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Wind characteristics of a strong typhoon

! 10 INTRODUCTION
The wind characteristics of a very
strong typhoon have always been
ambiguous or unknown because
there have been few chances to
obtain the required wind data. In

September 2003, typhoon Maemi

struck Miyakojima Island in Japan
with maximum peak gust of 74.1m/s (7th highest recorded
in Japan) and lowest pressure of 912hPa (4th lowest recorded
in Japan), as observed at a official meteorological station.
Several acro-vane-type anemometers and sonic anemometers
also recorded the wind speeds during the passage of typhoon
Maemi at an experimental site for electric cables of The
Furukawa Electric Co. Ltd., located near the seashore of
Miyakojima Island. The recorded wind speed exceeded
the maximum measurable speed of vane-type and sonic
anemometers. In this study, we analyzed the basic wind
characteristics of this extremely strong typhoon, including
mean velocity, turbulence intensity and scale, power
spectrum, spatial correlation and coherence, probability
density function and so on. In the past several decades, there
have been several field measurements of typhoon wind (e.g.
Tamura et al [1], Xu and Zhan [2]). However, the typhoon of
present study, to the author’s knowledge, is the strongest yet
successfully measured by sonic anemometers.

Due to the limitation of page number, only the results of
wind characteristics are shown below. For the details of wind

measurement, please refer to

20 WIND CHARACTERISTICS

Fig.1(a) shows the variation of 10min-mean wind speed
U with time. There were no data from either the vane or
sonic anemometers between around 3:00-5:00 on September
11, because the wind speed had exceeded their range.
Figs.1(b) and 1(c) show the variations of wind direction in
the horizontal and vertical planes with time. Wind direction
changed by approximately 216 degrees while typhoon
was passing, resulting in a wind direction change from

approximately easterly to westerly. The wind direction in the

coeEnooung

vertical plane remained during the passage of typhoon.

Fig.2 shows the variations with mean wind speed of
longitudinal, lateral and vertical turbulence intensities
1,1, and [

utv wo

measured by sonic anemometers. /,, /,and
I, decrease with mean wind speed and remain almost
constant when the wind speed becomes high. The ratios of
the standard deviations among the turbulence components

obtained by the sonic anemometers are &, I'b.)/ 4, =1.8/1.5/1.0,

which is comparable to the general relations obtained in the
neutral surface boundary layer, &, [&[1 &],=1.9/1.5/1.0 [3], or
o,lo,/0,=20/1.5/10 [4].
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(c) Wind direction in vertical plane

Fig.1 10min-mean wind speeds and wind direction during
typhoon Maemi ( o : Sonic: @ : Vane)
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Fig.3 shows the variations of turbulence scale with
mean wind speed, measured by sonic anemometers. The
turbulence scale is calculated from L, =US;(0) /(25,%), where
U is the mean wind speed of the longitudinal component;
S.(0) is the value of the power spectrum of each velocity
component, u, v, w, at zero frequency; and [d; is the standard
deviation of each fluctuating velocity component. The
turbulence scales of each velocity fluctuation components
increase with mean wind speed although they obviously
deviate. The averaged ratios of the turbulence scale among
the turbulence components obtained by sonic anemometers
are L,./L, /L, [0 55/2.3/10.

The gust factor G, is defined as the ratio of the gust speed
of duration t to the 10min mean wind speed, GO=U@)/U,
where the gust speed U(7) is the largest t-averaged wind
speed within 10 minutes. Thus, gust factor decreases when
gust duration is long, and eventually approaches unity. Fig.4
shows the variation of gust factor for t =0.1 from the records
of the sonic anemometers. Gust factor is almost unchanged
with mean wind speed. The average value of gust factor is 1.6.

Peak factor g, is the ratio of the maximum wind speed
fluctuation to the standard deviation of the wind speed
fluctuation. Fig.5 illustrates the dependence of peak factor on
wind speed. The average value of peak factor is 3.3, which is

almost unchanged with wind speed.
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Fig.5 Variation of peak factor with mean speed
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Fig.6 shows the variation of decay factor k of coherence
function with wind speed. In the longitudinal direction,
both k*and «*obtained from the vane anemometers have a
slight tendency to increase with mean speed when the mean
speed is low, and remains almost constant when it is high.
krand fr in the longitudinal direction are smaller than their
corresponding values in the wind cross direction when wind
speed is low, but are almost at the same level for larger wind
speed. For the cross wind direction, Fig.6(c) and Fig.6(d)
show that x* and x* have a slight tendency to increase with
wind speed. Shiotani and Iwatani [5] reported that «} at a
height of 40m increased from about 3 to 8 when the wind
speed increased from 10m/s to 60m/s. The present results
show that the increase in decay factor is not so obvious at
a height of 15m. Meanwhile, Fig.6(e) shows that i} remains

almost unchanged with wind speed.
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Fig.7 Probability density function of wind speed

(b) Kurtosis

Fig.8 Variations of skewness and kurtosis with mean speed
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The probability distribution of fluctuating wind speed
is usually assumed to follow a Gaussian distribution. It is
interesting to know whether or nor the probability density
function of fluctuating wind speed during a strong typhoon
also follows a Gaussian distribution. Fig.7 shows examples
of probability density function of the wind speed at U=32m/
s, which agrees approximately with a standard Gaussian
distribution. Fig.8 shows the variations of skewness G
and kurtosis H with mean speed measured by sonic
anemometers. Skewness and kurtosis are independent of
wind speed and wind direction. Averaged values of skewness
and kurtosis are G=0 and H=2.9, which are close to the
values G=0 and H=3.0 for a standard Gaussian distribution.

Power spectra of the longitudinal, lateral and vertical
velocity components of moderate and strong wind measured
by sonic anemometers are compared with Karman type
power spectra (Not shown here). Overall, Karman type
spectra can be used to express the power spectra of the wind

speed fluctuations, regardless to the mean wind speed level.

3. CONCLUSIONS
Wind characteristics of a strong typhoon (Typhoon Maemi
2003) measured simultaneously by several vane and sonic
anemometers at a height of about 15m were analyzed on the
basis of 10min wind speed samples. The wind characteristics
on the basis of 10min samples are generally very similar to
those of synoptic winds. Results are summarized as follows:
(1) Turbulence intensity decreased with wind speed The
ratios of the standard deviations among the turbulence
components obtained by sonic anemometers were
c,/o,/0,=18/1.5/1.0. Turbulence scale increased with

mean wind speed. The average ratios of the turbulence
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scale among the turbulence components obtained by
sonic anemometers were L,/L,/L, 5.5/2.3/1.0.

(2) The average gust factor was 1.6. The peak factor had an
average value of about 3.3.

(3) The probability density function of fluctuating wind
speed of this strong typhoon followed a Gaussian
distribution.

(4) The power spectrum of the strong wind could be

expressed by a Karman-type spectrum.
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