6 Urban Aerosol Fluxes

6.1 Introduction

Urban aerosol is a topic of current interest (e.g. Colvile et. a. 2001,Harrison and Yin
2000, Fenger 1999, Mayer 1999, Micdlef and Colls 1998 because of the dimate
forcing caused by aerosol, and because of rapidly increasing gobal urban popuations. It
is thought that around falf of the word’s popuation currently live in cities, with global
popuation still rising rapidly, espedally in the developing world (Fenger, 199).

Much attention hes recently been given to urban aerosol and its likely injurious effed
upon human hedth. Schwarz (1994) showed that for a 100 ng m™ increase in total
suspended particulate mass (TSP concentration, the relative daily risk of mortality was
increased by 6% in a meta-analysis of data from studies in North America and Europe.
It isnoted that, with respect to the goidemiology carried ou after the London“smog” of
Decanber 1952, whil e the mechanism of interadion between particulate material and

human hedth is not understood, thereis very littl e doult that the interadion takes place

In studies based on PM;o concentrations it has been estimated that around 846 of all
urban mortality is attributable to air padlution (Kinzli et. al., 200Q. Furthermore,
mortality is more dosely associated with PM o than with ather candidates such as TSP,
NO,, SO, or agosol addity (Dockery et. a., 1993. PMjq is defined as the total agrosol
mass concentration associated with particles snaller than 10 nm diameter, often aso

referred to asthe “respirable fraction”.

The popuation goups principally at risk from aeosol padlution are the dderly and
those with pre-existing cardio-pumonary illness This suggests that excess deahs
reported in epidemiologicd studies are brought forward by, rather than whally induced
by pdlution, and it is therefore difficult to assess the dfed on individua lifespans
(COMEAP, 200).
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The size fradion d aeaosol resporsible for hedth effeds is difficult to establish from
epidemiology alone, as dl li kely size fradions are often well correlated with ead cther,
and hecause size distributions are generally not monitored. However, there isincreasing
speaulation from toxicologicd research that fine arosol are particularly harmful (e.g.
Sedonet. a. 1995, which is understandable given the dficiency of agosol in the range
10 rm < D, < 100 rm at depositing in the deeper regions of the lung. Donaldson et. al.
(1998 even suggest that otherwise benign substances can become pathogenic when
deposited to the lung as particles smaller than around 50 m, and go on to explore
posshble physiological medhanisms for the toxicity. Future European legidlation is
expeded to be amed at smaller size fradions, passbly down to PMg; or even to use
particle number (Colvilleet. a., 200]). Measurements in the size range presented in this
chapter are therefore relevant to the human hedth debate.

Cities ad as urces of aerosol, and are likely to be important on a regional scde.
Degspite this, no dired measurements have been made of the rate of aerosol production
and transport above dties. Many of the recent investigations have been devoted to
measurements of PM 1o and PM,5 concentrations within cities, bu making inferences
from these measurements abou the anournt and character of aaosol leaving cities may

be asource of error in assesgments of the effect of cities onaregional scale.

The dfeds of urban aerosol outside their city of origin are many and varied. Aerosol
deposit to land davnwind d cities, on agricultural land and pdentially sensitive
easystems, modify the diemica and radiative (e.g. Jacovides et. a., 1997) properties
of the downwind atmosphere and alter the regional cloud popletion (e.g. Hitzenberger
et. a., 1999, depending upontheir number, compasition and size distribution. In order
to make aproper assessment of the dfed of the urban plume on atmospheric chemistry
and microphysics, information is, at least, required onthe number and size distribution
of the aerosol rather than the more cmmonly measured massloading.

Urban areas are made up d a variety of surfacetypes and pant sources of palutants

arranged in a very inhamogeneous manner. Typicaly, surfaces sich as roads, buldings,
parks and construction sites are found together in various densities in cities over the
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scde of eddy covariance measurements (of the order of a kilometre; figures 1 and 2). In
the asence of direct flux measurements, determination d the spatial variability of
sources within a dty and the net emisgon due to those sources is an urcertain exercise,
although interesting source gpartionment analyses have been published onthe basis of

massconcentration measurements (e.g. Harrison et. a., 1997.
6.1.1 Measurement and Interpretation

This chapter presents measurements of aeosol number fluxes and concentrations made
above the City of Edinburgh, Scotland's capital and second largest city with a
popuation d 450,000inhabitants and covering an area of 261 kn® These results
concern aerosol in the diameter range 11 rm < D, < 3 nm (later referred to as the D3
range), and are primarily representative of agosol smaler than 100 m. Much o the
content of this chapter has been published (Dorsey et. al., 2002.

These direct measurements of aerosol fluxes above a Gty using the eddy correlation
tedhnigue have been made with a view to providing more direct and reliable
parameterisations of the effect of cities on the regiona aerosol popuation and onthe
hedth of the inhabitants of cities. This chapter presents results from three periods of
measurement in the cantre of the City of Edinburgh (UK) and is concerned with the
production and transport of aerosol in the D3 size range. The results of flux
measurements are presented, and estimates made of urban emisson welocities (the

concept of emisgon velocity isaso dscussed in chapter two).

—_ fC
Vo = % (6.1

f, and c_n (later denoted by ¢ for simplicity) are the flux and concentration o species

n, caculated over an averaging period d 15 minutes (in this case), respectively. Note
that the definition o emisgon welocity is smply the same & the commonly used

deposition wvelocity with a sign reversal. This was felt to be more gpropriate for the
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current study on aerosol production and emisson as it differentiates from the dlightly

different role of deposition velocity.

The use of emisson \elocity in this chapter is nat analogous to deposition welocity in
the more familiar deposition studies (e.g. chapter four). In the latter case the deposition
velocity is well charaderised and is lely dependent uponthe state of bourdary layer
turbulence It has a fundamental physicd meaning and can be used to calculate
deposition fluxes acarrately. The anisson weocity used here does not determine the
agosol flux, which is a result of the rate of production. In this dudy, the emisson
velocity is used as an empirical measure of the vertical ventilation of particles from the
city, and in the parameterisations to be described is used to ascribe the gparent
influence of a nonanthropogenic source As a measure of verticd ventilation rate, the
use of emisson \eocity is entirely justified, bu it must be remembered that the
simil arity between it and depaosition elocity is superficial.

A large measurement height of 69 m was chosen, because here the individual small
scde processes at the surface ae epeded to have been bended into a relatively
homogeneous net plume. However, over a time-scde of 15 minutes in areas as
inhamogeneous as citi es there ae boundto be some periods of instationarity in the data
caused by advedion. This is part of the nature of urban agosol concentration and is
unavoidable. In order to reducethe likelihood d significant errors being introduced into
the flux measurements by these instationarities, bah spedral and co-spedra analyses
have been performed on the aeosol data. Periods have been excluded from the
subsequent analysis where the spectral behaviour deviated significantly from the

average.

6.1.2 Scope of the Analysis

The dependences of flux and emisson welocity uponaerosol production (anthropogenic
adivity) and wban micrometeorology have been examined. The differences in aerosol

production and transport between late spring and late aitumn are discussed, and it is
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shown that the study city produces more arosol during the aitumn measurement

campaigns than duing spring.

The different surfacetypes are shown to have amarked effed on measured aerosol
emisgon fluxes, with parkland keing a wedker aerosol source than ather aress. The
diurnal behaviour of fluxes and emisson velocities are examined and related to seasondl
changes and anthropogenic adivity. In this dudy, the sole measure of anthropogenic
adivity used is the rate of traffic flow on the streets, since road traffic is the major
source of urban aerosol by mass (EPAQS, 1995. The frequencies of different

magnitudes of agosol fluxes are shown, and related to meteorologicad condtions.

The relationship between D3 agosol number flux and traffic adivity is examined and
quantified for the study city. This is followed by an examination d the dfed of
boundry layer stability on emisson welocity. These relationships are cmbined to give
apredictive parameterisation for urban D3 aerosol concentration

6.2 Measurement Site and M ethods

The aty of Edinburgh was chosen as the measurement locéion. Measurements were
made from an existing tower in the entre of the dty. The Nelson Monument is a
narrow circular stone tower, diameter approximately 4.5m, standing 32 m tall. Its base
is stuated approximately 35 m abowve street level, giving an effective measurement
height of 69 m (including the 2 m mast on which instruments were mourted). The mean
building height in the West-South-Westerly city centre sector is approximately 15 m.
The monument stands at the eat end d the dty centre, (3°1052" W 55°5717’N,
OSGB NT 26258 7413%andis surrounced by several surfacetypes. The main areas are
heary urban, residential and parkland. This provided a good contrast between the
emisgon poperties of these different types of land cover during different wind
diredions.

The locaion chaosen has an urban or parkland fetch of at least 2 km in al diredions, and
in the prevaili ng westerly wind, the built up area extends sme 7 km upwind. Figure 1
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shows a map o the aea, which will be used to inform interpretation d the results. A
simple foaotprint model (Schueppet. al. 1990 run using typicd measured urban

Figure 1. Map o the study area Edinburgh City centre. Scdeis 1 km per bar, measurement location
indicated by A.

micrometeorology shows, in conjunction with figure 1, that for most atmospheric
condtions encourtered in the study city the footprint covers mainly urban surfaces.
Results of this analysis are presented in figure 2 with the following parameters used
(typical urban values): friction velocity u- = 0.4 m s*, measurement height z, = 70 m,
zero plane displacement d = 10 m, roughnesslength z; = 0.4 m and stabili ty parameter,

indicated in figure 2, intherange—0.1< z < 2.0where:

z=-(@" d% 6.2)

This relationship is also presented in chapter two, where z,, = Measurement height (m),
L = Obukhovlength (m), d = Zero plane displacement (m).
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Figure 2. Schuepp et. al. (1990) footprint model results for unstable, stable

and neutral boundary layer.

Three measurement campaigns were conduwted as part of the URGENT thematic
programme (Urban Regeneration and the Environment) of the UK Natural Environment
Reseach Council (NERC), this projed being entitled Sources And Sinks of Urban
Aerosol (SASUA). The first measurement campaign (SASUA 1) took dace from 12" —
27" May 1999 i.e. in late spring / ealy summer. The second and third campaigns
(SASUA Il and I11) were run ower 14" — 28" October 1999 and 26" October — 15"
November 2000respectively i.e. in autumn.

6.2.1 Instrumentation

The arosol flux data presented here were obtained using eddy covariance systems,
mourted ontop d the Nelson Monument at a measurement height of 69 m abowve street
level. This chapter focuses exclusively on measurements and results from the UMIST
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CPC flux system, athough \arious other measurements were made (these ae puhished

elsewhere). The CPC flux system is described in chapter three
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Figure 3. Average m-spedrum Sy, SASUA II.

Laboratory tests have shown the CPC flux system to have aresporse time to large step
changes in aerosol concentration d the order of 0.5 seconds. The anaysis in chapter
four confirms this, suggesting an upper frequency resporse limit of the order of 1 Hz,
possbly up to better than 2 Hz under cetain circumstances. Co-spectral analysis
showed that the highest frequency eddies contributing to the flux at the measurement
height had a period of significantly more than one seand (figure 3), indicating that little
or no loss in the measured flux would be expeded with this system due to the
instrument resporse time. Co-spedral analysis of accumulation mode aerosol fluxes
measured at the same site, at the same time using an ASASRX (DMT, Boulder,
Colorado, USA) based agosol flux measurement system (CEH, Edinburgh, UK)
confirm the finding that the aerosol transporting eddies have afrequency greaer than

one seand.
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The information produced by the CPC flux system is limited to total agosol number
flux in the D3 sSize range. However, in an urban environment, concentrations and fluxes
(hence enisson welocities) in this sze range ae dominated by aerosol below 100 rm
(in the urban environment) to such an extent that this instrument (and the urban D3 size

range) is considered to have apradical upper cut off of 100 nm.
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Figure 4. Urban agosol sizedistribution, 2" November 2000 180 + 1800
GMT, SASUAIII.

Figure 4 shows an example a&osol size spedrum taken duing SASUA I11 using the
Differential Mobility Particle Sizer (DMPS described by Williams, 200Q. It is an
average of al readings taken over a period d six hous from 1200 + 1800GMT on the
2" November 2000. The distribution shown is typical of urban aerosol size spedra, and
demonstrates the dominance of sub-100 rm aerosol of the total number concentration.
Integration d the distribution below D, = 100 mm yields a higher concentration by a

fador of over 19 than above 100 mm in this case (i.e. the number concentration above
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100 M is 5.2% of that below 100 rm). Thus these number weighted measurements,
referred to as the D3 size range ae representative of the size range 11 rm < D, < 100
nm.

6.3 Reaults

6.3.1 Typica Urban Aerosol Fluxes and Concentrations

Wind Direction (°)
45°

90°
0_10400 15000 20000 25600
Concehtratiorf (cm™

270°

Ak

225°

180°

Figure 5. D; agosol concentration vs wind dredion (all

campaigns).

One of the major questions of interest during this projed was the spatial variabili ty of
agosol concentrations and fluxes as determined by the distribution o sources. Figure 5
shows the D3 agosol concentration as a function d wind dredion, al data averaged

over all three canpaigns.

The high concentrations measured in westerly winds are expeded, as the dty centre

arealiesin that diredion (figure 1). In al diredions, there is an olservable relationship
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between high mean aerosol concentration and areas of heary urbanisation and little
parkland. Conwversely, al wind dredions giving comparatively low mean
concentrations coincide with locd parkland.
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Figure 6. D; agosol flux vswind diredion (all

campaigns).

The arosol fluxes, shown in figure 6 show a broadly similar distribution, athough
emisgon appeas to be dightly depressed duing easterly winds. This is attributed to
lower locd emisgons in that diredion and implies that in Easterly winds the site is
affected more by badkground concentrations and less by local production than in
Westerly winds. The average anisson welocity measured in easterly winds was less
than helf that measured in westerly winds (of the order of 25 mm s*, as oppacsed to 60

mms?, figure 6).



Apart from there being stronger locd emisson to the west of the measurement point,
the rougher surface of the dty centre is expeded to enhance mechanica turbulent
mixing. The surface drag coefficient can be defined by:

c, = ?‘/U% (6.3

and varies typically between 1x 10° and 2x 102 Stull (1989 cites 1 x 10°to 5 x 10°
as typica values for nonurban areas. The measured urban values are therefore very

high compared to natural surfaces.
Figure 6 also shows the large variability in urban aerosol number fluxes. Vaues can be

as high as 150,000cm™ s?, athough onrare occasions wesk depasition is observed at

night. Figure 7 is a histogram of number flux for all campaigns (744 haurs of data).
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Figure 7. D; agosol number flux histogram (all campaigns).
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Figure 8. Diurnal average D; agosol flux (all campaigns). Error bars

indicae one standard error.

The distribution shown in figure 7 demonstrates that the dty rarely ads as a net sink for
small agosol. Lessthan 6% of observed hous howed net deposition, and all deposition
events were comparatively weak (low net fluxes). Apart from the dependence of D3 flux
upon wind dredion, there is a strong diurna variation in concentration, flux and
emisgon welocity. Figure 8 shows the aerosol flux, diurnally averaged ower both
SASUA | and SASUA 1l and IIl. The timebase in figure 8 is locd time, so that the
SASUA | data, in BST, is one hou ahead o solar time. This dift shows that since
many fedures occur at the same time in the plots, anthropogenic activity dominates
agosol production. Examples include the morning rush hou and peak around noon,
which occur at different times with respect to solar time, bu at the same time according

to locd time.

The aerosol flux is dependent on bah aegosol production rate, + in this case dominated
by anthropogenic activity, and the micrometeorological processes transporting aeosol.
The fluxes measured in the October campaigns are higher than thase measured in May.
This is caused by an increased production rate. Road traffic activity was sgnificantly
higher during the October 2000campaign than SASUA | and |1 ( on average by 235%).



Figure 9 shows the diurnaly averaged aeosol concentration from al campaigns. It
shows lower concentrations during the spring campaign, in agreement with the lower
production rate discussd above.
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Figure 9. Diurnal average D; ag0sol concentration (all campaigns). Error

bars indicae one standard error

6.3.2 Dependence of Fluxes on Traffic Activity

Figure 10 shows the dependence of aerosol fluxes on ore important anthropogenic
adivity, * traffic movements in the aty. Although road traffic is not the only source of
agosol within the dty, and the production rate does not appear to solely determine the
flux, afairly goodcorrelation can be seen between the rate of traffic movements and the
agosol emisgon. The intercept of the fit to the data with the zero traffic line indicates a
badgroundflux of around 12,00@cm™ s* nat attributable to road vehicles. This figure
is between 15 = 206 of the pedk fluxes indicaed in the diurnal averages (figure 8),
confirming that traffic adivity is the dominant source of aerosol in the D3 range during

the day.
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Figure 10. D; agrosol flux dependenceon traffic adivity (SASUA | and II). Error

bars indicate one standard error

The sources of this badgroundflux are difficult to establi sh as the periods of low traffic
adivity are found exclusively at night. Possble nocturna aerosol sources include
combustion for space heaing and nonrroad transport (rail). Photochemicd secondary
agosol production mechanisms canna operate & night, and there is no obvous urce
for large anounts of precursor gases in any case in the ésence of traffic. It is therefore
likely that the backgroundflux consists of primary aerosol emitted by ether of the other

sources mentioned.

The traffic activity used here was recorded on ae street within the dty centre, bu a
very good linea correlation ketween all three traffic census paints in the dty has been
found, so that for a qualitative analysis any measurement point could be used. This
ill ustrates the difficulty of @scaling® urban olservations. Vehicle usage is expeded to
differ between cities, and even in ore dty the traffic measurement location solely
determines the range of observations, in that busy roads are an order of magnitude

busier at al timesthan minor and residential roads.
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During SASUA | and Il the diurnal variation in traffic adivity (provided by Edinburgh
City Courxil) was typicdly between 200and 2800vehicles per hou on the stretch of
road used. SASUA 111 has been excluded from this analysis due to the vastly different
traffic adivity observed. It would be difficult to pu forward oljective aguments for the
use of one traffic census paint rather than another anywhere in the aty. For this gudy

the neaest census poaint to the measurement location was used.

The fit to the data shown in figure 10 can be reproduced by the following
parameterisation, where f. = Aerosol flux (cm? s?) and T = Traffic activity (vehicles

per seandat the Queen Stred traffic census paint, an arbitrarily chosen reference site):
fo=Axe™ (6.4)

where the mnstants A= 13,000andb = 1.6.

6.3.3 Aerosol Emisson Velocity

The diurnal variation in emisgon elocity over the dty is of interest as it shows the
range of typical values, and the dfed of surface heding. Figure 11 shows the diurnally
averaged D3 emisgon velocitiesfor SASUA |1 and I11.

Data from the May campaign (SASUA 1) have not been presented in figure 11, as the
lower number of samples colleded resulted in a statisticdly lessreliable average (mean
standard deviation was 83% of the mean houly value). The dfed of heaing is
pronourced, with the emisson velocity increasing from 20 mm s™ at night to around 68
mms™ at solar noon.Note that this must be aresult of increased transport, as a stronger
agosol concentration gradient caused by more rapid aerosol production would aff ect the

flux but not the measured emisson velocity to this extent.

There was no strong dependence of mean wind speed ontime of day. Edinburgh is
typicdly windy, with an average wind speed duing SASUA |11 (the &vindiest® project)



of 6.5 m s, so the emisson weocity of 20 mm s* a night is asaumed to be
representative of the contribution to mixing of medhanicaly generated turbulence in the
absence of surfaceheaing. Emisson \elocities measured in May tended to be higher
(although fluxes were generally lower), pesking at 75 mms™ due to higher surface

heaing and lower mean concentrations.
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Figure 11. Diurnal average D; agosol emisson velocity (SASUA Il and IlI) .

Error bars indicae one standards error.

The seasonal difference in surface heating and hence buoyant verticd mixing is fiown
in figure 12. The sensible hea fluxes diurnally averaged over SASUA | and SASUA 11
and Il are shown. The peak for the October campaigns is sgnificantly lower than for
May, and night time values are significantly below zero. The May average values do nd
often fall below zero, suggesting that the dty is capable of storing hea on warm days,
andreleasing it throughou almost the whae night.

The final dependence of aerosol emisson welocity to be investigated here is conneded

to sensible hea transport; + this is the variabili ty with atmospheric stability. Figure 13

shows the average amisson e ocity for arange of the stability parameter z. Results are
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campaign averages and are presented separately for the October and May campaigns.
Note that positive values of z represent unstable condtions. It is expeded that as z

increases, the intensity of convection and hence vertical mixing will i ncrease.
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Figure 12. Diurnal average sensible hed flux (all campaigns). Error

barsindicae one standard error.

When averaged together the aurves in figure 13 can be alequately reproduced by the
following parameterisation (shown in figure 13) where v, = Aerosol emisgon velocity

(mms?) and z = Stability parameter:

v, =112 - 3 z<0 (6.5

v, =80- 45%- z)**° z30 (6.6)

The parameterisation is based uponthe average values for al three canpaigns, and
follows the SASUA 11 and 111 behaviour most closely because there were significantly

more data available from these periods. Since the equations are written in terms of
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emisgon welocity rather than aerosol flux, the parameterisation shoud be gplicableto a

first approximation for other cities of asimilar density and verticd scale.
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Figure 13. Dependence of D; agosol emission vel ocity on stabili ty parameter z (all

campaigns). Error bars indicate one standard error.

Figure 13 aso goes me way toward explaining the generally higher emisson
velociti es observed during the May campaign. Due to increased insolation d the surface
in May, sensible hea fluxes are higher and the bourdary layer is, on average, less
stable. This skews the stability parameter frequency distribution to less sable values
(athough it maintains a broadly similar shape). This effed is shown in figure 14.
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Figure 14. Histogram of stabili ty parameter z (all campaigns).

6.3.4 Bi-diredionality of Aerosol Fluxes

The shapes of the tracesin figure 13 seam at first somewhat unexpeded. Theincrease in
emisgon e ocity with increasing stability parameter up to around-0.25is as expeded
due to deaeased therma suppresson d verticd mixing. As the boundry layer
beames less $able, mixing is sippressed lessand the emisson welocity increases. The
behaviour aroundthe neutral limit of the stable regimen is not thouwght to be significant,
with the bin widths chosen as much as anything else dfeding the shape, + there is

significant scatter in the dataiin this region.

There is evidence (Barlow and Belcher, 200L) that increased wind speeds can give rise
to increased ventilation o urban canyon systems. Indeed, duing this experiment it was
noted that, in reutral condtions, emisson weocity increassed with wind speed on
average. Since high wind speeds tend to coincide with neutral condtions it is passble
that there is an element of this effed contributing to the shape observed in Figure 13.
However, it is not thought that the dfed is ggnificant in this case. Dirediona analysis
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of the arosol fluxes how that downward transport is incressed duing unstable
condtions (seebelow), and suppresson d transport out of canyons at low wind speeds
would have to leal to urredlisticdly high stred level concentrations to explain the
observed pattern. In any case, the work of Barlow and Belcher (2001) was aimed at

stred canyon ventil ation rather than city scde fluxes asinvestigated here.

In the unstable regimen, emisson \elocity deaeases with increasing instability. Thisis
thouwght to be aresult of downward mixing from a region above the measurement level.
Aerosol from the top d the boundary layer may be mixing downwards to the
measurement height during periods of very strong conwvection, and suppressng the
observed upwvard flux.
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Figure 15. D; agosol concentration vs height in apolluted bowndary layer (PUMA, 8"
July 1999 1310GMT).

Negative fluxes are not observed (in this type of ensemble arerage), as the dty is dill
ading as an aerosol source, however there is thought to be abi-diredional flux causing

wegker net emissonto be observed. Further experimental work is required to determine



if thisis indeed the cae, athough figure 15 shows the postulated cause, with a large
build up d fine a@osol at the top d a padluted boundry layer around noonThese data
were derived from aircraft measurements over the dty of Birmingham during ancther
NERC URGENT projed, Pollution d the Urban Midlands Atmosphere (PUMA).
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Figure 16. Diredional analysis of variation in D3 agosol flux with stabili ty parameter

(total upward, total downward and net flux). Error bars show one standard error.

Figure 15 shows the required upper layer of high agosol concentration to explain
suppresson d the observed flux by a cmporent of downward transport. The source of
the aeosol is not well established, but it is thought that large numbers of agosol are
produced in inter-cloud regions at the top of the boundry layer (Keil and Wendisch,
2001). This could passhbly explain certain utra-fine particle bursts observed by Shi et.
al. (200)) given the arrelation they note between a particle burst and an increase in
solar radiation. There is also a wincidental increase in wind speel in their data, passbly
indicating a downburst of particle-laden air from the vicinity of a doudthat has passed,

allowing solar radiation to increase.
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From the point of view of the data from the SASUA campaigns, there is no
unambiguots indicaion d the reason for the gparently bi-diredional D3 aegosol
fluxes. Figures 16 and 17 show a dirediona analysis of the variation in flux and
emisgon welocity with boundry layer stability parameter. These fluxes and emisson
velocities were cdculated using exadly the same method odlined in chapter two,
except that the positive and regative portions of the instantaneous (W' c’) covariance
over each averaging period were separated and summed. They were then weighted with
the frequency of positive and negative instantaneous covariances respedively, giving an
estimate of the net, upwvard and davnward fluxes of D3 agosol.
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Figure 17. Diredional analysis of the variation in D; emisson velocity with stabili ty

parameter (upward, downward and net). Error bars sow one standard error.

Although the relationship between concentration and the bi-diredionality of flux and
emisgon el ocity islikely to be extremely compli cated, there are identifiable feauresin
figures 16 and 17.Significantly, the peak in davnward aerosol flux (figure 16) appeas
at the same stabili ty as the beginning of the downturn in net flux andthe pe& in upwvard
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flux. It is difficult to understand hawv this might happen in the dsence of a source of

agosol aloft (again, as srown in figure 15).

Figure 17 shows that the pe& in dovnward aerosol emisson welocity (effectively a
deposition velocity) peaks at a higher value of z than the upward or net emisson
velocities. Interpretation d emisson welocity is by no means graightforward in the
presence of an aerosol source let alone the hypothesised pair of oppaing sources of
differing strength. However, it is clea that figures 16 and 17 do nbshow the expeded

result of vertical mixing from asingle source a the surface
6.4 Aerosol Concentration Parameterisation

Given the parameterisations 6.4, 6.5and 6.6it is posgble to approximate the urban D3
agosol concentration (¢) in the size range mnsidered. Combining 6.4 with 6.5and 6.6
and introducing an empirical wind speed dependence to all ow for the eff ects of dilution

in the vicinity of sources produces equations 6.7 and 6.8

c= A>€bT —-0.3 -0.3 zZ < O (67)

U et .3

bT
T Axe/U " 480- 45xz)°%) o0 9

With U = Mean wind Speed (m s?) at the measurement height, all other quantities as
before (recdl A = 13,000and b = 1.6). Given the scatter visible in figures 10 and 13
showing the data on which this parameterisation is based, equations 6.7 and 6.8 are
clealy only approximate. They are formulated solely in terms of traffic adivity and
boundry layer stability, so there ae dearly processes mising. The main quantity
omitted from the parameterisation is the badground concentration o aerosol adveded
into the dty.
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In its current form the parameterisation reproduces large portions of the data reasonably
well (figure 18), bu suffers from spikes due to coincident large values of traffic adivity
and stabili ty parameter. Over the murse of al three city centre measurement campaigns
the parameterisation predicts 18% more particles than were observed. This figure
includes the dfeda of the spikes mentioned above. Figure 18 compares a portion o
measured concentration data with the results of the parameterisation for a period where
it was fairly effedive. Although the results are by no means perfect, the
parameterisation can clealy reproduce certain aspects of the diurnal behaviour of

agosol concentration.
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Figure 18. Measured and predicted D3 agosol concentrations (SASUA 1).

The agreamnent shown in figure 18 means that two of the major processes determining
urban aerosol concentration have been identified. The calculation is based solely on
traffic adivity, wind speed and boumary layer stability. Effectively the
parameterisation cdescribes production o aerosol and ventilation o the dty. The

concentration appears to be determined by the balance of these two processes. Note that
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as mentioned before, the traffic adivity is essentialy an arbitrary measure. In order to
extend this parameterisation to ather cities it would be necessary to find some more
independent quantity by which to parameterise anthropogenic adivity, or to introduce
an empiricd scaling fador on the traffic activity. This could be simply achieved by
varying the factors A and b of equation 6.4,where for a denser stred layout the fador b
would probably neal to be increased, and for a vehicle fleg producing more aerosol, A
would beincreased.

It is lessclear how the constants originating in equations 6.5 and 6.6would vary for
diff erent citi es, and they have therefore been left as numericd values. It islikely that the
constants from both equations would, for a given city, be some function d the local
palution climatology, distribution o fixed locd sources and roughresslength. Further
work isrequired in avariety of cities to find the determinants of these mnstants as well
asof Aandb from equations 6.4, 6.7and 6.8.

It isworth nding, with resped to this parameterisation, that traffic adivity may ad asa
surrogate for other anthropogenic agosol producing adiviti es. However, a measurement
based extension d the eguations to ather cities shoud be tenable, as any adivity
uncorrelated with traffic flow would be refleded in the wnstants originating from
equations 6.5and 6.6.

6.5 Concluding Discussion

Measured values of agosol concentration, number flux and emisgon e ocity for a dty
have been presented for the D3 aegosol diameter range, where the measurements are
known to be representative of the sub-100 rm size interval. The influence of land use
type on these quantities has been discussed. It was found that heavy urbanisation is
asociated with higher agosol emisson welocities, fluxes and concentrations. Aerosol
(D3) concentrations were foundtypicaly to range between 3,000cm™ and 20,000cm™
athouwgh larger values were observed. The mean D3 aerosol flux over the three
campaigns was foundto be 42,500cm™ s, with the mode being 30,000cm™ s and the
typicaly observed range was 9,000cm? s* to 90,000cm? s*. The mean and mode
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emisgon velocities were 45 mm st and 35mm s respedively, and these typicdly had

arange of 20mms*to 75mms™.

The dfed of traffic adivity, one of the most important urban aerosol sources, on the
measured D3 flux has been confirmed. There is a paositive crrelation between traffic
flow and aerosol fluxes above the study city, which has been parameterised. Also, the
spedfic dependence of the emisson welocity on aimospheric stability has been shown.
Similar results from al three independent data sets (SASUA |, Il and Il1) show a
reduction in emisson \eocity with increasing instability. An explanation for this has

bee discussd.

The parameterisations have been combined into a single, simple model describing D3
agosol concentration in terms of traffic adivity and anthropogenic activity. The
agreement of this model with measurements dows that traffic adivity and boundry
layer stability are two of the most important determinants of urban D3 aeosol

concentration.

6.6 Further Work

The simple parameterisation presented here needs to be tested against further dired
measurements both in Edinburgh and aher cities. These measurements will allow
parameterisation d the constants in equations 6.4 = 6.8for application in ather cities
with dfferent vehicle fleds and dfferent road layouts. Fadors such as rainfall (i.e.
agosol washou and swegr-out) and nan-urban badkgroundconcentration may be useful

if their inclusionis shown to produce asignificant increase in accuracy.
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