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Abstract: Exceedances of the air quality limit values fo®Nand PM2.5/PM10 in Europe are mostly measured én th
vicinity of roads. In general, the concentratiostdbution at hot spot locations in urban areagery inhomogeneous due to
the complex building situation. The EU air qualitiyective specifies details for the siting of airadjty sampling points at
traffic-oriented sites. Based on microscale modé&tutations, this paper discusses the possibilitasdessing the spatial
representativeness of the air pollution for spedifit spot examples and provides some hints oaghécability of HBEFA

in hot spot analysis.
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INTRODUCTION

The highest concentrations of Bi@d PM2.5/PM10 in Europe are measured in the itycaf roads (e. g. Mol
et al., 2011; EEA, 2012). At these hot spots, edarees of the air quality limit values are observEue hot
spots are usually characterized by a high buildiegsity resulting in poor ventilation, by a lardee in heavy
vehicles and high traffic volumes, often in conjiioic with a low traffic quality. The EU air qualitgirective
2008/50/EC specifies details for the siting of@uiality sampling points in hot spots. Sampling peiat traffic-
oriented sites should be representative of thquatity for a street segment no less than 100 mtheand more
than 25 m distant from junctions. It is, howeveot specified how the representativeness of 100 o ise
assessed and how the segment of 100 m is to beededikactly.

In general, the pollution concentration distribatiat hot spot locations in urban areas is very imbgeneous
due to the complex building situation. A sampliiitg $eing representative for a street segment 6frilength
in the sense that concentrations are constant dliagegment is not definable in most cases. Toerethe
assessment of spatial representativeness hasliaseel on the concentration distribution in the dpuit area,
which is usually not known.

This paper discusses the possibility of assess$iagspatial representativeness of hot spot air tyusdimpling
points by means of modelling. Emission modellingsdth on HBEFA 3.1 (INFRAS, 2010) and microscale
modelling was employed to calculate in detail thenplex air flow conditions and the resulting cortcation
distribution at two hot spot areas in Berlin, GenpeCriteria are described to define an assessareatand an
approach is presented to assess the spatial rapatigeness from the modelling results. In additiemme hints
on the applicability of HBEFA in hot spot analysi® provided.

MODELLING
Modelling was carried out for two hot spi G S e
areas in Berlin, Germany, namely the !'%
quality sampling sites Silbersteinstral k
(Figure 1) and Frankfurter Allee (Figure 2/
While the sampling point Silbersteinstral# ’
is on a narrow sidewalk at a busy trafi "=
spot close to a complex intersection, t& ¢
sampling point Frankfurter Allee is locate , .. 2.
just beyond the kerbside between ({|f
carriageway and a wide sidewalk includii £
a separate cycle track in a typical, relativ?
homogeneous street canyon. :
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The calculation of vehicle emissions w 2
done with IMMIS™ (IVU Umwelt, 2011)
based on HBEFA 3.1 (INFRAS, 201GCFigure 1: Hot spot area Silbersteinstrale
Vehicle emissions were assumed to be




homogeneous throughout each considei"ﬁﬁ
street segment (Figure 1 and Figure . *
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Information on mean daily traffic volume&sy & &=
and fractions of vehicle types (cars, va® # .2
lorries and buses) was available for ecg. > £
street segment. Traffic situations wel & 5
assigned depending on the respective r?[
category. For each road section, traf_
volumes were distributed among tly
different quality levels of traffic flow (leve
of service, LOS) according to HBEFA, inte44 &
alia, by assessing the individual traffis s
capacity of each street segment. T!
calculated vehicle emissions were distg# : s :
buted over the respective street segme 4 o y ) el 1o in
for use as input data for the dispersif = @&k Fs o 28" ; Sl e
Gy 15 L2  HiF s,
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Figure 2: Hot spot area Frankfurter Allee
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Dispersion modelling was carried out with the thd@mensional microscale model MISKAM (Eichhorn, J.
2011). MISKAM consists of a prognostic, non-hydetist wind field model and a Eulerian dispersion edod
Buildings are considered in the form of rectangblack structures. The investigation area for theagling site
Silbersteinstral3e has a size of 380 m x 300 m aitlerizontal resolution of 1 m. It contains theatan of the
air quality monitoring station and the adjacenestrsections, including the intersection with Kedsx-Stral3e.
The size of the investigation area Frankfurter dlie 240 m x 200 m, horizontal resolution is 1 nwad. Both
investigation areas are the centre part of a maohel modelling area to avoid boundary effects iwitie
investigation area.

MISKAM modelling was performed based on the IMNISemission data described above and on the
meteorological data measured at the Berlin airiggualonitoring station Grunewald. Base year was& @dy
Frankfurter Allee and 2009 for Silbersteinstrallke Bnnual mean wind velocity was in the order &f/s in
both years. While westerly and south easterly winiailed in 2008, north easterly to south eagtethds
dominated in 2009.

Hotspots
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Figure 3 shows the modelling results of t
additional NQ pollution generated b
traffic for the surroundings of the samplir
point SilbersteinstraBe. Results  we
evaluated for the modelling level 3 - 5
above ground which corresponds to 1
sampling height of 3.5 m at the monitorii
site. The example shows a strong variat
of NOx concentrations along this part
Silbersteinstrale due to the intersect
with the heavily-trafficked Karl-Marx-
StraBe. The mean daily traffic of Kar
Marx-StraBe amounts to 30000 vehicles | T Berlin
day north and 24000 vehicles south of t mamm
intersection, being twice as much as 1

traffic  volume in  SilbersteinstraR¢Figure 3: Distribution of the additional N@ollution from traffic at hot
Emissions from the intersection aSPotlocation Silbersteinstrale

transported along Silbersteinstral3e, leading tdwdrigconcentrations close to the intersection argtrang
gradient along SilbersteinstralBe, where the sagiint is located. Due to the strong spatial deseein
concentrations, it is difficult to define a repretive sampling site in Silbersteinstralle.
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Figure 4 gives the additional NQollutant
load from traffic for the surroundings of tr
sampling point “Friedrichshain” in th
Frankfurter Allee. The NQ concentration , Buidings
along Frankfurter Allee varies less than — -
the Silbersteinstral3e. In this type of stri e
sections, air quality samples are expectet 1m0
be more representative than in the fi

example.
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Figure 4: Distribution of the additional NOX polioh from traffic at hot
spot location Frankfurter Allee

DISCUSSION OF SPATIAL REPRESENTATIVENESS

The EU air quality directive 2008/50/EC specifidmtt sampling points at traffic-oriented sites sHobke
representative of air quality for a street segnmentess than 100 m length. Modelling results fothbdaot spots
considered in this paper show spatially varyingcemtrations around the sampling sites. So, it semsst
impossible to define sampling sites for Silberstg@3e and Frankfurter Allee which can be consitiers
representative in the sense that concentrationsom®ant along a street segment of at least 1@hgth.

In a first approach to analyse the representatas&enéthe sampling location, an assessment aré@0om length
around the sampling site was evaluated based omdldelling results. The mean concentration of at gells
within the assessment area was calculated and cethpa the concentration value of the grid cell rehthe
sampling point is located.

The assessment area was defined in terms of ttiegjis of the modelling grid, meeting the critegimen above
and the following additional criteria:

(1) no evaluation on the carriageway of roads ipsilstted by EU air quality directive 2008/50/EC

(2) at least two grid cells between buildings asdeasment area (Guideline VDI 3783 Part 9 for pstin
microscale wind field modelling).

Figure 5 and Figure 6 show the resulti [ T et
assessment area for Silbersteinstral3e | SThersfelsta®e |

Frankfurter Allee, respectively.

However, there is no specification in tl
EU air quality directive given for the
transverse direction except that the distal
between sampling point and kerbside m
not exceed 10 m. I. e., there is no staten
as to the transverse extent of the assesst
area. Thus, the assessment area w
around the sampling point Frankfurter All¢
has been varied from the maximum wic . mﬁm
of 7 m (Figure 6), which covers almost tl A m s o
whole sidewalk, to 1m (close to tt L

kerbside) to investigate its influence on trigyre 5: Location of assessment area for spatjaksentativeness at hot
evaluation results. spot location Silbersteinstrae

@ sampling Point Silbersteinstr,




Table 1 shows the results based on t(
concentration. The total concentration ley
was calculated from the addition
pollutant load from traffic given in Figure
and Figure 4, respectively, and tl
background concentration level whic
amounts to 35.2 pug/m3 for Silbersteinstra
and to 37.1 ug/m3 for Frankfurter Allee. /
we have a strong NQgradient from the
edge of the carriageway towards t
buildings in Frankfurter Allee, absolute ar
relative differences and standard deviati
from the mean concentration in th
assessment area are larger in most ci
than for the SilbersteinstralRe with i
complex intersection. Only the smalle
assessment area width of 1 m, which
equal to the transverse extent of the assessmemiaiSilbersteinstralle, shows significantly smaliiéerences
and standard deviation than the evaluation foregiiteinstrale.

Hotspot
Frankfurter Allee

®  sampling Point Friedrichshain
Road Centerline

Carriageway
Bl Assessment Area
B Buildings

i Kartografie:
IVU Umwelt GmbH
Stand: Marz 2011

Figure 6: Location of assessment area for spaaksentativeness at hot
spot location Frankfurter Allee
15

Table 1: Comparison of NOmodelled total concentration level at samplingnpeiith modelled mean total concentration
level of assessment area

width of modelled total modelled mean absolute relative standard
assess-  concentration  total concentra-  difference difference deviation from
mentarea  at sampling tion of assess- modelled mean
point ment area concentration
[m] [Hg/m3] [Hg/m3] [Hg/m3] [%] [Hg/m?]
Silbersteinstralle 1 123.2 109.3 13.9 11.3 125
Frankfurter Allee 7 128.4 102.7 25.7 20.0 13.1
Frankfurter Allee 5 128.4 108.2 20.2 15.7 10.6
Frankfurter Allee 3 128.4 114.6 13.8 10.7 7.6
Frankfurter Allee 1 128.4 120.2 8.2 6.4 5.6

INHOM OGENOUS EMISSIONS

In the examples given above, vehicle emissions ves®imed to be constant within each street segment.
However, considering street sections within thdesch some 100 m, the traffic flow is expected ® rather
inhomogeneous. For instance, junctions with traffignals may interfere with the traffic flow in ttsreet
section considered. In the first few meters nedhéostop line one has to expect a larger percerghgtop-and-
go traffic than in the last few meters far awaynirthe stop line. Additionally, the area of disrgptinduced by
a traffic-signal system is depending on some sjgettffic parameters like the circle time of thaffic lights.
Hence, it has to be assumed that the spatial isivh of vehicle emissions along a street sectioomery
inhomogeneous as well. Taking into account theberimogeneities in the microscale model will incretse
concentration variation in the assessment areahargdstrengthen the need for an approach to asespatial
representativeness of sampling points.

An idea to describe the inhomogeneousankfurter Allee, Berlin, direction west, 22th May 2012, 6.00 - 9.00 a.m.
traffic state along a given street segment is tee= T
classify the percentage of traffic volume by -
the level of service (LOS) classes. At ESEGEEES
discrete time steps of the day (e. g. each ! 28.5%
min), the considered street segment is”
spatially divided into parts where the traffig
flow corresponds to LOS 4 (stop+go), LOS 3 ==
(saturated), LOS 2 (heavy) and LOS 1 (free) ...
respectively. This information is summed up
over the considered time period, e.§.
3 hours, to get a LOS distribution along the ™
considered street segment, dependent on tk =
distance to the stop line. Figure 7 shows ar ..
example for this partition of traffic volume

along the Frankfurter Allee with a segment
Figure 7: Partitioned traffic volumes by LOS foaRkfurter Allee

Distance to stop ine [m]



length of 408 meter as a result of the measureelttame. Data source for the results in Figures Thie traffic
situation module of the Berlin Traffic Informati&entre (TIC Berlin), which was introduced in Augast 2.

In this example, the input data for the emissiolcwdation based on HBEFA for the total segment oot a
traffic volume of 6418 vehicles per hour with 0% &Q, 62.3% LOS 2, 9.2% LOS 3 and 28.5% LOS 4. It is
also possible to estimate spatially varied emissiatong the segment based on Figure 7, using th® LO
distribution dependent on the distance to the $t@p The advantages of this idea of LOS-partitibheaffic
volumes are (1) the better accuracy, (2) the indépece from the segment length and (3) the indepered
from the position of a traffic measurement point.

CONCLUSIONS

This paper presents a first approach to assesgpinesentativeness of traffic-oriented samplingssés defined
by the EU air quality directive 2008/50/EC. As tancentration distribution at hot spot locationsiihan areas
is very inhomogeneous due to the complex buildifgation, it seems almost impossible to define mgang
site, which can be considered as representativiliensense that concentrations are constant alosigeat
segment of at least 100 m length.

The approach outlined here is based on microscatieliing results for two hot spot areas. An assessrarea

is defined in terms of the grid cells of the mouhgjl grid, using criteria given in the EU air qualdirective
2008/50/EC and in the guideline VDI 3783 Part 9.ties EU directive does not explicitly specify thartsverse
extent of the assessment area, the influence fdrelift transverse extents on the representativaresdeen
analysed. To evaluate the representativeness ofs#impling point for the assessment area, the mean
concentration of all grid cells within the assesstraea is calculated and compared with the coration value

of the grid cell where the sampling point is locate

Evaluation results of the given approach are styodgpendent on the exact location and definitidrthe
assessment area, in the cases presented in tieisnEpely on the transverse extent of the assessremn Only
when comparing the assessment areas with the widihm for Frankfurter Allee and SilbersteinstraBes
results indicate, as expected, that the samplingt poankfurter Allee may be sufficiently represatinte while
the sampling point Silbersteinstralle may not.

Due to the fact that the evaluation results strpagpend on the location and definition of the asseent area, it
is necessary to exactly determine the area for lwkiie sampling site should be representative, befoe
method of evaluation of the representativenesdeadiscussed.

Furthermore, the spatial distribution of vehicle igsions within a street section is assumed to iy ve
inhomogeneous, which in turn increases the vanatid the modelled concentrations. It is therefore
recommended to consider the inhomogeneous traffissons when assessing the representativenessffod-t
oriented sampling sites.
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