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Abstract: The ocean surface current influences the roughness of the sea surface, subsequently affecting
the scatterometer’s measurement of wind speed. In this study, the effect of surface currents on ASCAT-
retrieved winds is investigated based on in-situ observations of both surface winds and currents from
40 open ocean moored buoys in the tropical and mid-latitude oceans. A total of 28,803 data triplets,
consisting of buoy-observed wind vectors, current vectors, and ASCAT Level 2 wind vectors, were
collected from the dataset spanning over 10 years. It is found that the bias between scatterometer-
retrieved wind speed and buoy-observed wind speed is negatively correlated with the ocean surface
current speed. The wind speed bias is approximately 0.96 times the magnitude of the downwind
surface current. The root-mean-square error between the ASCAT wind speeds and buoy observations
is reduced by about 15% if rectification with ocean surface currents is involved. Therefore, it is
essential to incorporate surface current information into wind speed calibration, particularly in
regions with strong surface currents.

Keywords: ASCAT; sea surface wind; moored buoys; ocean surface current

1. Introduction

Conventionally, long-term and high-precision in-situ sea surface winds are mainly
obtained from ships, buoys, and coastal weather stations [1,2]. However, these are single-
point observations that struggle to satisfy large-scale and real-time ocean wind monitoring.
With the continuous developments in satellite remote sensing technology since the 1970s,
satellites have become an important way to monitor global surface winds [3]. The main
sensors used to measure surface winds include the altimeter, microwave radiometer, scat-
terometer, and synthetic aperture radar [4–7]. As the wind blows over the sea surface, short
waves with scales of centimeters are formed, giving rise to sea surface roughness [2]. The
sea surface backscattering or sea surface brightness temperature measured via microwave
sensors is a manifestation of the sea surface roughness, and then a certain empirical re-
lationship between the sea surface roughness and sea surface wind speed, as well as the
corresponding retrieval algorithms, can be derived. Because shortwaves in centimeters are
generated by the movement of air relative to the sea surface, the wind observed from a
scatterometer represents the wind velocity relative to the ocean surface velocity [8,9], which
is distinct from the absolute movement of the atmosphere observed via moored buoys.

However, the in-situ observations of long-term and wide-range ocean surface currents
are insufficient, particularly in the open ocean, which brings challenges in accurately as-
sessing the effect of ocean surface currents on satellite-remotely sensed winds. In recent
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decades, studies regarding the effect of strong currents on satellite-remotely sensed winds
have been conducted using tropical moored arrays and coastal buoys. To date, a basic
understanding of this effect has been reached: the wind speed inferred from a satellite
is generally lower (higher) than that measured via in-situ anemometers when the cur-
rent is toward (against) the direction of surface winds [10–14]. For example, Dickinson
et al. [10] and Kelly et al. [11] compared scatterometer-retrieved winds using the Tropical
Atmosphere Ocean (TAO) array, concluding that the zonal wind speed observed via the
scatterometer was significantly influenced by background zonal currents. A subsequent
study by Kelly et al. [12] also showed that the zonal wind speed differences between TAO
buoys and a QuickSCAT scatterometer were highly correlated with the observed zonal
currents. The conclusions above are mainly drawn from a tropical moored array where
zonal currents are dominant, while the representation of such an effect in extra-tropical
regions is not documented, primarily due to insufficient moored buoys involving both
wind and current observations.

With respect to the quantification of such an effect, Plagge et al. [13] projected the sea
surface current velocity onto the wind direction and obtained a near-one-to-one correlation
between the projections and the wind speed differences between satellites and buoys,
which means that the difference of ~1.0 m/s in the wind speed principally resulted from
the surface current of 1.0 m/s. However, only two buoys off the coast of the Gulf of Maine
were used in their analysis, and it is still unclear whether their quantitative description is
universal to the open ocean. In this paper, we applied the projection method and extended
the analysis to the global open ocean to propose a general quantitative relationship between
surface current and wind speed difference. McGregor et al. [14] attempted to correct the
satellite-retrieved ocean surface winds and found the inadequacy of using a monthly top
30 m average current product. In this paper, we utilize hourly buoy-observed ocean currents
at the very near surface to correct scatterometer winds. By removing the wind bias caused
by background currents, the root-mean-square error (RMSE) between the in-situ observed
wind speed and advanced scatterometer (ASCAT)-retrieved wind speed is expected to
be significantly reduced. Additionally, a reprocessed surface current product is used for
comparison in the correction process.

This paper is organized as follows. The data preprocessing and methods are intro-
duced in Section 2. The detailed results, including the data comparison between buoys
and ASCAT, the wind speed difference and its relationship with the surface current, and
the correction of the ASCAT-retrieved winds, are described in Section 3. Discussions are
presented in Section 4, followed by conclusion in Section 5.

2. Data and Methods

The remotely sensed wind speed and direction are obtained from two ASCAT product
sets [15,16]. ASCAT is one of the instruments carried onboard the Metop polar satellites
launched by the European Space Agency. Retrievals from the C-band ASCAT scatterometers
onboard Metop-A and Metop-B show comparable statistics when compared to reanalysis
winds [17]. The Level 2 (L2) and Level 3 (L3) ocean surface wind products derived from
ASCAT are two types of commonly used satellite wind products. The L3 wind product
relies on the L2 scatterometer wind vectors, which are re-gridded to a regular Lat-Lon grid
with fixed spacing. To assess whether the accuracy of the L3 ASCAT wind speed diminishes
or not after this meshing and averaging process, and to what extent the contribution of
the surface current is inherited in this wind product, a comparison is made between data
from the ASCAT L2 and L3 products. The Metop-B ASCAT L2 along-track data and the
Metop-A ASCAT L3 daily instantaneous gridded data are collected over a 10 yr and 15 yr
time period, respectively. The two scatterometer datasets are calibrated to approximate
the wind at 10 m above the ocean surface in a neutrally stratified atmosphere with a
spatial resolution of 25 km. Additionally, to fulfill the requirement for the simultaneous
observation of the sea surface current and wind, a total of 40 mooring buoys were chosen,
including buoys from Tropical Atmosphere Ocean/Triangle Trans-Ocean Buoy Network
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(TAO/TRIRTON), Prediction and Research Moored Array in the Tropical Atlantic (PIRATA),
Research Moored Array for African–Asian–Australian Monsoon Analysis and Prediction
(RAMA), and several other buoys at the mid-latitudes (Figure 1). These buoys provide
high-temporal-resolution observations, with data recorded at 1 h intervals.
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Figure 1. (a) The spatial distributions of the 40 moored buoys. (b) Timeline of hourly wind vector
and current vector observations from these operational buoys. Distinct colors are utilized to denote
moored buoy data acquired from various projects or organizations.

For the L2 along-track product, data pairs that contain ASCAT wind and buoy wind
are collected when the scatterometer cell center is within 25 km of a moored buoy and the
time lag is less than 30 min [10]. Then, all scatterometer data that meet the above criteria are
averaged, generating a unique data pair of hourly winds [12]. For L3 daily instantaneous
gridded data, the acquisition time of measurements is provided for each grid point. The
scatterometer wind vectors are interpolated to the location of the moored buoy by means
of nearest interpolation if the time lag is less than 30 min. A total of 28,803 (40,426) data
triplets, consisting of buoy-observed wind vectors, current vectors, and ASCAT L2 (L3)
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wind vectors, were collected from the dataset spanning over 15 years. The numbers of
triplets at each buoy station, during the period from 1 January 2007 to 31 December 2021,
are shown in Figure 2.
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Figure 2. (a) The number of data triplets that the ASCAT L2 wind vector matched with the moored
buoy’s wind vector and current vector. (b) is the same as (a), but for the ASCAT L3 wind vector.

To allow a comparison with the scatterometer-retrieved winds, the buoy-observed
winds are adjusted to a 10 m neutral stability wind using the Coupled Ocean–Atmosphere
Response Experiment (COARE) 3.0 bulk flux algorithm [18]. Ancillary buoy measurements,
including the air temperature, sea surface temperature, and relative humidity were utilized
for this adjustment. The surface velocity was determined via selecting the topmost current
velocity measured by the buoy, while ensuring a sufficient data-recording duration. Table 1
presents the relevant information regarding the ocean current measurement sensors utilized
by each buoy, along with the corresponding measured depths. The velocity measurements
were selected at a minimum depth of 5 m and a maximum depth of 20 m. The hourly buoy-
observed currents represent the actual oceanic currents, encompassing geostrophic currents
and Ekman currents, as well as ageostrophic factors such as tidal currents. Furthermore,
a collection of 3-hourly reprocessed current products with a spatial resolution of 1/4◦,
obtained from the Copernicus Marine Environment Monitoring Service (CMEMS), was
utilized for comparison and ASCAT wind speed correction [19]. The surface ocean current
velocities for this product are obtained as the sum of the surface geostrophic current derived
from altimetry and the Ekman component, derived by applying an empirical Ekman model
to ERA5 wind stress. There is no global bias in the currents, but the zonal velocity is found
to be more accurate than the meridional velocity.



Remote Sens. 2023, 15, 4630 5 of 19

Table 1. The multi-year averaged coordinates of each buoy, along with the sensor types and deploy-
ment depths for ocean current measurements.

Buoy ID Longitude Latitude Depth Sensor Type

KEO 144.6◦E 32.4◦N 5 m, 6 m, 8 m, 11.5 m, 15 m, and 15.6
m at different deployment durations

Sontek, TRDI Doppler volume
sampler and Nortek Aquadopp

current meter at different
deployment durations

Papa 144.8◦W 50.1◦N 5 m, 6 m, and 15 m at different
deployment durations

Sontek, TRDI Doppler Volume
Sampler and Nortek Aquadopp

Current Meter at different
deployment durations

OOI-104233 89.2◦W 54.4◦S 12 m Single-point velocity meter

OOI-104007 42.4◦W 42.9◦S 12 m Single-point velocity meter

WHOI-
WHOTS 157.9◦W 22.7◦N 10 m Vector measuring current meter

WHOI-Stratus 85.3◦W 20.2◦S 7 m, 10 m, 13 m 15 m, and 20 m at
different deployment durations

Aanderaa ADCM, NORTEK ADCM,
and Aanderaa RCM11 at different

deployment durations

WHOI-NTAS 51.0◦W 14.8◦N 5.7 m, 6 m, 12 m, and 13 m at
different deployment durations

Aquadopp current meter, NORTEK
ADCM, and NORTEK current meter

at different deployment durations

RAMA

65.1◦E 15.1◦N

12 m

Sontek

67.0◦E 8.1◦S

67.2◦E 12.2◦S

67.2◦E 4.0◦S

80.4◦E 11.9◦S

80.5◦E 4.0◦S

80.5◦E 8.0◦S

89.0◦E 8.0◦N

89.1◦E 12.0◦N

95.0◦E 5.0◦S
10 m

95.1◦E 8.1◦S

TAO/TRITON

136.6◦E 7.8◦N

10 m Sontek

137.3◦E 4.9◦N

138.1◦E 2.0◦N

147.0◦E 0.0◦N

147.0◦E 2.0◦N

147.0◦E 5.0◦N

156.0◦E 0.0◦N

156.0◦E 2.0◦N

156.0◦E 2.0◦S

156.0◦E 5.0◦N

156.0◦E 5.0◦S

156.0◦E 8.0◦N
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Table 1. Cont.

Buoy ID Longitude Latitude Depth Sensor Type

PIRATA

38.0◦W 15.0◦N

12 m Sontek

38.0◦W 4.1◦N

37.9◦W 20.0◦N

35.0◦W 0.0◦N

23.1◦W 20.5◦N

23.0◦W 0.0◦N

23.0◦W 11.5◦N

23.0◦W 4.0◦N

10.0◦W 9.9◦S

10.0◦W 6.0◦S

The 15-year averaged surface current field from 2007 to 2021 is depicted based on
CMEMS data. Moored buoys are spreading in the regions characterized by strong surface
currents, including the equatorial current system, wind-driven, and western boundary
currents. Additionally, the sea area with a relatively weaker current is also deployed with
moored buoys such as Station Papa (Figure 3a). We conducted an analysis of the probability
density distribution (PDF) of the current speed and current direction, and the angle between
the current direction and the wind direction, based on buoy observations. For this analysis,
we employed 28,803 data triplets that included buoy-observed wind vectors, current
vectors, and L2 ASCAT-derived wind vectors. These moored buoys provide a wide range
of surface current speed observations from near zero to 1.0 m/s, with an average of about
0.23 m/s (Figure 3b). The PDF of current direction exhibits two peaks, at approximately
74◦ and 268◦, respectively, with the peak near 268◦ being more pronounced (Figure 3c). It
should be noted that the surface current direction is represented in the nautical coordinate
system, where zero signifies the flow toward true north, with direction proceeding in a
clockwise rotation. These observations indicate that the current directions are primarily
oriented east–west, with the current from east to west predominant. Further examination
of the angle between current direction and wind direction shows that although the surface
current directions are mostly in alignment with the surface winds, the angle between them
is widely distributed between 0 and 180◦. It provides a good dataset for the subsequent
analysis of the influence of ocean currents on scatterometer-retrieved winds.

Because a satellite scatterometer measures winds relative to the moving ocean surface,
not to a stationary point, the ASCAT winds should be lower than those measured using
anemometers when the current is in the same direction as the wind. Conversely, the ASCAT
winds should be higher when the current opposes the wind. On one hand, the current
effect on the scatterometer wind vector is revealed via analyzing the relationship between
the zonal and meridional components of ASCAT wind bias and ocean surface current [10].
On the other hand, the current velocity is projected onto the anemometer’s wind heading
direction (θw) and is defined as

up = |uc| ∗ cos(θc − θw) (1)

where |uc| is the magnitude of the surface current and θc is the direction of the current
in oceanographic convention [13]. Then, the current effect on the scatterometer wind
speed is revealed via analyzing the relationship between the ASCAT wind speed bias
and the projected current speed up. It should be noted that the wind biases mentioned
in this article were computed via subtracting the anemometer wind from the ASCAT
wind. Following the approach described by Plagge et al. [13], we performed a linear
least-squares regression analysis to establish the relationship between wind bias and up.
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Subsequently, we applied the derived regression equation to correct the scatterometer
winds. The correlation coefficient (R) is employed to characterize the relationship between
the wind speed bias and the current speed, and the root-mean-square error is used to
quantify the discrepancy between the satellite-retrieved winds and buoy-observed winds.
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Figure 3. (a) Multi-year averaged ocean surface current speed from 2007 to 2021. The gray arrows
indicate the average current direction. (b) The probability density function (PDF) of the magnitude of
the current speed, zonal component |u|, and meridional component |v|. (c) The PDF of the current
direction and the angle between the current vector and wind vector.

3. Results
3.1. Effect of Surface Current on Satellite Wind

The buoy winds and scatterometer winds show a good consistency with each other,
and the mean biases of both the ASCAT L2 and L3 winds are less than 0.3 m/s (Figure 4).
The RMSE of the ASCAT scalar wind speed is about 1.0 m/s. In addition, for either the
zonal or meridional components of wind vectors, it is about 1.3 m/s, which is larger
due to the scatterometer’s wind direction bias [20]. The ASCAT L3 product underwent
an interpolation to a regular Lat–Lon grid firstly, and then an interpolation to the buoy
stations. Due to the two interpolations, the wind bias and RMSE for the L3 product are
slightly larger compared to those for the ASCAT L2 product.
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Figure 4. Comparisons of (a) the wind speed (WSPD), (b) the zonal and (c) meridional wind
components between the buoy-based earth-relative observations and the collocated ASCAT L2 data.
(d–f) are the same as (a–c) but for the ASCAT L3 products. The color of each dot represents the
density of the data. The number (n) of data pairs in each panel is noted in the title.

The equatorial current system, combined with wind-driven and western boundary
currents, provides the conditions for intense air–sea interactions and a strong near-surface
velocity [21,22]. With moored buoys extensively distributed across these areas, the influence
of ocean currents on ASCAT L2 scalar winds is assessed via conducting a linear least-
squares regression analysis to determine the relationship between wind speed bias and the
projected ocean current up. The projected current speed approximately satisfies the normal
distribution both globally and for tropical ocean basins (Figure 5(a1–d1)). The global
average ASCAT L2 wind speed bias is about −0.96 times the magnitude of the projected
current speed up, i.e., the ASCAT L2 winds are lower than the buoy winds when currents
are in the same direction as the wind and are stronger when ocean currents oppose the
wind. Regional analysis, using buoy data from the RAMA array in the Indian Ocean, the
TAO/TRITON array in the tropical western Pacific, and the PIRATA array in the tropical
Atlantic Ocean, reveals a consistent negative correlation between ASCAT L2 wind speed
bias and up. The correlation coefficients obtained for these regions are −0.20, −0.31, and
−0.21, respectively (Figure 5(b1–d1)).
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The ability for wind direction measurements in a satellite scatterometer enables the
analysis of the effect of ocean surface currents on ASCAT wind speeds in both zonal and
meridional directions. Applying the same analysis methodology employed for the scalar
wind speed, the relationship between zonal/meridional wind speed bias and surface ve-
locity is elucidated. Globally, the ASCAT L2 wind biases are −0.78 and −0.81 times the
magnitude of the zonal and meridional current velocity, respectively (Figure 5(a2,a3)). The
regression slopes for both the zonal and meridional components exhibit significant fluctua-
tions near unity, suggesting that the ambiguity in the ASCAT wind direction contributes
to larger errors in two wind speed components. Consequently, the observed deviation in
ASCAT wind speed components cannot be solely attributed to ocean currents.

The same analysis is performed with the L3 daily instantaneous gridded data. The
ASCAT L3 product is derived from the upstream L2 wind product via interpolating the
wind vector cell measurements to a regular Lat–Lon grid. The measurements from the
ascending and descending passes are gridded into separate datasets, both of which are
used to obtain the triplet containing the satellite wind, buoy wind, and surface current. The
ASCAT L3 wind speed bias also exhibits a negative correlation with the projected current
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speed up, and the current velocity of 1.0 m/s corresponds to an error of 0.96 m/s in the
scalar wind speed (Figure 6(a1)).

Remote Sens. 2023, 15, x FOR PEER REVIEW 10 of 19 
 

 

 
Figure 6. The same as Figure 5 but for the ASCAT L3 wind product. 

The above statistical analyses give us an intuitive impression of the relationship be-
tween the scatterometer wind bias and the ocean surface velocity. However, it is interest-
ing to check whether the relationship is consistent in different sea areas. Subsequently, we 
conduct a detailed analysis of the effect of ocean currents on ASCAT winds at each moor-
ing station. In our analysis of the ASCAT L2 data, we see that 34 out of the 40 buoys exhibit 
a negative correlation between wind speed bias and the projected surface current speed, 
with correlation coefficients mainly ranging from −0.3 to −0.1 (Figure 7a). The result sug-
gests that the current projection approach employed by Plagge et al. [13], based on two 
coastal buoy datasets, can also be applied to the open ocean. The slope of the linear re-
gression equation is close to −1.0 at these stations (Figure 7d); that is to say, in strong ocean 
currents such as the equatorial countercurrent and western boundary currents [23], the 
ocean surface velocity of 2.0 m/s will cause an error of the same magnitude in the satellite 
scatterometer wind speed. The relationships between the zonal and meridional compo-
nents of the ASCAT L2 wind speed bias and the ocean surface current have also been 
investigated. The correlation coefficients and slopes obtained are consistent with the anal-
ysis of scalar wind speed bias (Figure 7b,c,e,f). Additionally, the zonal component shows 
a stronger negative correlation than the meridional component. 

The correlation between the scatterometer wind residuals and surface current speeds 
is influenced by the air–sea condition, sea state, and wind speed. In addition, the variation 
in correlation coefficients is attributed more to a combination of marine environments and 
statistical effects than to an actual increase or decrease in surface current. Plagge et al. [13] 
showed that the best correlation is obtained in conditions with a near-neutral atmospheric 
stability and moderate wind speeds. In general, ocean surface winds and sea states are 
moderate near the equator and more turbulent in mid-latitude oceans. The variations in 
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The above statistical analyses give us an intuitive impression of the relationship be-
tween the scatterometer wind bias and the ocean surface velocity. However, it is interesting
to check whether the relationship is consistent in different sea areas. Subsequently, we
conduct a detailed analysis of the effect of ocean currents on ASCAT winds at each mooring
station. In our analysis of the ASCAT L2 data, we see that 34 out of the 40 buoys exhibit
a negative correlation between wind speed bias and the projected surface current speed,
with correlation coefficients mainly ranging from −0.3 to −0.1 (Figure 7a). The result
suggests that the current projection approach employed by Plagge et al. [13], based on
two coastal buoy datasets, can also be applied to the open ocean. The slope of the linear
regression equation is close to −1.0 at these stations (Figure 7d); that is to say, in strong
ocean currents such as the equatorial countercurrent and western boundary currents [23],
the ocean surface velocity of 2.0 m/s will cause an error of the same magnitude in the
satellite scatterometer wind speed. The relationships between the zonal and meridional
components of the ASCAT L2 wind speed bias and the ocean surface current have also
been investigated. The correlation coefficients and slopes obtained are consistent with the
analysis of scalar wind speed bias (Figure 7b,c,e,f). Additionally, the zonal component
shows a stronger negative correlation than the meridional component.
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bias and projected current speed. (b,e) represent the zonal wind speed bias and surface velocity,
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pass the significance test at a 95% confidence level are labeled with gray triangles.

The correlation between the scatterometer wind residuals and surface current speeds
is influenced by the air–sea condition, sea state, and wind speed. In addition, the variation
in correlation coefficients is attributed more to a combination of marine environments and
statistical effects than to an actual increase or decrease in surface current. Plagge et al. [13]
showed that the best correlation is obtained in conditions with a near-neutral atmospheric
stability and moderate wind speeds. In general, ocean surface winds and sea states are
moderate near the equator and more turbulent in mid-latitude oceans. The variations
in marine environments and the unequal distribution of data points may contribute to
differences in the correlation coefficients at various sampling locations.

The linear correlation coefficients and slopes are quite similar to Figure 7 in the analysis
of the ASCAT L3 wind product (Figure 8), which indicates that the L3 daily instantaneous
gridded scatterometer wind product inherits the influence of the ocean surface current
existing in the along-track measurements. In summary, a negative correlation is observed
between the ASCAT wind speed bias and ocean surface velocity, regardless of the use of
different products within the same sea area or of the same product across different sea
areas (including tropical and mid-latitude oceans). The correspondence is consistent with
the physical understanding that the relative motion of wind and current influences the
roughness of the sea surface, resulting in the satellite scatterometer-retrieved wind speed
being relative to the moving of the ocean surface. A simple linear relationship between the
wind bias and surface current can then be used to correct the ASCAT wind to the absolute
movement of the atmosphere.
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3.2. Correction of Scatterometer-Derived Ocean Surface Wind Speed

As mentioned above, the ocean surface winds derived from a scatterometer are the
winds relative to the moving of the ocean surface. Thus, ASCAT winds should be weaker
than buoy winds when currents are in the same direction as the wind and vice versa. We
have obtained the approximate linear correspondence between the ASCAT wind speed
bias and the projected current speed up as follows:

wind speed bias = k ∗ up (2)

In this section, k ∗ up, where k equals −0.96, was subtracted from the ASCAT scalar
wind speed for correction. We assume that the magnitude of the scatterometer wind bias
is approximately equal to the surface current speed. To make this assumption valid, the
anemometer’s wind needs to be in the same direction as the scatterometer wind. Moreover,
only when the surface current speed is strong enough can its effect be revealed. Thus,
only the triplets where the anemometer and scatterometer wind directions differed by no
more than 30◦, and where the current projection was no less than 0.5 m/s, are applied to
evaluate the behavior of wind speed correction. These constraint conditions provide a total
of 825 triplet matches (scatterometer wind speed, buoy wind speed, and up) for the ASCAT
L2 data and 1680 matches for the ASCAT L3 data.

The mean bias and RMSE of the wind speed between the ASCAT L2 and buoy ob-
servations are −0.27 m/s and 1.05 m/s, respectively. For the ASCAT L3 wind product,
they are −0.08 m/s and 0.99 m/s (Figure 9a,c), respectively. The RMSEs of the two sets of
satellite scatterometer wind products are both less than 1.5 m/s, which is considered to be
acceptable in commercial use, but the distribution of the wind speed bias is closely related
to the projected current speed up. When up is positive, i.e., the surface wind and ocean
current are in the same direction, the ASCAT wind speed is lower than that measured via
buoy. On the contrary, the ASCAT wind speed is higher than the buoy measurement when
up is negative. In Figure 9a,c, the positive and negative up are typically distributed on
opposite sides of the boundary where the ASCAT wind speed is equal to the buoy wind
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speed. However, the distinct characteristic of this distribution is no longer apparent when
comparing the corrected ASCAT winds with the buoy winds. Meanwhile, the RMSEs of
the ASCAT L2 and L3 wind speeds are reduced to 0.85 m/s and 0.84 m/s (Figure 9b,d),
respectively.
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Figure 9. Comparison of the ASCAT scalar wind speed and the buoy wind speed. The ASCAT
wind speeds in (a,c) are uncorrected, while they have been corrected with surface current measured
via moored buoys in (b,d). (a–d) represent the results for the ASCAT L2 and L3 wind products,
respectively. The color of the points indicates the projection of the ocean surface current onto the
direction of the buoy-observed wind. The number (n) of data triplets in each panel is noted in the title.

Considering that the surface currents measured via mooring buoys are sporadic, it is
difficult to correct the satellite scatterometer winds based solely on buoy-observed currents.
An attempt was made to utilize a set of reprocessed ocean surface current data obtained
from CMEMS as a substitute. This dataset was derived through combining the geostrophic
current and the Ekman current at the sea surface (0 m). After comparison with buoy-
observed currents in regions with a relatively high surface velocity, the mean bias of the
reprocessed current was found to be nearly zero (Figures 10 and 11). In addition, the
zonal velocities show a greater consistency with observations compared to the meridional
components. The close correlation between the ASCAT wind speed bias and up can also
be broken after the correction using the reprocessed surface current, and the RMSE of the
corrected ASCAT wind speed is significantly reduced (Figure 12). After correction using the
buoy current and reprocessed current, the RMSE of the L2 ASCAT wind speed decreased
by 19.05% and 15.45%, respectively (Figure 13). Ageostrophic signals, such as tidal currents,
are excluded from this reprocessed current product. We know that tidal currents in the
open ocean exhibit relative weakness compared to those in coastal areas [24]. Furthermore,
we set a high current speed threshold of 0.5 m/s for screening, which further mitigated the
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influence of tidal currents on the assessment of correcting the scatterometer-retrieved wind
speed with ocean current data. The linear correlation between ASCAT wind residuals and
surface current speed remains valid both in the open ocean and in coastal areas. However,
employing the current product that excludes tidal currents for wind correction in coastal
areas is not recommended.
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Figure 10. Comparisons of the zonal current u between the buoy observations and CMEMS repro-
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4. Discussions

Due to insufficient moored buoys involving both wind and current observations in the
extra-tropical regions, the previous works mainly focus on the tropical ocean and coastal
areas. Utilizing valuable data obtained from four mid-latitude moored buoys, our study
validates that the linear correlation between the scatterometer-retrieved wind bias and the
ocean surface current speed is also present at mid-latitudes, which expands the application
range of previous studies. McGregor et al. [14] showed that applying the monthly OSCAR
current product (top 30 m average) for correction did not reduce the overall bias between
the mooring and satellite surface winds. It suggested that the estimation of currents at
the very near surface may yield a more significant correction effect. In this study, we
used hourly current data measured via moored buoys at the very near surface to correct
the wind speed derived from ASCAT. The mean bias and RMSE between the ASCAT-
derived and buoy-observed wind speeds are both reduced significantly in strong ocean
current conditions.

A satellite scatterometer measures the stress-equivalent wind, which is relative to
the moving ocean surface, but the absolute winds measured by the buoy relative to the
stationary point are often used to calibrate and verify the scatterometer winds. Our
comparisons and analyses suggest that caution will be needed if the buoy is located at a
region with strong ocean surface currents (≥0.5 m/s). The current velocity may introduce
an error of approximately 10–20% to the validation of wind speed. For regions with strong
surface currents, simultaneous observations of surface winds and currents are urgently
needed. In the presence of sea surface current data, it is essential to consider the current
velocity during the calibration of scatterometer-retrieved ocean surface winds.

5. Conclusions

Based on ASCAT ocean surface winds, as well as simultaneous wind and surface
current observations from 40 buoys in the tropical and mid-latitude ocean, this study
characterizes and quantifies the effect of ocean surface currents on satellite-remotely sensed
ocean surface winds. The results show that the ASCAT wind speed can be regarded as
the wind relative to the moving ocean surface. Scatterometer winds are weaker than buoy
winds when currents are in the same direction as the wind and are stronger when ocean
currents oppose the wind, which is consistent with previous studies [10,13]. Statistical
analysis of a substantial dataset shows that the magnitude of scatterometer wind speed
bias is slightly lower than the projected current speed, with a proportional relationship
estimated at approximately 0.96. Additionally, the correlation between zonal wind bias
and the surface current is stronger than that for the meridional component. Based on the
relationship between the ASCAT wind bias and the ocean surface current, we correct the
ASCAT wind speed from that which is relative to the moving ocean to that which is the
absolute movement of the atmosphere. Both the surface current velocity measured via the
moored buoy and a set of reprocessed currents obtained from CMEMS are employed for the
purpose of correction. The correction process disrupts the negative relationship between
the ASCAT wind speed bias and the projected current speed. Subsequent to correction
using both the buoy current and reprocessed current, the root-mean-square error of the
ASCAT L2 wind speed is reduced by 19.05% and 15.45%, respectively.
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