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Evaluation of JERS-1 SAR Images From a Coastal
Wind Retrieval Point of View

Teruhisa Shimada, Hiroshi Kawamura, Masanobu Shimada, Member, IEEE, Isao Watabe, and Sin-Iti Iwasaki

Abstract—Wind retrieval from Japanese Earth Resources
Satellite-1 (JERS-1) synthetic aperture radar (SAR) using an
L-band model function in coastal regions is evaluated. It is known
that JERS-1 SAR has excessive ambiguities. This paper also gives
a quantitative evaluation of excessive ambiguities in coastal scenes
of JERS-1 SAR. First, focusing on the cases where wind blows
from the shore in Sagami Bay, we investigate phenomena of wind
speed increase with offshore distance using European Remote
sensing Satellite-1 (ERS-1) SAR-derived wind speeds. The relation
between wind speed and offshore distance is well formulated,
which indicates the transition of the atmospheric boundary layer
from land to sea surface. Wind speeds derived from JERS-1 SAR
should be overestimated due to the excessive ambiguity. Then,
for observation time of each JERS-1 SAR capturing the cases
that wind blows from the shore in Sagami Bay, the expected
wind speed growth profile is derived from the wind speed growth
formula and an in situ wind observation of Hiratsuka Experiment
Station. We convert the wind-speed profile into the sigma-0 profile
by an L-band model function. Finally, the profiles of JERS-1
SAR-observed and the estimated sigma-0 are compared, and the
excessive ambiguity is estimated as the difference between them.
As a result, the dynamic range of first azimuth ambiguity is as
large as that of the wind-relating signal from the ocean surface.
Moreover, higher order azimuth ambiguities and range ambiguity
also may have a significant impact on near-shore wind retrieval.

Index Terms—Ambiguities, Japanese Earth Resources Satel-
lite-1 (JERS-1) synthetic aperture radar (SAR), L-band model
function, synthetic aperture radar (SAR) wind retrieval.

I. INTRODUCTION

AGEOPHYSICAL model function (GMF) empirically
and/or theoretically relates the normalized radar cross

section (NRCS) of satellite radar sensors [e.g., scatterometer
or synthetic aperture radar (SAR)] at the sea surface to the
surface wind speed and direction. Usually, the GMF is also
a function of the radar frequency and polarization, incidence
angle, and the other minor physical parameters of sea surface.
Ku- and C-band model functions are well established and
validated through series of satellite scatterometer missions,
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i.e., for Ku-band, Seasat/Scattrometer (SASS) [1], National
Aeronautics and Space Adminsitration (NASA) Scattrometer
onboard the Advanced Earth Observing Satellilte (ADEOS)
[2], QuikSCAT/SeaWinds (http://podaac.jpl.nasa.gov/quikscat/
qscat_doc.html), and for C-band, Active Microwave Instru-
ments (AMI) onboard European Remote sensing Satellite 1
and 2 (ERS-1/2) [3]. SAR images can be converted into wind
speed maps using GMF and wind direction from other data
sources such as scatterometer, in situ measurements, and op-
erational/nonoperational meteorological model outputs. Wind
directions can sometimes be extracted from linear features of
the images themselves. C-band model functions are used for
SAR wind retrieval using ERS-1/2 SAR and RADARSAT (e.g.,
[4] and [5]). An L-band model function is newly developed
by Shimada et al. [6] using L-band SAR onboard Japanese
Earth Resources Satellite-1 (JERS-1). It enables wind speed
retrieval from JERS-1 SAR. Resultant estimates of retrieved
wind speeds over the open ocean have a root mean square error
(RMSE) of 2.09 m/s with a negligible bias against the truth
wind speed [6].

The SAR wind retrieval is especially useful in coastal seas,
because SAR can capture the complex wind fields such as
orographically modified wind. For its wider applications, it
is necessary to validate JERS-1 SAR-derived wind speeds in
the coastal zone. It has been already proven that wind speeds
derived from JERS-1 SAR using the L-band model function
have good accuracy in open oceans [6]. On the other hand, it is
known that there exist excessive ambiguities in JERS-1 SAR
images due to some system operating troubles in the initial
mission check period and that these can contaminate signals
from ocean [7]. However, little attention has been given to the
point, and quantitative evaluations of excessive ambiguities on
JERS-1 SAR images are not understood exactly. So, the effects
of excessive ambiguities on wind retrieval in coastal zones are
also unknown.

Here, one must notice the wording of “excessive ambi-
guities.” When the data sequence from a radar is sampled,
the presence of ambiguities must be considered. Ambiguities
are unwanted contributions to the image. They are always
present due to pulse repetition from the radar and the resulting
aliasing, which are inherent to radar systems. In most SARs
under the present circumstances, the azimuth and range am-
biguities should not be a contamination source of the signal
of interest, by design. However, JERS-1 SAR is an exception.
The contribution from ambiguities that originate from bright
targets such as land are so significant that they can contaminate
the signal of interest. In such cases, ambiguities cannot be
neglected. Therefore, we use the term “excessive ambiguities”
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(a)

(b)

Fig. 1. (a) Geographycal locations of the Hiratsuka tower (triangle). In case winds are blowing from north, profiles of JERS-1 SAR sigma-0, ERS-1 SAR NRCS,
and wind speeds are obtained along the lines in the area that are indicated between two arrows. (b) The detail map around the Hiratsuka tower.

to refer to the significant ambiguities of JERS-1 SAR in order
to differentiate them from ambiguities in an ordinary sense. It
is verified in [6] that the ambiguities are not significant in open
oceans because the results of wind retrieval are good. Because
the intensity of backscattering from sea surface is originally
weak compared with that from land, the resulting ambiguities
are not significant.

The purpose of this paper is to examine wind retrieval from
JERS-1 SAR in coastal seas. It is possible to characterize the
results of the present study as evaluation of excessive ambigui-
ties of JERS-1 SAR from a coastal wind retrieval point of view.

Wind speeds derived from ERS-1 SAR and in situ wind mea-
surements are used for the validation of JERS-1 SAR-derived
wind speeds. The study area is Sagami Bay, where high-quality
measurements of winds and waves are made at an observation
station. Moreover, the coastline is perpendicular to the azimuth
direction. In the following section, data used in the present study
are summarized, including a brief review of the L-band model
function. The preliminary results are also shown. The method
of estimating excessive ambiguities is described in Section III,
and Section IV shows the results. Section V is devoted for dis-
cussion. Summary and conclusions are given in Section VI.



SHIMADA et al.: EVALUATION OF JERS-1 SAR IMAGES 493

II. DATA AND METHOD

A. In Situ Wind Measurement

Since 1965, sea-surface wind vectors and surface waves have
been continuously measured at the Hiratsuka Experiment Sta-
tion (hereafter, the Hiratsuka tower) operated by the National
Research Institute for Earth Science and Disaster Prevention,
Japan. The Hiratsuka tower is located 1 km offshore [see
Fig. 1(a) and (b)] at a water depth of 20 m. An anemometer
is installed on the tower at 19.5 m height above the mean
sea surface. Winds and waves are recorded with a sampling
interval of 0.3 s. Wind data are recorded hourly as a mean over
a period of 10 min. The systems and climatological analyses
are summarized in [8] and [9]. The time difference between the
in situ and SAR observations is less than 30 min. Wind speed
at 19.5 m is reduced to 10-m height wind speed by applying
a correction factor for neutral stability [10]; in this case, wind
speeds are divided by 1.075.

B. JERS-1 SAR and L-Band Model Function

JERS-1 was launched on February 11, 1992. The SAR on-
board JERS-1 operated at L-band, horizontal polarization with
beam center incidence angle of 39 , and 18-m surface resolu-
tion. The swath is 75 km. The SAR data are processed by the
Sigma-SAR processor [11]. A total of 110 JERS-1 SAR im-
ages at Sagami Bay are used in the present study. (Note: the
Sigma-SAR processor uses 70% of the bandwidth, which is cen-
tered at the Doppler frequency, mainly for improving the fo-
cusing and partially for reducing the azimuth ambiguity.)

Fig. 2(a) and (b) shows schemes of range and azimuth am-
biguities in Sagami Bay, respectively. Ambiguities come from
outside of the intended imaging target and are folded into the
backscattering intensity of the target. Range ambiguities [12]
arise from scatterers at either side of 90 km [7] away from the
JERS-1 SAR imaging point [Fig. 2(a)]. On the other hand, az-
imuth ambiguities [12] are due to reflections that are captured
by the mainlobe edges or sidelobes of the antenna along-track
illumination pattern and repeat image elements in the scene at
multiples of 17 km [7] in the along-track direction of the swath.
The first-order ambiguity, which nearest from the target, is gen-
erally the strongest [Fig. 2(b)]. Their intensities decrease with
the distance from the true imaging target [7].

Fig. 3 is an example of JERS-1 SAR image of Sagami Bay.
We can see the first-order intense azimuth ambiguity in the
center part of the scene. The excessive azimuth ambiguities orig-
inated from bright targets such as cities are often recognized in
the coastal scenes of JERS-1 SAR.

An L-band model function is developed in [6] using 2288
scenes of JERS-1 SAR. A unique aspect of the analysis is
that many coincident and collocated wind vectors observed
by ADEOS/NSCAT and buoys were compared with JERS-1
SAR NRCS measurements in open oceans. The problem of the
system noise peculiar to JERS-1 SAR is solved. The coeffi-
cients of the GMF were derived from the dataset. Some studies
have proposed simple relationships between wind vectors and
L-band NRCS using the satellite-borne, shuttle-based, and air-
borne L-band systems [13]–[17]. However, their relationships
were not completed for full ranges of wind speed and wind

Fig. 2. Schematic locations of (a) range and (b) the first azimuth ambiguity
folded from the land around Sagami Bay.

Fig. 3. Example of JERS-1 SAR images of Sagami Bay on April 22, 1992.
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direction through examination using statistically significant
numbers of measurements. In fact, the large NRCS dataset
observed by the JERS-1 SAR is a unique and comprehensive
data source of L-band radar backscatter from sea surface.

Main conclusions derived in [6] are as follows.

1) L-band NRCS depends on both wind speed and di-
rection. For higher wind speeds, it represents a larger
upwind/downwind asymmetry than Ku- and C-band
NRCSs. Because of the narrow SAR swath and the
system noise of JERS-1 SAR in range direction, they
could not examine incidence angle dependence.

2) The L-band model function is formulated as the third
cosine harmonics of wind direction in order to repre-
sent a large upwind/downwind asymmetry. Difference
between the wind-speed dependences for upwind and
downwind is quite large when the wind speed exceeds
10 m/s. Therefore, conventional second-order harmonics
formulas cannot express this deformed wind-direction
dependence. In other words, it cannot express the po-
sitions of the minimums at 90 and 270 and the large
upwind/downwind asymmetry at the same time. The
functional form of this L-band model function is

(1)

for the incidence angle of 37 to 42 and wind speeds
0–20 m/s. , , and represent wind
speed, relative wind direction, and model coefficients, re-
spectively. This model function can be considered as the
representative relationship between L-band NRCS, wind
speed, and wind direction for an incidence angle of 40 .

3) Comparison of the SAR-derived wind speeds through the
L-band GMF and the sea-truth wind speed results in that
the RMSE is 2.09 m/s and the bias is negligible. It is
concluded that the proposed L-band model function can
convert JERS-1 SAR images of the open ocean into the
maps of reliable high-spatial resolution wind speed.

Note that, in the analyses hereafter, we use sigma-0
as an alternative to NRCS. It is originally defined in [6] as the
square of 16-bit image intensity, from which the system noise
level is subtracted. The system noise level is estimated scene
by scene. The method of estimating the noise is described in
[6]. Namely, the sigma-0 is derived by solving the system noise
problem peculiar to JERS-1 SAR. It is verified in [6] that the
sigma-0 can be treated as a relatively calibrated backscattering
intensity from sea surface and that it is suitable for describing
ocean signals of JERS-1 SAR.

In order to investigate the JERS-1 SAR characteristics during
the analyzed period, we sample sigma-0 values from 110 scenes
of JERS-1 SAR at the Hiratsuka tower. Fig. 4 shows a time se-
ries of the differences between sigma-0 observed at the Hirat-
suka tower and estimated by the L-band model function with in
situ wind speed and direction. During the term of JERS-1 ini-
tial mission check (February–August 1992), the differences of
sigma-0 are fluctuating. Since the start of JERS-1 operational
mode at the end of September 1992, the differences of sigma-0
are steady and deviate around a constant level . The

Fig. 4. Difference of the sigma-0 at the Hirastsuka tower observed by JERS-1
SAR and estimated sigma-0 by the L-band model function using the wind speed
and direction at the tower. Solid line shows the mean of sigma-0 during the
operational mode period of JERS-1 SAR.

Fig. 5. Comparison of ERS-1 SAR-derived wind speeds with those observed
by the Hiratsuka tower 1 km off the coast.

standard deviation is and the relative RMSE is 0.08. In
this paper, JERS-1 SAR images obtained during the operational
mode period are used.

C. ERS-1 SAR

ERS-1 carried AMI, which could operate as a C-band with
vertical polarization SAR. The AMI SAR-mode operates over a
fixed range of incidence angles from 20 to 26 , which results
in a swath of 100 km. The spatial resolution of the imagery is
30 m. We used 41 scenes from ERS-1 SAR images that view
Sagami Bay. The azimuth ambiguity in ERS-1 SAR imagery is
not significant. It is verified that the coastal wind retrieval from
ERS-1 SAR using C-band scatterometer model functions gives
good results (e.g., [18]–[20]).

As a preliminary analysis, we compare ERS-1 SAR-derived
wind speeds at the Hiratsuka tower and the in situ wind speed
measurements at the Hiratsuka tower. Wind speeds are retrieved
using the CMOD IFR2 scatterometer wind model [21] and in
situ wind direction. Fig. 5 shows the results, which are indi-
cated by different symbols for onshore/offshore wind cases. In
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the onshore cases, winds are blowing from southwest and south-
east, and in the offshore cases the other directions. The resulting
RMSE is 2.13 m/s and bias is 0.48 m/s. In conclusion, though
retrieved wind are somewhat underestimated, little dependence
on the onshore/offshore wind direction is seen, and the wind
speeds are generally well retrieved even at near the coast.

III. METHOD

In order to estimate excessive ambiguities and validate
JERS-1 SAR-derived wind speeds, we focus on simple cases in
which the wind blows from north in Sagami Bay. The range of
wind direction observed at the Hiratsuka tower is within 340
to 20 [see Fig. 1(a)]. It is assumed that the wind direction
is uniform over the profile line. The method we employed is
as follows. First, we derive the profiles of sigma-0 along the
assumed wind direction from JERS-1 SAR images. In the same
way, NRCS profiles are derived from ERS-1 SAR images. Note
that NRCS refers to the absolutely calibrated one. Next, wind
speed profiles are derived from the sigma-0 and NRCS profiles
using the L- and C-band model functions. The wind speeds
derived from JERS-1 SAR should be overestimated due to ex-
cessive ambiguities. Then, the wind speed profile derived from
ERS-1 SAR is normalized by its mean wind speed. We derive
a common feature between them and modeled it by a simple
formula. Finally, using this formula and wind speed observed
at the Hiratsuka tower, the expected variation of wind speed
with offshore distance at the JERS-1 SAR observation time is
derived. We convert the wind speed profile into that of sigma-0.
The difference between the observed and the estimated sigma-0
profiles are derived as the excessive ambiguities.

The method is concretely described below. Fig. 6(a) shows
the variation of wind speed with offshore distance derived from
ERS-1 SAR. Each profile is normalized by its mean wind speed.
The start point is the location of the Hiratsuka tower. It is clearly
shown that wind speed generally increases with the distance
from the shore and that all the profiles agree well with each other.
Fig. 6(b) shows the mean profile, its standard deviation, and the
regression line. The formulation of the regression is defined as

(2)

where are coefficients, is the offshore distance in kilo-
meters, and is mean wind speed. The values of coefficients
are 0.2954, 0.7933, and 5.3476, respectively. The standard de-
viation is relatively small. It can be concluded that there exists a
common feature of wind speed growth with offshore distance in
the bay and that the empirically derived profile of wind speed,
which is formulated by (2), represents it well.

IV. RESULTS

A. Comparison Between ERS-1 and JERS-1 SAR-Derived
Wind Speeds and Tower Wind Speeds

Fig. 7(a)–(d) shows comparisons of SAR-derived wind speeds
at the offshore distances of 20, 32, 44, and 55 km, respectively,
against the coincident Hiratsuka tower wind speeds for both
ERS-1 SAR and JERS-1 SAR. The broken line is a regression
line for all the plots. Because the data were not acquired at the

Fig. 6. Variation of wind speed with offshore distance derived from ERS-1
SAR. (a) All profiles of wind speed in northerly wind cases. (b) The mean profile
normalized by mean wind speed (thick solid line) and its standard deviations
(broken lines). In the figure, the simply formulated variation of wind speed with
offshore distance (thin solid line: regression curve) is also shown.

same time for ERS-1 and JERS-1 SAR, we cannot directly
compare ERS-1 and JERS-1 SAR-derived wind speeds. So,
note the relations between SAR-derived wind speeds and wind
speeds observed at the Hiratsuka tower for ERS-1 and JERS-1.

At the distance of 20 km, almost all the wind speeds derived
from JERS-1 SAR are larger than 18 m/s, which is due to the ex-
cessive ambiguities in the SAR image. At the distance of 32 and
44 km, the JERS-1 SAR-derived wind speeds are much larger
than in situ wind speeds. In the case of 55-km distance from the
shore, both JERS-1 and ERS-1 SAR-derived the wind speeds
scatter around the regression line. It is shown that, at the dis-
tance of 55 km, the wind speeds derived from ERS-1 SAR and
JERS-1 SAR have the same relationship against the Hiratsuka
tower wind speeds. The relationship is considered as the growth
of wind speed with offshore distance. Wind speeds at the dis-
tance of 55 km are about twice as large as those at the tower
(located 1 km off shore), which is consistent with the normal-
ized profile of wind speed shown in Fig. 6.

Using (2), wind speeds at the distance of 1 km are estimated
from the JERS-1 SAR-derived wind speeds at the distance of
55 km. Fig. 8 shows the comparison between them and the Hi-
ratsuka tower wind speeds. Profiles that do not pass over the
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Fig. 7. Comparison of SAR-derived wind speeds at the distance of (a) 20 km, (b) 32 km, (c) 44 km, and (d) 55 km with the Hiratsuka tower wind speeds for
JERS-1 SAR and ERS-1 SAR.

Fig. 8. Comparison of the wind speeds estimated from the JERS-1 SAR
images at the distance of 1 km with the tower wind speed. These wind speeds
are derived from the wind speed growth formula and JERS-1 SAR-derived
wind speeds at the distance of 55 km.

Ooshima are used. The estimated wind speeds agree well with
the in situ observations; the RMSE is 2.12 m/s, and the bias
is 0.51 m/s. This result suggests that the normalized profile of

wind speed represents the growth of wind speed with offshore
distance even in the cases of JERS-1 SAR.

B. Estimate of Excessive Ambiguity

On the basis of the above results, the excessive ambiguity is
estimated. The solid line in Fig. 9(a) is an example of a pro-
file of JERS-1 SAR sigma-0. The solid line in Fig. 9(b) is the
corresponding profile of wind speed by the L-band model func-
tion. Using (2) and the JERS-1 SAR-derived wind speed at the
distance of 55 km, the expected profile of wind speed is de-
rived [the broken line in Fig. 9(b)]. The corresponding profile
of sigma-0, which is derived by the L-band model function, is
shown by the broken line in Fig. 9(a). Thus, the difference be-
tween SAR-observed and the estimated profiles of sigma-0 is
obtained as the excessive ambiguities. These calculations are
made for the selected JERS-1 SAR images. In Fig. 9(c), mean
profile and the standard deviations of the resulting profiles are
shown. It is shown that, within 20 km of offshore distance, the
estimated excessive ambiguity is especially high. In the farther
distances, excessive ambiguity is little but systematically posi-
tive value within 50 km from the coast.
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Fig. 9. (a) Profiles of (solid line) the observed sigma-0 and (broken line) the
expected sigma-0 (see text). (b) A wind speed profile derived from (solid line)
the observed sigma-0 and (broken line) the wind speed profile derived from the
wind speed growth formula. (c) Mean profile (solid line) of differences between
sigma-0 observed by JERS-1 SAR and sigma-0 estimated by the wind speed
growth formula. Two broken lines of a standard deviation are also shown.

V. DISCUSSION

A. Excessive Ambiguities

We estimated the excessive ambiguities as the difference be-
tween the observed sigma-0 and the estimated sigma-0 through

the growth of wind speed with offshore distance. It is reasonable
to consider the difference of sigma-0 as the excessive ambigui-
ties because the excessive ambiguities are prominent only in the
coastal region. The errors due to the wind retrieval and the gen-
eralized formula of wind speed growth cause the estimates of
excessive ambiguity.

It is reasonable to conclude that excessive ambiguities con-
taminate the estimated wind speeds from the coastline up to
at least 50 km, though the excessive ambiguities become weak
with the offshore distance. Within 20 km of distance, excessive
ambiguity is especially high. It is considered as the first azimuth
ambiguity. It is reported in [7] that the distance at which the first
azimuth ambiguity appears is 17 km away.

Wind speeds are overestimated within 50 km from the coast.
In the JERS-1 SAR image, it is suggested that not only the first
azimuth ambiguity, but also higher order ambiguities and range
ambiguity, may have a significant impact on wind retrieval. The
relative contributions of the range ambiguity and the higher
order azimuth ambiguities cannot be determined.

We consider the ratio of excessive ambiguity to wind signal.
The signal-to-ambiguity (SA) ratio is defined by [7] as

SA (3)

where , , and indicate the 16-bit image
intensity of ambiguity, ocean, and coastal cities, respectively.
Here, we simply consider the ratio of the excessive ambiguity
to the wind signal.

It is found that sigma-0 corresponding to the wind signal com-
ponent varies from 0 to for wind speeds of 0–20 m/s
according to the L-band model function. On the other hand,
the first ambiguity is as large as at the distance of
5 km [Fig. 9(c)]. It can be concluded that the dynamic range of
wind signal is as large as that of the first azimuth ambiguity. In
other words, the first azimuth ambiguity due to urban reflections
has intensities as large as sigma-0 corresponding to high wind
speed more than 10 m/s. For example, the ambiguity intensity
is at the distance of 40 km even in the third azimuth
ambiguity area [Fig. 9(c)]. If the wind speed is 10 m/s, sigma-0
is roughly for all the wind directions according to
the L-band model function. In such a case, the error, which is
a ratio of ambiguity component to wind signal, can be 10% in
estimating sigma-0.

It should be evident that wind speed retrieval from JERS-1
SAR is difficult within 50 km from the coast. When retrieving
coastal wind speeds from JERS-1 SAR, we must take into ac-
count excessive azimuth and range ambiguities, and we should
not use the estimated wind speeds in those areas. However, it is
important in the present study that the excessive ambiguities in
the ocean of JERS-1 SAR images are quantitatively estimated.
These results will be the basis for other ocean applications.

It may be worth mentioning, in passing, that wind signal can
be occasionally derived in coastal zones. If the coast is parallel
to the azimuth direction, the azimuth ambiguity that arises from
coastal areas does not appear in the ocean and does not become
a source of noise in estimating sigma-0. Moreover, range am-
biguity is not significant compared to azimuth ambiguity. We
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Fig. 10. Comparison of the variation of wind speed derived from the previous studies and the present study. (Black circle) [26]. (Square) Smith/Macpherson field
data [24]. (Thin dotted line) Smith/Macpherson empirical fit [24]. (Thin solid line) Taylor/Lee guidelines [23]. Broad solid line and broken lines are the mean and
the standard deviations obtained in the present study. Original figure is cited from [25] and [26].

can give an example of the east and west sides of Tohoku area
in Japan. If wind speeds are derived in such a case, they will
have a relatively low constant bias. If, on the other hand, coastal
land is covered by low backscatter and uniform distribution tar-
gets, wind signal can be derived even in the presence of the
first azimuth ambiguity. The following is a good example. Radar
backscatter of JERS-1 SAR and in situ wind measurements in
the Lake Sinji, Japan are compared in [22]. The lake is sur-
rounded by mountains, and the ambiguities should be folded
into the backscattering intensity from the lake. But the relation-
ship between radar backscatter from the lake and wind vectors
is consistent with the L-band model function [6].

B. Growth of Wind Speed With Offshore Distance

In this paper, we generalized the growth of wind speed with
offshore distance for the northerly wind in the bay (2). It is
shown that the wind speed growth profiles normalized by mean
wind speed agree well and that ERS SAR wind retrieval is useful
for capturing the growth of wind speed with distance from the
shore. In this paper, wind direction in the bay is assumed to
be uniform as in situ observations. But wind direction may not
cause significant error of wind speed in the northerly wind cases
because the normalized profiles agree well each other.

The growth of wind speed with offshore distance in the bay
results from two factors. One is due to the evolution of ma-
rine internal atmospheric boundary layers. The aerodynamical
roughness over the sea is usually much smaller than that over
the land. In coastal seas, the large roughness over the land dis-
appears, and the new internal atmospheric boundary layer starts
growing over the sea along the offshore distance. Such relax-
ation of the internal boundary layer causes the increase of wind
speed with distance. The other is due to the effect of upstream

mountainous terrain on the wind. Though the effect of the up-
wind terrain decreases with offshore distance, a northerly wind
can be influenced by it.

We compare the variation of wind speed with offshore
distance derived in the study to those of the previous studies.
Several studies investigated the growth of wind speed using
the airborne systems, the altimeters, and the scatterometers
[23]–[27]. Comparisons between the variations of wind speed
in the boundary layers over land/sea in the case of offshore
wind are summarized in [26] as shown in Fig. 10. The original
figure is adopted from [25]. The relationship derived from
ERS-1 SAR in the present study is also shown in Fig. 10. The
difference of the heights of wind measurement may not affect
the results very much. When the logarithmic wind profile
is assumed, the ratio of wind speeds at the two heights is
proportional to the root of the drag coefficient [26]. The drag
coefficient may change with evolution of wind wave and the
atmospheric boundary layer. However, the change of the drag
coefficient can be considered to be small and does not affect
the results.

The result in this paper is a continuous profile because it is
derived from SAR. It has smaller values than those of the other
studies within 30-km distance. This suggests that the roughness
of upwind city is larger than expected and that coastal wind is
influenced by upwind terrain. This may be also due to some
effects associated with fetch on radar backscattering.

More studies are required for the growth of wind speed within
100-km scale. It relates the evolution of internal atmospheric
boundary layer and the coupling effects of wave and wind under
this transition region. For such studies, SAR is a very useful tool.

VI. SUMMARY AND CONCLUSION

In this paper, retrieved wind speeds from JERS-1 SAR in
the coastal region are examined, and excessive ambiguities of
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JERS-1 SAR are quantitatively estimated. We focus on the
cases that wind blows from north in Sagami Bay. We general-
ized growth of wind speed with offshore distance for northerly
wind conditions of the bay using the ERS-1 SAR-derived wind
speeds. We estimated the originally expected wind speed profile
for each JERS-1 SAR observation time from the generalized
wind speed growth formula (2) and in situ measurements. The
wind speed profile is converted into sigma-0 by the L-band
model function. Excessive ambiguities are estimated as the
difference between observed and estimated sigma-0.

These observations lead to the following conclusions. The
wind speeds estimated from ERS-1 SAR using the C-band
model function and from JERS-1 SAR using the L-band model
function are consistent at the distance of 55 km away from the
coast. It is suggested that not only the first azimuth ambiguity
but also higher order azimuth ambiguity and range ambiguity
are significant for wind retrieval for JERS-1 SAR, though they
are much smaller than the first azimuth ambiguity. The first
azimuth ambiguity is large as sigma-0 value of the high wind
signals. Wind retrieval from JERS-1 SAR is difficult within
50 km from the coast. It is necessary to bear the excessive
ambiguities in mind when using JERS-1 SAR images of coastal
regions.

The newly developed L-band model function allows us to es-
timate JERS-1 SAR excessive ambiguities in coastal seas quan-
titatively. Unfortunately, it is found that coastal wind retrieval
using JERS-1 SAR is difficult. However, this study will be a
basis for ocean applications using JERS-1 SAR. Moreover, from
the analyses of ERS-1 SAR, SAR can be a useful tool for coastal
wind studies.
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