observation
angle dri is essentiallyconstant over the resolution cell,
and it has been assumed that the wind direction d, is
also constant over the cell. Hence the terms just involving Qr : 6oi - Q,can be factored from the averages.
The two measurements are orthogonal such that

e z : Q r+ 9 0 o .

(8)

Equation(7) can be rewrittenas
( o'),

: Pij * Qii cos2S;

Pij:

(e)

(A o), + t,i (A r),

( 10)

Qii: (Ar),+t'i(At)t.

(11)

The function y(di ) is now denoted by ?,;, where the
subscriptT denotes one of four possible casesgiven in
Table 1.
By combining the two equations representedby (9)
for the forward and aft antennas, the cosine term can
be eliminated, resulting in the following expression:
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Tesl-e l. Four possiblecasesfor relativeazimuth angle.
SubscriptT

^{ri

Range of@1

0.5
-0.5
-0.5
0 .5

0"-900
900-I 800
I 80"-270'
270"-360"

I

2
3
4

7zj

-0.5
-0.5
0.5
0.5

f(W)=Q"(('i)-Pzi)
+ Qzi ("i)

- P';) : 0.

(t2)

The P and Qcoefficients are functions of polarization,
incidence angle, wind speed, and casenumberT. The
polarization and incidence angle are known, and for
each case a wind speed is easily found by Newton's
method. For example, let Wobe the first guess.Then
the second guessis given by

wu: wo-f(w,)(dfldw)-',

(13)

wheredfI dW is thederivativeof/( W) wrthrespectto
W evaluated at Wo. A few iterations are required to
convergeto O.lvo in wind speed.A wind speedis found
for each of the four possible azimuth-angle cases.These
solutions are denoted by W1. This wind speed is subdenotedby Xi, is found
stituted into (9), and a cos2@1,
for each case,
Xj=cos2fr:(

(o")t-

(o")z-

Ps*

Pzi)

x (Qu -t Qz)-'.

( 14)

Henceforth, the subscript for d will denote the azimuth case (i.e.,7) rather than the antenna number,
and it will be understood that d refers to the forward
antenna. The arccosine function is then used to find a
value of d for each case. Since each case restricts the
range of rf to 90", there is no problem with the multiple
values given by the arccosine operation. The values of
@for the four casesare given by
g1 : ?tecos(Xr)12
( l5a)
- arccos(Xz)/2
Qz: I80o

( 15b)

0t:

l80o + arccos(Xz)l2

( 15c)

6+:

360o - arccos(Xa)12,

( 15d)

and the ambiguity wind directions are
Q*j:

Qo

-

Qi.

(16)

In analyzing the wind vector solutions, we first note
that when there is no upwind-downwind difference in
the NRCS, i.e., Ar : 0, then Eqs. ( 12) and ( 14) are
no longer dependent on the azimuth angle case.Hence
the values found for W1 and X1will be the same for 7
: l,-4. The previous equations then become
$1 : vtecos(X)/2

(I7a)

Q z : 1 8 0 "- d t
6z: -Qz
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( 17b)
( 17c)

( 17d)
6q: -6r.
AsXgoes from 1 (wind aligned with forward antenna)
to - 1 (wind orthogonal to forward antenna), Qr rotates
from 0" to 90o. The other three possible directions
rotate symmetrically with Or. There are always four
distinct ambiguities of 4, with the following exception.
When Xequals either I or - l, a degeneratecaseoccurs
for which the four ambiguities merged into two ambiguities separatedby 180". Note that if we assume a
perfect model and noise-free observations, Xwill always
lie within the - 1 to I range.
An upwind-downwind difference somewhat complicates the solution, but each $ ambiguity will still lie
in a distinct quadrant, and the maximum number of
ambiguities is still 4. When the wind direction is close
to the direction of either the forward or aft antenna,
the upwind-downwind difference can produce situations in which there are only 1,2, or 3 ambiguities.
These casesare distinguished by the fact that one or
more of the values for Xl lie outside the range of - 1
to 1, which indicates there is no solution for the quadrant. However, at least one of the X, will lie within the
- 1 to I range assuming a perfect model and noise-free
observations.
As an example, let the upwind-downwind difference
be 1 dB, and let the upwind-crosswind difference be
6 dB. The downwind-crosswind difference will then
be 5 dB. If the forward antenna observation is 6 dB
higher than the aft antenna observation, then this indicates that the forward antenna must be looking in
the upwind direction, i.e., d : 0o. For this case,X1
and Xa will equal 1, while X2 and & will lie outside
the -1 to 1 range.
In reality, errors in the oo model and observations
make it difficult to eliminate ambiguities basedon | 4 |
exceeding 1. When the upwind*downwind difference
is of the order of (or lessthan) the modeling-measurement error, then it is probably best to assume an ambiguity exists for each quadrant. This is the casefor upol observations. The likely cause of I X1l exceeding
unity is the modeling-measurement error rather than
there being no solution for the quadrant. To avoid excluding a possible solution, Xi can be resetto either - 1
or l, and a value for @can be found for the quadrant.
This is the approach used for the analysesthat follow.
The ft-pol observations at the higher incidence angles
show a significant upwind-downwind difference, and
the possibility exists that ambiguities can be removed
basedon the degreeto which | { | exceedsunity. However, the observed upwind-downwind difference shows
considerable variation from one circle flight to another,
i.e., there is a large modeling error. It is unclear if partial
ambiguity removal based on I Xil exceeding unity
would be successful for the case of two orthogonal ftpol observations.
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assertion that A1 # 0 results in a unique solution is
basedon the results of many numerical exercises,rather
than on an analytical proof. There may be special cases
for which multiple solutions exist even when there is
an upwind-downwind difference, but none has been
found.
When the upwind-downwind differenceis zero (i.e.,
A r:0), i t can be show nthat A 31: A l : and A 32: A3q,
with one pair being zero and the other pair being nonzero. The true solution will be one of the two ambiguities for which 43, is zero.In other words, when ,41
: 0, a middle antenna reduces the number of ambiguities to two solutions separatedby 180". The 180'
ambiguity problem is a fundamental limitation that
cannot be resolved if the NRCS simply varies as the
cos2$, no matter how many azimuthal observations
are made.
In reality, modeling and measurement errors result
in none of the 43; being exactly zero, and the ambiguity
selection becomes a statistical problem. Those ambiguities with small absolute values of 43, are more likely
to be the true solution than those with larger values.
The ambiguity can be ranked according to the value
of I A3,| , or relative probabilities can be assignedbased
4. Ambiguity removal with a three-look scatterometer on the ratio of I 43, I to the expected variation due to
modeling and measurement errors. The major limiin developing statistical procedures for ambiguity
tation
provides
A third antenna
the means to eliminate
some of the wind direction ambiguitiesgiven by ( 15). removal is our lack of knowledge of the error statistics
A simple way to accomplish this is to determine which of the model. In what follows, we outline an approach
ambiguities produce oo values that do not agree with to the ambiguity selection problem that we think comthe observation made by the third antenna. Let W, mensurates with our limited knowledge of the model
denote the four wind vector ambiguities derived from error statistics.
To begin with, we note that A1,and A2;will be zero,
the forward and aft NRCS observations,and let F, (W)
denotethe NRCS model Ii.e., Eq. (7)], wheresubscript even in the presenceof errors, becausethe wind vector
i : l, 2, and 3, corresponding to the forward, aft, and ambiguities Wj are found by fitting the model to or'
middle antenna, respectively. The measured NRCS and of . The one exception is when the cosine Ierm X1
value for the forward, aft, and middle antennas are lies outside the - 1 to I range. In this case, no wind
denoted by o f , of , and o3", respectively(the area vector could be found for the quadrant under considaverage ( ) brackets are now implicit). Since W; is eration that perfectly fits the model to the observations.
computed from oi and of ,the following conditions Hence, 41; and A,2iare not 0, and the degree of this
mismatch should be considered in ranking ambiguities.
hol<l for those ambiguities having I X; | < l.
In view of this, 41; and A,2i included along with A3i
Here
in determining the quality"ra
of fit, and the following
( l 8 a ) quantity
Ar_,- log[of lFt(Wr)] : 0
is used for ranking the ambiguities:
( 18b)
6zJ= logI o2olFr(wj)] : 0.

Note that the wind speed values for the different
ambiguities are similar, typically varying by only 2Vo
for the u-pol observations and 6Vofor the ft-pol observations. Thus, the ambiguity problem is of minor consequenceto the wind speedretrieval. An accuratewind
speed can be obtained by simply setting the Ar coefficient to zero.
For this caseof a two-orthogonal-look scatterometer,
the least-squaressearchingalgorithms will find the same
solutions as given by ( 13) and ( 15). That is to say,
there is a unique set of solutions that both methods
find. However, the simplified algorithm is a more efficient way of finding these solutions. When a third
azimuth look is considered, the problem becomes
overdetermined, and the solution dependson how the
three observations are weighted, as is discussedin the
next section.
The simplified algorithm has been used to reprocess
the 3-month SASS dataset.In doing this, the SASS-II
NRCS model derived by Wentz et al. ( 1984, 1986) is
used to specify the A coefficients. This SASS-II wind
vector dataset is currently being evaluated by a number
of investigators.

The observation versusmodel NRCS difference 43, fbr
the middle antenna indicates which ambiguities can
be eliminated,
A 3 ,=, l o g f o _ r " / f 3 ( W ) ] .

( 19)

The number of7 ambiguities is 4 except for the degenerate caseof the wind blowing exactly in the direction
of either the forward or aft antenna, for which 7 is 1
or 2.
Assuming for now that there is no observation or
modeling error, only one of the 43; is zero when .41
# 0, and the true solution is uniquely determined. This

E : [2 (a,)'l'/',

(20)

where the summation is over i : l-3. The four ambiguities are ranked in the order of ascending values
of ,t. The highest-ranked ambiguity (i.e., most likely)
is the one that has the smallest $.
We note that, in general, the ,$ given by the preceding
procedure is not necessarilyminimized. That is to say,
there can (and usually does) exist another wind vector
Wj. in the neighborhood of Wj, which will give a somewhat smaller o" residual. Wind vector Wi can be found
by computing .t on a fine wind vector spacegrid and
thereby locating minima. This searching procedure was
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first introduced by Wentz et al. ( 1982), and since then
various perturbations on the technique have been tested
(Chi and Li 1988). In thesevariations,different forms
for the residual A;7are used, including the original form
given by (18) and the form (o" - F)IV, where Zis
some assumed rms variation between the model and
the observations.
The obvious question is which procedure and which
form of A,; is "best." Under error-free conditions, all
procedures will give identical results. Thus, it is the
statistics of the model and measurement errors that
produce differencesamong the various techniques. If,
for example, the elTorswere Gaussian and uncorrelated
(i.e., oo - 17is normally distributed) and if we knew
the standard deviation V, then the optimum procedure
would be to find the ,$ minima assuming Aii : (oo
- F)IV.ln reality, we expect the model error to be
non-Gaussian and correlated. For NSCAT, the model
eror for the forward and middle antennas, which are
separated by only 20o, may be very correlated. If a
strong correlation exists, then it would be incorrect to
give equal weight to all three observations.The choice
of an optimum ambiguity selection procedure will remain unclear until more is known about the error statistics.
Although the simple procedure previously outlined
is certainly not optimum, we suspect that the differencesbetween it and more elaborate searchprocedures
will not be that significant when put in the proper perspective with the uncertainties in the model. The next
section examines this question further.
5. Algorithm test using aircraft observations
The perfonnance of the simplified wind vector retrieval algorithm is tested using the AAFE-RADSCAT
aircraft observations. The AAFE-RADSCAT scatterometer operated at 13.9 GHz and was mounted on the
open cargo ramp of a C-130 aircraft. The data from
missions 306, 318, and 335 are used. Mission 306
(April 1975) and mission 335 (January 1976) were
flown a few hundred kilometers offthe Virginia coast.
Mission 318 (September 1975) was part of the JONSWAP experiment and was flown over the North Sea.
The aircraft was flown in circles maintaining a constant
banking angle, and the NRCS measurementswere averaged into 36 10o azimuth-angle bins' A total of 32
h-pol circle datasets and 32 u-pol circle datasets were
obtained. The incidence angle for these various circle
flights ranged from 20o to 62'. The AAFE-RADSCAT
data archive is described by Schroeder and Mitchell

(1e83).
For each circle dataset, a "true" wind direction d,u
is obtained by fitting the circle observations to the following expression:
co : Bo * 81 cos2Qs-f Bz sin2do
Ql)

Voluur 8

and then
6 , . : a r c t a n( 8 2 , B t )l 2

(22a)

or
Q* :

arctan(B 2,B t)12 + 180' .

( 22b)

The 180o ambiguity is easily resolved by referring to
the in situ data that are available for each aircraft mission. The sea surface anemometer observations agree
with either (22a) or (22b) to within about 10o.An in
situ wind speedmeasurement is also available.
The observations in each circle dataset are sampled
so as to simulate the observationsthat will be obtained
from NSCAT, i.e., three oo obsen'ations with relative
azimuth anglesof 0o, 20o, and 90o. Three polarization
modes are also considered: Vl'/V, VHV, and HHH,
where the three letters denote the polarizations for the
forward. middle, and aft antennas, respectively. The
first two modes will be implemented on NSCAT, but
the HHH mode will not. For each circle dataset, 36
wind vector retrievals are done for each polarization
mode. For example, the first retrieval for the WV mode
is done using the u-pol NRCS observations for azimuth
angles 0o, 20o, and 90". The next retrieval is done
using azimuth angles l0o, 30", and 100", and so on.
Thui, the 36 retrievals correspond to rotating the wind
direction over 360" relative to the NSCAT forward
antenna.
For each retrieval, four wind direction ambiguities
are found using the two orthogonal observations, as
described previously. These ambiguities are then
ranked according to the oo residual $ given by (20).
The Wentz et al. ( 1986) model is used to specify the
.4 coefficients. Before comparing the retrieved set of
wind direction ambiguities to the true wind direction,
we merged together those ambiguities that have a directional separationof lessthan l0o. The purpose of
doing this is to reduce the number of ambiguities. The
merged ambiguity is found by averagingthe two components. The maximum error introduced by this processis 5o, which is within the uncertainty of the retrieval.
Table 2 showsthe retrieved wind direction and speed
compared to the "true" direction and the in situ speed.
In doing these comparisons, we first determine which
ambiguity lies closest to the true direction. This ambiguity is called the prime ambiguity. The first two
columns in Table 2 show the mean and the standard
deviation of the difference in direction between the
true vector and the prime ambiguity. These statistics
represent 1152 differences(32 circles X 36 wind directions). The mean error is zero, and the standard
deviation is about I I ". These statisticsare an indication
of the accuracy assuming perfect ambiguity selection.
The next three columns relate to ambiguity selection
skill. The ambiguities are ranked according to the oo
residual $ given by (20). The first and secondcolumns
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Taslg 2. Statisticson simulatedNSCAT wind vectorretrieval.
Direction enor (deg)
Mode

Mean

Root-mean-square

VVV
VHV
HHH

0
0
0

ll
ll
t2

Ambiguity selection skill
Rank I
5}Vo
5jvo
56Vo

show the percentageof occurrencesfor which the firstranked and second-ranked ambiguity corresponds to
the prime ambiguity. The third column showsthe percentageof occurrencesfor which the prime ambiguity
was not the first- or second-rankedambiguity. For the
V'Vtr/and HHH modes, the prime ambiguity is ranked
trrst or second 4bout 907aof the time. The ambiguity
selectionskill is not as good for the VHV mode, where
l8% of the time the prime ambiguity is rank 3 or lower.
The comparisons of the prime ambiguit-vwind speed
versusthe in situ u,ind speedshow a largediscrepancy.
The retrievedwind speedis biasedaboul 3.5 m s-r low
relative to the in situ values,and the rms variation of
the differencesis about 3.5 rn s I. This poor agreement
is probably due to the large spatial-temporal mismatch
between the in situ and aircraft observations,the microscalevaiability in the wind field. and the absolute
calibration error in the scatterometer. The Wentz et
al. (1986) model was adjusted to march the Seasat
scatterometer observations. Any relative bias between
the Seasatscatterometer and the AAFE-RADSCAT
scatterometer will introduce a bias in the rvind speed
retrievals. The wind direction and ambiguity statistics
do not require the in situ data. other than resolving
the 180' ambiguity in (22).
The statisticson the ambiguity'selectionskill indicate
that it will be difficult. if not impossible.to uniquely
determine the wind direction using just NSCAT observations. The Rrst-rankedambiguity is the correct choice
only about 50Voof the time. However, one factor working in our favor is that the frrst- and second-rankedambiguities are usually vectors pointing in opposite directions. That is to say, the inclusion of a third azimuth
look. in general,reducesthe ambiguity problem to two
possiblesolutions separatedby approximately 180".
A more meaningful analysis of the scatterometer
wind direction skill can be done by assuming there
existssome a priori information on the wind direction.
For example, a numerical model that is continuously
assimilating NSCAT data may be able to forecast the
wind direction with an accuracy of +90'. Then those
ambiguities that differ in direction by more than 90o
as compared to the predicted direction can be excluded.
Under this assumption, the wind vector retrievals are
reanalyzed. Those ambiguities for which |;6".i - d*l
exceeds90" are first excluded, and the remaining ambiguity that has the smallest S; is selected.The wind

Rank 2

Wind speederror(m s-')

Rank >2

40Vo
J:."/o

35Vo

ljVo
lSVo
9Vo

Root-mean-square

-3.7
-J.t

-3.3

3.8
3.8
3.3

direction of the selected ambiguity is then compared
with the true direction @'".The mean difference is l"
and the standard deviation of the difference is 18o for
the VVV and HHH modes and is 24" for the VHV
mode. The wind speedstatisticsare the same as shown
in Table 2.
The preceding analysesare also done using a leastsquares method that searchesthe wind vector space
and finds minima for $ (Wentz et al. 1982). The results
are essentially the sarne as given by the simpler algorithm, except that the ambiguity selection skill is
slightly higher (2Eo)than the values shown in Table 2.
6. Conclusions
The variation of the seasurface NRCS with the azimuth look angle,as observedby the AAFE-RADSCAT
aircraft scatterometer, can be modeled to an accuracy
of about 0.5 dB by 1) the traditional second-orderharmonic expansion and by 2 ) the double-cosinefunction.
The quality of fit exhibited by the two forms is essentially the same, considering the variability in the observations. The wind vector retrieval problem is simplified by using the double-cosine function.
The aircraft observations are used as input data to
the simplified wind vector retrieval algorithrn in order
to simulate the operation of NSCAT. For the VVV and
HHH polanzation rnodes, the first- or second-ranked
ambiguity is the correct choice 90Voof the time. For
the VHV mode, this skill percentagefalls to 827o.This
result suggeststhat the mixing of polarizations may
not be desirable for NSCAT.
The first-ranked ambiguity is the correct choice only
about 50Voof the time. This indicates that it will be
difficult, if not impossible, to uniqueiy deterrnine the
wind direction using just NSCAT observations.
Assuming the availability of a priori information that
restricts the wind direction to a +90o range, some ambiguities can be eliminated. The accuracy of the wind
direction of the remaining ambiguity with the smallest
oo residual (i.e., first ranked) is 18" for the Vl'V and
HHH modes and 24" for the VHV mode.
There is little difference between the perfclrmance
of the simplified retrieval algorithm and the more involved least-squaressearching algorithm.
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