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INTRODUCTION

Tools are needed for the execution of the European Air Quality Framework Directive
96/62/EC and its daughter directives which are developed on the basis of numerical models in
frame of the project VALIUM. To produce a validation data set for meso/micro-scale model
systems continuous measurements of air pollutants inside a street canyon and in the
surrounding area of 1 km x 1 km (Géttinger Strale in Hannover) were performed in addition
to the routine NLO monitoring (Miiller et al., 2001) from beginning 2001 until end of 2003.
The concept of measurements is coupled with corresponding investigations in the wind
channel (Schifer et al., 2003).

MEASUREMENTS

Both air pollutants and meteorological parameters were measured by in situ instruments at
four sites inside the street canyon and at three sites in the surroundings. Path-averaging
optical measurement techniques (two, some times three DOAS systems) were used
continuously on the ground and on the roof of a building at the street (Schifer et al., 2002;
Béchlin et al., 2003). Vertical gradients of air pollutants in the street canyon were measured
by these DOAS systems too. Acoustic remote sensing of wind and turbulence profiles with
vertical resolution down to 12.5 m as well as mixing layer heights was performed by a
SODAR south-west of Gottinger Strafle in about 500 m distance.

During three intensive operation phases including tracer experiments with a SFe line source
and sampling techniques at up to 15 sites were performed (Figure 1). Path-averaged CO and
SF¢ concentrations at both sidewalks of the street were measured by FTIR spectrometry too.
Additionally, a ceilometer (aerosol backscatter profile) was operated at the roof of a building
by Vaisala. During some time a wind-temperature-RADAR (temperature profile) of the IMK
was measuring nearby. After evaluating the SODAR mixing layer heights (MLH) by these
data, long-term statistics for MLH were produced. Concentration measurements at roof level
anti-correlated well with MLH, those inside the street canyon did not.

These data together with NLO network monitoring data are available in the representative
data bank ValiDATA as a validation data set for meso/micro-scale model systems. The
database provides a pre-analyses tool also.

QUALITY ASSURANCE / QUALITY CONTROL

The QA/QC work included long-term comparison of all measurement techniques. Before or
after each IOP the different measurement techniques were operated simultaneously in the
same air mass. The comparisons give deviations in the order of the measurement accuracy.
The measurement values of each monitoring system were classified according to the amount
and the absolute and relative standard deviation as discussed in Van der Meulen et al. (2003).
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The comparison of wind data from the SODAR and the roof-top station shows the influence
of near-by buildings on the wind data from the roof-top station.

RESULTS

Results for representativity of measurement sites and methods

The spatial and temporal representativity of concentration measurements was investigated by
comparing in situ and path-integrated techniques. As an example the tracer gas measurements
(SF¢) inside the street canyon are discussed. The measurement techniques are ambient air
sampling in Teflon bags which were analysed in the laboratory by gas chromatography and
FTIR absorption spectrometry at open paths of 136 m length which were operated with a
temporal resolution of 30 minutes. The comparison of the results of the single in situ with the
path-integrated measurements is characterised by higher temporal variations of the in situ
measurements. This is in correspondence with the high spatial variation of the in situ
measurements along the measurement paths. The highest differences between the results of
both measurement techniques were found during street-parallel wind directions. An example
of spatial and temporal SFs distributions at ground level during a cross-wind episode with
westerly winds is shown in Figure 1.
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Figure 1. Path-averaged FTIR measurements (K300-1 and K300-2) and in situ measurements
of the tracer SFs along the open FTIR path at the eastern side walk (right, above) and western
side walk (right, below) of the Gottinger Strafie on 11 April 2003 during westerly winds with
3up to 6.5 ms”. On the left location of trace line source and sampling points (SE and SW).
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Circulation patterns inside the street canyon - the rotor

Air pollutant concentrations at both sides at the ground of the Géttinger Stralle and at roof-top
level during cross-wind air flow conditions indicate clearly a rotor-like circulation inside the
street canyon which is in correspondence with results described in the literature (Xie et al.,
2003). Path-averaged and in situ CO and tracer gas concentrations inside the street canyon
were used for investigation of re-circulation flow patterns inside the street canyon together
with corresponding wind tunnel experiments. An example during westerly winds is shown in
Figure 2 for CO, wind, and radiation. After the change of wind direction from west to south in
the evening the horizontal and vertical gradients became lower. The spatial and temporal
variations of NOyx, NO and NO, concentrations are very similar.
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Figure 2. Path-integrated FTIR measurements (HRT10 at western side walk and HRTI1 at
eastern side walk) and in situ measurements at 3 single sites (HRVS and HRV1 along the
western open FTIR path and HRV3 along the eastern open path) at ground level as well as at
roof level (HRSW) of CO in the Géttinger Straf3e at 11 April 2003 during westerly winds with
3 up to 6.5 ms-1 showing a negative vertical (above) and a horizontal (below) gradient from
east to west at the ground
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Mixing layer height (MLH) from SODAR data

Mixing layer height is determined as the minimum of ground-based echo layer height and
height of elevated echo maximum were used as criteria for the determination of mixing layer
height (Emeis and Tiirk, 2004). Additionally, a ceilometer (aerosol backscatter profile, run by
Vaisala) and in May and October 2002 a wind-temperature-RADAR (temperature profile) of
IMK-ASF were operated nearby. These data were used to validate the SODAR wind and
MLH data (Emeis et al., 2004). The comparison between SODAR, WTR, and ceilometer was
used in order to validate the inversion information from the SODAR and to demonstrate the
applicability of the ceilometer in this context.

Correlation between MLH and air quality in the street canyon and at roof-top level
Correlation analyses show that about 36 % of NOy concentration variations at roof-top level
are caused by the mixing layer height (see Figure 3). At ground-level stations inside the street
canyon this dependence cannot be found. The correlation for PM10 and PM2.5 is not
significant (see Figure 3) and not much different for ground and roof-top level data (see
Figure 4). PM10 and PM2.5 concentrations at ground level inside the street canyon are higher
by a factor of 1.5 as well as 1.25 of roof-top level values. Roof-top level and background
monitoring stations are representative for the urban boundary layer.
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Figure 3. Correlation of NO, with MLH (left) and PMI10 (right) for the roof-top station
HRSW.
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Figure 4. Correlation of PM2.5 with MLH for the roof-top station HRSW (left) and for the
street-level station HRVS (right).

During days with high pollution level (e.g. on 13 December 2002 daily mean concentration of
PM10 89 pg/m’, PM2,5 77 pg/m’ and NO, 78 pg/m’ at HRSW) the mean mixing layer height
is relatively low (380 m). Otherwise during days with low pollution level (e.g. on 27 October
2002 daily mean concentration of NOy at HRSW 7 pg/m’) the mean mixing layer height is
relatively high (735 m). It can be concluded that the pollution at roof-top level is caused by
meteorological and transport conditions mainly and not by the emission situation.
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OUTLOOK

The mixing layer height defines the volume for the dilution of emitted air pollutants and by
this way the near-surface pollutant concentrations as could be shown for gaseous compounds
earlier by Schiéfer et al. (2002) also. But the origin of spatial distribution of particulate matter
needs further evaluation. At appropriate weather conditions the ceilometer is a useful tool to
investigate layering of lower atmosphere and its particulate matter content.

The field measurements for validation data of small-scale models will be continued.
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