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Abstract

The mixing layer height is an important parameter charagtgy the potential of the atmospheric boundary
layer to take up emitted air pollutants. During continuousasurements in Hanover, Germany, from 2001
until 2003 and around Munich, Germany, in summer and win@¥32mixing layer heights (MLH) were
determined by different remote sensing systems mainly fftwerthermal structure and turbulence of the air
(SODAR), for some time from the aerosol layering of the agil@neter), and for a short period directly
from the temperature profile (RASS). The temporal variaiofithe concentrations of Pidland PM 5 as
well as of CO and N@ simultaneously measured near the surface were investigate correlated with
the MLH derived from SODAR data. The pollution measuremewgse performed inside a street canyon
and at an urban background station close to Hanover andest theasurement locations inside and outside
of Munich complementing the available monitoring networkbe analyses show that the correlations of
pollutant concentrations with MLH are smallest inside etreanyons. Correlations at the urban background
stations are larger in winter than in summer, and they agetdor the urban stations than for the rural stations.
It turns out further that the correlation of N@oncentrations with MLH is larger than the correlation of
particles concentrations. Explanations for these findingst consider the varying emission source strengths
for NOy and particles and the influence of gas-to-particle conearsiithin air masses especially during
daytime in summer.

Zusammenfassung

Die Mischungsschichthohe ist ein wesentlicher Parameegrdie Aufnahmefahigkeit der atmosphérischen
Grenzschicht fur bodennah emittierte Luftschadstofferaktarisiert. Bei kontinuierlichen Messungen in
Hannover in den Jahren 2001 bis 2003 und im Raum Munchen itmsBriimer und Winter 2003 wurden
Mischungsschichthohen (MLH) mit unterschiedlichen Fezeaverfahren detektiert, hauptséachlich mit SO-
DAR aus der thermischen und dynamischen Struktur der Athridogp zeitgleich mit einem Ceilometer aus
dem Partikelgehalt und fur eine kurze Zeitspanne mit einegkB®R direkt aus dem Temperaturprofil. Die
gemessenen N@und Partikelkonzentrationen wurden analysiert und mitales den SODAR-Daten bes-
timmten MLH korreliert. Die Schadstoffmessungen fandeeimmer StralRenschlucht und einer nahe gelege-
nen stadtischen Hintergrundstation in Hannover sowie anMesspositionen innerhalb und aufRerhalb von
Munchen statt, womit die bestehenden Messnetze ergandewubie Analysen zeigen, dass die Korrelatio-
nen der Schadstoffkonzentrationen mit der MLH innerhalbSteaBenschlucht am geringsten sind. Generell
sind die Korrelationen im Winter héher als im Sommer, in dé&id&n héher als im Umland, und fur NO
hoher als fir Partikelkonzentrationen. Erklarungen kiienilissen die verschiedenen Emissionsquellstarken
der Schadstoffe und den Einfluss der Gas-zu-Partikel-Urdluagsprozesse innerhalb einer Luftmasse ins-
besondere tagstiber im Sommer bertcksichtigen.

1 Introduction and ZARDI, 2004; RRINGER et al., 2005). MLH defines

o ) ) the volume for the dilution of air pollutants emitted or
The mixing layer height (MLH) is assumed to be g,rmed near the surface and thus the near-surface pollu-
key parameter for the characterisation of air pollutiont concentrations. In earlier studies, it was partly found
together with urban emission source strengths, trgffa; the correlation between air pollution and MLH is in-
fic emissions, further meteorological |anuenqgs SURRdnsistent (RON, 1983). At that time MLH was avail-
as wind, and long-range transport and deposition. Thgje from radiosonde taken once or twice daily only.
determination and modelling of the MLH has therernose data gave no reliable information on the daily
fore found considerable interest in the recent decaggan MLH and the diurnal variation of MLH. With to-

(BEYRICH, 1997; FIBERT et al., 2000; RMPANELLI  gays availability of remote sensing devices for monitor-
“Corresponding author: Klaus Schafer, Institute for Meteorolod?d the StrUCtU_re of t_he thOSPh'e“C bounqlary' layer and
and Climate Research, Atmospheric Environmental Researthe MLH a re-investigation of this correlation is mean-

Forschungszentrum Karlsruhe GmbH  (IMK-IFU), - Kreuzeckingful. Studies (e.g. SHAFER et al., 2002) have shown
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pollution maps with a spatial resolution of 200 rim
so-called micro-environments of high emitting air pol-
lutant sources. Air quality monitoring data from present
measurement networks in urban and sub-urban areas are
inappropriate for this task because the decision for the
layout of these networks did not consider the task of
model validation. The second experiment was executed
in summer and winter 2003 in and around Munich in
order to evaluate particle concentrations retrieved from
satellite information. Similar investigations, which will
not be used in this study, were performed in Budapest in
summer 2003 and in winter 2003/2004.

Here, the influences of MLH upon primary near-
surface air pollutant concentrations will be discussed in
the following. After a description of the in situ and re-
mote sensing measurements in both experiments the cor-
relation between both gaseous as well as aerosol con-
centrations and MLH will be discussed. The investiga-
tion will focus on differences between summer and win-
ter pollution episodes and on differences between street
Figure 1: Gottinger Strasse in Hanover with location of three in sit¢anyons as well as larger urban, sub-urban and rural ar-
measurement systems inside the street canyon (container). The r@&S.
top station is near the position of the photographer.

2 Methodology

multiple layering (e.g. internal boundary layers, neas
surface inversions and residual layers at night-time andl
in the morning hours). But it is assumed that the love- 1 1 Experiments in Hanover
est stable layer or inversion limits the vertical exchange
of primary pollutants emitted at or near the surface. B&he measurements in Hanover have been made from
cause ozone is not a primary pollutant and it is mixedctober 2001 to April 2003. Meteorological parame-
into the mixing layer from above, the relationship bders (wind vector, temperature, pressure, humidity, so-
tween the MLH and the ozone concentration is an anl&r radiation and those necessary for the determina-
correlation (HANG and Rao, 1999). tion of MLH, see section 2.2 below) have been mea-

MLH information is also necessary for special kindsured continuously by in situ instruments (including an
of satellite data interpretation, e. g. satellite images caltra-sonic anemometer) and by sounding techniques
provide particle concentrations by retrievals of optic88ODAR (DSD3x7 mono-static Doppler SODAR) and
depths (SPOT, Landsat) in an area of approx. 100 knRASS (also called WTR, Wind-Temperature-RADAR)
100 km (SARIGIANNIS et al., 2002). The optical thick- from Metek) and a mini lidar (ceillometer CT25K from
ness of the satellite images can be likewise interpretedisala)) south-west of Gottinger Strasse in about 500 m
as the particle concentration near the surfaceNDou and 200 m distance. Air pollutants have been measured
et al., 2002) if MLH is known. by in situ instruments (CO by a TE48, N®y TE42

Two recent research projects offered the opportuniymd ML8841, PMo by FH62 I-R FAG Kugelfischer) and
to make simultaneous measurements of near-surfaemote sensing instruments (CO, £HN,O, and CQ
air pollution by in situ measurements and of MLH byy FTIR with K300 from Kayser-Threde) at both side
surface-based remote sensing techniques in urban areadks inside the street canyon. NO, NGand Q are
One experiment took place from 2001 until 2003 insid@so measured by DOAS from Opsis at a side walk of
a street canyon (Géttinger Strasse in Hanover, Germaitlyis street and at the roof of the building along the west-
and in the surrounding area. These investigations wem edge of this street. These sites complemented the ex-
designed for model validation purposes because nisting monitoring network in the city of Hanover (CO by
modelling tools such as the meso/micro-scale modelTE48, NQ by a TE42, PMg and PM s by FH62 I-N)
system M-SYS (see RUKENMULLER et al., 2004) had (see MJLLER et al., 2001) operated by the Lower Sax-
been developed for the execution of the European Ainy State Agency for Ecology which includes a roof-top
Quality Framework Directive 96/62/EC and its dauglstation, too (near the position where the picture for Fig-
ter directives. These directives require 12-monthly aire 1 was taken). The data are available in the data bank

Measurements
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ValiData (NOLTE et al., 2004). The street canyon deptththe corner of a wide street, six-lane street, 29,000 ve-
width relation is about one. It is nearly north-south orhicles per day; Luise-Kiesselbach-Platz (L8.11): large
ented. At the west side of the street there is a closed franbss section of an access highway and the main city cir-
of buildings, and at the east side the front of buildings e of Munich with some smaller streets, six-lane street,
interrupted by some small streets giving a typical stree17,000 vehicles per day; urban background station: Jo-
canyon (see Figure 1). Traffic in the Goéttinger Strasbanneskirchen (L8.12): at a small street, no large streets
amounts to more than 30,000 cars per day. nearby, power plant in 1 km distance. Only at the sta-
Quiality assurance and quality control included longions L8.11, L8.1, L8.3 PNy (instrument FH62 I-N
term comparison of all measurement techniques. BefdtaG Kugelfischer, three-hourly mean data) is measured.
or after each IOP the different measurement techniqudse meteorological data (wind speed and direction) are
were operated simultaneously in the same air mass dietermined near the station L8.3 in 32 m altitude on the
ing a time period of 36 hours (ISO 13752 Air quality)roof of a building. Additional air quality measurement
The comparisons showed deviations in the order of thites inside and around Munich during the two cam-
measurement accuracySAFER et al., 2005). paigns complemented the abovementioned monitoring
network and thus gave the possibility to study the back-
ground and rural air pollution in the region of Munich.
From 10 until 29 May and from 27 November untilfwo additional air pollution measurement sites were lo-
19 December 2003 two measurement campaigns in @aed upwind and downwind of the city to record the
around Munich at three measurement locations wergal conditions around Munich and one urban back-
performed. Some stations from the monitoring netwogcound station was setup on a roof-top in the city cen-
of the Bavarian State Agency for Environmental Protetre. The rural sites were: Maisach (west of Munich: CO
tion are located in this area gathering the pollution &y a TE48, NQ by a ML8841, PMg/ PM25 / PMy by
vulnerable sites and the concentration of measured cda=Q47/50 Leckel) and Erding/Frankendorf (east of Mu-
ponents in the surrounding area. The data of the followich: CO by FTIR (K300 from Kayser-Threde), RW
ing monitoring stations are used in this study: urban st@M>s / PM; by SEQ47/50 Leckel, ceilometer (LD40
tions: Stachus (L8.1): at the side walk of a wide streéfom Vaisala)). The additional urban background sta-
canyon, 8 lanes at the street, 43,000 vehicles per dgn was located on the roof of the building of the MIM
Lothstrasse (L8.3): at the corner of a wide street, six-Meteorological Institute of the University of Munich
lane street, 41,000 vehicles per day; Moosach (L8.7):(&OAS from Opsis for NO, N@and @, PMig/ PM 5/

2.1.2 Experiments in and around Munich
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PM; by SEQ47/50 Leckel). The SODAR was operatesbund a nearly direct measurement of the vertical tem-
on Fuerstenfeldbruck airfield (close to Maisach), theerature profile up to about 1000 m above ground.
ceilometer at Erding/Frankendorf, and the WTR near In the present study MLH was determined solely
Erding/Lohkirchen. Meteorological parameters were dsom SODAR data as the minimum of the height of the
termined from conventional weather stations at Maisadround-based echo layer and the height of an elevated
MIM and Erding/Frankendorf. echo maximum (if present). If the MLH was higher than
Quality assurance and quality control of all instruthe instrument’s range it could not be determined from
ments was made by inter-comparison against each otBE&DAR data and the MLH was set at this range. These
before or after the measurement campaigns at the urlpaoblems caused an ambiguity of MLH parameters if the
background station of the measurement network in MMLH is large. Details on the determination and statis-
nich (L8.12 Johanneskirchen) which is not influenced higal evaluations of the resulting MLH are reported in
significant emission sources and therefore it can be &4EIS and TURK (2004).
sumed that the ambient air is well mixed at this location. In Hanover, acoustic remote sensing of wind and tur-
. .. bulence profiles with vertical resolution of 12.5 min the
2.2 Continuous determination of MLH altitude range up to 600 m and 25 m in the altitude range

The basic principles for the determination of MLHetween 600 and 1200 m were performed using the SO-
solely from SODAR data are described ireBricH DAR. Temporal averaging over 30 minutes was used be-
(1997) and in ®EIs and TURK (2004). This proce- fore storing the data. In Hanover, WTR data were avail-
dure can be enhanced if SODAR and ceilometer data afde for a few weeks only. The ceilometer was operated
available simultaneously EIs and SSHAFER, 2006) for several months. An intercomparison between these
or even if a RASS (WTR) is available. The three rehree remote sensing techniques is given Weks et al.
mote sensing devices SODAR, WTR, and ceilomet&004). N N

detect different signatures of the atmospheric layering. At the Fuerstenfeldbruck military airfield the SO-
The SODAR discerns strong vertical thermal gradienAR observations were made with a vertical resolution
and temperature fluctuations connected to turbulen®&30 m from 55 to 1285 m above ground storing 10 min
The ceilometer working as a mini lidar catches informaverages. The WTR and the ceilometer were operated
tion on particles floating in the air which are quantifiegear Erding about 50 km away from Fuerstenfeldbruck.
by backscatter ratio profiles t8YN et al., 1999), and During May 2003 the height range of the SODAR was
the RASS provides via the determination of the speedRt always sufficient to detect the MLH during the af-
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ternoon (more or less all days for less than five hour§ODAR data as shown inNEEIS and SSHAFER (2006).
For December 2003 the MLH from ceilometer measuré- typical rise of the MLH during a day with strong
ments in Frankendorf was in good coincidence with tlewnvection in the afternoon as well as a residual layer
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Table 1: Seasonal variation of the square of the correlation coefficiefit &Rd parameters for exponential fitting €ya &) of NO
concentration dependence (y) from mixing layer height (x) in Han@udran background station) and Munich (all stations).

Hanover Hanover Hanover Munich Munich Munich
urban urban urban all 6 stations  all 6 stations all 6 stations
background background background
station station station
Total Summer Winter Total Summer Winter
01 Aug — 06 Oct. 2001 — 10 May — 27 Nov. —
31 Aug. 2002 31 Jan. 2002 29 May 19 Dec.
2003 2003
01 Dec. 2002 —
28 Febr. 2003
a 60.3 41.5 60.1 222.3 69.3 209.7
b -0.0023 -0.0017 -0.0021 -0.003 -0.001 -0.0024
R? 0.46 0.30 0.41 0.64 0.13 0.46

above the mixing layer during night and early morning.4 Error estimates for the correlation

hours can be seen from the ceilometer data together with ~ analyses

the SODAR data. Also a good coincidence between the

ceilometer MLH results and the temperature inversidi estimation of the total error of the correlation val-

from radiosonde and WTR data was found. ues is necessary to demonstrate the reliability of the de-
Further comparisons of the abovementioned remd&mined correlation coefficients. The concentrations of

sensing data from this experimental campaign with twWé$Ox and CO are measured with a standard error in the

lidars operated in the centre of the town and aircraftder of 5 % (S1 = 0.05) and Piglas well as PMs with

measurements are presented and discusseddcMER & standard error in the order of 15 % (Sl = 0.15). The de-

et al. (2005). A major outcome from this study is that th@rmination of MLH from SODAR data has an error of

MLH is nearly horizontally homogeneous over the aregbout 10 % (S2 = 0.10) if MLH is within the detection

of Munich, which permits to use information from théange. Thus, the overall error of correlation between the

SODAR and the ceilometer together although the instréoncentrations and MLH can be estimated from the fol-

ments were about 50 km apart. This homogeneity is lwing equation

contrast to other studies, e.g. for NashvilleN@eVINE

et al., 2003). During summer there is at both sites in the OverallSandardError =1— (1—S1) x (1—-S2

Munich area an uncertainty for high mixing layers in the

order of 10 % of the presented MLH data due to settinghich is giving a value of 14.5 % for NCGand CO and of

MLH at a maximum of 1200 m . 23.5 % for PMg and PM . Only such correlation co-

efficients between concentrations and MLH which are
higher than this value are significant i.e. showing depen-

2.3 Data averaging for correlation studies ~ dence between these data.

Daily averages of MLH had to be determined for the

Munich campaign, due to the fact that in the MunicB Results

area the PNy / PM, 5 / PM; data (Maisach, MIM in the

city of Munich and Frankendorf) are available as dailRifferent fitting functions have been tried to describe

averages only. Therefore 24-h-averages of CO and Ntbe relation between pollution concentrations and MLH

concentrations are calculated for the correlation studissich as linear, hyperbolic, logarithmic, and polynomial

too. functions. An exponential fitting is found to give the
Additionally, traffic emissions and MLH show com-highest correlation coefficients for the dependence of

parable daily variations. They are low during the niglihe concentrations (y) on the MLH (x): 3 a € with

and they rise during the day. This unphysical correlatioregative values of b. This function has therefore been

which is due to human behaviour does not interest hetsed throughout this study. We will concentrate on sea-

Consequently daily mean values of air pollutant concesenal variations and differences between the different

trations and MLH are used for the investigations fromstation types (street canyon, urban, urban background

both campaigns. and rural).
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Table 2: Seasonal variation of the square of the correlation coefficiefit 4Rd parameters for exponential fitting €ya &) of PMyg
concentration (y) dependence from mixing layer height (x) in Hanfwdran background station) and Munich (all stations).

Hanover Hanover Hanover Munich Munich Munich
urban urban urban all 6 stations  all 6 stations all 6 stations
background background background
station station station
Total Summer Winter Total Summer Winter
01 Aug — 06 Oct. 2001 — 10 May — 27 Nov. —
31 Aug. 2002 31 Jan. 2002 29 May 19 Dec.
2003 2003
01 Dec. 2002 —
28 Febr. 2003
a 50.2 79.9 47.9 45.4 43.4 69.70
b -0.0016 -0.0022 -0.0015 -0.0016 -0.0011 -0.0035
R? 0.16 0.23 0.17 0.31 0.11 0.84
3.1 Seasonal variations mum MLH of less than 300 m have been reached fre-

For the investigation of seasonal variations two smallg\"engy dllje to the prevailingk Fohehn and Win?] in _thg
data subsets have been selected from the large HanQ@ndary layer was very weak. The strong Foehn winds

data set on the basis of the analyses of the meteorol W above thi mi;](_inﬁ layer. (?]n 09 and 10 Decer_nb?]r
ical situation: the summer data set comprises the perfodP> & Somewhat higher MLH has been observed in the
01-31 August 2002, and the winter data set the two pe"i1 ternoon, on the latter day th|s_happene_d due to th? pas-
ods 06 October 2001—-31 January 2002 and 01 Decem € ofa COI.d front. The'MLH in the region of Munich
2002-28 February 2003. For Munich the data from M&iH11ng the winter campaign was thus much lower than
2003 are considered as summer data, and the data fijtfi"9 the summer campaign, anq it was also consider-
November and December 2003 as winter data. ably lower than the hibernal MLH in Hanover.

The outcome of the correlation analyses with MLH The investigation of the influence of emission source

using NQ, and PM concentration data for all data an trengths_ on thg correlation_of air pollutants with MLH.
for seasonal subsets of these data for the urban badkSelecting periods of certain week days (Monday until

ground station in Hanover and for six Munich station ursda_ly), Friday, Sat_urday and Sunday did not bring
onclusive results, mainly due to the lower amount of

comprising urban, urban background and rural cond; ; . o .
tions are shown in Figures 2 to 5 and in Tables 1 a ta during days with lower emission level (Friday, Sat-

2. It turns out that in both towns all-year correlationdfday and Sunday) which caused a higher statistical

for NOy are higher (square of the correlation coefficie@"1ance of data than at days with higher emissions.
R? = 0.46 and 0.64) than for PM (R?> = 0.16 and 0.31, 3.2 Spatial variati
i.e. this correlation is only significant for Munich). In*" palial variations

winter NO, correlations are higher fR=0.41 and 0.46) siations of different kinds were available for this study:
than those in summer {R= 0.30 and 0.13) again for gne street canyon station (HRV1) in Hanover, four ur-
bot_h towns. For the correlation with RiMthe segsonal ban stations in Munich (only three of them having RM
varla_tlon is not that clear. In Hanover there is nearhﬁeasurements), one urban background (roof-top) station
nozdlfference between summeriR 0.23) and winter jn Hanover (HRSW) and two of them in Munich (roof
(R®= 0.17) correlations which are both not significanit the MIM and Johanniskirchen), and two rural stations
whereas in Munich the winter correlation betweenigMyest and east of Munich. The outcome of the correla-

and MLH is very high_(F@ = 0.84) while the summer jons at these stations is presented in Figures 6 to 8 and
correlation (R = 0.11) is negligible. in Tables 3 and 4.

When interpreting the winter results for Munich
one has to take into account the special weather sjt5 ¢ Spatial variations of gases to MLH
uation which dominated this measurement period. It
was strongly influenced by two Foehn periods (30
November—04 December and 09-11 December) aWkk had seen in Section 3.1 that about 46 % of,d@n-
only two low pressure systems from north-west. Maxgéentration variations at the urban background (roof-top)

correlations
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Table 3: Station-specific variations of the square of the correlation coefficief)t dRd parameters for exponential fitting (y = %)eof
NOx and PMg concentration (y) dependence from mixing layer height (x) in Hanewer Munich at different sites during the whole

measurement time.

Hanover Hanover Munich Munich  Munich Munich Munich
Street- Street- rural and urban urban rural urban urban
canyon canyon background stations  stations  background stations
stations station
NOx PMjo NOx NOx PMjo PM;o PMjo
a 153.5 71.7 224.5 226.1 24.9 42.1 61.2
b -0.0006 —-0.0012 —0.0045 —-0.0025 —0.0009 -0.0017 —0.0018
R? 0.02 0.16 0.66 0.62 0.10 0.26 0.41
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3 100 . of exponential relationship for N(zoncentration with mixing layer
8 . \ . height (MLH) from SODAR for an street-canyon station inside the
2 50 * . o street canyon Géttinger Strasse in Hanover (top left), for urban sta-
\\n\.‘\*& tions inside Munich (top right) and for the rural stations outside
0

100 200 300 400 500

Mixing layer height [m]

station in Hanover are related to the MLH. During days
with high pollution levels in Hanover (e.g. on 13 De®

Munich (Maisach) and for the urban background station in Munich
(Johanneskirchen) (bottom).

x times higher than at roof-top level, buf & only
.02 (Figure 6a and Table 3). In Munich there are no

cember 2002 the daily mean concentration of,N@s such large differences in the all-year correlations be-
78 ug/md, the one of PMo was 89ug/m?® and the one of tween urban (R= 0.62, Figure 6b, Table 3) and rural
PM, 5 was 77ug/m?) the mean MLH was relatively low and urban background stations?®(R 0.66, Figure 6c,
(380 m). Otherwise during days with low pollution leveTable 3). The latter result for NOs supported by the
(e.g. on 27 October 2002 daily mean concentration loigh correlation between CO and MLH at the urban sta-
NO, was 7ug/m®) the mean MLH was relatively hightions (R = 0.73, Figure 8c, Table 4) in Munich.

(735 m).
This considerable dependence disappears complel%
when moving down the 43 m from this background sta-

Spatial variations of particles to MLH
correlations

3

tion to the bottom of the adjacent street canyon. The contrast to the differences in the NQorrelations be-
mean ground-level NOconcentrations down there aréween the background and the street canyon stations in
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0 nich at roof-top (MIM) (top right) as well as CO concentration with
b 100 200, S0 400 =000 GO0 YO0 800 mixing layer height (MLH) from SODAR for urban stations in Mu-

Mixing layer height [m] nich (bottom).

Hanover the correlations for Piglwith MLH do not dif- Figure 3a, Table 2, for Pb: R? =0.21, Figure 8a, Ta-
fer much at these two stations. They are neither signifie 4) nor at ground level inside the street canyohR
icant at the background station (for RMR? = 0.16, 0.16, Figure 7a, Table 3). Mean RMPM.5) concen-
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Table 4: Station-specific variations of the square of the correlation
coefficient () and parameters for exponential fitting £y a &)

of PM, 5 and CO concentration (y) dependence from mixing layer
height (x) in Hanover and Munich at different sites during the whole
measurement time. The last question is probably the easiest one. The
quite special winter foehn episode with its very high cor-

— Why are the correlations between particle con-
centrations and MLH larger in Munich than in
Hanover?

Hanover urban Munich rural and Munich urban stations . f .
background station urban background relations dominates the results for Munich. If one only
stations looks at the summer data this phenomenon disappears.
PMys PMys co _ The answer to the first two questions is much more
difficult. One clue to the first question could be that NO
a 32.8 22.8 1670.7 . . . . .
is primarily emitted near the surface. Particles (espe-
b ~0.002 ~0.0011 ~0.0023 cially in summer) are also formed as secondary pollu-
R? 021 0.16 0.73 tants within air masses (gas-to-particle conversion) so

that the dilution influence of the rising MLH is reduced.
Also other studies (BARRON and HARRISON, 2006)

trations at ground-level inside the street canyon are ooV that in urban areas the local RMoncentrations
1.5 (1.25) times higher than the urban background v&(€ Strongly influenced by background conditions.
ues at this location in Hanover. The main explanation for the second question could

In Munich the opposite behaviour was found: Iargé?e that the surface sources for emitted particles in towns
spatial variations in the particle-MLH correlation tha@'€ much larger than in rural areas causing differences in
in the NO-MLH correlations. The best correlation pebarticle size distribution and chemical composition be-
tween PM, concentrations and MLH is seen at théwveen ruralund urban areas(Kn etal., 2005). There-
urban stations (R= 0.41, Figure 7b, Table 3), lesdore in urban areas the dilution effect dominates the
good correlations are observed at the background staffgiirélation between particle concentrations and MLH.
(R? = 0.26, Table 3), and negligible correlations appeHi‘ rural areas, in the absence of advection and strong
at the two rural stations @= 0.10, Figure 7c, Table 3). SOUrces, there should be mainly formation and disso-
The correlation between PM and MLH at the rural lution of particles within the air mass. This formation
and urban background stations in and around Munil§'ds to be positively correlated to MLH because it is
is about the same as the one for RMR? = 0.16, Fig- strongest during the day when MLH rises. Thus the in-
ure 8b, Table 4). The all-year correlations between pdjience of gas-to-particle conversion partly cancels out
ticle concentrations and MLH at urban and urban bacii® influence of the dilution of near-surface particle
ground stations in Munich turn out considerably bett&M!SSIONS.
than those at the street canyon and urban background

stations in Hanover. 5 Conclusions

It can be concluded that the pollution at roof-top level

in Hanover is - as expected for an urban background
. . . . tation - caused by meteorological and transport con-

It is quite easily understandable that the correlatlonsz%ons mainly and not by the emission situation. Con-

:.r:; '\rglt_egsarrir\;irr)(téor\;va%r;daﬂf\gggﬁgm ;\;Igt]rsgt Eglrllu;)sequently, this roof-top level station seems to be repre-
! u y égﬁtative for the urban boundary layer. This conclusion

Here, the concentranon_s are determlneql pnm_arlly by_t in coincidence with findings from numerical simula-
s_t(rjen%th of the local €MISSIONS. ':'hec\j/ertu;]al dlﬁu3|l(|)n Mons by TRUKENMULLER et al. (2004). Otherwise air
tsl:r: ;n?:l Sr;[;?gert] tcgfnt%%nriiliiggtlggtiu ttg:oga%\lljﬁorsér ?Iality inside street canyons is not really coupled with
wind speed and direction the bpundary Iaygzr height except for those meteorolog-
. . . . ical situations which are characterised by strong advec-
_The main questions which arise from the results ¥bn and vertical transport.
this study are: The evaluation for Munich is a good example for the
— Why are the correlations between Nénd MLH fact that low MLH is strongly related to high concentra-
usually (with the exception of the Munich foehrtions of gases and particulates and vice versa in winter.
case) better than between particle concentratioki&inly during winter the MLH determines the concen-
and MLH? tration of air pollutants near the surface by about 50 % in
Br_eas which are not influenced by strong emissions and

— Why are the correlations between particle concen-=> " ; . . o
trations and MLH in rural areas much lower thaqfuring time periods without strong vertical mixing and
advection.

in urban areas?

4 Discussion
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The correlation coefficients have no significant vaAron, R., 1983: Mixing height — an inconsistent indicator
ues during summer. This is partly caused by the lackof potential air pollution concentrations. — Atmos. Enviro
of information about the MLH which is higher during 17, 2193-2197.
summer than during winter normally. But it has to bBEYRICH, F., 1997: Mixing height estimation from sodar
taken into account that in summer there is considerabl(gata — a critical discussion. — Atmos. Envirgt, 3941

formation of secondary air pollutants thus disturbing th@ iii'oN A.. R.M. HARRISON, 2006 Investigations of

. . . . nl
simple relation between air pollutant concentrations an%articulate matter data monitored near a busy London high-

MLH. The remaining influences upon air pollution in 5y 29 conference Environment and Transport, including
these cases are emissions, advection, vertical transporigih conference Transport and Air Pollution, 12—14 June

and deposition. Thus, further analyses for the interpreta2006. Reims. RobertalUMARD (Ed.). — Actes INRETS,
tion of these data sets as chemistry and deposition studrstitut National de Recherche Sur les Transports et leur
ies are necessary. Securite, Bron cedex, France, Vol. 1, 255-262.

All cases considered here show for all pollutants tH@ANDOU, E., E. BosioLl, M. TOMBROU, N. SIFAKIS,
best correlation for an exponential dependence of thd: PARONIS, N. SOULAKELLIS, D. SARIGIANNIS, 2002:

. - The Importance of Mixing Height in Characterising Pol-
concentrations on MLH. In case of perfect mixing of a lution Levels from Aerosol Optical Thickness Derived by

pollutant the pure dilution _effect due to a rising MLH Satellite. — Int. J. Water, Air and Soil Poll. FocRs17-28.

should lead to a hyperbolic (one over MLH) depen-yes s K. SHAFER, 2006: Remote sensing meth-

dence. This suggests the assumption that the boundagys to investigate boundary-layer structures relevant to

layer is not completely well mixed but — due to the air pollution in cities. — Bound-Layer Meteor. DOI:

continuous emission near the ground — the concentrat0.1007/s10546-006-9068-2.

tions probably decrease with altitude within the boundEmErs, S., M. TURK, 2004: Frequency distributions of the

ary layer. mixing height over an urban area from sodar data. — Mete-
These findings about the role of MLH for air quality ©ol- Z.13, 361-367.

must be considered during the evaluation of emissi&f/E!S; S., C. MINKEL, S. VoeT, W. MULLER, K.

models and inventories and it is essential for the valida->CHAFER: 2004: Determination of mixing-layer height. —

tion of numerical local-scale and meso-scale chemistr Atmos. Environ 38, 273-286.
IXUHN, T., S. Bswas, C. SouTAs, 2005: Diurnal and
transport models.

seasonal characteristics of particle volatility and cleaini
composition in the vicinity of a light-duty vehicle freeway

— Atmos. Environ39, 7154-7166.
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