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Wind data analysis in the center of Eindhoven 
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Jacob A. Wisse, Prof. 1 

Ted Stathopoulos, Prof.2 

ABSTRACT 
On the basis of measured field data, the paper evaluates the procedure to predict 
the wind velocity in the urban boundary layer in a town using available airport 
data. In particular, the accuracy of the prediction of velocity and wind direction 
and their statistical deviations are dealt with in the present study. 

1. INTRODUCTION 
In the center of Eindhoven (the Netherlands) on the campus of the University of 
Technology (TU/e), measurements of the horizontal and vertical components of 
wind velocity as well as the wind direction at a height of 44.6 m have been 
performed since January 1996 (Geurts 1997, v. Mook 1998). This site provides 
an excellent opportunity to investigate the accuracy of models that predict wind 
velocities in the urban boundary layer of the town from wind data measured at 
the airport outside the town. 

2. SITE DESCRIPTION AND MEASUREMENTS 
The city of Eindhoven has about 200,000 inhabitants. The co-ordinates are 51.26 
N and 5.30 E. The nearest hills and the North Sea are at least 80 km away. 
Prevailing wind directions for strong winds are west and southwest. 

The Eindhoven Airport is located 7.5 km west from the test site (see Fig.1). The 
town border is about 4 km from the mast in the west direction, 8 km in the 
southwest direction and 6 km in the northwest (see Fig. l, left). Outside the town 
there are some forests and agricultural land. In the westerly directions there are 
mainly low-rise buildings of about 10 m high and can be classified as 'densely 
built-up suburbs, towns' with a roughness length of about lm (Wieringa 1992). 
In the southwest direction at least 500 m from the test site there are some 
buildings of about 45 meters high (in Fig.1, right: Rabobank). 
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Figure 1 Left: The location of the test site (TUE) and the Eindhoven 
Airport (EA). The grey area is forest 
Right: The test site; the mast is placed on 'Aud' 

A mast with an anemometer and directional vane is placed on the flat roof of a 
14m high building (Fig.1 right: Aud, Fig.2). In the vicinity of the mast there are 
no buildings higher than 15m in the westerly direction. At 127m east of the mast 
there is the long main building of TU/e, which is 44m high (in Figs. 1, 2: HG) 
and a smaller building, 45m high, is located on the south (in Fig. l: TH). This 
building will not have an impact at the anemometer for southerly winds. 

Mast Main building 

l~<----121m --->~I 
Figure 2 View from the south 

At the airport the velocity is measured with a 3-cup anemometer and the 
direction with a vane at the standard height of lOm. The hourly direction is the 
average of the last 10 minutes of every hour. The hourly wind velocity provided 
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by the Royal Netherlands Meteorological Institute (KNMI) is the hourly average 
of the so-called potential wind velocity i.e. a velocity, on which an exposure 
correction factor is applied (Verkaik 2000). With this correction the potential 
wind velocity corresponds to the hypothetical wind that would have blown there 
from all directions at lOm over unobstructed terrain with a roughness length 
0.03m. (Wieringa 1994). The measured velocities at the airport were rounded to 
+/- 0.5 mis. The correction is applied on these rounded values, so the decimal 
digits of a corrected velocity do not imply the suggested accuracy. The accuracy 
is 0.5 mis for Uairport<5 mis and 10% for Uairport>5 mis (Verkaik 2000). The 
accuracy of the wind direction is +/- 5°. At the test site in the city the velocity 
vector is measured with a ultrasonic anemometer (Gill Solent research 
anemometer) (accuracy 1.5% rms). The horizontal velocity and the direction are 
calculated from the three components. 
In this study, wind data for a two-year period (1-12-1997 to 1-12-1999) is used. 
The hourly wind direction is 64% of the time between 185° and 355° (counting 
clockwise from north). If only these hours of westerly winds are selected the 
correlation coefficient between the hourly mean wind velocity at the airport and 
in the city will be 0.95. 

3. THEORY 
We calculate the wind amplification factor 'Y ('y=Uciiy!Uairport) as an engineer 
might do, i.e. without any knowledge about measured velocities in the city. For 
this we use two models: 
- the power law 
- the logarithmic law with the similarity model 

Power law (Davenport 1965) 
The wind amplification factor 'Y of the horizontal velocity at height Zc above a 
terrain with roughness length Zoe and the velocity at height Za above a terrain with 
roughness length Zoa is given by: 

(1) 

The values given in Davenport (1965) of a and() are: 
open terrain: a=0.16 and 8=275m; suburban terrain: a=0.28 and 8=400m 
For the potential velocity at the airport: Z0 a=0.03m and Za=lOm 
An estimation for the roughness length according to the revised Davenport 
classification (Wieringa 1992) is lm. Geurts (1997) estimated the roughness 
length at the TU/e site from the turbulence intensity ( I=llln((z-d)/Zo); d is the 
displacement length) . His results are plotted in Fig.3. 
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At the height Zc=44.6m of the anemometer at the TU/e the velocity ratio is then 
according to the power law: y=0.92. 
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Roughness length in full scale determined from turbulence intensity 
(Geurts 1997) 

Logarithmic law with similarity model 
The velocity at the height of the urban boundary layer hibl is assumed to be equal 
to the velocity at the same height above the airport. The height of the urban 
boundary layer is determined with the formula of Wood (1982) with x=4000m 
(the distance to the town border): 

(2) 

Up to 0.2hibl and for z > 20z0 +d the velocity in the city is determined with the 
similarity formula (Bietry et al 1978). 
From the height of buildings in westerly direction the displacement length d is 
estimated as 7<d<10m. We shall use the value that Geurts (1997) estimated: 
d=lOm. So: 20z0 +d=30m < Zc (the height of the mast in the city). 
Between z=hibl and z=0.2hibl the velocity is estimated with a linear interpolation. 
(Hagstrom et al 1982). 
As Zc > 0.2hibl and Zc < hibI: 

In Simiu and Scanlan (1996) a formula is given that relates the ratio ZocfZoa to the 
friction velocity ratio u.cfu•a· Bietry et al (1978) found from measurements: 
u.cfu•a=l.46 for a change in roughness length from Z0 a=0.07m to Zoc=2.5m. As 
the ratio Zocfzoa=110.03:=:a.5/0.07, we assume U•cfU•a 1.46 and find: y=0.88. 
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With different assumptions for roughness length at the airport, displacement 
length in the city, etc. more different values can be found. For instance, if we 
assume d=7.5 instead of lOm for the displacement length Equation 3 will yield 
y=0.90. 
The real roughness change is different since we used the potential wind at the 
airport with the corresponding roughness length of 0.03m instead of the real 
velocity with the real roughness length (about 0.25m). In order to carry out a 
sensitivity analysis, we calculate the velocity at lOm height over a terrain with 
z0=0.25m instead of 0.03m from the potential wind using the logarithmic law 
and estimate the amplification factor for this velocity and a roughness change of 
Zoa=0.25 to Zoc=lm. For this transformation a 'blending height' (Wieringa 1994) 
of 60m is used. The change of roughness from Zoa=0.25 to Zoc=lm is about the 
same as from 0.07m to 0.3m, for which Bietry et al (1978) found: U•JU•a=l.15. 
The amplification factor turns out to be quite sensitive as we now find y= 1.10 
instead of y=0.88. 

4. ANALYSIS OF MEASUREMENT RESULTS 
In the left diagram of Fig.4 a data selection for westerly direction (270°±15°) is 
plotted with the regression line, the slope of which, i.e. the wind amplification 
factory, is equal to 0.84. 
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Figure 4 Comparison of local and airport velocity and direction for westerly 
winds 

One can see that the difference Uciiy-yUairport is more or less independent of the 
wind velocity. We will assume a normal distribution. So within a confidence 
interval of 68%: <Uci1y>=yUairporfCO'. More data would be necessary to be more 
conclusive about the distribution around this line. 

The range of velocities used to determine the amplification factor could have an 
influence on the result. In Table 1 the amplification factors are given for 
Uairport> lm/s, Uairpor1>3m/s and Uairpor1>5m/s and for different wind directions. . 
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Table 1. The amplification factor for different wind directions and for 
U a> U threshold 

Uthreshold Direction Direction Direction Direction Direction Direction 
(mis) 210°±15° 240°±15° 270°±15° 300°±15° 330°±15° 195°-345° 
1 0.87 0.86 0.89 0.85 0.82 0.87 
3 0.86 0.86 0.88 0.85 0.80 0.86 
5 0.84 0.84 0.86 0.82 0.77 0.84 

As the number of data is quite high the value of y in Table 1 is accurate to the 
second digit. The influence of the threshold can be about 3%. Systematic errors 
of the anemometers however, are not yet accounted for. A rough estimation of 
the real accuracy is ±10%. 
In Table 2 the standard deviation for the difference Uciiy-YUairport and the number 
of data points are shown. Without the rounding of the data (± 0.5 mis) of the 
airport this standard deviation could have been somewhat less. The difference 
between the standard deviation for a threshold of lmls and 5mls turns out to be 
less than expected. If all data between 195° and 345° is grouped together, the 
standard deviation becomes 0.7. 
It is clear that the prevailing winds are from the south-southwest. This is 
especially true of the strong winds. 

Table 2. The standard deviation of Ucity-YUairport for the different threshold 
velocities based on the assumption that the difference is normally 
distributed. In brackets is the number of data. 

Urhreshold Direction Direction Direction Direction Direction Direction 
(mis) 210°±15° 240°±15° 270°±15° 300°±15° 330°±15° 195°-345° 

1 0.7 (3575) 0.7 (2610) 0.7 (1672) 0.7 (871) 0.8 (756) 0.7 
3 0.7 (3160) 0.6 (2230) 0.7 (1325) 0.7 (641) 0.6 (506) 0.7 
5 0.6 (2018) 0.6 (1392) 0.6 (643) 0.7 (288) 0.5 ~213) 0.6 

Another way of estimating y is by calculating the mean value and the standard 
deviation of the hourly ratio Ucit/Uairport· So <Ucit/Uairport>=y±cr. Figure 4 shows 
that y and a are very velocity dependent and for low velocities the regression 
analysis breaks down. For Uairport>5mls and the same directions as in Table 1 we 
find slightly higher y values: 0.85, 0.85, 0.87, 0.83, 0.78, 0.85 with standard 
deviations a equal to 0.08, 0.08, 0.09, 0.10, 0.08, 0.08. 

The direction of the local wind differs on average slightly from the direction at 
the airport (see Fig.5 left) and there is a more or less random variation around 
that value (see Fig.4 right). Both mean and rms values are strongly velocity 
dependent, see Table 3 
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Figure 5 Left: Mean difference between the wind direction in the city and at 
the airport 
Right: The change in the frequency distribution of the velocity Uciiy 
if the measured data are exchanged for a predicted value 

The right diagram of Fig.5 shows the percentage difference of the number Nciiy 
of hours the measured velocity in the city exceeds a certain value (the velocity 
on the x-axis) and the number Nprcd one would find with a predicted value for 
this velocity (Upred=0.84Uairpor1), for all directions between 195° and 345° at the 
airport. For velocities exceeding 5m/s the error is about 7% at maximum but 
below 5m/s a different amplification factor is needed; for instance, for velocities 
higher than 3m/s the error found is about 18%. 

Table 3. 

U1hreshold 
(mis) 

1 
3 
5 

The standard deviation (degrees) of the difference between wind 
direction at the airport and in the city based on the assumption that 
the difference is normally distributed 
Direction Direction Direction 
210°±15° 240°±15° 270°±15° 
14 17 22 
9 11 14 
7 8 12 

Direction 
300°±15° 
27 
17 
15 

Direction 
330°±15° 
26 
18 
17 

5. DISCUSSION 

The following points can be made: 

- The wind amplification factor based on the measured data has been 
determined to be between 0.8 and 0.9. However, depending on the chosen 
model and assumptions, values ranging from 0.85 to 1.1 can easily be 
established. In fact, the ratio of hourly velocity averages Uciiy and Uairport 
changes each hour due to the randomly distributed velocity with a standard 
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deviation of about 0.7 mis that has to be added to the predicted wind velocity. 
- In the city there are 7% more hours with U>5m/s than predicted by the 

multiplication of the airport data with a constant average amplification factor. 
- The frequency function for the velocity found by multiplying the airport data 

with a constant factor is different from that measured in the city. The 
difference between wind directions is less than 6° on average but has a 
significant random variation. This can only partially be explained from the 
inaccuracy of the measurement devices. 

In conclusion, the data obtained in the measurements reported in this paper 
off er significant insight in the possible accuracy of wind velocity predictions in 
the city. Without a measured wind profile in the urban boundary layer the results 
presented here are not sufficient to suggest which prediction model is the most 
representative of the real situation. It would be of interest to compare these data 
with relevant wind tunnel measurements. 
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