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Abstract

Differences in particle mass and number concentrationsdest a busy urban street canyon (north-south
orientation, about 50,000 vehicles 24 and an adjacent backyard were measured with optical frtic
counters. The influence of meteorological quantities, @sfig turbulent flow within the urban canopy layer,
was also studied. Particle mass concentrationggriMd PM were consistently larger within the street canyon
due to enhanced emission and resuspension. For the studg pes resulted in higher concentrations in the
canyon of on average 30 % (Rb) and 22 % (PM). Although elevated transport of submicrometer particles
was related to easterly wind directions, the largest redatoncentration differences between both sites were
associated to cross-canyon flow from westerly wind direstidhis is due to the canyon vortex being able
to direct polluted air masses to the measurement site dflangoeing directed perpendicular to the canyon
axis. For less polluted air within the backyard the backyandex is of minor influence. We found different
influence of thermal and mechanical turbulence on the teah@wolution of concentration differences at
both sites. Thermal turbulence was positively correlatéti warticle concentrations, while the latter was
characterised by negative correlation coefficients.

Zusammenfassung

Unterschiede in der Partikelanzahl und Partikelmassergration zwischen einer stark befahrenen
StraRenschlucht (N-S Exposition, ca. 50.000 Kfz 24)rund einem angrenzenden Hinterhof wurden mit-
tels kontinuierlicher Messungen mit optischen Partikeleén untersucht. Der Einfluss meteorologischer
GrofRen auf Konzentrationsunterschiede zwischen StraRkeichit und Hinterhof stand im Fokus der Arbeit.
Dabei wurden insbesondere turbulente Strémungsprozeseehalb der Stadthindernisschicht untersucht.
Im Beobachtungszeitraum zeigte die Stra3enschluchtandgrhéhter Emission und Resuspension von Par-
tikeln im Mittel ein um 30 % (PMo) bzw. 22 % (PM) hdheres Konzentrationsniveau im Vergleich zum Hin-
terhof. Trotz erhohter Eintrage von Partikeln g wéhrend dstlicher Anstromung des Untersuchungsgebi-
etes, wurden die gréRten relativen Konzentrationsdifieea wahrend Queranstrémung der Strafenschlucht
aus westlichen Windrichtungen festgestellt. Dabei trartggrte die sich unter Queranstromung innerhalb
der StraBenschlucht einstellende Rotorzirkulation diedteten Luftmassen gegen die Stralenseite, an der
die Partikelz&hler installiert waren. Im weniger vorb&ésn Hinterhof war die Rotorzirkulation von unterge-
ordneter Bedeutung. Weiterhin konnten unterschiedlicghéiiEse von thermisch und mechanisch induzierter
Turbulenz auf die zeitliche Dynamik der Konzentrationgusthiede im Tagesgang festgestellt werden. Fir
den fhlbaren Warmefluss zeigte sich eine positive Koiimlahit der Partikelmassenkonzentration, mecha-
nische Turbulenz war negativ korreliert.

1 Introduction To analyse the distribution of particulate pollutant
. o _ concentrations within cities a number of studies concen-
The spatial and temporal distribution of air pollutanyating on different spatial scales were published in re-
concentrations within urban areas is complex and highdgnt years (e.g. KRRISON et al., 2001; RUSKANEN
variable. This is mainly due to the degree of urban divest al., 2001: HUEGLIN et al., 2005; GUGLIANO et al.,
sity, i.e. diurnal courses of different pollutant emissiongoog,; KAUR et al., 2007). However, relatively little is
from anthropogenic and natural sources as well as hqirown about particle concentration differences between
zontal and vertical variations due to the complex thregrpan street canyons and adjacent backyards.
dimensional structure and flow regime within cities (e.g. Backyards are discussed to be somewhat privileged
OKE, 1987; ARYA, 2001). in comparison to the urban neighbourhood in terms of
*Corresponding author: Stephan Weber, Department of Applied &9 climate comfort, pollutant concentrations or envi-

matology and Landscape Ecology, Institute of Geography, udionmental noise levels (e.g.ABER and ALEXANDER,

versity of Duisburg-Essen, Campus Essen, 45141 Essen, e-mb@#96; FORSSENand HORNIKX, 2006). While in some
stephan.weber@uni-due.de

0941-2948/2008/0286 $ 4.95
DOI: 10.1127/0941-2948/2008/0286 (© Gebruder Borntraeger, Berlin, Stuttgart 2008



252 S. Weber & K. Weber: Coupling of urban street canyon Meteorol. Z., 17, 2008

[jE:

o ﬂ_-[

.‘k’ﬂ =

DRI

3= /i eag]
Street Canyon site [ _ [ B Figure 2: Three-dimensional sketch of the measurement sites at

\| (CAN) \ N CAN and BAY (1: CAN, 2: BAY, 3: BAY;). Roofs areas are not

; depicted in this figure.

rounding street canyons/neighbourhood, e.g. decreased
direct downward shortwave radiation due to shading ef-
fects, lower radiation temperatures and damped daily
temperature amplitudes (e.ge@rtis et al., 1983). The
0 concentrations of air pollutants were shown to be sig-
\\ =\ nificantly lower within backyards. Average daily week-
—_— L g < =_1 day concentration of gaseous pollutants CO, NO and
%%ﬂk \ |{~ ira . NO; were _Iower by 43 %, 78 % and 36 %, respectively,
200 100 20 VEtETS /\J ?}’\\;\I ID in comparison to an urban street canyom(iRr and
il S | AT 0 MRS SN B ALEXANDER, 1996). \OGT et al. (2006) observed CO
Figure 1: Overview of the measurement sites and the surroundiggyncentration differences of about 15 ppm between a
urban environment in Duesseldorf, Germany (Base map: topograghreet canyon and a baclward in Basel, Switzerland, dur-
ical map 1:25,000 TK25). Arrows point to the measurement sitesiiﬁg flow perpendicular to the canyon.
the street canyon and backyard. The different sectors (solid lines) Although local emission of pollutants is normally
indicate wind direction sectors for flow classification into along angmited within backyards, dispersion also is restricted
cross-canyon flow (ALC, CREand CRGy) as described in section dye to the enclosed building structure. Wind tunnel re-
3.3. sults indicate that wind speed within a backyard de-
creases to about 13 % of the wind speed at the top
of the model atmosphere (for flow being directed per-
regions around the globe significant pollutant emissigrendicular to the backyard, e.gH&RPLES and BeN-
in backyards might be introduced due to the uncosALEM, 2001). This value declines to about 6 % with
trolled burning of domestic waste (e.g.BWeRSet al., increasing plan area density (ratio of plan area of build-
2004; HEDMAN et al., 2005), the majority of urbanings/roughness elements to plan area of total surface) in
backyards is used as recreational area or storage sgheevicinity of the model backyard. Similar results were
(in this study we refer to backyards that are completetgported by HLL et al. (1999).
enclosed by buildings/walls). Therefore most of them The foregoing observations indicate that meteorol-
are characterised by little or no traffic movements armd)y might significantly influence particle concentration
local emissions of pollutants. differences between canyon and backyard sites. Earlier
Until now studies on the behaviour of urbamesults demonstrated important effects of different mete-
street canyon and backyard microenvironments weselogical situations, especially the turbulent state of the
focussing on differences of thermal or bioclimatioear-surface boundary layer, on particle concentrations
qguantities and gaseous air pollutant concentratioimsan urban street canyon (¥¢eret al., 2006a, 2006b).
(MAHRINGER, 1963; GERTIS et al., 1983; BPPR, 1996; Therefore focus in this study was put upon the conse-
SCHWEGLER, 1999; SiASHUA-BAR et al., 2006). quences of different meteorological forcing and turbu-
Backyards were generally characterised by conditiolent mixing on particle concentrations in a street canyon
of enhanced thermal comfort in comparison to the swand a backyard.
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Table 1: Overview of instrumentation and measurement heights (in m above djteuel) during the study.

Quantity Modell, Manufacturer CAN BAY BAY; REIS
u, v, w, T Sonic USA1, Metek (Germany) 3.7m 3.7m - -
D, OPC 1.107, Grimm-Aerosol (Germany) 32m 3.8m 13 m -
T,rH Temp./Humidity Sensor, Grimm-Aerosol 32m 3.8m 13 m -
o, u vane, cup anemometer, Lambrecht (Germany) - — — 22 m
2 Study site The pulse height of the signal is detected by a multi-

channel classifier and measured as particle size distrib-

Measurements were performed from 20 Septemberutiion in 32 size channels. The size distribution is then
14 November, 2006 within an urban street canyon andnverted into the mass fractions PMPM, 5 and PM
an adjacent backyard in Duesseldorf, Germany (Fig. by the instrument software assuming appropriate densi-
The street canyon is situated in the central part of Dudigs of urban aerosol for the different size classes. Above
seldorf about 3.5 km E of river Rhine. The surroundingsthreshold of 70 % relative humidity dry and particle-
of the measurement sites can be characterised as tyqge air is mixed to the aerosol sample to prevent humid-
cal urban land-use, e.g. residential housing, backyaritg effects (e.g. condensational growth). Particle concen-
urban parks. trations were sampled at a 6 s time resolution and stored

The street canyon (CAN) is symmetric with pitcheds 1 min averages to data storage cards.
roof houses at both sites (mean building height H at roof Air temperature (T) and relative humidity (rH) were
level ~17 m above ground level). Due to a road widtmeasured by a sensor attached to the OPC. Both quan-
(W) of about 30 m the height to width ratio is aboutities were estimated as 1 min averages and stored to
H/W = 0.59. Total daily traffic intensity in the canyondata storage cards. Horizontal and vertical wind vec-
adds up to about 50,000 vehicles 24'hThe canyon is tors u, v, w and acoustic temperaturgWere measured
orientated North-South (Fig. 1). at a sampling rate of 10 Hz by two three-dimensional

The backyard (BAY) is situated to the E of CANsonic anemometers at 3.7 m agl in CAN and BAY. The
and is completely enclosed by buildings and brick waltaw data files were stored to a desktop computer. Dur-
(Fig. 2). It covers a surface area of around 400 The ing the post-processing half-hourly averages and covari-
building/wall heights vary between 17 m in the westerances for both sonics were calculated from the raw data.
part of the backyard (adjacent to CAN) and 4 m in the Since it was not possible to perform above roof
eastern parts of BAY. The height to width ratio therefon@ind measurements on-site, data of the suburban sta-
varies between 0.17 and 0.68. The backyard is sparsiyn Duesseldorf-Reisholz (REIS) of the North Rhine
vegetated and is used as a hotel car park with a low trélfestphalia State Agency for Nature, Environment and
fic intensity of < 10 vehicle movements per day. A soli@onsumer Protection (LANUV NRW) at 22 m agl was
rolling gate (no air movement possible) which allowased. The station is situated in the SE of Duesseldorf
access to the backyard is permanently closed unlesata distance of 6 km from the study site. Wind speed
vehicle enters the hotel car park. (ures) and direction ¢re s) were measured by a wind
vane and cup anemometer, respectively. Due to the low
building density in the surrounding of REIS wind data
can be characterised as undisturbed and will be used as
| . reference wind in further data analysis. For all meteoro-
3.1 Instrumentation logical quantities and particle data 30 min averages were

Particle concentrations were measured at heights of §3culated and used in subsequent data analysis.
m above ground level (agl) in CAN and at 3.8 m (BAY) PreC|p|tat|on_ data was also n(_)t_avgllable on-site. To
and 13 m agl (BAY) in the backyard with three opticaIChe_Ck for any |nflu_ence of precipitation on measured
particle counters (OPC, see Tab. 1 and Fig. 2 for detailBfticlé concentrations data from the German weather
At both sites the instruments were mounted at a distare Vice station at Dusseldorf-Airport was used (station
of approximately 3 m off the westward house walls, THYO- 10400, Lat. 5117’, Lon. 06 46', daily precipita-
horizontal distance between the measurement sites CAR)' SUmS). It is situated in the N of Duesseldorf at a
and BAY is about 50 m. horizontal distance of about 8 km from the study site.
The OPC measures number concentrations in the
range 0.25um < Particle Diameter (p) < 32 um by a
light scattering technique. The signal of a single parflo check for possible deviations of particle concentra-
cle passing a laser beam is counted by a recipient diotlens between the OPC'’s used in this study, instruments

3 Material and methods

S¥9 Quality check of OPC measurements
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Table 2: Intercomparison of OPC's prior to the measurement campaign at tet seinyon site. Data from the period 9—14 August 2006

(data basis: 1 min averages, n = 3940, independent variable: OPE BRC'’s are labelled according to the later measurement site.

Mass fraction OPC slope offset r slope r’

y=ax+b y = ax
PM;y BAY, 0.97 1.02 0.93 1.01 0.92
CAN 0.98 2.05 0.93 1.06 0.92
PM; 5 BAY, 1.06 -0.55 0.97 1.04 0.97
CAN 1.07 0.59 0.97 1.09 0.97
PM, BAY, 1.08 -0.61 0.98 1.05 0.98
CAN 1.08 0.45 0.98 1.10 0.98

70 v = 007x+ 102 ' ' ' ' The absolute accuracy of the OPC mass concen-
= 0.93 | trations was evaluated by comparison to TEOM mea-
n = 3940 SR surements at the CAN site. The TEOM data was taken
SeEe from routine observations performed by the North Rhine
Westphalia State Agency for Nature, Environment and
Consumer Protection (LANUV NRW). During a period
of 20 days the OPC's were installed at the roof of the
LANUV measurement container in close proximity to
the TEOM sampling inlet. Based on daily averages cal-
culated from the raw data of TEOM and OPC, the three
optical counters underrepresented TEOMjgkbncen-
trations by less than 10 %?2(> 0.89, data not shown
' ' ' ' ' ' here). However, due to the lower OPC cut-off at 0.25
y = 0.98x + 2.05 Um a certain amount of ultrafine/fine particle mass is
60 1 ;Z;Sg»jg . * 1 ‘not seen’ by the instrument. Ultrafine/fine particles <
* 0.18um were observed to be responsible for up to 12 %
1 of PMy 5 mass in Pittsburgh, US (BADA et al., 2004).
With a characteristic PWk/PM;g ratio of around 0.7 in
a similar urban street canyon @BeRet al., 2006b) the
{1 underestimation of absolute Rylparticle mass by the
present OPC can be estimated to be about 15 %. How-
1 ever, since this study focuses on spatial differences and
dynamics of PM concentrations between sites equipped
oy with optical counters identical in construction, underes-
0 -_— timation of absolute particle mass is negligible in this
0 10 20 30 40 50 60 70 study.
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Figure 3: Comparison of three OPC's prior to the measurement (:ar"f)f-'3 Data han Ing

paign at the CAN site (based on 1 min averages). OPC’s are labeljgdqrder to study possible effects of different wind di-
according to the later measurement site. rections on the coupling of particle concentrations be-
tween BAY and CAN we classified situations of cross-
canyon and along-canyon flow at CAN according to the
were collocated at the CAN site prior to the experimeniference wind directions at REIS. We classified cross-
The sampling heads were separated less than 0.5 m freanyon flow at CAN from easterly directions (CRC
each other. Py mass concentrations during this periodthen 30 <¢reis < 150 and from westerly directions
spanned a range from about 5 tof§m~—3 (Fig. 3). The (CRGy) when 210 <¢rgs < 330 (cf. Fig. 1). Along-
measurements indicated good comparability and statisnyon flow (ALC) was classified for a sector of°20
tical relationship between the three instruments (Tab. 2yound the street canyon axis from either north°380
In order to compare absolute concentrations betwegty s < 10° or south 170 < ¢re s < 190°.
measurements sites in subsequent data analysis a simA sector of 120 chosen for classification of CRC
ple linear correction based on the regression analysisflow is relatively large and does incorporate flow situa-
> 0.92) was used to correct for small deviations betwe&ans which are not strictly perpendicular to the canyon.
the OPC'’s. During those situations flow regimes inside canyons
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Figure 5: Vector averaged wind directions (arrows) at CAN and
27 BAY calculated from sonic data in relation to the wind direction
1] [ ] at REIS in an x-y plane (see inlet), e.g. westerly flow from 270
7Y .W’ at REIS demonstrates the vortex circulation in both CAN and BAY
0 ’/\" = x —— by wind from north-easterly/easterly directions wittP§BAY) and
1.2 105 (CAN). Data is bin-averaged into 22.8irection sectors. Due
EEE CAN / REIS - )
1 BAY/REIS to the N-S orientation of the street canyon flow fron? @&d 270
1.0 1 at REIS indicates flow perpendicular to the street canyon axis.
0.8 4
= While the wind speed at REIS is about 3 mton
£ 0.6 1 average (cf. Tab. 3) the highest wind speeds are mea-
4

sured for SW directions (Fig. 4 top). However, at CAN
and BAY wind speeds are considerably reduced by ur-
ban roughness. This agrees with published wind tunnel
0.2 7 results (HALL et al., 1999; BARPLESand BENSALEM,
H H H |H |H |H |H 1M i Im |H IH |H il 2001). Average wind speed reaches 0.63Th (€AN)
0.0 — ‘ ‘ ‘ and 0.27 m st (BAY) respectively (Tab. 3). The max-
9% 180 270 %9 imum reduction of flow within the urban canopy layer
¢ rers [ (UCL) is observed for SW flow decreasing to only 4 %
Figure 4: Average wind speed at the different measurements sitd3AY) the value at REIS (Fig. 4 bottom). While at CAN
(top) and normalised wind speeds at CAN and BAlgottom) clas- the direction sectors NW, N and NE are reduced to about
sified in 22.5 direction sectors according to the wind direction a0 % of the reference wind speed the reduction for the
REIS. remaining sectors is considerably larger.

In comparison to CAN reduction of average wind
speed within the UCL is even more pronounced at BAY
But is less dependent on the direction of the approach-
1099 KASTNER-KLEIN et al, 2004). However, amg flow. Wind is reduced to between 10 to 20 % of the

smaller anale for classification of CRC-flow of. sa 45reference wind in the western sectors and 5 to 10 % in
9 cat “flow of, say” “the other sectors. Therefore dispersion of air pollutants

arou_nd the street canyon axis, would have resu_lted NFimited at both sites due to considerable reduction of
relatively small data set for subsequent analysis. Wi L wind speeds
the present method of flow classification we extracte : ' - :

. . Another important factor for dispersion of pollutants
data covering 37 % and 33 % of the entire data set flgr P P P

. o associated with local scale circulations within the
CRGy and CRG respectively. ALC flow situations ac- ; ; ;
counted for 7 % of the study period. UCL, e.g. street canyon vortex circulations transporting

pollutants towards or away from a measurement loca-
tion (e.g. BoDDY et al., 2005; V¥BER et al., 2006a). A

0.4 A

0 60

are known to be rather ‘corkscrew-like’ than bein
a single-vortex circulation @HNSON and HUNTER,

4 Results and discussion vortex develops at CAN during periods when the flow is
directed perpendicular to the street canyon axis (Fig. 5).

4.1 Meteorological conditions and urban With wind being directed from the remaining direction
canopy layer flow regimes sectors flow is more or less channelled into the orien-

tation of the street canyon at CAN. However, at BAY
The wind direction frequency distribution at REIS had vortex circulation develops regardless of the direction
its maximum from south easterly directions (43 %) witbf the reference wind due to the completely enclosed
a second peak from W and SW (28 %) during the studyilding/wall structure at BAY. The deviation between
period. Due to channelling effects of the Rhine valleghe wind direction at REIS and BAY is about 1'823°)
direction frequency distributions with maxima from SEn average indicating opposite wind directions at BAY
are typical for this region of Germany. in relation to REIS.
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Table 3: Overview of mean meteorological conditions during the study period.ddtdndeviations are given in brackets (n/a: data not
available).

Quantities CAN BAY REIS
ulms] 0.63 (+0.36) 027 (£0.15) 3.0 (+ 1.46)
o [°] 174 (£ 33) 19 (+ 52) 185 (£ 54)
us [ms”] 0.16 (+ 0.07) 0.16 (+ 0.10) n/a
Gy [ms] 0.26 (+ 0.08) 0.34 (+0.15) n/a
wT' [Kms']  0.009 (+0.019) 0.010 (+ 0.010) n/a
4.2 Coupling of particle concentrations 187
between street canyon and backyard ] .

. . 1.6 1
Particle mass concentrations 1

For the eight week study period average concentratic_. 1.4 ]
for PMyo (PMy) of 26.6 ug m—3 (16.2 ug m=3), 335 5 |
pug m—3(18.9ug m3) and 22.5ug m3 (12.7ugm=3) & s ]

were measured at BAY, CAN and BAYrespectively.
Apparently the different sites are characterised by d ]
tinct concentration differences for coarse and fine par 1.0 -~ SNl i R Iy
cles. On average CAN shows concentrations which ¢ ]
higher by 30 % for PMo and 22 % for PM in rela- 08 ' ' '
tion to BAY (Fig. 6). The concentration difference be CAN/BAY  CAN/BAYt BAY/BAY t

tween both sites agrees with the results presented E@ure 6: Mean ratios of particle concentrations between the differ-
gaseous pollutants @ER and ALEXANDER, 1996). ent measurement sites for the study period from 20 September to 14

S'm'_lar observatlpns for particulate pollutants are nRIlbvember, 2006. Vertical error bars indicate standard deviations.
published according to the authors’ knowledge.

When comparing concentration differences betwer so

CAN and BAY; an increase to 34 % and 32 % for R B oo
and PM respectively can be observed. In a streetcany  *° ] T A

588 CAN PM,

in Hannover, Germany, P} concentration differences ;|
up to a factor of 2 between canyon and roof-top st’
tion were reported (SHATZMANN et al., 2006). This 2 30
is due to the roof areas being prone to increased tz
bulent exchange (e.g.HRISTEN, 2005; E.IASSON et
al., 2006) making dilution and mixing of particles witt 1o |
less polluted urban background air more effective

roof level. The vertical difference within the backyart CRC,  ORC,  ALC  average
(BAY/BAY ;) is near unity for the coarse fraction on av Flow classification

erage but slightly larger by about 7 % for Rt ground Figure 7: Average concentrations of Pjyland PM at BAY and

level (Fig. 6). _ -~ ~_ CANclassified to different directions of flow during the study period
For particle concentrations classified to the directioR gefined in section 3.3 of the text. Vertical error bars indicate the
of the approaching flow (cf. section 3.3) different patgangard deviation.

terns of concentrations emerge (Fig. 7). In general the

canyon site is characterised by larger average concen-

trations in comparison to BAY during all flow classifi- The PMy values at BAY do not notably differ be-
cations. However, some differences can be observedtiseen CRG and CRG. The average difference in
the coarse and submicrometer particle fractions. Durifd;o concentrations is only 0.6g m~3. Therefore the
CRGy the canyon vortex transports particles to the westertex which also develops in BAY during CRC(cf.
ward wall where the measurement site is located. THifg. 5) and transports air towards the measurement de-
results in highest absolute Riyivalues for CRGy. This vice apparently has minor influence on resulting con-
is in agreement to other studies reporting higher concaxentration differences. This points out that air within the
trations by factors of 1.5 to 2 for the leeward side of theackyard is generally less polluted since local emissions
canyon (BoDDy et al., 2005; VeBERet al., 2006a). of coarse particles (e.g. brake and tyre abrasion from
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traffic, JOHANSSONet al., 2007) are negligible within '8 7

BAY. Above that, background air transported from e
ther westerly or easterly directions seems to be re
tively similar in terms of coarse particle loading sinc=
vortex circulation of backyard air towards the OPC (dux
ing CRGy) and away from the OPC (during CRThas
no significant influence on particle concentrations.
For the submicrometer fraction the maximum ave.
age concentration occurs during CRloth in CAN and
BAY (Fig. 7). This seems not to be related to any m
croscale circulation pattern but to some enhanced tra
port of submicrometer particles from E. P e
Both PMip and PM show minimum concentrations 0 90 180 270 360
during ALC which is mainly due to enhanced ventin
of canyon and backyard air. Average horizontal winu
speeds in CAN are larger by a factor of 1.35 during AL Eigure 8: Average ratios of particle concentrations between CAN
in comparison to the average of the entire study periggd® BAY for PMio and PM in dependence of the reference wind
(data not shown here). direction at REIS. Data is binned into 22.%ind direction classes.
A plot of the differences in concentration ratios peYertical error bars indicate the standard deviation.
tween CAN and BAY stresses the influence of urban
canopy layer flows, namely the vortex circulation. Re  soo ; , ,

—e— PM,,
—0— PM,

Ratio CAN/BA

Ores [°]

gardless of the direction of the approaching flow the co — CRC,
centration ratio CAN/BAY is always larger than unity CRC
However, the highest differences between CAN ar_ 6001 -——- ALCW
BAY occur during westerly flow with ratios of up to s —o— average

1.42 and 1.32 for Pih and PM, respectively (Fig. 8). =
This effect is due to the vortex circulation within CANg’
and BAY. More polluted air masses within CAN are di g
rected towards the OPC situated at the westward hoiZ ,q0 |
wall. The same holds for BAY, however, air within BAY

is less polluted as discussed above. Even if more si
micrometer particles are transported with easterly flo 01
higher PM concentration differences between both site  soo
also occur for westerly flow since the vortex during eas

erly flow transports particles away from the BAY OPC

This stresses the fact that the vortex has significantinf _ °%°
ence on the particle concentration in polluted air mass &
while for the less polluted air masses in BAY the canog &
layer vortex is of minor influence. 3

400 A

400 A

dN/dlogD

Particle number concentrations 200 1

Elevated concentrations in the submicrometer size rar
for flow from the E are also supported when plottin , , ,
number concentrations classified according to the flc 03 04 05 06 07 08 09 10
directions (Fig. 9). Situations during CRGare char- D, (km]
acterised by Iar_ger Concent.ratlon N comparlson t(? tltlleure 9: Average particle number concentrations at BAY (top) and
other classifications and entire study period respectlveéﬁN ) . N

. . . (bottom) plotted as dN/dlogpaccording to the different di
Average total partlcle numbers in the size range 0'gre<cti0ns of flow and the average of the entire study period
Dy < 1 um are 105 cm?® and 90 cm® for CAN and 9 Y periog.
BAY during the entire study period. They increase to
about 116 cm® and 103 cm? for CAN and BAY dur-
ing CRG flow. In the previous section we discusse@herefore some medium or long-range transport of sub-
micrometeorological influences not to be responsible foricrometer particles must be responsible for elevated
increase of submicrometer particles during easterly flogoncentrations during CRC
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Table 4: Pearson correlation coefficients of meteorological quantities and pamgss and number concentrations at the measurement
sites. Data is significant on the p = 0.05 level.

PM,y [ugm™]  PM, [pgm?] 0.3<D,<0.5 [# cm”] 0.5<D,<1 [# cm™]
¥ BAY -0.30 —0.38 -0.31 -0.21
Uress [m 7] CAN -0.30 ~0.39 -0.34 -0.26
N BAY -0.20 -0.17 -0.05 -
ov[ms’] CAN ~0.15 025 “0.17 0.08
— N BAY 0.14 0.12 0.17 0.12
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Prepipitation events during the Stu_dy period WelEgure 11: Average diurnal courses of the Rpltime series nor-
mainly associated to westerly flow directions as dog,jised by average wind speed at REIS (top):gind iy (mid-

umented by a Correlati(?n of precipitaFion MEASUIBe), PMp andwT’ (bottom) at BAY and CAN for the entire study
ments at Duesseldorf-Airport (cf. section 3.2) Wit from 20 September to 14 November, 2006.

large-scale circulation regimes as classified according

to GERSTENGARBE et al. (1999). Events with the

highest precipitations sums were linked to the circghown here). Scavenging or wash-out effects of particles
lation regimes NWA (northwest-anticyclonic), NWZduring precipitation will lead to particle concentration
(northwest-cyclonic) and SWZ (southwest-cycloniclecreases, which are more effective for the coarse par-
These circulation regimes accounted for 85 % of thigle fraction due to a higher wet-deposition velocity of
precipitation amount during the study period (data nobarse particles in comparison to fine particles by about
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two orders of magnitude (MQUA et al., 1987; &IN- Similar observations were reported from particle num-
FELD and RANDIS, 1998). Since time periods of westber concentration/flux measurements performed within
erly flow are apparently more influenced by wash-oatstreet canyon and above a citydRseyY et al., 2002;
than easterly flow a stronger decrease of particle cdnONGLEY et al., 2004).

centrations during westerly flow becomes likely. How- Considering more effective dilution at roof level
ever, this was not subject of the present analysis whibhight due to higher wind speeds and turbulent exchange
is more interested in concentration differences betwe@ng. ROTH, 2000; GHRISTEN, 2005) the vertical near-

the street canyon and the backyard. surface concentration difference about noon can be sat-
, , isfyingly explained by the different effects of mechani-
4.3 Temporal coupling of particle cal and thermal turbulence.
ﬁ?rrt])%?enrtlrcaélons and influence of The meteorological influence of turbulence parame-

ters was further studied by means of a correlation analy-

In this section we try to shed light on the temporal evéis (Tab. 4). Generally, the magnitude of the correlation
lution of particle concentrations over the diurnal coursg9efficients is notlarge which is due to a high day-to-day
Generally, the temporal evolution of concentration dift@riability in PM concentrations often forced by consid-
ferences between CAN and BAY is similar for both fin€rable variations in the background aerosol, e.g. vari-
and coarse particles (Fig. 10). The difference CAN/BA®tiOns in background aerosol due to long-range trans-
is greater than unity throughout the course of day, iROrt (JOHANSSONet al., 2007; 8LVADOR etal., 2007).
concentrations measured at CAN are consistently largd@wever, we found a clear negative correlation of parti-
Significant impact of traffic on the Pjj and PM con- c_Ie concentrations with mechanlcal_ turbulence and dllg—
centration differences during the morning and afternod@n of the urban boundary layer as indicated by the hori-
rush-hours can be observed (Fig. 10). In the time pefntal wind speed at REISiteis) andoy, (Tab. 4). Ther-
ods from around 06 to 09 CET and 16 to 19 CET cofPal turbulence on the other hand is positively correlated
centration increases by about 10 to 15 % are evidenti@tParticle mass and number concentrations. However,
CAN. During these periods atmospheric dilution is wedk Should be noted that besides the effects of thermal
and can not compensate for the strong increase of paifulence other processes (e.g. photochemistry, gas-to-
cle emission/resuspension from traffic. In order to evaarticle conversion) will also be important in affecting
uate the effect of atmospheric dilution by mean winkne temporal evolution of particle concentrations in the
the PMyg time series was normalised by average wirdCL.
speeds at REIS (Fig. 11 top). The temporal evolution pf
this time series is in phase with the temporal evolution 0
the CAN/BAY ratio (Fig.10). This is due to both weakehe nocturnal PNy backyard ratio which is smaller than
wind speeds and a more stably stratified atmosphere @sity (Fig. 10 top) shows that coarse particles are able to
pecially during the morning and strong increase of pateposit to the backyard during night time. With a noc-
ticle emission from traffic. turnal BAY/BAY; ratio of about 0.96 deposition is not
During noon hours increasing ambient wind speddrge, however, similar effects are not observed for nei-
and mechanical turbulence, indicated by the standard de&r CAN PM nor submicrometer particles. This is be-
viation of vertical wind speed, (Fig. 11 middle), going lieved to be due to two factors: there is still traffic move-
along with the general growth of the mixing layer heightient within CAN at night which leads to emission and
through the course of the day dilute pollutant concentrasuspension of particles into the near-surface layer. On
tions within the urban boundary layer (e.gcfAFER et  the other hand, deposition velocity of RMs about two
al., 2006). This can be observed both in the normaliseeters of magnitude larger than RNe.g. ANLAYSON-
and the absolute P)dtime series (Fig. 11). PITTs and RTTS, 2000) resulting in more effective de-
The vertical concentration differences in the 'backsosition of coarse particles to the surface of the back-
yard atmosphere’ (BAY/BAY) are characterised by ayard.
peak of the near surface concentrations around noon
(11 to 15 CET, Fig. 10). The relative concentration difs Summary and conclusions
ference increases by about 15 %. Since this increase
is not coupled to the peak of traffic intensity duringpuring an eight week study period particle concentra-
the morning/afternoon rush hours some other mechen differences between a busy urban street canyon and
nism has to trigger this local peak. It seems that inflan adjacent backyard were measured by means of optical
ences of thermal turbulence can explain the evolutiparticle counters. On average, distinct concentration dif-
of the concentration time series. Fig. 11 (bottom) indierences between the sites were obvious for both coarse
cates the temporal coherence of the increase of both &mel submicrometer particles. The ratio of CAN/BAY is
kinematic sensible heat flux and Rj/concentrations. generally larger than unity due to enhanced emission and

cturnal vertical structure in BAY
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resuspension of particles within the canyon. BAY on theagapa, J.C., S. RES, S. TAKAHAMA , A. KHLYSTOV,

other hand is characterised by a negligible influence ofS.N. RNDIs, C.I. DAVIDSON, A.L. ROBINSON, 2004:

local particle emissions. Mass size distributions and size resolved chemical compo-
By classifying particle concentrations to the subur- sition of fine particulate matter at the Pittsburgh supersit

ban reference wind direction a significant influence (H_ Atmos. Enwron3§, 3127-3141.

the canyon vortex circulation on concentration differ="~ > = A 2005 Atmospheric turbulence and surface

energy exchange in urban environments. — Results from the

ences between CAN and BAY was evaluated. Aver-gase|Urban Boundary Layer Experiment (BUBBLE), Stra-

age maximum differences between CAN and BAY cantys 11, University of Basel. 140 pp.

amount up to 42 % (PM) and 32 % (PM) during west- Dorsey, J.R., E. NeMITZ, M.W. GALLAGHER, D.

erly flow although both sites are separated only 50 mFowLER, P.I. WiLLIAMS, K.N. BOWER, K.M.

horizontally. BEswick, 2002: Direct measurements and parame-
However, the vortex has important influence on theterisation of aerosol flux, concentration and emission

more polluted air masses within the canyon while mix- "Iil‘s’gg\lablo"eg C'g'F - I;A\RthE,OS.C Egvgoggﬁbfﬁg <

Ing OT Ies_s polluted air inside the back_yard ShOW.eIa-LINDQVIST, 2006: Wind fields and turbulence statistics in

only little influence. The temporal evolution of parti-

. . an urban street canyon. — Atmos. Envirdf, 1-16.
cle concentration differences between canyon and bagks \vson-PiTTs B.J.. J.N. PrTs. 2000: Chemistry of

yard was influenced by thermal and mechanical turbuthe ypper and lower atmosphere. — Academic Press, San
lent mixing. While the first quantity was positively cor- Diego, 969 pp.

related to particle concentrations (mixing of particlesorssen J., M. HORNIKX, 2006:. Statistics of A-weighted
into the near-surface air) the latter was negatively cor+oad traffic noise levels in shielded urban areas. — Acta
related to particle concentrations due to dilution of pol-Acustica United with Acustic82, 998—1008.

luted air. This study demonstrates that micrometeorol0gERSTENGARBE F.W., P.C. WERNER U. RUGE, 1999:

ical quantities, i.e. mechanical and thermal turbulenceKatalog der GroRwetterlagen Europas (1881-1998) nach

can have important influence on the evolution of particlef..aUII FEssund Helmuth Bkezowsky. = Potsdam Institut
. ithin the UCL. They have to be take ur Klimafolgenforschung, Potsdam, Offenbach.

poncentratlon wit o . ERTIS, K., G. HAUSER,J. RaTH, 1983: Besonnungs— und
Into aCC‘?U”t for_ adequately mpmto_rmg, modelling ik Temperaturverhdltnisse in Innenhéfen. — Bauph$gsiks 7—
forecasting particle concentrations in the urban environ4gg.
ment. GIUGLIANO, M., G. LONATI, P. BUTELLI, L. ROMELE,

R. TARDIVO, M. GR0OSSQ 2005: Fine particulate (Pp&—

PM;) at urban sites with different traffic exposure. — Atmos.
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