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Major differences between wind speeds from atmospheric pressure maps (Na wind) and near-surface
wind speeds derived from satellite scatterometer (NSCAT) observations over the East (Japan) Sea
have been examined. The root-mean-square errors of Na wind and NSCAT wind speeds collocated
with Japanese Meteorological Agency (JMA) buoy winds are about 3.84 ms™ and 1.53 ms™,
respectively. Time series of NSCAT wind speeds showed a high coherency of 0.92 with the real buoy
measurements and contained higher spectral energy at low frequencies (>3 days) than the Na wind.
The magnitudes of monthly Na winds are lower than NSCAT winds by up to 45%, particularly in
September 1996. The spatial structures between the two are mostly coherent on basin-wide large
scales; however, significant differences and energy loss are found on a spatial scale of less than
100 km. This was evidenced by the temporal EOFs (Empirical Orthogonal Functions) of the two
wind speed data sets and by their two-dimensional spectra. Since the Na wind was based on the
atmospheric pressures on the weather map, it overlooked small-scale features of less than 100 km.
The center of the cold-air outbreak through Vladivostok, expressed by the Na wind in January 1997,
was shifted towards the North Korean coast when compared with that of the NSCAT wind, whereas
NSCAT winds revealed its temporal evolution as well as spatial distribution.
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INTRODUCTION

This study was motivated by interest in estimating
the CO, gas exchange coefficient between the atmo-
sphere and the ocean in the East Sea. The ocean
absorbs the anthropogenic carbon in the atmosphere
through the carbon dioxide flux between the atmo-
sphere and the ocean, which is governed by the gas
exchange coefficient. Wind speed, along with sea sur-
face temperature (SST) and sea state, is a key param-
eter influencing the coefficient. Thus, derivations of
accurate wind field and SST are of importance in the
estimation of the CO, gas exchange coefficient in
order to understand the air-sea fluxes. Recent endeav-
ors to improve this estimation have been made utilizing
more accurate satellite-derived SST and scatterom-
eter-observed sea surface winds instead of shipboard
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measurements with their limitations of spatial and
temporal data sampling (Carr et al., 2002).

The longstanding desire to obtain more accurate
winds have promoted development and improvement
of the satellite scatterometer, which is a microwave
radar instrument designed to measure near-surface
wind velocity under all weather conditions. The first
spaceborne scatterometer was flown on Skylab in
1973, but operated for only a few months, from June
to October 1978. The scatterometer on the European
Space Agency’s Earth Remote Sensing (ERS-1 and
2) mission is a single-swath scatterometer. The NASA
Scatterometer (NSCAT) is the first dual-swath Ku-
band spaceborne scatterometer. NSCAT was in oper-
ation for 10 months from September 1996 to June
1997. Although the NSCAT only lived for a short
period, its data record is of great scientific interest
and has been extensively used until now. The NSCAT
was designed to have an accuracy of wind vectors
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less than 2 ms™" in speed and 20 degrees in direction
with a spatial resolution of 25 km (JPL, 1998). As
a successor of NSCAT, the QuikSCAT/SeaWinds has
been operating successfully with superior spatial and
temporal coverage since July 1999.

Comparison of satellite-scatterometer winds and
other wind products, such as European Centre for
Medium Range Weather Forecasts (ECMWF) 10-m
winds, has been made for the winds over the global
ocean. Liu er al. (1998) presented evidence that
NSCAT provides global ocean-surface fields with
more structure than numerical the weather prediction
of ECMWE. Kelly er al. (1999) also showed sig-
nificant differences between NSCAT winds and
ECMWF winds in most of the tropical Pacific Ocean.
In the seas around Korea, Lee (1998) described the
spatial distributions of wind stress, wind stress curl,
and wind-driven transport in the East Sea and the
Yellow Sea using NSCAT winds and partly men-
tioned some differences of wind stress curl distri-
bution with the sea surface wind field produced by
Na et al. (1997). We call this wind field the 'Na wind'
hereafter.

The Na wind is the most renowned among the pre-
existing wind data sets over the adjacent seas of
Korea. It was calculated from atmospheric pressure
on twice or four-times daily weather maps by using
the Cardone model (Cardone, 1969). Over the past
decade, the Na wind has made a great contribution
to our understanding of the main characteristics of
sea-surface winds, wind stress, and wind stress curl
in the seas around Korea (Na ef al., 1992; Na et al.,
1997). It has been extensively used in numerical
model experiments as an input data by many ocean-
ographers in (e.g. Kim and Yoon, 1996). In spite of
importance of the Na wind, comparison of wind
speeds between NSCAT and the Na wind over the
East Sea has not been reported in detail. Therefore,
a more quantitative comparison of its differences to
other wind fields is strongly desired. It would be very
timely to examine what differences exist between the
wind fields. Currently, Seawinds instrument on Quik-
SCAT and ADEOS-II provides wind field with better

spatial coverage than NSCAT. However, recent Na
wind data (available from 1978 to 1997) are unavail-
able, so NSCAT wind vectors are used in this study.

Since the Na wind and NSCAT wind products have
substantial differences in their origins and generation
procedures, marked differences between the two are
expected. Considering their differences in spatial and
temporal resolution, the two wind fields were re-gen-
erated to monthly winds on a 0.25°x0.25° grid to have
same intervals in space and time. The main objective
of this study is to compare Na wind speed and
NSCAT-observed wind speed. We have focused on
major differences between the two data products in
terms of magnitude of monthly wind speed, its spatial
structure and temporal variations.

DATA AND PROCESSING

The Na wind product consists of 6-hourly, 10-m
wind vectors on a 0.5°x0.5° grid for the period, Jan-
uary 1978 to December 1997 (Table 1). NSCAT observes
wind vectors twice daily on average with a spatial
resolution of 25 km (JPL, 1998). In this study, we
have used NSCAT level2B swath wind vectors of
which time intervals at a given grid are not always
same depending on revisiting period of ADEOS satellite.

Fig. 1 shows wind vector cells of each NSCAT
swath in which the colored numbers stand for hours.
NSCAT covers the entire East Sea in one or two days
completely, where some swathes overlap and give
multiple observations. In order to compare them, both
Na wind and NSCAT wind data are reproduced on
the same spatial grid and temporal range. The spatial
grid used for the monthly average was determined
to 0.25°x0.25°. The height of the Na wind coincides
with that of NSCAT winds at 10 m. However, buoy
winds, used for accuracy assessment, are measured
at 7.5 m. Therefore, the buoy winds were converted to
10-m winds by using LKB model (Liu et al., 1979).

There are two simple ways to derive monthly-aver-
aged wind speeds. One is to calculate a speed mean
by taking the average of all wind speeds over a month
which have already been calculated from each east-

Table 1. Time and space resolution of Na Wind and NSCAT wind. Time interval of NSCAT wind at a given point depends

on revisiting period of ADEOS satellite

Na Wind NSCAT
Time resolution 6 hours 2~24 hours
Space resolution 0.5°x0.5° 25 km x 25 km
Time span Jan. 1978 ~ Dec. 1997 Sep. 1996 ~ Jun. 1997
Height from sea surface 10 m 10 m
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Fig. 1. Spatial and temporal coverage of NSCAT wind vector
cells within (a) 6 hours, (b) 12 hours, (c) 24 hours, and (d)
48 hours. Location of JMA buoy (#21002) is marked as a
red asterisk at 134°33'E, 37°55'N.

ward (U) and northward component (V) of a wind
vector, as shown in Eqn. (1). The other is to use
a vector mean to estimate a wind speed mean from
wind vectors of which the eastward and northward
components are first separately averaged over a
month, as shown in Eqn. (2):

N
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where N is the number of wind vectors. Fig. 2 shows
wind speed distributions derived from a NSCAT
swath wind vectors over the East Sea in January 1997
based on the Eqns. (1) and (2). While spatial patterns
of the two wind speed maps are quite similar, yet
their magnitudes show considerable differences: the
latter is estimated much lower than the former. The
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Fig. 2. Differences of mean wind speeds from (a) speed mean
and (b) vector mean and their histograms.

lower diagrams of Fig. 2 are histograms of all wind
speeds in the upper diagrams. The histogram on the
left shows a Gaussian-like distribution of which the
maximum peak is found around 10 ms~!, whereas that
on the right side is skewed to lower speeds around
8 ms™'. Gas transfer between atmosphere and ocean
is not dependent on which direction the wind blows,
but on how strong the wind blows over the sea sur-
face. In light of this, the former calculation of mean
wind speeds is thought to be more relevant to our
objectives, so we have used wind speeds in Fig. 2a
based on Eqn. (1).

While constructing monthly wind speed maps, NSCAT
wind vectors with poor quality flag and rain flag were
all eliminated. Wind vectors with anomalous direction,
quite distinct from the overall wind direction of adja-
cent wind vectors, may come from wind vector ambi-
guity problems and should be carefully handled in
studies in which direction a is very important param-
eter. Since this study takes into account the wind
magnitude only for gas flux estimation, the wind vec-
tor ambiguity has not been examined.

RESULTS
Comparison with Buoy Wind

As mentioned earlier, the Na wind and NSCAT
wind speed have been estimated from different data
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Fig. 3. Scatter plot of (a) Na wind and (b) NSCAT wind
speeds collocated with the IMA buoy wind speeds within
30 min.

sources and procedures. So it is desirable to examine
how their wind speeds coincide with real measure-
ments. Accuracies and spectral characteristics of wind
speeds from NSCAT and the Na wind are examined
by comparison with winds measured by the IMA buoy
(37°55'N, 134°32'E) in the East Sea.

Collocated data set with buoy wind measurements
consists of all NSCAT measurements and Na winds
acquired within 25 km and 30 min during the NSCAT
period. In the matchup procedure, NSCAT wind vec-
tors with poor quality or rain flag were all eliminated.
The number of collocated points between Na wind
and buoy winds is 1144 and that of NSCAT is quite
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Fig. 4. Histogram (%) of all the wind speeds from (a) IMA
buoy, (b) Na wind, and (¢) NSCAT collocated at the IMA
buoy location for the NSCAT period.

a small at 182 due to its revisiting period.

Fig. 3 is a scatter plot of Na wind and NSCAT
wind speeds to their collocated buoy wind speeds.
Small scatters around the linear fit show that there
is good correspondence between NSCAT wind and
the buoy wind. Its rms error is vary small at 1.53
ms~'. By contrast, the rms difference of Na wind with
respect to buoy winds is quite large at 3.84 ms™.
The correlation coefficient between Na wind and the
buoy wind is small at 0.49, while that of NSCAT
winds and its collocated buoy winds is quite large
at 0.91. Thus, this comparison reveals that the Na wind
has less accuracy with respect to short-term buoy
wind measurements within a short period of 30 min-
utes. However, there is strong limitation that NSCAT
wind has quite a small matchup points due to orbit period
and spatial coverage of NSCAT as shown in Fig. 1.
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In order to produce time series data, Na wind and
NSCAT wind are collocated within a space gap of
0.5° and 25 km, respectively, from the buoy location.
As time intervals of the buoy data and Na wind are
constant as every 3 hours and 6 hours, respectively,
time series of NSCAT winds are linearly interpolated
to 12-hourly wind field. Fig. 4 shows histogram of
each wind field at the buoy location in which the
unit is percentage by dividing number density with
total number of wind data. Buoy wind data reveal
Gaussian-like distribution centered at 6 ms™, which
is quite similar to NSCAT wind distribution centered
at 7 ms™'. By contrast, Na wind speed distributes at
a low wind range from 1 ms™! to 3 ms™! with a con-
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Fig. 5. Spectra of time series of wind speeds from JMA buoy
(black), Na wind (blue), and NSCAT (red).
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Fig. 6. Coherency of wind speeds from JMA buoy(black),
Na wind(blue), and NSCAT(red) as a function of frequency
(cycles per a day).

siderable fraction.

Temporal variations in the true wind field can lead
to large differences in the observed wind field depending
on data sampling interval. From this point of view,
NSCAT wind can lead to increased sampling errors
than Na wind or buoy wind. However, even the ocean
buoy winds, measured hourly, may also express a dif-
ferent wind field to the true wind of which the tem-
poral variability is extremely large within an hour.
Thus, we have compared spectral characteristics of
the three winds in Fig. 5. For high frequency greater
than 10 cycles per a month (~3 days), spectral density
of NSCAT greatly decreases as its temporal sampling
capability is poor by 2~24 hours. As this high fre-
quency band, Na wind shows higher spectral energy
than ocean buoy winds. For synoptic scales from 3
to 30 days (1~10 cycles per a month), however,
NSCAT shows higher peaks of spectral energy than
those of Na wind and the buoy wind. For most of
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Fig. 7. Mean and standard deviations of wind speeds (ms™)
from (a) Na wind and (b) NSCAT over NSCAT period (Sep-
tember 1996 - June 1997).
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long periods except for a spectral drop at frequencies
around 4x10™' cycles per a month, NSCAT winds
reveal large spectral energy.

Fig. 6 shows coherency between the three wind
fields. Each curve shows large coherency greater than
0.88 at small frequencies less than 2x107! cycles per
a day, i.e., long period greater than 5 days. NSCAT wind
shows largest coherency with the buoy wind than Na
wind does. Coherency curves abruptly decrease from
2x10™! cpd (~5days) and reach minimum at 5x107! cpd
(~2 days).

On the base of the distribution of the wind speed
spectra and coincidence with real wind measurements
at atmospheric synoptic scale, we chose a temporal
range for comparison as one month. Both 6-hourly
Na wind and NSCAT swath wind vectors are re-gen-
erated to monthly wind fields and compared each
other in the following sections to understand what
differences exist between the two wind fields.

Differences in temporal mean and variability

Fig. 7 shows the temporal mean of wind speeds
from the Na wind and NSCAT over the NSCAT
period and their temporal standard deviations. As
shown in Fig. 3a, the Na wind shows a typical pattern
of wind speeds in which winds are stronger in the
northern part of the East Sea than in the southern
part. Strong wind speeds of 4 ms™' are found on the
Russian coast around 44°N, 137°E, and of 3.6 ms™!
south of Vladivostok. The lowest wind speeds, of less
than 2.6 ms™', are observed on the eastern coast of
Korea and the western coast of Japan around 37°N.
In the case of NSCAT in Fig. 7b, local maxima of
mean wind speeds are also found at similar positions
to those of Na wind speeds: south of Vladivostok
and off the Russian coast. However, apparent dif-
ferences are detectable along the western coast of
Japan south of the Tsugaru Strait where the Na wind
speeds are small, less than 2.8 ms™, but the NSCAT
wind speeds are greater than 3.6 ms™'. The other dif-
ference between the two is observable from the low-
est speeds which are clearly seen from the NSCAT
winds, of 2 ms™! east of North Korean coast around
41°N, but which are invisible from the Na wind.

Temporal standard deviations of Na wind show a
large variability, greater than 2.2 ms™, off the North
Korean and Russian coasts (Fig. 7c). By contrast,
large NSCAT wind variabilities are dominated by
winds of more than 2.6 ms™!, not in the area off North
Korea but along the downwind direction of a cold-

air outbreak from northwest to southeast through
Vladivostok. Local maxima off the Russian coast are
located farther north than those from the Na Wind.
These high variabilities appear interchangeably with
low variabilities of less than 1.6 ms™" along the south-
westward continental shelf from the Russian coast
to the North Korean coast. These plots demonstrate
that the NSCAT winds show much more detailed spa-
tial structure than Na wind speeds in terms of mag-
nitude and temporal variability. Another difference is
found along Japanese coast where the Na wind shows
a calm region with a low temporal variability of 1.4
ms™' whereas the NSCAT wind reveals large values
of 2.2 ms™". One possible explanation for these dif-
ferences is depicted in the last section.

Differences in monthly maps

Fig. 8 and Fig. 9 show distribution of monthly-
averaged wind speeds from the Na wind and NSCAT.
Apparently, they are quite similar each other. For
example, both winds in September 1996 show local
minima of less than 0.5 ms™ in the western part of
the East Sea. Other monthly maps also show a cotn-
ciding pattern on basin-wide large scales, although
the centers of the local minima and maxima are
slightly shifted.

However, significant differences between the two
are also clearly distinct. One of the largest differences
is found in January 1997 when the Siberian cold-
air outbreak through Vladivostok is at its strongest.
As shown in Fig. 8, the Na wind speed expresses
this well-known cold-air outbreak comparably, but its
center is shifted considerably westward, toward the
North Korean coast, and its magnitude occupies only
70% of the corresponding NSCAT wind speed. Very
recently, this cold-air outbreak has been of special
interest in understanding cold bottom water formation
in the East Sea, circulation in the Japan Basin, and
subpolar fronts in the East Sea (e.g. Kawamura and
Wu, 1999; Chen ef al., 2001; Chu et al., 2001; Dor-
man et al., 2003). Those researches have a strong
requirement for a detailed description of spatial dis-
tribution and temporal variation of the cold-air out-
break. Another profound difference is found along
the Japanese coast south of 40°N where the Na wind
has the lowest, of less than 5.5 ms™', while the NSCAT
wind has large speeds of 8 ms™ in phase with the
outbreak. NSCAT winds make it possible to inves-
tigate the temporal evolution of the cold northwest-
erly winds: it begins in October very weakly, becomes



Fig. 8. Monthly mean of wind speeds (ms™!) from Na wind
during NSCAT period (September 1996 - June 1997).

stronger at 6 ms™! in December, achieves its strongest
of 12 ms™ in January, and lasts, finishing at 8 ms™, till
February 1997. On the other hand, the Na wind
expresses the strongest cold-air outbreak in January
1997 and remains only vaguely in February.

It should be noted that NSCAT observes spatially-
dominated strong winds over the East Korea Bay off
Wonsan from November 1996 to February 1997. In
November, its speed is about 6 ms™ in an area with
a presence of a quasi-permanent warm eddy. This
feature appears not only in December but also in Jan-
uary, however, the monthly Na wind does not express
such a small-scale wind since it is substantially based
on a large-scale atmospheric pressure map. These
kinds of difference in wind patterns off Wonsan are
of importance in understanding the seasonal change
of circulation in the region of North Korea, which
has been poorly understood until now.

Fig. 10a shows a time series of the spatial mean
of monthly-averaged wind speeds from the Na wind
and NSCAT over the entire East Sea. Overall, both
winds reveal their seasonal variations which are strongest
in January and lowest in June during the NSCAT
period. One of the major differences is that the Na
wind is lower than NSCAT wind from September

Fig. 9. Monthly mean of wind speeds (ms™') from NSCAT
during NSCAT period (September 1996 - June 1997).

1996 through February 1997, particularly by 45% in
September 1996, when compared with the NSCAT
wind (Fig. 10b). To clarify this, the histograms of
all swath NSCAT winds and Na wind speeds, before
being registered on the same monthly grids, are plot-
ted in Fig. 12. It also demonstrates that Na wind
speeds are distributed at lower range of wind speeds
than NSCAT winds except for June in 1997. This
feature has been also detected from the comparison
with the buoy winds as shown in Fig. 4.

Differences in dominant EOF modes

Both the NSCAT and Na wind fields have shown
similar monthly distribution on basin-wide large scales
as mentioned earlier. For more quantitative com-
parisons, temporal empirical orthogonal function
analysis is performed on the monthly wind speeds
to derive their dominant. Fig. 12 shows the first two
EOF modes of Na wind speed and their time-varying
coefficients. The first mode accounts for 87.36% of
wind speed variance. Its pattern is similar to the tem-
poral variability of Na wind in Fig. 7c. The eigen-
vectors in Fig. 12a are all negative over the entire
study area, with the largest amplitudes of the neg-
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atives less than —0.03 over regions off the North
Korean coast and the northeastern part of the Japan
Basin. Its coefficients in Fig. 12b show annual-like
variation. The eigenvector multiplied by its corre-
sponding coefficient represents a wind speed deviation
from a temporal mean of the original wind speeds.
The multiplication is positive from November 1996
through March 1997, and particularly strongest in
January, which coincides with the period of the cold-
air outbreak.

The second EOF mode of Na wind explains 5.76%
of the wind variability. It expresses the main temporal
variability of the residual variance after the first
mode. The positive maximum appears in the western
area off Hokkaido Island and extends to the Russian
coast in a large latitudinal range from 40°N to 48°N.
The coefficients in Fig. 12d show two positive peaks
in excess of 20 in November 1996 and March 1997.
It is a very small —28 in September 1996 and also
in January 1997, which implies that this region has
its weakest winds in January, by contrast with the
largest wind speeds of the outbreak in the outsea of
Vladivostok, as shown in the first mode. These pos-
itive eigenvectors are anti-correlated with most of the
southern and western parts of the East Sea. The large
coefficients exceeding 20 are found in November and
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Fig. 11. Monthly histograms of all the Na wind speeds
(black) and NSCAT swath wind speeds (red) before monthly
mapping.

March. These strong winds between the Hokkaido
and Russian coasts have not been paid much attention
so far, but seem to play a significant role in the cir-
culation of the northern part of the East Sea after
the strong Siberian cold-air outbreak disappears and
also before it appears.

Fig. 13 shows the first two EOF modes of NSCAT
wind speeds and their coefficients as a function of
time. The first mode accounts for 66.4% of the total
variance which is very small when compared with
that of the Na wind (87.36%). Multiplication of the
eigenvector with its corresponding coefficient shows
a band-like structure in which positive and negative
values appear interchangeably along the continental
coast from North Korea to Russia. The amplitude of

‘coefficient is strongest at 125 in January during the

cold-air outbreak from the Siberian continent. Appar-
ently, this pattern seems to be similar to the first EOF
mode of the Na wind, but it has fundamental dif-
ferences. The center of the lowest eigenvectors of
the Na wind is shifted to the west, toward the North
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Fig. 12. The first two EOF modes of Na wind speeds and
their coefficients.

Korean coast, relative to that of the NSCAT wind.
The small negative eigenvectors of the first EOF (>
-0.015), in reality weak winds, over regions centered
at 40°N, 130°E off North Korean coast and area east
of Vladivostok are not detectable from the first mode
of the Na wind data (Fig. 12a).

The second mode of NSCAT wind speeds explains
17.27% of the total variance (Fig. 13c). It shows pos-
itive eigenvectors over the northeastern part of the
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Fig. 13. The first two EOF modes of NSCAT wind speeds
and their coefficients.

East Sea between the Russian coast and Hokkaido.
This pattern is quite similar to the second mode of
the Na wind as shown in Fig. 12c, but its center is
shifted west toward the Russian coast relative to the
center of the Na wind. It appears most strongly, not
in January, but in November. It coincides with the
onset of the predominant cold-air outbreak through
Vladivostok. Its temporal coefficients show peaks in
November 1996 and March 1997, which is similar

TR

Fig. 14. Two-dimensional spectra
of wind speeds from (a) Na wind
and (b) NSCAT in January 1997,
and (c) their spectral differences
(NSCAT - Na wind).
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to those of the Na wind. However, there are still large
differences between the two monthly winds over the
localized area east of the East Korea Bay. Positive
cell of 0.02 appears from NSCAT winds, but is not
apparent from Na winds.

In fact, there are a few cases that each NSCAT
swath failed to cover this region completely within
24 hours. However, we have already shown that
NSCAT winds are much closer to the real oceanic
buoy winds and contain larger energy than the Na
wind at atmospheric synoptic scales of 3~30 days
(Figs. 5 and 6). This implies that the monthly wind
maps of NSCAT can appropriately represent the
meso-scale winds intensified over the narrow region
east of the East Korea Bay. By contrast, Na wind
may produce this wind over the East Korea Bay in
the individual 6-hourly map but seems to lose large
energy not enough to remain in the monthly maps.

Differences in wavenumber spectra

Shown in Fig. 14 are two-dimensional spectra of
wind speeds from the Na wind and NSCAT in Jan-
uary 1997 and their spectral differences. The energy
density of the Na wind (Fig. 14a) tends to be strongly
localized at a narrow range of small wavenumbers
less than 3 cycles/1000 km, i.e. at large spatial scales,
whereas that of the NSCAT wind scatters to larger
wavenumbers by 10 cycles/1000 km with consider-
able energy. Subtraction of the spectrum power of
NSCAT winds from that of Na wind shows positive
values over most of the high wavenumbers, except
for low wavenumbers around zero and along the lin-
ear trend of the Na wind spectra from upper left to
lower right, as illustrated in Fig. 14c. This means
that significant energy loss of small-scale signals
occurs in the energy spectrum of the Na wind field.
Consequently, it is evident that scatterometer winds
retain much more power than Na winds at short
wavelengths of less than 200 km (5 cycles/1000 km)
approximately. As pointed out earlier, this may come
from coarse spatial grid of the Na wind and dif-
ferences in the retrieval procedure of wind speeds:
the Na wind is estimated from a smoothened atmo-
spheric pressure map without real oceanic measure-
ments, while NSCAT observes realistic radar backscattering
for each wind vector cell every 25 km.

As mentioned earlier, there are multiple observa-
tions in some part of the ocean within a day and
no data at all in other part depending on the swath
width and revisiting period of NSCAT. These irreg-

ularly sampled observations can lead to mapping
errors as discontinuity of wind vectors and aliasing
of shorter-time scale winds. It has long been studied
to minimize these kinds of errors by developing
objective mapping of scatterometer wind (e.g. Kelly
and Caruso, 1990; Kelly et al., 1999). The latter
reported that zonal spectra of daily NSCAT maps had
a small spectral peak at 600 km, corresponding to
the scatterometer swath width, in the tropical Pacific
Ocean. However, it is not possible to find the spectral
peak from the present monthly maps for which the
length scale of 600 km is around the Nyquist fre-
quency in the East Sea.

Schlax et al. (2001) recommended the time res-
olution for high spatial resolution wind maps as 2~3
weeks for NSCAT and about one week for SeaWinds
or QuikSCAT. Most of the mapping algorithms basi-
cally act as low-pass filters so that larger space scales
and timescales are preferentially retained in the esti-
mates (Schlax et al., 2001). Since this study is ana-
lyzing the monthly-averaged maps instead of the
daily wind maps as above, we can avoid or minimize
that kind of errors. In light of this, it is unlikely that
the large NSCAT wind speeds east of the East Korea
Bay, shown in the 2™ EOF mode, originate from fal-
lacious winds due to the spatial and temporal lim-
itation of the scatterometer data.

SUMMARY AND CONCLUSION

Satellite scatterometers have provided a quantity of
wind vectors over the global ocean, exhibiting high
capability of spatial and temporal sampling. This study
was motivated by our endeavors to estimate the CO,
gas exchange coefficient over the East Sea. As a first
step, we have compared the scatterometer-derived
wind speed with the Na wind and quantitatively
described differences in their monthly maps.

Major differences between NSCAT and Na winds
result from the differences in data origin, as expected.
A NSCAT wind is close to a realistic wind since it
was retrieved from real-time observation of radar
backscattering at the sea surface, while Na wind is
a non-observed wind calculated from the atmospheric
pressure distribution in large-scale weather maps with
little observation over the sea.

Accuracies of Na wind and NSCAT wind are assessed
by comparing them with collocated JMA buoy data
within 25 km and 30 min. The Na wind shows large
scatters with an rms error of 3.84 ms™ while NSCAT
wind shows a small rms error of 1.53 ms™. Na wind
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skewed to a lower wind range than both NSCAT and
the buoy winds. For a period of 3~30 days, NSCAT
wind data contain higher spectral energy than the Na
wind. At this atmospheric synoptic frequency range,
NSCAT wind shows highest coherency of 0.94 with
the buoy winds than that of the Na wind of 0.88.

On a basin-wide spatial scale, the Na wind shows
fairly good agreement with NSCAT wind, as evidenced
by their dominant EOFs. However, two-dimensional
wavenumber spectra of the wind speeds show that
NSCAT winds show much smaller features than Na
winds. Due to the difference in spatial scale of data
origin and lack of spectral energy at low frequency
band, the monthly Na wind did not regenerate the
intensified small-scale winds of less than 100 km east
of the East Korea Bay off the Wonsan, while NSCAT
observed these winds clearly in the monthly map,
particularly in November, and shows their changes
with time. Both monthly-averaged maps and the sec-
ond EOF mode of NSCAT winds support the exist-
ence of the winds in the outsea of Wonsan. This wind
field is unlikely to be spurious winds from monthly
mapping errors of irregularly sampled observations
as depicted by Schlax ef al. (2001). These winds may
play a significant role in simulating local oceanic cir-
culation properly, which has been poorly understood
partly due to lack of shipboard measurements in the
North Korean area.

During the Siberian cold-air outbreak through Vladi-
vostok in January 1997, both wind speeds are char-
acterized by large magnitude of winds in the seas south
of Vladivostok. However, its center according to the
Na wind is considerably shifted to the west toward
the North Korean coast when compared with that
observed by NSCAT. The Na wind shows it only in
January, while NSCAT reveals its temporal evolution
from October 1996 through February 1997. There are
also striking differences between the two wind fields
along the Japanese coast during the cold-air outbreak
period. NSCAT winds are strong not only along the
downwind side in the seas off Vladivostok, but also
along the western coast of Honshu, whereas the cor-
responding Na wind is very weak. According to our
analysis (not shown here), other scatterometer-observed
winds such as QuikSCAT and SSM/I also show a high
level of coincidence with NSCAT wind. In what does
this manifest difference between the Na wind and
NSCAT wind lie ? This has never been mentioned
as yet as far as we know. One of the possible causes
of this difference, we believe, might be that it orig-
inates from atmospheric stability in a marine bound-

ary layer (MBL) which cannot be substantially
considered in Na wind at all. Scatterometer obser-
vations look at real-time backscattering at the sea sur-
face which is affected by sea surface winds, stability
in the air, and the sea surface condition as well. Cor-
nillon and Park (2001) and Park and Cornillon (2002)
have first mentioned the modification of scatterom-
eter winds due to surface current and atmospheric
stability. Detailed explanations of this in the East Sea
are in preparation for reporting in another paper.

High capability of spatial and temporal sampling
of winds by satellite scatterometers, in spite of their
sampling errors, is expected to facilitate better under-
standing of realistic gas exchange flux between air
and sea. In light of this, scatterometer-observed
winds are believed to be more appropriate for our
current concerns and contribute to better estimation
of gas transfer velocity at the air-sea interface in the
East Sea. In addition, it is thought that all the dif-
ferences presented in this study are of significant
importance to understanding the oceanic response to
different kinds of wind forcings in numerical model
experiments (e.g. Horgan and Hurlburt, 2000) and its
results should be carefully interpreted.
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