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1. Introduction

The South China Sea (SCS), a large semi-enclosed marginal sea in the Western Pacific Ocean,
is a region where tropical cyclones (TCs) frequently occur. As a large population lives along
the coastal area, it is of great interest to understand TC behavior in the SCS.

TC, which is a tropical system, strengthens when water evaporated from the ocean is re‐
leased as the saturated air rises, resulting in condensation of water vapor contained in the
moist air. The movement of a TC is mainly steered by the surrounding environmental flow
in the troposphere and modified by the beta-effect. TC could intensity during the move‐
ment, if the conditions (both atmospheric and oceanic) along the TC track remain favorable.
TC movements in the Western North Pacific (WNP) are likely caused to a large extent by
changes in the planetary-scale atmospheric circulation and thermodynamic structure associ‐
ated with the El Niño phenomenon [1]. Recent studies indicate that the total number of TCs
and number of TCs entering the SCS from the WNP are below normal in El Niño events but
above normal during La Niña events [2]. However, for TCs formed inside the SCS, the dif‐
ference in numbers between the two phases of the El Niño-Southern Oscillation (ENSO) is
not as obvious. Other studies relate TC genesis to the increase in accumulated cyclone ener‐
gy or potential intensity [3-4]. The monsoonal flow often exhibits a life cycle of several
weeks [5], connected to the Madden–Julian oscillation (MJO), which may cause TC tracks to
vary intraseasonally as well.

During TC passages, atmospheric variables, as well as air-sea condition experience signifi‐
cant changes. The impact of a TC on a local area can be assessed through several ways, such
as satellite observation, model simulations and records from weather station. Reference [6]
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first used imagery from meteorological satellites to estimate TC intensities. Using remote
sensing data, reference [7] suggested that the largest increase of the number and proportion
of hurricanes occurred in the North Pacific,  Indian,  and Southwest Pacific  Oceans in an
environment of increasing sea surface temperature. Based on multiple satellite data and satellite-
based wind retrieval techniques, reference [8] objectively estimate the surface wind fields
associated with TCs and construct the Multiplatform Tropical Cyclone Surface Wind Analy‐
sis (MTCSWA) product in preparing their forecasts and advisories. Model simulation can be
useful in estimating regional (short/long term) climate change. Reference [9] simulated Ty‐
phoon Leo (1999) using two nested domains in relatively coarse resolution (54 km and 18 km).
MM5 was applied to simulate several characteristics of Typhoon Fitow (2001), including land
falling, center position, and precipitation [10]. MM5 incorporating 4D variational data assim‐
ilation system with a full-physics adjoint model was found to greatly improve typhoon forecast
in track, intensity, and landfall position [11]. A successful simulation of super typhoon Tip
(1979) over the northwest Pacific was simulated by using a Limited Area Model with a horizontal
resolution of 0.46875°in latitude and longitude [12]. Model parameters were investigated in
simulating Typhoon Chanchu (2006) by comparing with satellite measurements [13].

Compared with satellite and model simulation, it is more difficult to realistically assess the
impact of a TC on a local spot (in the ocean) from weather stations due to the scarcity of
station in the ocean. However, station records, though only few, are very useful in validat‐
ing model simulation and satellite measurement. Using many weather stations in the Philip‐
pines for the period of 1902 to 2005, reference [14] captured the behaviors of typhoons in its
vicinity. Because the environment in mountain is more sensitive than in urban, reference
[15] used the data from weather station at mountain Ali to find the trend of typhoons from
short to long period. They also found that air temperature and rainfall have their own trend.

This study makes full use of the precious data recorded at Xisha station to investigate the
impact of TC while passing around the station. Data and introduced in section 2. The com‐
parisons between wind and SST observations at Xisha with remote sensing measurements
are given in section 3. The main analysis of the atmospheric variables at Xisha during TC
passages are shown in section 4. Conclusions and discussions are then given in section 5.

2. Data and methods

Xisha station is located at the Northern part of Xisha Islands in the SCS, on which an auto‐
matic weather station (AWS) was installed and began to operate on April 6, 2008. It collects
several meteorological parameters, including wind speed, wind direction, humidity, baro‐
metric pressure, and air temperature at 10 meters above sea surface every two minutes.
From April 2008 to June 2009 (Stage 1), the wind direction data were classified as 22.5° sec‐
tors (azimuths format). Since July 2009 (Stage 2), the wind direction data format changed to
an accuracy of one degree, and rain sensor was mounted on the station.

Wind data at Xisha station during the period from April 2008 to November 2009 is used to
validate QuikSCAT and ASCAT measurements [16]. During the period, the crossing paths
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of both QuikSCAT and ASCAT are 5-6 km away from AWS Station, which is at 16º50’N,
112º20’E. Temperature at 2 m below sea surface was collected every 10 minutes from March
13, 2010 to August 31, 2010 by a thermometer mounted on a moored surface buoy platform,
which is located north of the AWS at 16º 51’N, 112º 19’E.

QuikSCAT derived surface wind vectors are acquired from the Asia-Pacific Data-Research
Center (APDRC) in Near Real Time format (NRT) [17]. The data set consists of globally grid‐
ded values (0.25°×0.25°) of zonal and meridional wind velocity components at 10 m over the
sea surface measured twice daily from April 6, 2008 to November 19, 2009. The wind meas‐
urement has the accuracy of 2 m/s for speed and 20° for direction for both ascending and
descending passes. Since there is no QuikSCAT data after October 2009, ASCAT Ocean Sur‐
face Wind Vectors data of 25-km resolution production has also been chosen in its NRT for‐
mat from March 13, 2010 to August 31, 2010. The ASCAT wind data at 10 m above the sea
surface was processed by the National Oceanic and Atmospheric Administration (NOAA)
utilizing measurements from ASCAT aboard the EUMETSAT METOP satellite.

Before and after the onset of the SCS summer monsoon, the SCS suffers from high fraction
cloud coverage, and the Advanced Microwave Scanning Radiometer for the Earth Observ‐
ing System (AMSR-E) has capability to see through clouds. Therefore, sea surface tempera‐
ture data derived from AMSR-E is applied here.

Best-track dataset including TC location and intensity at six-hourly intervals produced by
the Joint Typhoon Warning Center (JTWC) is used in the study. The best-track archives con‐
tain six-hourly TC positions and Maximum sustained wind speed in knots as intensity esti‐
mates. Environmental variables are derived from the U.S.

National Centers for Environmental Predication (NCEP) reanalysis [18] and
850,700,600,500,400,300,250,200 (mb) level wind data were combined as the steering wind to
analysis TC environmental field.

In order to show atmospheric environmental variations with high common power and the
phase relationship [19], Morlet wavelet transform, that is a continuous function, is used to
evaluate the cross wavelet of two time-series xn and yn. The cross wavelet transform (XWT)

is defined as following:|W xy | =abs(
|WxWy

* |
σxσy

), Where * denotes complex conjugation, and

σx and σy are the respective standard deviations, and Wx, Wy are the wavelet power and abs
symbol denote the absolute values from Wxy.

3. Comparison between observation (at Xisha station) and remote sensing
for winds and SST

The AWS wind record is sub-sampled to match the QuikSCAT sampling time (in hours)
near the station. Total 847 satellite / observation pairs are avaliable. The AWS wind observa‐
tions is highly correlated to the QuikSCAT wind records (Fig. 1) with a linear correlation co‐
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efficient of 0.92 (Fig. 2a). The mean bias error (MBE) is examined to be -1.04 m/s, and root
mean square error (RMSE) to be 1.30 m/s. The points are evenly distributed around the re‐
gression line. The result improves clearly if the outliers are taken out (Fig. 2b).

Figure 1. Comparison of QuikSCAT data and in-situ observation for the period April 2008-November 2009 at Xisha
station: (a) wind speed, (b) zonal wind component, and (c) meridional wind component. The black line represents
AWS observation, and the dashed line represents the QuikSCAT data.

Figure 2. Scatter plot of QuikSCAT and AWS measurements in the period April 2008-November 2009: (a) wind speed
linear regression (n=847), and (b) wind direction linear regression (n= 201). Dashed lines referred to the linear regres‐
sion of the match-up pairs.

Additionally, the wind data (with 17 anti-phase outliers removed) is grouped into 16 groups
(labeled as “N”, “NNE”, “NE”, “NEE”, “E”, “SEE”, “SE”, “SSE”, “S”, “WSS”, “WS”,
“WWS”, “W”, “WWN”, “WN”, “WNN”) according to the direction, each group correspond‐
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ing to an angle width of 22.5 degree, and the difference is examined individually for the 16
groups (Fig. 3a). The result shows that the wind speed data derived from the QuikSCAT is
generally overestimated about 1.5m/s than the AWS data. The mean direction deviation is
generally less than 20 degree.

Figure 3. MBE (bars) and RMSE (lines) for speed and direction were classified as (a) a function of direction classes and
as (b) a function of the Beaufort wind classes. The blue icons represent speed and red ones represent wind direction.

Figure 4. Comparisons of meteorological and oceanic variables in the period of March – September, 2010 at station
Xisha: 5-day running mean of daily SST, rainfall, zonal wind and meridional wind. Black line represents in-situ observa‐
tions and dashed line satellite data

Fig. 3b shows the MBE and the RMSE of wind speed and direction differences. It is apparent
that RMSE (lines) becomes larger when the wind is strong or weak. The accuracy require‐
ments of satellite wind speed estimates are satisfied if measurements values lower than 3
m/s are discarded [20]. Further, the consistency of the SST, rainfall and wind was checked
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between the remote sensing dataset and a buoy platform locates at Xisha from March 13,
2010 to August 31, 2010 (Fig. 4). The result shows that satellite-derived environmental varia‐
bles are well consistent with observation. The difference between the SST and surface tem‐
perature exhibits significant seasonal variation, which can be mainly attributed to the
seasonal typical stratification structure near the sea surface. The remote sensed SST can rep‐
resent sea surface skin temperature, while in-situ SST measurements mainly characterize the
temperature variability 2 m below the sea surface. In summer (winter), the skin temperature
is much warmer (colder) than that below the sea surface due to the surface heating.

Fig.4a shows that SST increases and it reaches its peak before the summer monsoon onset.
Then the local atmosphere slowly loses heat to cool down again after the summer monsoon
onset. The satellite rainfall data also has few peaks in comparison with in-situ possibly be‐
cause the satellite crossing region is deviation of Xisha station about 5-6 km (Fig. 4b). It has
been clarified that year 2010 is a weak summer monsoon year (Fig. 4c and 4d). When the
summer monsoon has a late onset, there is a shorter rainy season.

4. The variations of atmospheric variables recorded at Xisha station in the
SCS during tropical cyclone passages

A total of 52 TCs passes through the SCS during 2008-2011, among which 21 TCs are found
to be less than 400 km off the Xisha station (Fig. 5). The strongest TC occurred on September
23, 2008 with the maximum sustained wind speed in 125 knots at the northern XiSha. Dur‐
ing TC passages, atmospheric variables, and air-sea condition will experience significant
change, which also varies with the location of TC core. This study investigates atmospheric
variables measured at Xisha station in the SCS when TCs passing by.

Figure 5. The track of 21 TCs passages within 400 km to the Xisha station during 2008-2011, black pots stand for the
genesis location; red star means Xisha station, gray dashed line means the radius of 400 km off the Xisha.
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Figure 6. wind speed in AWS during April, 2008-October, 2011. Blue columns highlight the TC passages

Figure 7. Air temperature in AWS during April, 2008-October, 2011. Blue columns highlight the TC passages.
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While TC passes within less than 400km off the Xisha, abrupt increase in wind speed and
decrease in air temperature can be clearly seen from the station records (Fig. 6 and 7). Wind
speed dramatically increased over 10.8 m/s (according to Beaufort scale) and maximum can
reach 32.5m/s on July 16, 2010. The Beaufort scale [21] is an empirical measure that relates
wind speed to observed conditions at sea or on land. When wind speed reaches 10.8 m/s, it
is described as Beaufort scale 6 and associated warning flag should be noticed. When TCs
produce extremely powerful winds and torrential rain, they can introduce the strong surface
heat exchange to maintain their development.TCs stir up water, leaving a cool wake behind
them, which is caused by wind-driven mixing of cold water from deeper in the ocean and
the warm surface waters (Eric, 2002). Cloud cover may also play a role in cooling the ocean,
by shielding the ocean surface from direct sunlight before and slightly after the storm pas‐
sage. All these effects can combine to produce a dramatic drop in the air temperature over a
large area in just a few days.

Figure 8. Wind velocity PSD for before, during, and after the TC passages. Black dashed line stands for 95% confi‐
dence interval.

Because of the TC strong intensity, they are also able to produce high-frequency waves in
the local atmospheric environment. Therefore, spectral analysis is applied to the time-series
of the wind velocity component for three periods; before, during and after the TC passage in
order to study the discrepancy of velocity power spectrum (Fig. 8). The Power Spectrum
Density (PSD) describes how the energy of a time series is distributed with frequency to esti‐
mate the spectral density of a random signal from a sequence of time samples with the fast
fourier transform algorithm. The result presents that before the TC passes through the SCS,
the wind velocity PSD shows semi-diurnal oscillation (12.85 hours). During the TC passages,
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PSD is located at about 15.54 hours band, lower than that without TC passages. After TC
passes, PSD gradually converted into the lower than semi-diurnal peak, occurred at about
14.06 hours band and its power decrease to some extent. The frequency change may be due
to the TC physical processes After the TC passage, the power condition recovers to the nor‐
mal state, which located between 12.85 hour and 15.54 hours band (about 14 hour).

Figure 9. Case study of two TCs: a) Blue dashed line presents TC tack in April 16-18, 2008, dotted circle stands for the
radius within 400km to Xisha station; black arrows show the steering flow; c) The time series of wind speed and air
temperature observations at Xisha in April 16-18, 2008. e) The XWT of the standardized wind and air temperature in
April 16-18, 2008. The 5% significance level against red noise is shown as a thick contour. The relative phase relation‐
ship is shown as arrows (with in-phase pointing right, anti-phase pointing left, and wind leading air temperature by
90 pointing straight down),and white dashed line means the period of this TC passage; b), d) and f) same as a), c) and
(e) but for August 22-23, 2010.
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In order to further understand the variations of atmospheric variables recorded at Xisha,
two TCs cases are chosen in April 16-18, 2008 and August 22-23, 2010. The former formed in
WNP, and crossed straightly through the Philippines into SCS, and then followed the north‐
wards steering flow passing through Xisha region, making landfall in the South China (Fig.
9a). The latter generated in the eastern of SCS, then moving westward, and making landfall
at the Vietnam coast (Fig. 9b). In the first case, the wind increased greatly at around 0400
UTC 16 April, 2008. When the AWS wind reaches the high peak, TC reached its maximum
sustained wind speed in 95 knots at 111.4 E, 17.8N nearest Xisha station on about 0000UTC,
18 April, 2008. And at the same time, air temperature dropped from about 27.5 oC to 24.5 oC
with the anti-phase wind (Fig. 9c). The other case is formed in northeastern of the SCS at
about 1800 UTC August 20, 2010. The AWS wind started to increase greatly at around 2100
UTC 21 August, 2010. This TC sustained wind speed in 35 knots at 111.0 E, 16N on about
0000UTC, 23 August, 2010 when the AWS reached maximum. During this period, air tem‐
perature cooled from about 31.0 oC to 26.0oC and rain followed in just a few days (Fig 9d).
Thus wavelet analysis is used to expose wind speed and air temperature common power
and relative phase in time-frequency space (Fig. 9e and 9f). The air temperature and wind
are significant common power in about 12-20 hour band during the TCs passage [22]. The
XWT also shows that both of them are in anti phase with significant common power. This
proved the previous view that a TC passage produces a dramatic drop in the air tempera‐
ture over a large area in just a few days.

Figure 10. a) Scatter plot of TC distance to the Xisha station and AWS wind measurements. Dashed line represents
linear fitting, the color bar illustrates the maximum wind speed at TC center (b) Scatter plot of the maximum wind
speed at TC center and AWS wind measurements. Dashed line means linear fitting; the color bar stands for the dis‐
tance between a TC to the Xisha station

TC tracks and intensity play an important role in the local atmospheric variations (Fig. 10a
and 10b). The distance of a TC to the Xisha station is correlated to the local wind records
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with a linear correlation coefficient of -0.57. The points are evenly distributed around the
line. Stronger TC tends to induce larger wind variations at Xisha station (correlation coeffi‐
cient=0.58).

5. Conclusions

Wind data at Xisha station during the period from April 2008 to November 2009 is com‐
pared with QuikSCAT and ASCAT. During the period, the crossing paths of both QuikS‐
CAT and ASCAT are 5-6 km away from AWS Station, which is at 16º50’N, 112º20’E. The
comparison confirms that QuikSCAT estimates of wind speed and direction are generally
accurate, except for high wind speeds (> 13.8 m/s) and for the direction assessment under
very low wind speeds (< 1.5 m/s).

There are 52 TCs through the SCS during 2008-2011, among which 21 TCs are found to be less
than 400 km. When TCs passed through the Xisha, it induced the changes of wind field, air
temperature and the occurrence of heavy rain. The wind velocity transforms the frequent from
12 hour to 15 hour during TC passage. The PSD become 14 hours after TCs passed through
the Xisha. The wavelet analysis shows that the oscillations between air temperature and wind
are common power and anti-phase. The variations of atmospheric variables at the Xisha station
are larger if the TCs passing through are closer to the station or stronger in the intensity.

The statistical significance might be not very convincing due to such short observation peri‐
od. Besides, current observation is only two dimensional, which is not enough to under‐
stand the vertical structure of the atmosphere.
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