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Abstract:    Wind speed and direction data during typhoon Meari were obtained from eight anemometers installed at heights of 10, 
20, 30, and 40 m on a 40-m tower built in the Pudong area of Shanghai. Wind-turbulence characteristics, including wind-speed 
profile, turbulence integral scale, power spectra, correlations, and coherences were analyzed. Wind-speed profiles varied with time 
during the passage of Meari. Measured wind-speed profiles could be expressed well by both a power law and a log law. Turbulence 
integral scales for u, v, and w components all increased with wind speed. The ratios of the turbulence scales among the turbulence 
components averaged for all 10-min data were 1 0.08׃0.69׃ at 10 m, 10.09׃0.61׃ at 20 m, and 10.13׃0.65׃ at 40 m. The turbulence 
integral scales for the u and v components increased with average gust time, but the turbulence integral scale for the w component 
remained almost constant when the gust duration was greater than 10 min. The decay factor of the coherence function increased 
slightly with wind speed, with average values for longitudinal and lateral dimensions of 14.3 and 11.3, respectively. The slope 
rates of the turbulence spectra in the inertial range were less than −5/3 at first, but gradually satisfied the Kolmogorov 5/3 law. The 
longitudinal wind-power fluctuation spectrum roughly fitted the von Karman spectrum, but slight deviations occurred in the 
high-frequency band for lateral and vertical wind-power fluctuation spectra.  
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1  Introduction 

 
The coastal area of China experiences serious 

typhoons. Each year, several typhoons make landfall 
or pass by these regions, causing great economic 
losses and casualties. The losses from damage to low- 
rise buildings are particularly serious. To improve the 
typhoon resistance of buildings in these regions, 
thereby reducing losses during typhoons, wind data 
must first be obtained by means of field measure-

ments so that the wind-field characteristics of ty-
phoons can be described. Due to the high cost of this 
work, the long cycle of field-measurement studies, 
and the uncertainty of typhoons, only a few such 
studies have been carried out in China (Liu et al., 
2012; Wang et al., 2013; 2015). To address this defi-
ciency, a wind-engineering measurement base was 
co-established by Tongji University and the Pudong 
Airport Construction Group near Shanghai Pudong 
International Airport, China. It consists of a full-scale 
low-rise building and a 40-m anemometer tower. Its 
aim is to study wind characteristics near the ground 
and the wind-pressure characteristics of low-rise 
buildings during typhoons in China’s southeast 
coastal area (Huang et al., 2012). 

Information related to typhoon Meari and the 
wind-engineering measurement base was published 
by Wang et al. (2012). In this study, we investigated 
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turbulence characteristics including wind-speed pro-
files, turbulence integral scales, power spectra, cor-
relations, and coherences during typhoon Meari, 
based on wind data collected from a 40-m tower 
equipped with eight ultrasonic and propeller ane-
mometers at 10-, 20-, 30-, and 40-m levels. The re-
sults of this study provide a reference for typhoon- 
resistant design of structures in the eastern coastal 
areas of China.  
 
 
2  Measurement procedures 

2.1  Description of typhoon Meari 

The fifth typhoon in 2011, typhoon Meari, was 
characterized by a wide area of influence, a fast for-
ward motion, and small variations in intensity. The 
minimum distance between the observation site and 
the center of the typhoon was about 250 km. Winds of 
force 7–8 occurred along the Pudong coast of 
Shanghai and of force 6–8 in Shanghai City. Fig. 1 
shows the observation location and a photo of the 
observation tower. 

2.2  Experimental instruments and facilities 

The lattice tower for measuring wind is 40 m tall 
and situated on a flat area close to the Yangtze River 
estuary, about 500 m from the east coast. Fig. 2 shows 
the terrain around the station in four directions. Fig. 3 
shows a photo and a diagram of the arrangement of 
the anemometers. Three types of anemometers were 
used: 3D sonic anemometers (R.M. Young 81000), 
2D sonic anemometers (R.M. Young 85106), and 
propeller anemometers (R.M. Young 05305V). The 
sampling frequency was 4 Hz, and the anemometers 
were installed at heights of 10, 20, 30, and 40 m, 
respectively, to record the wind speed and direction. 
The 0° wind direction corresponds to north. Positive 
wind directions were defined by clockwise rotation. 
The 3D sonic anemometers were used to select data 
for analysis, mainly because they can record wind- 
speed fluctuations in three dimensions. Data from the 
other types of anemometers were used only to sup-
plement and correct these data. The distance from the 
anemometer to the tower body was far enough to 
avoid any significant effects on data acquisition, 
based on the results from previous computational 
fluid dynamics (CFD) numerical simulations. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
3  Wind characteristics of typhoon Meari near 
the ground 

 
The recorded time of occurrence of typhoon 

Meari was from 14:00 on June 25, 2011 to 18:00 on 
June 26, 2011, a duration of 28 h. Based on the 
standard time interval in China, the data measure-
ments were segmented into 10-min intervals; sample 
information for the data is listed in Table 1 (p.36). 
Fig. 4 (p.36) shows the variation in 10-min wind 
speed and wind direction with time. The mean wind 
speed generally increased with observation height, 
but the variation in mean wind direction with time 
was similar at different observation heights. The 
maximum mean wind speed occurred around 19:00 
on June 25, 2011. The maximum mean wind speed, 
Umax, was 11.51 m/s at a height of 10 m and 15.05 m/s 
at a height of 40 m, and the lateral wind direction was 
about 17°.  
 
 
4  Wind-speed profiles 

4.1  Profile models 

In general, most buildings are located in the 
atmospheric boundary layer. Therefore, it is im-
portant to describe wind-speed characteristics in that 
layer to achieve wind-resistant structural designs. The 
wind-speed profile is an important characteristic and 
is defined as the variation in mean wind speed with 
height over a certain averaging time. Several wind- 
speed profile models exist, including the power- 
law model (Davenport, 1960), the log-law model  

Fig. 1  Observation location and a photo of the observa-
tion tower 
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Fig. 3  Arrangements of anemometers (unit: m)
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Fig. 2  Photographs of the terrain around the observation station 
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(Davenport, 1960), and the Deaves-Harris model 
(Deaves and Harris, 1978; Deaves, 1981a; 1981b). 

1. Power law: Based on statistical analysis of a 
large amount of data observations under various ter-
rain conditions, Davenport (1960) pointed out that the 
power function can be used to describe the variation 
in mean wind velocity with height z, as follows: 
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where zref is the reference height, U(zref) is the mean 
velocity at the reference height, U(z) is the mean 
velocity at height z, and α is the ground roughness 
exponent. 

2. Log law: According to the asymptotic simi-
larity considerations for a neutral atmospheric 
boundary layer, matching of the law of the wall with 
the velocity defect law in the overlap region, where 
both laws apply simultaneously, a wind speed profile 
at this point can be expressed as (Simiu and Scanlan, 
1996; Tieleman, 2008): 
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where k is the Karman constant (here assumed to be 

0.4), *
0U  is the surface friction velocity, and z0 is the 

surface roughness length. There is wide variability 
among the results from different experiments because 
of the heterogeneity of local air currents. In this study, 
z0 was assumed to be 0.02 m, as recommended by the 
American Society of Civil Engineers (ASCE) stand-
ard ASCE/SEI 7-10 (ASCE, 2010), corresponding to 
roughness exposure C. 

Friction velocity is an important index for 
measuring air friction and is widely used for quanti-
tative analysis of turbulent diffusion in the whole 
atmospheric boundary layer. Two kinds of expres-
sions have been used in earlier studies. Using the 
horizontal stress vector, several researchers have 
defined friction velocity as (Geernaert, 1988; Ly, 
1993; Rotach, 1993; Patil, 2006) 

 

 1/42 2*
0(1) ,U u w v w                          (3) 

 

where u, v, and w are the longitudinal, lateral, and 
vertical wind-fluctuation components, respectively. 

Based on the hypothesis of Prandtl (1949), in 
which the Reynolds stress vector is parallel to the 

Table 1  Measured data samples from the typhoon 

Typhoon Instrument Height (m) Sample number Umax (m/s) 

Meari Sonic anemometer 

10 160 11.51 

20 160 13.08 

30 160 14.67 

40 160 15.04 

Fig. 4  The 10-min mean wind speed and wind directions 
of typhoon Meari: (a) 10-min mean wind speed; (b) 
10-min mean horizontal wind direction; (c) 10-min mean 
vertical wind direction 

0

60

120

180

240

300

360

 

 10 m
 20 m
 30 m
 40 m

H
o

riz
on

ta
l w

in
d

 d
ire

ct
io

n
 (

°)

Meari

15:0024:00  14:00
(2011-06-25)

19:00 05:00
(2011-06-26)

10:00   20:00
(2011-06-26)

(b) 

-8

-4

0

4

8

 

 10 m
 20 m
 40 m

V
e

rt
ic

a
l w

in
d 

di
re

ct
io

n 
(°

)

Meari

15:0024:00  14:00
(2011-06-25)

19:00 05:00
(2011-06-26)

10:00   20:00
(2011-06-26)

(c) 

0

4

8

12

16   10 m
  20 m
  30 m
  40 m

 

M
ea

n
 w

in
d

 s
p

ee
d

 (
m

/s
)

Meari

15:00     24:00      14:00
    (2011-06-25)

 19:00      05:00
  (2011-06-26)

10:00       20:00
(2011-06-26)

(a) 



Wang et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng)   2017 18(1):33-48 37

mean wind direction, several researchers have de-
fined the friction velocity as (Panofsky and Dutton, 
1984; Grimmond et al., 1998; Weber, 1999) 
 

 1/2
*
0(2) .U u w                             (4) 

 

The variation in friction velocity calculated by 
Eq. (3) with mean wind speed was almost identical at 
different observation heights (Fig. 5). The friction 
velocity tended to increase with the increased mean 
wind speed at heights of 10 and 20 m, while at a 
height of 40 m, it showed only a small correlation 
with the mean wind speed. The mean friction velocity 
was 0.60 m/s at 10 m, 0.62 m/s at 20 m, and 0.58 m/s 
at 40 m. The friction velocity did not vary noticeably 
with height, which agrees with the conclusions of Li 
et al. (2010). For these reasons, friction velocity was 
taken as the average of three values (0.6 m/s) in log 
law expression. 

 
 

4.2  Characteristics of the measured typhoon 
wind-velocity profile 

Fig. 6 shows the mean wind-speed profiles over 
one-hour time periods, where the horizontal axis is 
the ratio of mean wind speed U(z) to U(10). Large 
variations were found among the profiles during the 
passage of the typhoon. In the beginning, the ratio of 
U(40) to U(10) was low, and even lower than the ratio 
of U(30) to U(10) in several 10-min time intervals. 
However, the ratio of U(40) to U(10) generally in-
creased with time.  

Fig. 7 shows mean wind-speed profiles by height 
at various 10-min time intervals in different wind- 
speed regions. In this study, z0 was assumed to be 
0.02 m, as recommended by ASCE/SEI 7-10 (ASCE, 
2010), corresponding to roughness exposure C. The 
wind speed had a strong influence on the mean  
 

 
 
 
 
 
 
 
 

wind-speed profile when typhoon Meari was passing. 
The ratios of U(z) to U(10) at different wind-speed 
time intervals were similar when the wind speed was 
greater than 10 m/s, but deviated from the measured 
profiles when the wind speed was less than 10 m/s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6  Mean wind-speed profiles over one-hour time intervals during typhoon Meari 
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Fig. 5  Variation in friction velocity with 10-min mean 
wind speed: (a) z=10 m; (b) z=20 m; (c) z=40 m 
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As a comparison between the measurements and 
the wind-speed profile models, Fig. 8 shows the mean 
wind-speed profiles at different wind-speed time 
intervals during typhoon Meari. The comparison was 
carried out between the measurements and the power- 
law and log-law models. It is evident that that power- 
law and log-law models can well express the meas-
ured wind profiles. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
5  Turbulence integral scales 

5.1  Method for calculating the turbulence integral 
scale 

A turbulence integral scale is used to describe 
the size of scale eddies which occur frequently, play a 
leading role in turbulent eddies, and constitute a 
measure of mean turbulence scale in air currents. This 
is an important index which reflects the characteris-
tics of a wind field. Evaluation of the energy con-
tained in a turbulence scale is an important research 
topic in wind engineering. According to the definition 
of a turbulence integral scale (Simiu and Scanlan, 
1996), it can be expressed as 
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where Li is the turbulence integral scale of wind- 
speed fluctuations for the i (u, v, or w) direction, σi is 
the standard deviation of fluctuating wind speed in i 
direction, and R1,2(x) is the cross-correlation function 
between measuring points 1 and 2.  

Because of the difficulty of measuring many 
points synchronously in space, it is necessary to 
transform the spatial correlation into a time correla-
tion using the Taylor hypothesis. The advantage of 
this method is that wind-speed fluctuations at many 
points in any space are transformed into an autocor-
relation at a single point, and then integral calcula-
tions can be performed. The autocorrelation-function 
integral method based on the Taylor hypothesis is 
widely used and can be expressed as 
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where Ri(τ) is the autocorrelation function for the i 
direction, τ is the delay time, and β is a parameter used 
when the autocorrelation coefficient drops to 0.05 
(Flay and Stevenson, 1988). 

5.2  Relationship between the turbulence integral 
scale and wind speed 

Fig. 9 shows the variation in longitudinal (Lu), 
lateral (Lv), and vertical (Lw) turbulence integral 
scales with 10-min mean wind speeds at heights of 10, 
20, and 40 m for a 10-min basic time interval. The 
turbulence integral scales of the 3D components in-
creased with mean wind speed and their dispersion 
increased. The probability density distributions of the 
turbulence integral scales for 3D components are 
clearly asymmetrical, unlike standardized Gaussian 
distributions.  

The ratios among longitudinal, lateral, and ver-
tical turbulence integral scales obtained on the basis 
of field measurement by several researchers are 
shown in Table 2 (p.40), from which the results from 
different areas can be found. The measured longitu-
dinal integral scale of Choi (1978) is obviously larger 
than those in this and other studies, and the results in 
this study are close to those of Cao et al. (2009) and 
Xiao et al. (2009). The ratios of the lateral and  
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longitudinal turbulence integral scales in this study 
are close to those of Xiao et al. (2009) and Song et al. 
(2012) and larger than those of other studies in Ta-
ble 2. The ratios of vertical and longitudinal turbu-
lence integral scales in our study agree well with the 
results of other studies (Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.3  Turbulence integral scale profile 
 

From Table 2, it is clear that the turbulence in-
tegral scale increases with observation height for a 
single typhoon. Empirical expressions for the varia-
tion of longitudinal turbulence integral scale with  
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height have been included in the wind-load standards 
and codes of many countries, but not China.  

Fig. 10a shows the variation of the measured 
longitudinal turbulence integral scale with height. For 
comparison, the longitudinal empirical results from 
many other countries are also given. The longitudinal 
result stipulated in ASCE (2010) is the largest and 
those in the Architectural Institute of Japan (AIJ, 2004) 
and European (BSI, 2004) specifications are smaller 
at the same height. The measured results are close to 
the result stipulated in ASCE (2010) at 10 m height 
and larger than those stipulated in all specifications 
when the height was greater than 10 m. For the pur-
poses of engineering application and of providing a 
reference for wind-resistant design, the formula L(z)= 
a(z/10)b has been used to fit the relationship between 
measured longitudinal turbulence integral scale and 
height. Fig. 10a shows the fitted curve, and the fitting 
parameters a and b are shown in Table 3.  

Until now, there have been no empirical formu-
las for lateral and vertical turbulence integral scales in 
national specifications, and there have been few re-
lated studies. Three-dimensional turbulence integral 
scale profiles of typhoon Freda were measured in 
Hong Kong, China and fitted by Choi (1978). Based 
on the data measurements in this study, a comparison 
between the earlier results and the observed variation  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
of lateral and vertical turbulence integral scales with 
height is shown in Fig. 10b, and the fitting parameters 
are shown in Table 3. Compared with the integral 

Table 2  Ratios of turbulence integral scales among the turbulence components 

Reference Typhoon name 
Experimental environment 

Lu:Lv:Lw (Lu (m)) 
Terrain Height (m) 

This study “Meari” (2011) 
Seaside, 

Shanghai, China 

 (165.5) 0.13׃0.65׃1 40

 (151.2) 0.09׃0.61׃1 20

 (114.3) 0.08׃0.69׃1 10

Choi, 1978 “Freda” (1971) 
Seaside, 

Hong Kong, 
China 

 (532) 0.15׃0.17׃1 59.4

 (423) – ׃0.17׃1 42.9

 (312) – ׃0.20׃1 27.8

 (216) 0.22׃0.13׃1 12.8

Kato et al., 1992 “8922”, “9011” 
City center, 

Tokyo, Japan 
 (58) 0.17׃0.33׃1 56

 (133) 0.17׃0.50׃1 86

Xiao et al., 2009 “Chanzhu” (2006) Red Bay, China 
 (97.8) 0.08׃0.63׃1 10

 (193.4) – ׃0.74׃1 30

Cao et al., 2009 “Maemi” (2003) 
Seaside, 

Miyakojima, Japan
 (100) 0.18׃0.42׃1 15

Hui et al., 2009 
“Imbudo”, “Dujuan”, 
“Krovanh” (2003); 
“Kompasu” (2004) 

Seaside, 
Hong Kong, China

50 
SW: 1(199) 0.1׃0.43׃ 
NE: 1(272) 0.08׃0.36׃ 

Song et al., 2012 “Hagupit” Guangdong, China  (313) 0.16׃0.66׃1 60

Fig. 10  Variation of turbulence integral scale with obser-
vation height 
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scale profiles of typhoon Freda measured by Choi 
(1978), the measured values of Lv are smaller, and the 
values of Lw are larger in this study.  
 

 
 
 
 
 
 
 
 

5.4  Relationship between turbulence integral 
scale and time interval 

Previous studies have shown that the turbulence 
integral scale is related not only to measured height, 
but also to the selected time interval, T (Yu and 
Chowdhury, 2009). Because there are large variations 
in the basic time interval stipulated in the specifica-
tions of various countries, simple comparisons will 
lead to large errors, which are bad for design practice. 
Based on measured wind-speed fluctuation values for 
typhoon Meari at 10-, 20-, and 40-m heights, Fig. 11 
shows the variation of the turbulence integral scales 
of the 3D components with time interval. The longi-
tudinal and lateral turbulence integral scales at dif-
ferent heights increase with average gust time, in 
accordance with the results of Yu and Chowdhury 
(2009) and Schroeder and Smith (2003). Comparing 
our results with those of Yu and Chowdhury (2009) 
for many typhoons at a height of 10 m, the measured 
lateral integral scale is close to the result for hurricane 
Lili in wide uplands. The longitudinal integral scale 
can be greater than the lateral value if it increases to a 
certain extent with time interval. Unlike the longitu-
dinal and lateral scales, the vertical turbulence inte-
gral scales at various heights increase with time in-
terval and remain constant when time interval is not 
less than 10 min. The main reason for this is that the 
vertical wind characteristic is different from longitu-
dinal and lateral characteristics. 

 
 

6  Correlation and coherence 

6.1  Correlation analysis 

Autocorrelation describes the correlation of two 
dependent values of a time series at different  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
moments. If X(t) is a time series, the correlation 
function can be expressed as 
 

 1 2 1 2( , ) ( ) ( ) ,XXR t t E X t X t                   (7) 

 
where RXX is the autocorrelation function.  

If X(t) is a stationary random process, the cor-
relation function can be expressed as 
 

 ( ) ( ) ( ) .XXR E X t X t                      (8) 

Table 3  Fitting parameters for turbulence integral scale 
profiles (Li=a(z/10)b) of typhoon Meari 

Fitting parameter a b 
x
uL

 
119.54 0.25 

x
vL
 

  78.45 0.23 
x
wL

 
    9.21 0.61 

Fig. 11  Variation of turbulence integral scale with average
gust time: (a) longitudinal; (b) lateral; (c) vertical 
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The cross-correlation function describes the 
correlation intensity of random signals X(t) and Y(t) at 
any two different times. It can be expressed as 
 

( )

(0)
,

(0) (0)

ij
R ij

ii jj

R
C

R R
                      (9) 

 
where CR(ij) is the cross-correlation coefficient of 
wind-speed fluctuations for components i and j, Rij is 
the cross-correlation function of wind-speed fluctua-
tions for components i and j, and Rii and Rjj are au-
tocorrelation functions of wind-speed fluctuation 
components in the i and j directions, respectively. 

Fig. 12 shows the variation of the autocorrelation 
coefficient of longitudinal wind-speed fluctuations 
with height. The curve is the average value of the 
measured autocorrelation coefficients of wind-speed 
fluctuations over various 10-min time intervals. To 
compare our results with published data, the curves of 
the autocorrelation coefficient are included in Fig. 12. 
The autocorrelation coefficient decreases markedly 
with lag τ and the rate of change varies with height. 
The curves obtained from the hurricanes Isodore, Lili 
(Yu and Chowdhury, 2009), and Bonnie (Schroeder 
and Smith, 2003) decay more gently than that pre-
sented in this study. The time intervals for the hurri-
canes Isodore, Lili, and Bonnie were selected as 60, 
60, and 15 min, respectively, which are longer than 
the interval used in this study. As most current studies 
(Schroeder and Smith, 2003; Yu and Chowdhury, 
2009) show that the decay rate increases as the time 
interval decreases, a more rapid decrease of the curve 
was seen in our study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 shows the variation in the minimum and 
maximum cross-correlation coefficients of wind-speed 
fluctuations for 3D components with time at heights 
of 10 and 20 m. In Fig. 13a, it is apparent that 
CR(uu)CR(vv)CR(ww) at heights of 10 and 20 m over 
10-min time intervals, that the three values increase 
with time, and that CR(ww) has a tendency to increase. 
In Fig. 13b, it is clear that CR(ww)CR(vv)CR(uu) and that 
CR(uu) and CR(vv) decrease with time, but that CR(ww) 
increases with time before 22:00 on June 25, after 
which it varies insignificantly with time. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

The variations in cross-correlation coefficients 
among 3D components of wind-speed fluctuations 
with mean wind speed are shown in Figs. 14 and 15. 
The coefficient CR(uw) at the height of 10 m was −0.23 
during the typhoon Meari, which is larger than Cao et 
al. (2009)’s result. At a height of 40 m, the coefficient 
was −0.14, which shows that the vertical shearing 
action at a height of 40 m was less than that at 10 m. 
At both 10 and 40 m, the averages of CR(uv) and CR(vw) 
oscillated around zero. 

6.2  Coherence analysis 

In contrast to the correlation coefficient, the 
coherence coefficient describes the correlation inten-
sity among signals in the frequency domain. Daven-
port (1968) assumed that the coherence coefficient 
followed the exponential function form and devel-
oped an empirical expression for the coherence  

Fig. 12  Autocorrelation coefficients for the longitudinal 
component at different heights 
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coefficient for wind-speed fluctuation components, 
which can be expressed as 

 

 1/22 2 2 2Coh( ) exp Δ Δ ,z y

f
f C z C y

U
     

       (10) 

 
where Coh is the coherence coefficient, f is the fre-
quency, Cy and Cz are the exponential decay coeffi-
cients in the lateral and vertical directions, respec-
tively, and Δy and Δz are the distances between two 
points measured in the lateral and vertical directions, 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Eq. (10) can be simplified as 

 

Δ
Coh( ) exp .z

f z
f C

U
   
 

                  (11) 

 

Because the variation of the measured decay 
coefficient with wind speed is discrete, it is dealt with 
in this study by using mean values (Fig. 16). The 
exponential decay coefficients of wind-speed fluctu-
ations of longitudinal and lateral components with 
mean wind speed are insignificant, although fluctua-
tions did occur. The averages of the longitudinal and 
lateral components were 14.3 and 11.3, respectively, 
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Fig. 15  Variation in cross-correlation coefficients with
wind speed at 40 m height: (a) CR(uv); (b) CR(vw); (c) CR(uw)
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which are larger than those of Cao et al. (2009) and 
Hui et al. (2009). Fig. 17 shows the curves of the 
coherence coefficients of wind-speed fluctuations of 
longitudinal and lateral components over different 
wind-speed time intervals. They follow an exponen-
tial trend. Eq. (11) describes well the coherence 
properties of wind-speed fluctuation components at 
different heights in these experiments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7  Power spectral density of wind-speed 
fluctuations 

7.1  Definition of the auto-power spectrum 

Based on the Kolmogorov principle, many 
power-spectrum function expressions for wind 
fluctuations have been developed, including the von 
Karman, Davenport, Simiu, Kaimal, and Harris 
spectra. Based on the results of field and wind-tunnel 
measurements (Shiau, 2000; Cao et al., 2009; Xiao 
et al., 2009), it is apparent that the von Karman type 
spectrum (von Karman, 1948) can accurately ex-
press the spectral characteristics of wind-speed 
fluctuations. This spectrum can be expressed as 
follows. 

For longitudinal direction,  
 

2 2 5/6

( ) 4
,

(1+70.8 )
u

u

nS n f

f
                    (12) 

 
and for lateral and vertical directions, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 17  Comparison between coherence functions and measured results: (a) longitudinal; (b) lateral 
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where Si(n) (i=u, v, w) is the power-spectrum function 
for the i direction, f denotes the reduced frequency 
derived as f=nz/U(z), and σi is the standard deviation 
of the wind-component fluctuations. 

7.2  Analysis of measured spectra 

Fig. 18 shows the power-spectrum density 
curves of the 3D velocity components (u, v, w) over 
different 10-min time intervals at heights of 10 and 
20 m during the passage of typhoon Meari. Energy 
decays at high frequencies but remains almost con-
stant at low frequencies. Similar to the results of Song 
et al. (2012), the power-spectrum distribution slope of 
the turbulent components in the inertial region 
transformed generally over time from being less than 
−5/3 to satisfying the Kolmogorov law. 

Fig. 19 shows the power spectra of the 3D ve-
locity components over 10 min at heights of 10 and 
40 m, as well as the corresponding Karman empirical 
spectra. The measured power spectra for the longitu-
dinal component agree well with the Karman empir-
ical spectrum. However, those of the lateral and ver-
tical velocity components deviate from the Karman 
empirical spectrum at high frequencies, in agreement 
with the conclusions of Xu and Zhan (2001). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8  Conclusions 
 
Wind characteristics of typhoon Meari, includ-

ing the wind-speed profile, turbulence integral scale, 
power spectra, correlations, and coherences at heights 
of 10, 20, 30, and 40 m, were analyzed on the basis of 
10-min wind-speed samples. The major results can be 
summarized as follows:  

1. The variation in friction velocity with height 
was insignificant, with values at heights of 10, 20, and 
40 m of 0.60, 0.62, and 0.58 m/s, respectively. This 
result agrees well with the conclusions of Li et al. 
(2010). Measured wind-speed profiles can be ex-
pressed well by both the power law and the log law.  

2. The autocorrelation coefficient decreased 
markedly with a lag and the rate of change varied with 
height. The curves obtained from the hurricanes 
Isodore, Lili, and Bonnie decayed more gently than 
the curve presented in this paper for the different time 
intervals. The cross-correlation coefficients of wind- 
speed components and the decay factor of the co-
herence function for longitudinal and lateral compo-
nents increased slightly with wind speed. 

3. The turbulence integral scale increased with 
mean wind speed, and the ratios of turbulence integral 
scale among the turbulence components averaged 
over all 10-min data were 10.09׃0.61׃1 ,0.08׃ 0.69׃, 
and 10.13׃ 0.65׃ at 10, 20, and 40 m, respectively. The  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 18  Power spectra of three wind-speed components at different times 
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ratio of lateral and longitudinal turbulence integral 
scales in this study was close to those of Xiao et al. 
(2009) and Song et al. (2012) and larger than those of 
other studies. The ratio of vertical and longitudinal 
turbulence integral scales agreed well with the results 
of studies shown in Table 2. 

4. The slope of the rates of turbulence spectra in 
the inertial range was less than −5/3 at first, but 
gradually came to satisfy the Kolmogorov 5/3 law 
over time during typhoon Meari. The longitudinal 
wind-power fluctuation spectrum can be roughly 
fitted using the von Karman spectrum, but there is a 
slight deviation in the high-frequency band for the 
lateral and vertical wind-power fluctuation spectra. 
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中文概要 
 

题 目：台风“米雷”近地层风特性实测研究 

目 的：对台风“米雷”作用下上海浦东近海岸边近地风

特性进行全场监测记录，获得 10 m、20 m、30 m

和 40 m 高度处的风速实测数据，以研究台风过

程中的平均风速风向、湍流度、阵风因子、湍流

积分尺度和脉动风速功率谱等近地风特性。 

创新点：1. 利用浦东实测基地的测风塔，获得 10 m、20 m、

30 m 和 40 m 高度处台风“米雷”的风速实测数

据。2. 对台风“米雷”作用下的近地风特性进行

分析，并对不同风特性参数之间的相互关系进行

研究。 

方 法：1. 在浦东实测基地建立 40 m 高的测风塔，利用

现场实测的方法，研究台风“米雷”作用下的近

地层风场特性；2. 利用经验公式拟合的方法，将

现场实测结果与经验公式所得结果进行比较，并

分析它们之间的差异。 

结 论：1. 各向湍流积分尺度均呈现随平均风速的增大而

增大的趋势，在 10 m、20 m 和 40 m 高度处各向

湍流积分尺度的均值之比分别为 、0.08׃0.69׃1

0.09׃0.61׃1 和 当平均时距大于 .2；0.13׃0.65׃1

10  min 时，u 和 v 方向的湍流积分尺度随平均时

距的增大而增大，但 w 方向的湍流积分尺度基本

不随平均时距的改变而改变；3. 台风初期惯性子

区各湍流分量功率谱的分布斜率小于−5/3，随后

逐渐满足 Kolmogorov 5/3 率，纵向脉动风速功率

谱与 von Karman 经验谱吻合较好，而横向和竖

向脉动风速功率谱与 von Karman 经验谱在高频

段有所偏差。 

关键词：台风“米雷”；现场实测；湍流积分尺度；衰减

系数；功率谱 

 

 


