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ABSTRACT: The datigtical character of QUiIkSCAT scatterometer winds is showed. And Monthly change and
specia distribution character of strong wind frequency and monthly wind fieldsin South China Seais analyzed. It
is shown in the result that the QUIKSCAT scatterometer winds can be relied upon for the South China Sea; two
winds, one the wintertime northeasterly and the other summertime southwesterly. The northeasterly centers at the
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1 INTRODUCTION

Most of the conventiona sea surface wind data are measurements from ships, buoys and
isands, with coverage and spatia resolution far below the requirements of research and
application. At present, due to limited understanding of physical processes and efficient
exploitation of data, numerica prediction models have not been used as they should be, athough
routine procedures are able to give sea surface wind fields at the intervals of 6 hours. With the
development of space remote sensing technique, satellite data are now playing a more important
role owing to their large coverage, high temporal and spatial resolution and continuous observing
capabilities. Sensors used to observe sea surface winds include microwave scatterometers,
altigraphs and radiometers. Only the microwave scatterometers can give the output of sea surface
wind vectors (wind direction and speed) under conditions of both find and cloudy sky while the
other two only have wind speed at the sea surface. It is because of the advantage that the former
instrument has been received so much recognition asit is.

The study on scatterometer data began in 1978 when it was first put to officia use™ . The
acquisition of the data from the European Remote-Sensing Satellite-1 (ERS-1) in 1992 and the
European Remote-Sensing Satellite-2 (ERS-2) intensified its application in weather analysis,

. . [58 . T . . .
forecast and numerical prognosis . For instance, by assmilation analysis of the wind field data
achieved with scatterometers, weather analysis and forecast by numerica models have been
improved for the Southern Hemisphere where conventiona observations are scarce and far apart,
tropical and extratropical cyclones have been better analyzed and predicted over the ocean of the
Northern Hemisphere. On the other hand, the satellite data makes is possible to discover
observational facts not available before and to trace wind trajectory. Operating for a short
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duration on board the Japanese satellite, Advanced Earth Observing System (ADEQS), NASA’ s
scatterometer (NSCAT) offers data that gives the application of scatterometer data a rea big
push[w]. Now the NSCAT data are used in the assimilation and analysis of sea surface data,
air-sea interactions, and the tracking of tropical and extratropical cyclones. To make up the
vacancy between ADEOS-| and ADEOS-II that was launched some time later, a polar satellite
QUiIkSCAT was lifted into space by NASA in July 1999. Compared with other satellite-aboard
scatterometers, the sensor, Seawind, can obtain wind vector data that is highly resolvable at 25
km x 25 km and has alarger swath of scanning (1800 km), covering 90% of the global ocean in
asingle day.

Wide application of the QUiIkSCAT has been reported abroad, ranging from data performance
analysis to weather analysis and forecast. Besides, the data has been assimilated to routine
numerical prediction models a the European Center for Mediumrange Weather Forecast
(ECMWF) and the National Centers of Environmental Prediction (NCEP) of the United States. A
number of scientists are using the data in the research on climate analysis, air-sea interactions and
seaice. In the anaysis of data performance, however, much effort is being paid to compare the
scatterometer vector winds with global buoys and ships observations While[tgere is hardly any
work on comparison with idand records. With the ERS-1 and ERS-2, Xie™ ~ studies the wind
stress on the &Jrl[‘% of the South China Sea and compares the difference among the observation
means. Qi et d . study the statistic features of dtigraph wind speed and uses the data to
analyze wind speed for al seasons and the monthly mean values for the South China Sea. There
have not been any reports of domestic work on performance analysis of the QUIKSCAT data. In
the current work, 10-m wind field retrieved by the QUIkSCAT scatterometer and the one
measured on idands in the South China Sea are compared, error statistics determined and
month-to-month wind field distribution and spatial distribution for the sea studied using the wind
field data.

2 OPERATION PRINCIPLES AND QuickSCAT AND BRIEF ACCOUNT OF DATA

The scatterometer works by measuring the capability of backward scattering of microwave
pulses transmitted to the earth surface to gauge the globe roughness. Over the ocean that covers
3/4 of the earth surface, the backward scattering waves are mainly composed of shortwave from
the sea surface. Remote-sensing of sea surface wind is an idea that is based on the argument that
minor perturbation of sea surface is in equilibrium state with local wind stress so that 10-m sea
surface wind can be known by acquiring the backward scattering from it. From the scatterometer
on board the QUIkSCAT launched by NASA in 1999, Seawind, scans were made on the Ku band
with “pencil-cluster” antenna cone over a swath of 1800 km, covering more than 90% of the
global ocean daily.

The data used in the work is the third-level product processed by an air-sea team in the Jet
Propulsion Laboratory (JPL), NASA. Its resolution is 0.5% 0.5°. To have a better analysis of the
QUIKSCAT data for different parts of the South China Sea, seven idand stations are selected
(Fig.1): Nan' ou (59324, 23°26' ,117°02 ), Dongsha (59792, 20°40' , 116°43' ), Weizhou Is.
(59647, 21°02' ,109°06' ), Xisha (59981, 16°50' , 112°20' ), Shanhu Is. (16°32" ,111°31' ),
Yongshu Reef (59995, 9°23' , 112°53' ) and Nansha (59997, 10°26' , 114°22' ). The data
covers a length from September 1999 to December 2002. Optimized interpolated values are
incorporated to the islands before making the comparison.

3 COMPARISON AND ANALYSIS OF QuikSCAT SCATTEROMETER WINDS AND
ISLAND STATIONS MEASUREMENTS
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Fig.1 Distribution of observation stations
3.1 Wind speed and direction

Fig.2 compares the QUikSCAT wind speed and observed wind from the stations on the
isands. The isolines in the figure stand for the frequency with which the wind speed appears. In
other words, they are the frequency with which the QUIkSCAT wind speed and observed wind
from the island stations appear, in a way that resembles the scatter diagram. The interva of the
isolinesis 10 times and the diagonal in the figure indicates equality between the QUIKSCAT wind
speed and the observed wind. It is seen that the maximum frequency is more than 40 times and
the location of the center is on the straight line linking two equal wind speed on the diagonal. It it
then thought that the two speeds do not differ much from each other. Besides, for large
frequencies, the axia straight lines are extending downward, showing part of the station wind
speeds are smaller than the QUIkSCAT one. Sought for the cause, it is considered the result from
interpolation of the QUIkSCAT wind speed to the latitude/longitude of the stations. The two wind
speeds are being compared in different underlying surface of sea surface and idands and the
larger roughness of the latter causes what we see in the comparison. Nevertheless, it is acceptable
to use QUIkSCAT wind speed to stand for sea surface wind speed less than 20 m/s.

With wind speed from different island stations and QUikSCAT is studied in more details
(figure omitted), the error is the largest between them for Nan' ou Is. as the maximum frequency
axis is the most far away from the diagonal. The distribution for Xisha and Nansha is similar to
that of Fig.2, indicating significant influence of idands in vast ocean surface on wind
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Fig.2 Comparison between the QuikSCAT wind speed (the abscissa) and stations wind speed
(the ordinate). The isolines stand for the frequency with which wind speed appears.
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measurements, which are made smaller than those with QUikSCAT. For Weizhou Is. in the Beibu
Bay, however, the frequency maximum is on the diagonal and there is no secondary maximum
center. It then has the minimum difference between the measurement types as compared to other
stations. Results are less significant when the comparisons are made between reports from buoys
and ships and QUIkSCAT, it does show that the QUIKSCAT wind speed can be relied on
substantialy for the South China Sea.

Fig.3 discusses how much the two types of wind speed resemble (differ from) each other.
The isolines stand for the frequency with which wind direction appears and the diagonal
represents the frequency with which both types of wind have the same direction. The figure
shows that the centers of maximum for the appearance of wind direction frequency are well on
the diagonal, indicating consistent direction in both of them. Although there is also a center of
high frequency of wind direction for direction less than 60° with the QUIkSCAT and at 360° with
island measurement, the difference is about 60° from NE to N, showing that they do not differ
much in wind direction. Studying the wind directions for all island stations and the QUIkSCAT
(figure omitted), we know that the largest frequency of wind direction for both types dl distribute
on the diagonal except for the station on the Nao’ ou Is. It further shows that most of the observed
wind direction agrees with the QUiIkSCAT wind direction. Locating near the coastline, the wind
direction measured at Nan’ ou and Weizhou Is. differs much from that of the QUikSCAT while the
island measurements are well consistent with it. It then shows that the QUIkSCAT wind direction
isredly reflecting the reality in areas close to the coast.
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Fig.3 Same as Fig.2 but for wind direction (in unit of degree).

3.2 Satistics of QUIkSCAT wind direction and speed

After the above comparison and analysis of wind speed and direction between the QUiIkSCAT
and the seven island stations, we will analyze the statistics of the QUIkSCAT wind direction and
speed.

Tab.1 gives the statistics of vector wind comparison. The wind speed error between them
amounts to 2.4 m/s, with the QUIkSCAT wind speed generally higher than the idland one, which
is similar to the study above. The deviation wind direction is 26.7°, root-mear-square error in
speed and direction is 3.6 m/s and 47.5°, respectively, and mean absolute error is 2.7 m/s and
30.5°, respectively. It is aso found that the deviation, root-mean-square error and mean absolute
error in wind speed is the maximum for Nan’ ou, showing that the QUiIkSCAT wind speed is much
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different from that taken at the station. It is aso found that the wind speed error is relatively
smdl for Yongshu Reef and Weizhou Is. near the Beiby Bay, though the sample size of the
former statistics is much smaller. The difference is not large between the QUIkSCAT and idand
measurements for Dongsha, Xisha and Nansha. For wind direction, stations with relatively small
eror include Dongsha, Yongshu and Nansha with mean absolute error less than 25° and
deviation less than 20°. The larger error in wind direction appears in Nan’ ou |s. where mean
absolute error being as large as 49.1° and root-mean-error more than 60°. The findings agree with
the preceding results with wind direction analysis.

Tab.l Deviation, r.m.serror and absolute error of wind speed / direction by QUIkSCAT and 7 island stations

WS m. WD m.

sioe 5, Vome ASh v, wems (BN eme

ero ero
50324 38 51 41 -39.1 63.4 49.1 1951
50647 08 2.4 17 231 53.8 364 1903
59792 0.9 32 23 -15.8 373 212 1684
50981 25 36 28 -33.1 418 20.2 1905
50985 2.7 35 2.9 -343 444 277 1896
59995 05 23 17 -19.0 416 232 906
50997 24 35 2.9 -165 39.7 211 1857
Sumof 7 20 36 2.7 -26.7 475 305 12102
dations

Tab.2 gives the ratio of correct percentage of wind speed over different sections, i.e. the
percentages of island-observed winds and QUIKSCAT scatterometer winds. It shows that the rate
of correct wind speed is the highest a Y ongshu Reef and Weizhou Is. near the Beibu Bay for the
section between 0 m/s and 20 m/s while it is the lowest at Nan’ ou Is. It is also found that the
same two stations have higher rate of correct wind speed over the sections of 0 m/s—5m/sand 5
m/s — 10 m/s, appearing more than 60% of the goportunity. The correct rate is al over 60% at
Dongsha, Xisha and Y ongshu and compares favorably with other sections of wind speed with the
lowest rate over 50%. The correct rate is the lowest for the section from 15 m/s to 20 m/s and
even zero for the Weizhou Is. and Dongsha. For al of the seven island stations, the rate is the
highest for the section 10 m/s — 15 m/s but the lowest 15 m/s — 20 m/s. It shows that the
QUIkSCAT isthe lowest for wind speed more than 15 m/s.

Tab.2 Sectiona percentage of correct wind speed by QUIkSCAT

Sations 0—-5m/s 5—0m/s 10—45m/s 15—20m/s 0—20m/s
59324 39.3 42.8 51.5 40.2
59647 66.4 70.3 58.8 0.0 67.1
59792 55.0 54.2 61.9 0.0 54.2
59981 445 53.6 63.6 46.8
59985 513 327 50.0 48.4
59995 79.5 83.1 68.5 38.9 78.7
59997 47.8 50.2 54.3 48.3

Sums of 7 sations 513 56.6 62.0 119 52.8

From the analysis, we note that (1) of the seven stations the error of QUIkSCAT wind speed
and direction is the largest a Nan' ou; (2) the error of wind speed is relatively small but that of
wind direction relatively large a the Weizhou Is.; (3) wind speed is dightly smaller at Dongsha,
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Xisha, Nansha Is. than the QUIkSCAT wind speed, and so is the error in wind direction; (4) it is
generally the case that vector winds from the QUIkSCAT scatterometer is applicable for the South
China Sea, though care should be taken as to the correctness of wind direction by QuikSCAT
when it comes to the coastal region. Cautions should aso be taken to note the effect of the east
Guangdong coast on the QUIkSCAT wind speed.

4 ANALYSISOF STRONG WINDS OVER THE SOUTH CHINA SEA
4.1 Influence on temperature fields

To study the wind field and distribution of strong winds over the South China Sea, a spatial
description of monthly mean wind field as depicted by QuUikSCAT for Jan. Mar. May, Jul. Sept.
And Nov. is given in Fig.4. Figures for the remaining months are omitted. It shows that the
northeasterly wind prevails in Jan. and the maximum mean wind is greater than 9 m/s, with two
high-value centers respectively locating at 110°E, 11°N and Bashi Strait region and Taiwan Strait
in the northeastern South China Sea. The centers remain strong until February with the maximum
as much as 10 m/s or more. The two centers are still there in Marhc though with the maximum
decreasing to 7 m/s. In Apr., the mean maximum wind speed is only 4 m/s — 5 m/s and the
centers are poorly defined. It is found that there is a center of wind speed in the Beibu Bay to the
southwest of the Hainan Is with the maximum at 4 m/s. In May, the maximum wind speed is
moderate but with the distribution very different from Apr., with the high-value center amost
unseen in the northeastern part of the sea while the other at 110°E, 11°N is till there, only that
the easterly wind seen in Apr. has been replaced by the southwesterly, indicating that it is formed
because of the onset of the southwest monsoon. In Jun. — Sept., the latter center is maintaining,
varying from 6.5 m/s in Jun., through 9 m/s in Aug., till 5 m/s in Sept. The outhwesterly is a
dominant wind for the entire South China Sea in Jun. — Aug. until Sept. when the northeasterly
appears in the northern part of the sea, which gradually advances southward, covering the entire
region in Nov. At the time, the southwest maximum begins to disappear in the central and
southern part of the sea while the northeast maximum becomes well-defined over the Bashi Strait
and Taiwan Strait. The distribution of Nov. and Dec. are similar to that of Jan. — Mar. with two
centers of the northeasterly and the northern one significantly larger than the southern one. They
both reach the maximum in Dec., 11 m/s for the northern and 10 m/s for the southern.

From the analysis above, we discover that the northeasterly becomes the dominant mean
wind from autumn in the northeastern part of the sea. It then keeps increasing till winter and
maintaining to Mar., with the monthly mean wind speed reaching the maximum in Dec. The
center of northeasterly wind does not disappear until Apr. and reappears in Sept. and its center is
poorly defined until Nov. Strong winds on the northeast - southwest axis in northern South China
Sea are decreasing. It is now clear that the center of strong winds in the region reflects the effect
of the winter monsoon and the channeling effect of the straits make the wind stronger. The center
in the central and southern South China Sea is different from the one in the northern part of it.
Apart from Apr. and Oct., the northern center is the maximum center of northeasterly from Nov.
to Mar. with the monthly mean speed maximum at 10 m/s from Dec. to Jan. with the onset of the
southwest monsoon, the high-value center changes from the northeasterly to southwesterly and
begins expanding east and north in Jun. with the maximum in Aug. and monthly mean maximum
wind speed a 9 m/s. The center of strong winds in the central and southern part of the sea reflect
the advancement of winter and summer monsoon in central South China Sea.

With the GEOSAT dltigraph, Qi et al. give the distribution of wind speed in four seasonsin
the South China Sea. They think that there are two wind speed areas in spring (Feb. — Apr.) and
autumn (Aug. — Oct.), one being a tongue-shaped high-value area decreasing from northeast to
southwest in northeastern South China Sea and a secondary speed area at 110°E, 11°N.
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Fig.4 Mean wind ficlds in Jan., Mar., May, Jul., Sept., and Nov,

Examining the analysis of monthly wind field, we find that Feb. and Oct. are the months that
mark with such characteristics. Qi et a. point out that the winter (Nov. — Jan.) is marked by
maximum wind speed in northeastern waters of the sea, being over 10 m/s over the Bashi Strait

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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and decreasing dlong a NE — SW axis. It is 9 m/s in the maximum area of the secondary wind
speed. The distribution is the same as that by the QUIkSCAT for Nov. — Jan., without much
difference between the two speed maxima. For the atigraph measurement, the secondary summer
(May — Jul.) wind speed center changes to the maximum center with the value more than 8 m/s.
Correspondingly, the QUIkSCAT distribution has similar distribution as the altigraph in May —
Jul. It shows that the two types of remote-sending data have the consistent distribution of sea
surface wind. Additionally, when we compare the QUikSCAT scatterometter wind field with the
altigraph sea surface winds, we could find two prevailing wind directions (NE and SW) in
individual months over the sea and their advancement stages as well as the distribution of wind
speed. The NE wind begins to move south in Sept. from the northern part of the sea and arrives at
3°N in Nov. In Apr., NE wind is replaced by E wind over most of the South China Sea. From
south to north, the SW wind takes control from May and the NE wind begins advancing from
Sept. The whole process shows how the NE and SW monsoon affect the South China Sea.

4.2 Distribution of strong winds frequency in the South China Sea

From the comparison of wind direction and speed between the isands stations and
QUIkSCAT, we think that the satellite scatterometer data can well describe winds above Force 6

(= 10.8 m/s) but work less satisfactorily for winds above 15 nv/s. In view of it, frequencies with

which strong winds higher than Force 6 appear are discussed here. Studying the monthly mean
frequency for strong winds (Fig.5), we know that there is a frequency center of NE gale near the
Bashi Strait and over the Taiwan Strait from Oct. (autumn) to Mar. (early spring), with the
maximum of 20 days in Dec. The center has a much-decreased frequency in Apr., and it isonly 4
days from May to Sept., possibly caused by tropical cyclones. Similar to the monthly mean wind
field, thereis a center of strong winds frequency near 110°E, 11°N, which appearsin Nov. —Mar.
and Jun. — Aug. The NE gale prevails for more than 10 daysin Nov. — Feb., having the maximum
in Dec. The freqUency for SW gale increases from 6 days in Jun. to 12 days in Aug. In contrast,
there are at most 2 days in which strong winds prevail in the region in Apr., May, Sept., and Oct.
Furthermore, the axis for the maximum gale frequency for the whole sea is in the direction NE —
SW in the autumn and winter; for the northern part of the sea, the frequency is much higher for
the NE gde to appear than for the SW gae and the autumn and winter is a time that marks much
higher frequency of strong winds as compared with the spring and summer (Apr. — Aug.). The
latter is mainly affected by strong winds from the tropical cyclone, with the frequency no more
than 6 days. In addition to the areas above, gale weather can also appear in the Beibu Bay with a
frequency under 8 days, much smaller than the northeastern South China Sea.

Studying the centers of gale frequency and maximum wind field, we know that the former
has a highly consistent variation with the monthly mean wind speed in terms of seasonal changes,
and so does the location of the centers. The northeastern part of the seq, including the Taiwan
Strait, Bashi Strait, witnesses the largest frequency of NE gale, agreeing with previous work. For
the northern part of the sea, however, the gale frequency decreases from east to west, with the
number of days having strong winds much more in the eastern than in the western part. It should
be noted that the center of gale and the centra location of the frequency center over the central
and southern part of the sea are just close to the ascending ocean current, which is a hot topic in
the oceanographic community. It may be one of the regions where significant local air-sea
interactions take place. The center well reflects the effect of the winter and summer monsoon on
the South China Sea (Fig.6). It shows monthly mean wind speed and monthly gale frequency at
110°E, 11°N. Interannual variations exist in the center values but we cannot study their laws due
to limited length of data. The figure shows consistence between gale frequency and mean wind
speed.
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5 CONCLUDING REMARKS

a.Analyzing island station wind speed, direction and QUikSCAT vector wind, we know that
the probability is the maximum for them to be equal. It is shown that the QUikSCAT vector wind
is highly reliable for the South China Sea, but attention should be given to the effect of coastline
on the QUIKSCAT scatterometer wind direction measurements.

b.As shown in the error statistics, the deviation of wind speed is 2.4 m/s, with the QUIkSCAT
scatterometer wind speed generally higher than that taken by island stations and the deviation is
26.7° in wind direction; the root-mean-square for wind speed and direction is 3.6 m/s and 47.5°,
respectively; the mean absolute error for both speed and direction is 2.7 m/s and 30.5°,
respectively.

. The correct rate is the highest for the section from 10 m/sto 15 m/s but the lowest from 15
m/s to 20 m/s, while it is over 50% for the section from 0 m/ to 10 m/s.

d.There are two areas of strong winds as revealed by the anaysis of monthly mean wind
fields. The first is in the northeastern South China Sea that includes the Bashi Strait and Taiwan
Strait, which appears during the period of NE wind maintenance. The center of high winds stays
on from autumn to Mar. (spring), with the maximum of wind speed in Dec. The second oneisin
the central and southern part of the sea, which witnesses prevailing northeasterly wind from Nov.
to Mar. but prevailing southwesterly wind from May to Sept. The distribution of high-value
centers by QUIkSCAT is similar to that of the South China Sea wind speed achieved by Qi et al.
with the altigraph.

e.As shown in the analysis of frequency for Force 6 wind in individual months, the centers of
strong wind frequency exist in the Taiwan Strait, Bashi Strait and the central and southern South
China Sea, corresponding to the centers of high wind speed values. For the northern part of the
sea, however, the center of maximum strong wind frequency appears in the months when the
winter monsoon prevails, with the frequency decreasing from east to west. For the central and
southern part of the sea, the center of maximum strong wind appears in the season when the
winter monsoon (Oct., Nov., Dec., Jan. — Mar.) and the summer monsoon (May — Aug.) prevail.
Strong winds do occur in the Beibu Bay but with much smaller intensity. For the whole of the sea,
the frequency for the NE gale to appear over the coarse of the year is much higher than that for
the SW gdle. It is then a sign that the cold air is the main weather system that affects the
appearance of strong wind in the sea. Therole of SW gale cannot be neglected either, because the
ascending ocean current is located around the area 110°E, 11°N from which ascending current
occurs. It can be viewed as the key region for potential loca air-seainteractions.
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