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4.1       Measurements 

Stationary measurement and observation networks, such as the synoptic climatology network of the 
German Weather Service or the German federal states’ Measurement Network for Air Monitoring, 
were devised for purposes other than urban climatology and urban planning. In order to examine 
small-scale compositions and variations in climate or air conditions, specialized measurement and 
recording methods must therefore be developed.

As far as possible, measurement stations within existing networks should be utilized, since as a rule 
long-term data from these stations are already available, while the periods of measurement for 
special studies are usually limited. Thus it is possible to adapt temporary measurements to existing 
series of long-term measurements.

The German Weather Service (DWD) maintains 130 full-time climate measuring stations, which are 
supplemented by 450 part-time climate measuring stations and 3,650 precipitation measuring 
stations. One can also fall back on the air measuring stations of the existing networks of the German 
states. In Baden-Württemberg there are at present 41 fully-automated stations (2007), whose data 
are collected by "State Office for Environmental Protection" (LUBW) in Karlsruhe (Figure 4/1). 

.

.

.

 

Fig. 4/1: Air monitoring measurement 
network in Baden-Württemberg (as of 
2007); Source: LUBW 

. 

 
Links to the air measuring 
stations in Baden- Wuerttemberg
and air measuring data of other 
Lands of the Federal Republic 
and neighbour states 
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4.1.3    Tracer Experiments 

In order to measure air movements and air transport routes, it is possible to enrich the air with a 
tracer and follow and measure its motion. The simplest method uses smoke canisters. The smoke, 
typically colored, mixes with the flowing air and is transported so that e.g. it can be photographically 
documented and evaluated. Smoke canisters are usually employed to mark cold air flows, since 
these move relatively slowly and exhibit only minor vertical mixing. Figure 4/3a and Figure 4/3b 
shows the application of a smoke canister to make a cold air flow visible.

More complex is the application of tracer gases such as sulfur hexafluoride (SF6). The tracer gas is 
released continually at a defined location and its resulting concentration is measured at many sites 
throughout the city (Figure 4/4). In addition, air probes are collected at the measurement sites at 
regular intervals of time and are later evaluated with the means of a gas chromatograph. Suitable 
tracer gases are non-poisonous, not highly chemically reactive, not widely present in the atmosphere, 
and can be detected even in small concentrations. 

.

.

.

 

Fig. 4/3a: Cold air flow, marked by 
artificial smoke 

 

Fig. 4/3b: Cold air flow, marked by 
artificial smoke (KUTTLER u. 
DÜTEMEYER, 2003)

.

.
Fig. 4/4: The distribution of the tracer 
gas SF6 as an average over the total 
duration of measurement (ppb) during 
the night of 9-10 August 1996 for 
determining the cold air flow in 
Stuttgart; black line: cold air trajectory 
calculated with KALM (s. a. Chapter 
4.3.3) (BAUMBACH et al., 1999) 
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4.1.2    Mobile Measurements 

Stationary measurements are often supplemented by mobile measurements, which can be taken 
from an automobile, bicycle, or on foot. Vehicles for the combined measurement of climate and air 
(Figure 4/2a) are often employed to measure all of the usual meteorological quantities and levels of 
air pollution at the same time. The disadvantage of this approach is that such vehicles are restricted 
to drivable streets or paths and thus outlying locations cannot be reached.

The duration of measurement at a location depends, among other factors, on the response times of 
the individual measurement devices. In addition, the duration of measurement should not be too 
protracted, otherwise the measurement run can last too long and the temporal variation of the 
measured parameters versus the spatial parameters can become too large. A correction for uniform 
time is, however, necessary in all cases. Figure 4/2b shows the result of temperature measurement 
sequences in the area of a large city park and its surroundings in Stuttgart (KNAPP, 1998). One can 
recognize the lower air temperatures in the park and its immediate vicinity. A deep penetration of cool 
air is only visible where the relief supports a cold air flow.

Location-based data can also be obtained through remote sensing procedures (e.g. IR thermal 
scans) from aircraft or satellites. Since these are usually taken at only a few points in time (see also 
Chapter 5.2), their representative accuracy must first be proven. 

.

.

.

 

Fig. 4/2a: Vehicles for the combined 
measurement of climate and air in 
Stuttgart

.

 
Fig. 4/2b: Distribution of air 
temperatures in the vicinity of central-
city parks in Stuttgart, obtained from 
measurements taken while driving; 
KNAPP, 1998 
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4.1.1    Stationary Measurements 

In areas with a pronounced topography such as that frequently occurring in southern Germany, the 
appearance of small-scale climatic variations requires a relatively dense measurement network. The 
climatic elements of air temperature, humidity, wind direction and velocity, and precipitation are 
usually of primary interest, and are supplemented where needed by measurements of air pollution.

Corresponding to the strong decline in SO2-emissions in recent years, the air pollutants nitrogen 
dioxide, benzene, soot, and fine particulate matter have gained importance, while ozone as a large-
scale problem does not have any direct significance for urban planning. In order to translate point 
measurements into statements for areas of land, it is necessary to use numerical interpolation 
processes (s.a. Chapter 4.3.1). As a rule, the duration of measurement should span one year, so that 
all seasonal variations can be recorded. Orientation measurements (e.g. of cold air flows) can be of 
shorter duration when necessary. 

.

.

.

 

Many component immission measuring 
station, operator UMEG

 

Weather office Stuttgart, "Schnarren- 
berg"
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4.1.4    Vertical Soundings 

The study of the spatial dimension of climatic processes also demands the consideration of the "third 
dimension" and thus the measurement of vertical structures in the urban atmosphere. For this 
purpose, traditional measurements with the help of balloon-carried, free-flying radio probes or 
anchored balloon flights (Figure 4/5a) can be employed. SODAR and LIDAR are ground-based 
measurement procedures with the option of continuous vertical sounding (Figure 4/5b). These project 
sound waves (SOnar-raDAR) or laser light waves (LIght-raDAR) into the atmosphere, and the 
reflected returns are measured (via the Doppler Effect). With this, wind direction and velocity can be 
measured in individual increments of altitude between about 20 m and 600 m. The RADAR-
procedure is typically used for altitudes above 600 m.

 

 

.

.

.

 

Fig. 4/5a: Captive balloon with 
measuring instrument

 

 
Fig. 4/5b: Vertical sounding of 
temperature, wind, and nitrogen 
dioxide in Stuttgart at 0408 on 
2.4.1997; BAUMBACH et al., 1998 
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4.2.2.4 Quantitative Survey of Airflow via Hot-Wire Anemometer 

In order to produce exact specifications about air flow velocity, it is necessary to measure these 
specifications as precisely as possible. In practice, so-called hot-wire anemometers are used for this 
purpose. Owing to their small dimensions, these can measure very accurately the air flow velocities in 
a model and also lead to quick recognition of fluctuations (Figure 4/12).

 

  

  

  

  

  

.

.

.

 

Fig. 4/12: Example of a horizontal flow 
field at 3 levels, measured in a wind 
tunnel by a hot-wire anemometer, 
Source: IHW, Karlsruhe 

.
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4.2.2.3 Wind Velocity Measurements through Sand Erosion 

Changes in the wind field, such as those that can be caused by buildings, can be studied in simple 
form through sand erosion measurements. In these, the physical model is sprinkled with sand and the 
erosion is registered under various strengths of wind velocity blown at the model.

From this, data are collected about the areas in the vicinity of a building where the wind velocity 
decreases or increases (Figure 4/11a).

  

  

  

  

.

.

.

 

Fig. 4/11a: Areas of higher wind 
velocity around a building shown by 
sand erosion, wind from right, Source: 
Office of Dr. A. Lohmeyer 

 

Fig. 4/11b: Increased wind velocities in 
the plan area of Stuttgart 21, source 
determines by sand erosion 
investigations,: BLAZEK et al. 1998

 . 
                                                     
.

HOME SITEMAP LINKS IMPRINT DOWNLOAD
Climate Booklet for Urban Development Online

© Ministry of Economy Baden-Württemberg in cooperation
with Environmental Protection Department of Stuttgart

  

.   

file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/index-1.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/sitemap.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_8/links.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/imprint.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/download.htm


. 
4. Methods of Information Acquisition for Planning

(Nature measurements, Wind tunnels, Modelling)

.

4.2.2.2 Visualizing the Dispersal of Pollutants with Smoke 

The ability to make air flows visible via smoke in a wind tunnel also allows the depiction of pollutant 
dispersal. For this, smoke is blown into the tunnel at the pollutant sources (e.g. chimneys). The 
distribution of the smoke and its dilution in the study area becomes visible and can be documented by 
photograph (Fig. 4/10a und Fig. 4/10b) or videotaping. Direct results about the resultant 
concentrations are, however, not possible to measure at this juncture. This representation can 
nevertheless be very helpful – particularly for decision-makers – in demonstrating potential problems.

  

  

  

  

.

.

.

 

Fig. 4/10a: Dispersal of pollutants in a 
wind tunnel, made visible by smoke, 
Source: IHW, Karlsruhe 

 

Fig. 4/10b: Flow past a multistoried 
building in the wind tunnel, made 
visible by smoke, Source: IHW, 
Karlsruhe 

 . 
                                                     
.

HOME SITEMAP LINKS IMPRINT DOWNLOAD
Climate Booklet for Urban Development Online

© Ministry of Economy Baden-Württemberg in cooperation
with Environmental Protection Department of Stuttgart

  

.   

file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/index-1.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/sitemap.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_8/links.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/imprint.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/download.htm


. 
4. Methods of Information Acquisition for Planning

(Nature measurements, Wind tunnels, Modelling)

.

4.2.2.1 Visualizing Air Flows with Smoke 

Smoke is blown into the wind tunnel with corresponding devices placed upwind from the model, so 
that the air flows become visible. Peculiarities of the air flow alterations such as local vortices can 
then be recognized from the smoke (Figure 4/9). 

  

  

  

  

  

.

.

.

 

Fig. 4/9: Vertical flow field of a building 
in a wind tunnel, made visible by 
smoke, Source: Institute for Hydrology 
and Water Management (IHW), 
Karlsruhe 

Flow field as animation
.
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4.2       The Wind Tunnel as a Tool for Planning

4.2.1    Overview

In recent years the requirements for considering the interests of environmental protection – especially 
air and climate – in planning and zoning have grown continuously. This has come about not only due 
to the increased environmental consciousness of the general population, but also because of the 
dense settlement patterns in Germany.

These increased requirements have, in special cases, led to the use of study methods more costly in 
terms of both time and money, particularly since material losses or damages also can come into play. 
One of these methods is the use of the wind tunnel for planning processes and questions.

In principle, the use of a wind tunnel is applicable for:

●     Changes in the large-scale ventilation of a project area and its surroundings
●     Modification of the small-scale dispersal of pollutants or odors
●     Changes in air and climate comfort through planned development

Typical examples of use can also be named:

●     Wind flows around skyscrapers
●     Wind calming in plazas and streets
●     Dispersal of emissions from chimneys
●     Snow banks along streets
●     Positioning of exterior air intakes for air conditioners
●     Emanations from waste dumps
●     Propagation of automobile emissions in built areas
●     Air contamination from parking garages and tunnels
●     Odors emanating from industrial facilities, dumps, and animal containment facilities
●     Propagation of emissions in the case of accidents involving industrial facilities, tank facilities, 

or tanker trucks

The study area can range from several meters (wind comfort) up to several kilometers (ventilation) 
according to the case in question. 

.

.

. 

 

 

Wind Tunnel
.
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4.2.2.5 Measurement of Concentration Distribution in Dispersal Experiments 

If one desires to quantitatively measure the dispersal of pollutants in wind tunnel studies, it is 
necessary to simulate the pollutant source with a tracer gas. Typically used for this purpose is sulfur 
hexafluoride (SF6), since this gas is non-poisonous and can be detected and measured in very small 
concentrations. Sampling sources are built into the model at the desired immissions locations, so that 
the concentrations can be determined dependent upon the other parameters like wind direction and 
velocity (Figure 4/13). Since boundary-layer wind tunnels can simulate at present only neutral 
temperature gradations, statements about dispersal in the presence of a stable temperature 
gradation (inversion) are not possible. This limitation affects in particular the study of nightly cold air 
flows.

  

  

  

  

.

.

.

 

Fig. 4/13: Concentration field of an 
exhaust stack with a given wind 
direction, measured in a wind tunnel, 
Source: Office of Dr. A. Lohmeyer 

.
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4.2.3.3 Planning-Relevant Results

Figures 4/15 und 4/16 show sample results of the sand erosion experiments for the current and 
planned states for the wind direction 40°.

In the current state (Figure 4/15), areas with super-elevated wind velocities – that is, where wind 
velocities are more than doubled (red surfaces) – are present only in the vicinity of an existing 
skyscraper.

In the planned state (Figure 4/16), additional such areas also appear near the planned new buildings 
(in the middle of the picture).

Gust wind 
velocity

Excess frequency Evaluation criteria

< 6 m/s

> 6 m/s

-

max. 5%

no wind comfort problems permissible in parks, waiting 
ranges, road cafes, on playgrounds

> 6 m/s

> 15 m/s

max. 20%

max. 0.05%

permissible on surfaces for brief stay (less strict 
criterion), and/or which are fast exceeded

> 8 m/s max. 1% permissible within waiting and seat ranges

> 10 m/s max. 1% permissible on surfaces for brief residence time (strict 
criterion)

> 13 m/s max. 1% permissible at corners of a building, permissible for 
problem-free running

> 13 m/s > 1% unpleasantly, annoyingly, wind protection

> 18 m/s > 1% Danger

Table 4/2: Criteria for evaluating the wind conditions for a specific object, Source: LOHMEYER et al., 
1992 

.

.

.

 

Fig. 4/15: Wind velocity at ground level 
in the current state, wind direction 40°, 
Source: LOHMEYER et al., 1992 

.

.
Fig. 4/16: Wind velocity at ground level 
in the planned state, wind direction 
40°, Source: LOHMEYER et al., 1992 

.
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4.2.3.2 Methods

For the study of the changes to be expected from the planned development,

●     sand erosion experiments were taken for surface-covering evaluation (see also Chapter 
4.2.2.3) and

●     wind velocity measurements were taken with the help of a hot-wire anemometer (see also 
Chapter 4.2.2.4) for the study of singular, especially wind-exposed points.

The main wind directions 40°, 220°, and 240° were studied for both the current and planned states.

Windgeschwindigkeit (m/s) Effekt 

to approx. 1.5 calm, no noticeable air flow

approx. 1.6 - approx. 3.3 in the face perceptible air flow 

approx. 3.4 - approx. 5.4 wind moves light flags 

approx. 5.5 - approx. 7.9 paper flies up, hair-style is destroyed 

approx. 8.0 - approx. 10.7 wind force at the body clearly noticeably 

approx. 10.8 - approx. 13.8 to use umbrellas with trouble 

approx. 13.9 - approx. 17.1 difficulties when going 

Table 4/1: Connection between wind velocity and wind effect upon humans (from STIEMER, 1977)

For the evaluation of such studies it is important to know the relevant wind comfort criteria. These can 
be distinguished between those related to hourly average values of wind velocity (Table 4/1) and 
those related to the wind velocity of gusts (Table 4/2). 

.

.

.
  

.
.

.
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4.2.3    Example Use – Wind Comfort Scenario

4.2.3.1 Problem Definition

In connection with the planning of a building complex with up to 120 m heights in the center of 
Frankfurt (Frankfurt Main Center), it was necessary to study the potential effects of the project on 
climate and air hygiene. Of foremost concern were questions about influences on wind comfort, 
ventilation, air temperature, humidity, shading (see also Chapter 3), and dispersal of exhaust gases 
(LOHMEYER et al., 1992). The following section deals solely the problem of wind comfort.

Figures 4/14a and b shows the local situation as a model in a wind tunnel, both in the current state 
and with the planned developments.

During the planning of the anticipated buildings, two relevant aspects came forward in relation to the 
wind comfort:

a) In which areas within the study area would the wind velocity be especially high, and with what 
frequency would that occur? The information about areas with particularly high wind exposure is 
needed to make decisions on the future use of presently undeveloped land. Street cafes, parks, 
waiting areas, and other uses involving the extended outdoor presence of people should not be 
located in areas where especially high wind velocities frequently occur.

b) How would the wind field in the vicinity of the buildings change in comparison with the existing 
situation? In order to evaluate how much of an additional wind burden will be caused by a planned 
development, the wind field must be compared both with and without the planned buildings. 
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Fig. 4/14a: Model in a wind tunnel. 
View from south,  current state. 
Source: LOHMEYER et al., 1992 
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Fig. 4/14b: Model in a wind tunnel. 
View from south,  planned buildings 
(green and blue), Source: LOHMEYER 
et al., 1992 
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4. Methods of Information Acquisition for Planning

(Nature measurements, Wind tunnels, Modelling)
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4.2.4    Example Use – Small-Scale Dispersal (Tunnel Ventilation) Scenario

4.2.4.1 Problem Definition

In the context of transportation planning involving new roads or new traffic densities on existing 
routes, the issue of measures to reduce exhaust and noise pollution arises repeatedly in densely-
settled cities. Although sufficient calculation procedures already exist for the determination of noise 
pollution, there are no complex useable models to calculate exhaust gas dispersal on roads and 
tunnel portals in topographically-varied areas with existing development and vegetation (see also 
Chapter. 4.3).

In the present case, therefore, it was necessary to rely on the simulation of the local situation in a 
wind tunnel.
.

Planning Concept and Tasks

From a large-scale perspective, a planning scenario arose as a result of the new construction of a 
federal highway (B312) coming from Fellbach that was intended to connect to the existing B10 
highway in the Neckar valley. Since a concurrent goal was the relief of traffic in eastern Stuttgart 
(Wagenburgstrasse), it was necessary to direct traffic in the direction of the central city via the B10 to 
the B14. This large-scale situation is depicted in its initial state in Figure 4/17 and in its planned state 
(now completed) in Figure 4/18.

In the Stuttgart neighborhood of Berg, the road layouts for the B10 and B14 were newly 
conceptualized to account for the desired traffic redirection. Problems arose, however, when it was 
realized that this traffic plan would have an immediate effect on two outdoor swimming pools (Figure 
4/19), a park, and a residential area. 
.

Planning Structure and Content

Thus it was planned to connect the Federal highways B10 and B14 in the Berg neighborhood through 
the Berger Tunnel II (Figure 4/19). The tunnel was to begin in the area of the east portal of the 
existing Schwanenplatz Tunnel and end on the B10 in the area of the "Berger Steg" bridge over the 
Neckar River. The already-existing "Leuze Tunnel" could then lead into the planned "Berger Tunnel 
II" south of the Leuze swimming pool. No dedicated ventilation systems were planned for the 
stretches of tunnel. Exhaust was intended to simply exit from the tunnel portals.

The largest changes in the traffic densities arose in the southern section of the B10 through a 
doubling in traffic counts from ca. 43,000 to ca. 87,000 automobiles per day. In light of this, however, 
exhaust discharges were installed near the residential area south of the Schwanenplatz Tunnel.
.

Climatic and Air-Hygienic Problems in the Planning Concept

Air pollution levels in the study area were already high at the time the new traffic concept was 
planned. According to measurements by the State Institute for Environmental Protection, NO2 levels 
on the land that was supposed to contain the three stretches of tunnel stood at 75% of the threshold 
value according to TA Luft (1986); furthermore, the 98-percentile value reached 100% of the 
threshold value. Neighboring areas showed similarly high levels of pollution. According to the 
Stuttgart Emissions Register at that time, more than 90% of NOx emissions in the area under 
consideration and its surroundings originated from traffic. The planned construction would increase 
traffic counts in the affected area, so that an overall increase in total emissions was to be expected – 
in spite of anticipated improvements in automobile emissions systems (e.g. catalytic converters).

Exhaust gas from the existing tunnel stretches was to originally have been blown out horizontally. 
This is unfavorable for the pollutant concentrations in the vicinity of the tunnel portals because the 
pollutants are collected in the tunnels and then released in high concentrations at the portals. Higher 
pollution levels are to be expected near the portals, above all in relation to short-time values, in 
comparison with exhaust release over an open stretch of road or in a tunnel with slits in its roof. One 
of the potential advantages of tunnels, namely the controlled collection of exhaust within a tunnel 
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Fig. 4/17: Initial state of the study area 
road network in 1989
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Fig. 4/18: Planned road network in the 
study area (existing today) 
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Fig. 4/19: Stuttgart-Berg, B10/ B14 
interchange, Berger Tunnel, 1st section 
of construction 
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