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3 Experimental setup 
The special measurement campaign was designed 
as a case study to investigate the vertical structure 
of the flow and turbulence above an urban canopy. 
Measurements were taken between July 14, 1995 
and February 29, 1996, which results in a total of 
over 200 days of continuous turbulence data. 

Though the large horizontal variability of an Euro-
pean urban surface would require a much denser 
network of observations for this purpose, because 
of its three dimensional structure, it was supposed 
to gain a deeper understanding of the processes 
contributing to turbulence over such a inhomoge-
neous surface with the setup described in the 
following. It must also be stated that it is much 
more difficult to find a place for measurements in 
a city than in rural areas considering financial and 
infrastructural aspects. At last we were very lucky 
having found an excellent tower in a representative 
urban area provided by BALCAB, Basler 
Kabelfernsehen AG. 

3.1 Observation site 

The city of Basel lies at the point where the bor-
ders of Switzerland, Germany and France meet, 
just at the knee, where the river Rhine turns from a 
westward direction to north at the transition from 
the High Rhine Valley to the Upper Rhine Valley. 
It is surrounded by the hill of the Black Forest 
(≈1000 m a.s.l., Germany) in the northeast, the 
Vosges mountains (≈1000 m a.s.l., France) in the 
northwest and the Jura mountains (≈800 m a.s.l., 
Switzerland) in the south. The open terrain in the 
west, where the Airport is situated, is called Bur-
gunderpforte. This topography mainly rules the 
mesoscale flow over the city, which is dominated 
by a easterly winds along the Rhine valley turning 
to north just above the city. Fig. 3.1 gives an over-
view of the situation. 

The data analyzed in this study were collected 
during a special measurement campaign as a part 
of the BASTA-project from July 1995 to February 
1996 in the inner city of Basel at the area of the 
Messe Basel. This part of the city is a commercial/ 
residential area consisting of building blocks, 

 
Fig. 3.1: The Basel region from satellite view (Composite Landsat-TM5 and SPOT, A. Hold, MCR Lab). 
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streets, squares and a few small parks, very typical 
for European cities. An overview of the site is 
given in figs. 3.2-5. Within 500 m around the 
measurement tower, the percentage of area cov-
ered by buildings over total area is ≈ 50 % and the 
average building height is ≈ 24 m with a variation 
of about ± 6m. Coordinates of the tower location 

are: 

Geographic: 7°35’59’’ E, 47°33’55’’ N; 

UTM: 32394687, 5269037; 

SLK: 268300, 612125. 

 

 

 
Fig. 3.2: Location of the measurement tower in the inner city of Basel. The radius of the circle is 

1000 m. 
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Fig. 3.3: View from the measurement tower to North West (E. van Gorsel, MCR Lab). 

 
Fig. 3.4: View from the measurement tower to North East (E. van Gorsel, MCR Lab). 

 
Fig. 3.5: View from the measurement tower to South (E. van Gorsel, MCR Lab). 
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u, θ, q, α     75m

 u, θ, q, Rn  64m

76m  u′, v′, w′,θs′

50m u′, v′, w′, θs′

36m  u′, v′, w′,θs′

u, θ, q, α  50m

u, θ, q       42m

u, θ, q       36m

u, θ, q , α  31m

å  0 m  street level

tower base 24m

Fig. 3.6: Situation of the tower and 
instrumentation setup. View from south. 

3.2 Instrumentation 

Instrumentation was mounted on a 51 m antenna 
tower, which had its basement on the roof of a 
business building at 24 m above street level. 

Three ultrasonic anemometer-thermometers 
(sonics) measured at three heights (36, 50 and 76 
m a.g.l) the fluctuations of the wind vector (u', v', 

w') and the sonic temperature (θs'). At the two 
lower levels, the sonics were mounted at the end of 
a north-northeast facing horizontal 6 m boom (∅ 
0.08 m), at the uppermost level, the instrument was 
mounted right on the top of the tower. Sonic data 
were sampled at 20.83 Hz and all raw data were 
stored for subsequent analysis. Additionally two 
profiles (east and west) of wind speed (u), and one 
profile of air temperature (θ) and humidity (q) 
were measured, each profile consisting of six 
heights (31, 36, 42, 50, 64 and 75 m a.g.l.). Wind 
direction (α) was determined at three levels (31, 
50, 75 m a.g.l.), and net radiation (Rn) was 
measured at 64 m. These instruments were 
mounted on 6 m horizontal booms with 0.08 m 
diameter (4 m at 64 and 75 m a.g.l., ∅ 0.06 m) 
facing east-west, anemometers were located 3 m 
(2 m for the two uppermost levels), thermometers 
and humidity sensors about 2 m away from the 
tower center. The profile data were stored as 
10 min averages on a Campbell 21X data logger. 
See tab. 3.1 and figs. 3.1-7 for an overview of the 
experimental setup. 

Because of the huge tower and the traffic in the 
nearby street canyon, the installation of the ex-
perimental setup had to be done very carefully and 
a regular service of the instruments was not possi-
ble. For this reason, the radiation data only gives a 
crude idea of the real value. 

In urgent cases, i.e. the total failure of an instru-
ment, we changed the relevant devices. This was 
done in August, 18, when the ventilation of the 
36 m thermistor failed, and in January, 17, 1996, 
when we exchanged the cup-anemometers at 64 
and 75 m. 

Tab. 3.1: Instrumental setup (see also fig. 3.6) 

 Instrument Manufacturer Height [m] a.g.l. 

u cup anemometer Vaisala WAA15 75, 64, 50, 42, 36, 31 

u, α propeller vane Young 75, 50, 36 

θ, q thermistor, capacitive sensor Vaisala HMP35A in ventila-
ted radiation shield 

75, 64, 50, 42, 36, 31 

Rn pyrradiometer Schenk Mod. 8111 64 

u', v', w', θs' ultrasonic anemometer thermo-
meter 

Gill-Solent, R2, asymmetric 
head 

76, 50, 36 
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The tower has a triangle cross section with a 
sidelength of 1.25 m at the base and 0.5 m at the 
top. Fig. 3.7 shows the ground-plan of the tower in 
a 1:50 scale and the instruments in a 1:10 scale. 
From this figure the undistorted sector of the 
sonics can be derived easily: it is in the range of 
224° < α or α < 103°. Only sonic data from this 
sector have been analyzed. 

In summer 1998, the tower has been moved to 
another location because the building has been 
pulled down and a new construction has been built 
up. 

3.3 Meteorological conditions 

The distribution of the main wind direction during 
the measurement period from July 1995 to the end 
of February 1996 depends strongly on stability 
conditions, a clear distinction between day and 
night can be observed in fig. 3.8. During night time 
(and stable conditions), the flow is dominated by 
cold air flowing down the upper Rhine valley in 
the North from the surrounding valleys in the East 
and South. During day time and unstable condi-
tions, the flow is dominated by two directions, 
namely a western to north-north western sector and 
a eastern to south-eastern sector. Westerly winds 
correspond to situations mainly dominated by 
synoptic conditions, whilst the North-North-West 
to East-South-East pattern clearly reflects the 
surrounding topography of the measurement site 
and its mesoscale wind systems. 

 
 

Fig. 3.7: Ground-plan of the tower (scale 1:50) and instrumentation setup (1:25) (E. van Gorsel, 
MCR Lab). 
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Fig. 3.10: Course of air temperature differences θz/h=3.2-θz/h=1.3 during the measurement period. 
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z/h = 3.2 0.22 0.13 -0.135 1.16 -0.46 
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