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Abstract

Black carbon (BC) has been simulated for south-\Besiin with the air quality model CAMXx
driven by the MM5 meteorological model, with a sglatesolution of 2 km x 2 km and a
temporal resolution of 1 h. The simulation reswesre evaluated against hourly equivalent
black carbon (EBC) concentrations obtained in titiescof Seville and Huelva for a winter
period (January 2013) and a summer period (Jun8)2@Llarge seasonal variability was
observed in PMs EBC concentration in the two cities, with highesncentrations in
wintertime; summertime EBC concentrations were dgily less than half those of the
wintertime. The model captured the large diurnehsenal and day to day variability in these
urban areas, mean biases ranged between -0.187a@m? in winter and between 0.01 to
0.29ug m2 in summer while hourly P EBC observations ranged between Qug3m* to
10.9 ug m3. The diurnal variation in EBC concentrations wasdaal, with a morning and
evening peak. However, the EBC evening peak washmowller in summer than in winter.
The modelling analysis demonstrates that the sehsord day to day variability in EBC
concentration in these urban areas is primarilyedriby the variation in meteorological

conditions. An evaluation of the role of regionagérsus local contributions to EBC
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concentrations indicates that in the medium sizg a@f Seville, local on-road sources are
dominant, whereas in the small size city of Huelwaal as well as regional sources produce a
similar contribution. Considering the large diesleare of the vehicle fleet in Spain (currently
~ 56%), we conclude that continued reduction of fB&n diesel on-road sources in these
urban areas is indeed a priority, and we suggest tHrgeted mitigation strategies, for

example reducing the heaviest emitters in wintextimould yield the greatest benefits.
Keywords: Black Carbon, Air Quality, CAMx, Model Evaluation
1 Introduction

Black carbon (BC) has been identified as one oédhkey short-lived climate pollutants

(SLCPs) for which emission reduction measures caddtribute to slowing near-term

climate change while having the co-benefit of inyaimg air quality and thereby reducing the
adverse health effects of air pollution (UNEP, 20Bond et al. (2013) concluded that the
total black carbon climate forcing (including ditedirect and snow and ice effects) is
positive and is second only to carbon dioxide imteof its climate forcing in our present day
atmosphere. The potential for climate change ntibgathrough BC emission reductions
depends on geographical region and is source depeas co-emissions of organic carbon,
sulphate and gaseous species affect the net climatieag. Bond et al. (2013) suggest that
diesel sources provide the most promising blackaramitigation options due both to their
positive net climate forcing and to the availapilief abatement technologies and their

implementation potential.

The adverse health effects of particulate mattét)(Bre well known and documented (e.qg.
Brook et al., 2010; Lepeule et al., 2012; Popel.e2809; WHO, 2013). A recent extensive
review of the health effects of black carbon (WHID12) concluded that there is sufficient
evidence of adverse effects of BC exposure andesiigd that BC, although in itself may not
be a major toxic component of BM may act as a universal carrier of toxic composeat
the body. Furthermore, the International Agency Rasearch on Cancer (IARC) recently
classified diesel engine exhaust as carcinogenititoans (IARC, 2012). In addition, BC has
been identified as a more sensitive indicator taicte exhaust related air pollution compared
with measurements of PM mass such agddvid PMs (e.g. Janssen et al., 2011; Keuken et
al., 2012). Reche et al. (2011) recommended thesunement of BC at air quality monitoring
sites alongside measurements of PM mass and panticthber concentration, to more fully

reflect the impact of vehicle exhaust emissionsimivient air quality.
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There have been various global (e.g Koch et aD92@ilardoni et al., 2011) and regional
modelling studies of BC or elemental carbon (ECy.(&chaap, 2004; Simpson et al., 2007;
Tsyro et al., 2007; Genberg et al., 2013; Hienalalge 2013). However, modelling studies
focussing on the mesoscale are scarcer. Sciarel. ef2@10) modelled inorganic and
carbonaceous aerosols and their relative contdbutd PM s mass in the Paris area while
Couvidat et al. (2013) modelled elemental carbath @amganic carbon (OC) also in the Paris
area. In general, both studies reported a satsfagerformance for EC with Couvidat et al.
(2013) observing both over and under-estimatio@fdepending on the measurement site
and measuring period. Ensberg et al. (2013) coedurtimodelling study of black carbon and
inorganic aerosols in the Los Angeles Basin andnted that BC predictions were generally
in good agreement with the measurements at theungt site although the model did miss
peak concentrations on specific days. These urhaties were conducted during spring or
summer periods. Keuken et al. (2013) report a niodestudy of EC at regional, urban and
traffic sites in The Netherlands for 2011 and foutitht the model overestimated
concentrations at regional sites and at urban aokg sites, likely due to too high primary
PM2.s emissions and/or EC fractions and a too low reaffi¢ emission height. They found

good agreement between their modelled and measaféd contribution to EC.

A limitation in the evaluation of modelling studie$ BC is the availability of high quality
measurements, particularly as monitoring of BC nmbgent air at urban sites is, up to this
date, not required by EU legislation (EEA, 20133 &0 is not frequently measured. In light
of these aspects, a BC measurement program withtemgporal resolution was initiated in
two cities in south-west Spain in 2012 to charastethe behaviour of this species. In
addition to the measurement program, a three-dimmealsair quality model (CAMx) was
implemented to investigate the dynamics of thisnarly aerosol and its spatial and temporal
variability and to explore the controlling factoos the BC concentrations in these urban
areas. This study presents measurements and sonuédtBC for a winter period (January
2013) and a summer period (June 2013) from thissoreanent dataset. The structure of the
paper is as follows, Section 2 describes the measemts and model set up, Section 3
includes results and discussion of the evaluatiothh@® model simulations on a seasonal and
diurnal scale and an assessment of regional vdosmad sources, while conclusions are

presented in Section 4.
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2 Methodology
2.1 Measurements

Black Carbon was measured, simultaneously, at twmaru sites in the cities of Seville
(00700,000 inhabitants) and Huelvalf0,000 inhabitants), in the south-west of Spain.
Optical measurements of black carbon in jPMvere conducted with a Multi-Angle
Absorption Photometer (Thermo™, model CARUSSO 50f2psured with a ten-minute
resolution (subsequently averaged to hourly resmiut The instrument set up is described in
Ferndndez-Camacho et al. (2010). These were ceavéstequivalent black carbon (EBC)
mass concentrations for each site by comparing Witho filter samples (quartz-fibre,
MUNKTELL ™) collected in a high volume Graseby Anderdbrsampler (68 rh h?)
analysed for elemental carbon (EC) in the laboyatising the Thermo Optical Transmittance
technique with a Sunset LaboratBfy OC-EC analyser and the EUSAAR2 (European
Supersites for Atmospheric Aerosol Research) podtg€avalli et al., 2010). The term
equivalent black carbon is used hereafter for theasurements reported here, following
recommendations on Black Carbon terminology by @@N Aerosol Scientific Advisory
Group (GAW/WMO, 2011) and Petzold et al. (2013).eTs$ite specific mass-absorption
efficiencies (MAE) obtained were 9.79 and 10.3%gh for Seville and Huelva, respectively.
The mean measured BMPMio BC ratio (0.74 + 0.025) was utilised to determihe PM s

BC concentration (see Ferndndez-Camacho et al0, 20Inore details).

The measurement sites used were (see Fig. 1):

* Principes (37.375° N, 6.006° W, 8 m a.s.l.), anaarbackground site influenced by road
traffic located in a park in the south-west of tiigy of Seville. The closest roads lie about

50 m to the east and 65 m to the north-west ofrthasurement site.

* University Campus (37.272° N, 6.925° W, 17 m g,sah urban background site located on
the north-east side of the city of Huelva. Ther® ssme minor roads within the university
campus, aside from these, the closest roads lieinvetbout 150 m to 250 m of the

measurement site.

The measurements were conducted in Seville for reogpeof 18 months (June 2012 to
November 2013) and in Huelva for a period of 12 then(December 2012 to November
2013). In this study, we present measurements imalation of EBC for January and June
2013.
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In addition, the meteorological simulations thatedeine the transport and dispersion of BC
were compared against surface-based observati@tal ftbm 12 meteorological stations,
belonging to the Meteorological State Agency ofiIBgAEMET). The measurements used to
evaluate the meteorological simulations were hoorgasurements of wind speed and wind
direction at 10 m, air temperature at 2 m, andipr@tion. Road-traffic intensity (number of
vehicles per hour) was also measured on the mauh (&venida de Blas Infante) close to the

Principes measurement site in Seville.
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Figure 1. a) Map of the three model domains (D002 Bnd D03) and b) terrain height (m a.s.l.) of itieer
domain (D03). Also shown are the locations of theasurement sites, Principes, Seville and UniveGatypus,

Huelva.
2.2 Model Description and Set Up

The air quality model chosen for this study was @mmprehensive Air-quality Model with
eXtensions (CAMXx) version 4.51 (ENVIRON, 2008). MA s a three-dimensional Eulerian
chemistry transport model including aerosol chemidh this study we used the CF aerosol
scheme. Three nested domains were used in the CG3huxlations, with 18 x 18 km, 6 x 6
km and 2 x 2 km horizontal resolution. The outemdo (DO1) covers the Iberian Peninsula,
and parts of southern France and North Africa; donf@02) includes southern Spain and
southern Portugal while the inner domain (D03) ecswhe study area, the south-west region

of Spain (see Fig. 1).

Initial and boundary conditions for the modellingter domain were taken from the GEOS-
Chem global transport model (Bey et al., 2001; &haet al., 2012). The GEOS-Chem model

output was for the year 2006, monthly average &alere generated for January and June to
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use as input for our simulation. A spin-up of 72vhs carried out prior to each CAMx

simulation to minimize the sensitivity of the resuto the initial conditions.

Meteorological input data for the CAMx simulation®re provided by the non-hydrostatic
Mesoscale Meteorological model (MM5) v3.7 (Grelbét 1995). Three grids (using two-way
nesting) with the same horizontal resolution of 88and 2 km were used. MM5 was
configured with 30 vertical layers in a terrainléoling coordinate system, with increasing
vertical resolution closer to the surface. The nhoole corresponds to approximately 550hPa
with a surface layer of about 35 m above groundM&Avas run with 16 of the first 18
vertical layers utilised in MM5. The European Centor Medium-range Weather Forecasts
(ECMWEF) numerical weather prediction model analyp®vided initial and boundary
conditions for MM5 at six hourly intervals with asolution of 0.25°.

2.3 Emissions

The emission inventory used in this study was base@astell et al. (2010) and Milford et al.
(2013). The outer domains include anthropogenicssions from the European Monitoring
and Evaluation Program (EMEP) emission inventory fhe reporting year 2012
(http://www.emep.int) interpolated to 18 km and i kpatial resolution. The inner domain

includes industrial emissions, from both area amidtgsources, and on-road traffic emissions.

Industrial emissions in the inner domain were taki@ectly from the Spanish Pollutant
Release and Transfer Register (PRTR-E; http://wwniwegs.es) for the year 2013. This
register contains emissions from all large indaktmstallations and these emissions were
then separated into area and point sources. Patgcemissions in this register are given as
PMio. PMe s emissions were estimated for each industrial llasitan using source dependent
PM2.s/PMyg fractions (CEIDARS, 2012). PEC (Primary Elemer@arbon) emissions were
derived from PMs emissions utilising mass fractions assigned téediht source profiles
(EPA, 2009).

The on-road traffic emissions were obtained from 8panish National Emission Inventory
for the year 2011, as this was the most recent @aadable at the time of the study. These
emissions were spatially disaggregated using thé network distribution in the study region
and the average traffic intensity across that nééwan hourly temporal profile differing for
workdays and weekends was used for the temporaggiiegation of the emissions (Castell et
al., 2010). Chemical speciation of primary PMemissions for on-road traffic into PEC
emissions was also conducted using source depenuest fractions (EPA, 2009).
6
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Residential combustion emissions are not currentiuded in the emission inventory for the

inner domain.
3 Results and Discussion
3.1 Meteorology

The evaluation of the meteorological simulationgiast surface-based observational data
showed that the model captured most of the seasdiahal and spatial variability. The
meteorological stations located closest to the oreasent sites were Seville Tablada (located
about 1 km south from Principes, Seville) and Rokde&e (located about 2 km north-east
from University Campus, Huelva). Observed and satad wind speed, wind direction, and
temperature data are shown in Fig 2 and Fig. 3HerSeville Tablada and Ronda Este sites

for the winter (January) and summer (June) simuhati respectively.
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Figure 2. Observed and simulated wind speed (ant)wind direction (c, d) at 10 m, temperature at e, f)

and simulated PBL height (g, h) during January 281 %eville Tablada (left panel) and Ronda Estgh(ri
panel).

The meteorological model had a tendency to overprélde wind speed at both the Seville
and Huelva sites; mean wind speed biases weressithiting the winter and summer periods
for both sites and ranged from 0.9 to 1.1 M(Bable 1). The mean biases in simulated 2 m
temperature were low for both sites, with valuegynag from -0.4 °C in winter to 0.4 °C for
the summer period (Table 1). The simulated PlapeBaoundary Layer (PBL) height for
Seville and Huelva shows that the majority of disy3anuary 2013 had PBL values < 1000 m
(Fig. 2g and h), while in June 2013 in Seville, tmulated daily peak PBL values were
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between 1500 to 2750 m (Fig. 3g) with the majooitylays having PBL values > 2000 m. In
Huelva in the summer period, the simulated PBL eslwere generally slightly lower than in
Seville, with daily peak values between 1060 to@#b (Fig. 3h) with the majority of days

having PBL values > 1500 m. It was not possibledmpare the simulated PBL heights with

observational data, as there were no radio sourdfitey publicly available for any sites close

to or representative of Seville or Huelva duringsh periods.
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Figure 3. Observed and simulated wind speed (ant)wind direction (c, d) at 10 m, temperature at 2, f)
and simulated PBL height (g, h) during June 201Seaiille Tablada (left panel) and Ronda Este (ntel).

Table 1. Statistical metrics for observed and simulateztemrological variables at Seville

Tablada and Huelva Ronda Este sites.

SM oM MB NMB R
(%)

January 2013
WS, Seville Tablada (m% 2.7 1.5 1.1 72 0.75
T 2m, Seville Tablada (° C) 10.4 10.8 -0.4 -3 0.91
WS, Huelva RE (mY 35 2.5 0.9 36 0.80
T 2m, Huelva RE (° C) 11.1 11.4 -0.3 -3 0.90
June 2013
WS, Seville Tablada (m% 2.8 1.7 1.1 64 0.57
T 2m, Seville Tablada (° C) 24.3 24.2 0.2 1 0.95
WS, Huelva RE (mY 4.0 2.8 11 39 0.48
T 2m, Huelva RE (° C) 22.9 22.5 0.4 2 0.95

WS (Wind speed at 10 m), T (Air temperature at 290 (Simulated mean), OM (Observed mean), MB (MB&s), NMB (Normalized

Mean Bias)R (Correlation Coefficient).
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3.2 BC Seasonal and Day to Day Variation

A large seasonal variation in EBC concentrations wiaserved at both sites, with maximum
concentrations occurring in the winter period. Thaximum observed hourly P\ EBC
concentration at Principes, Seville for the wirded summer period were 1Qu§ n® and
4.0ug n3, respectively, with mean concentrations of dgam® and 0.6ug m* (Fig. 4a and
5a). Observed PMs EBC concentrations were lower at University Camptiselva, with a
mean and maximum of Opgg n® and 5.7ug m* in the winter period and Oug nm® and

2.4ug m® in the summer period, respectively (Fig. 4b and 5b

a) — Obs
10 A — Sim

PM,5 EBC (pg m™)
(e)]

b) — Obs

PM.5 EBC (ug m™)

w&@&&&&@bﬁﬁﬁﬁﬁkﬁﬁﬁﬁﬁﬁﬁﬁiiﬁﬁé@ﬁm

Day (January 2013)
Figure 4. Observed PM EBC and simulated PM PEC concentrations at a) Seville and b) Huelvaindu
January 2013. Observation data not available inauer 19-31 Jan.
The modelling system performed generally well iptaaing both these seasonal differences
in concentration and the spatial variation betwdbese two city sites. The EBC
concentrations were slightly overestimated at tleil® site during winter (1.68g n®
simulated EBC versus 1.5&) n®> measurements, MB = 0.Qigg m3, NMB = 5%), while the
EBC concentrations were underestimated during wiatethe Huelva site (0.58y m3
simulated EBC versus 0.74 m® measurements, MB = -0.1#y m3, NMB = -20%) (Table

2). During the summer period, the EBC concentratigimowed a greater overestimation at the
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Seville site (MB = 0.2%1g 3, NMB = 45%) while the mean bias was now slightbsitive

for the Huelva site (MB = 0.0fig n3, NMB = 4%) (Table 2). Some of the discrepancy
between model and measurements in Huelva duringvihiier period could be attributed to

residential combustion emissions, which are noterly included in the emission inventory

in the inner domain. However, we would expect tbietcbution from this source sector to be
less in these urban areas than in rural areas eswdih this southern Europe region in

comparison to northern Europe due to the warmetewciimate.

a) — Obs
5 1 — Sim

PM,5 EBC (pg m)
w

b)

PM.s EBC (g m-s)
w

0 = '\ T \ ’I T T vv ‘. \ T y‘ T \ \ T \ T T " T "/ T T T " \ \ :
0102030405060708091011121314151617 18192021 2223242526 27 28 293001
Day (June 2013)

Figure 5. Observed PM EBC and simulated PM PEC concentrations at a) Seville and b) Huelvanduune
2013.

Table 2. Statistical metrics for observed EBC (Pdand simulated Pkt PEC at Principes

(Seville) and University Campus (Huelva).

SM OM MB NMB R
(Mgm®)  (ugn®) (ugnd) (%)

January 2013

Principes 1.63 1.56 0.07 5 0.60
University Campus 0.58 0.71 -0.14 -20 0.50
June 2013

Principes 0.93 0.63 0.29 45 0.44
University Campus 0.37 0.35 0.01 4 0.37

SM (Simulated mean), OM (Observed mean), MB (Me&asB NMB (Normalized Mean BiasR (Correlation Coefficient).

10



248 As well as capturing the seasonal variation, thelehalso captured the day to day variation

249 within the months, for example capturing the peakcentrations observed at the Principes
250 site onthe 5, 7, 11 and 30 January 2013 as welleabower concentrations observed on days
251 such as the 13 and 19 January (Fig. 4a). Howesearaa be expected, there are some specific
252 days where the modelling system does not captusksp@.g. 10 and 29 Jan, Principes or 5
253 and 8 Jan, University Campus) and this is likelg tlu actual emission pattern changes from
254 day to day that are not possible to capture inttoelel or deficiencies in the simulated

255 meteorological fields for that day.

256 In general, the modelling system captured the lamgee observed in the hourly EBC
257 concentrations (0.03ig n® to 10.9ug m®). This is demonstrated by the Q-Q plot for
258 observed and simulated BMPEC concentrations (Fig. 6) which shows good ages¢

259 throughout the entire quantile range for the Ppesisite during the winter period, while
260 demonstrating the overestimation of the quantilesthe summer period. P PEC

261 simulations at University Campus show the underestion at the highest quantiles during
262 the winter period and the reasonable agreementhdnraést of the quantile range for both

263 summer and winter periods (Fig. 6).

& Principes: winter /1:2 11
& Principes: summer 4 >
A Univ C: winter /

A Univ C: summer

PM, s PEC Simulations ( pg m®)

0 1 2 3 4 5

PM,.s EBC Observations ( pg m™)
264

265  Figure 6. Q-Q plot for simulated PMPEC concentrations versus PMEBC observations, 5th, 10th, 25th, 50th,
266  75th, 90th and 95th percentiles are plotted fondpes and University Campus sites during wintanary
267  2013) and summer (June 2013).

11
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The emissions implemented in the modelling systemat vary seasonally; there is an hourly
temporal profile used to disaggregate the on-roaftid emissions which differs for workdays
and weekends (see section 2.3), but no seasonatioar Therefore, the relatively close
agreement of the model simulations with measuresm&mports the conclusion that, both the
day to day variation and the seasonal variatioB@ concentration in these urban areas in
southern Spain are largely driven by the seasamhlday to day variation in meteorological
conditions. This has been suggested by previousuneaent studies (e.g. Pereira et al.,
2012; Querol et al., 2013), but the modelling asiglyconfirms the driving role of the
meteorology. Although the meteorology largely expathe relative distribution between
winter and summer and the peaks, it is importaninaéte that the total magnitude of
concentrations is still driven by the emission rsfyté.

3.3 BC Diurnal Variation

The high temporal resolution of the measurementsvalthe temporal variation during the
day to be explored. The mean diurnal observed andlated PM.s PEC concentrations for
each day of the week are shown in Fig. 7 for bda#s dor the winter and summer periods,
along with the mean diurnal concentrations caleddaor all data for each period. At the
Principes site, during winter, the observedBEBC concentrations show a maximum in the
morning between 06:00-08:00 UTC and then the cdrattons decrease to reach a minimum
at 14:00 (Fig. 7a). In the late afternoon/evenirgeeondary maximum is observed between
17:00-19:00 UTC and the observed PMEBC concentrations reach their highest values at
this point. The simulated PN PEC concentrations generally capture this winierndl
variation well, with similar timing for the two pks However, the model overestimates the
concentrations at the weekend, particularly on 8ynthis is likely due to an overestimation

of the traffic emissions at the weekend.

In the summer period at the Principes site, itnkeresting to note that the secondary
maximum in the observed concentrations at 19:00 Wsr'Gow very much smaller than the
first maximum observed between 04:00-06:00 UTC aedrly non-existent (Fig. 7b). This
marked change in the diurnal behaviour of EBC cotreéons in the summer season,
compared to the winter, has been observed in ctihelies (e.g. Saha and Despiau, 2009).
They measured BC over a 14-month period at an ucbastal location in south-east France,
and found a similar disappearance of the seconB@ryeak in the summer. Although the

model does simulate a reduced secondary peak cethparthe winter period, it doesn’t

12



300 capture the near disappearance of the secondaky(lpgarb), which helps explain the poorer
301 correlation and greater positive bias seen in thdopmance of the model in the summer
302 (Table 2). Similarly to the winter period, thereaigreater discrepancy between the model and
303 the measurements during the weekend, which sugtiegtthe current traffic emission profile

304 overestimates weekend emissions.

Obs MM Sim
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6 —
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306  Figure 7. Mean diurnal observed PVEBC and simulated PM PEC concentrations for each day of the week
307  for Principes, Seville during a) January 2013 andume 2013 and at Univ Campus, Huelva, duringaoldry
308 2013 and d) June 2013. Also shown are the meanalaicalculated for all data for each period inrigat-hand
309 panel. Shaded areas represent 95% confidence ahtiernthe mean. Graphics were generated with Openai
310 software (Carslaw and Ropkins, 2012).

311 At the University Campus site, during winter, theserved PMs EBC concentrations also
312 show a maximum in the morning between 06:00-08:0DCUand a larger secondary
313 maximum occurring in the evening between 18:00Q0W0TC (Fig. 7c). The model
314 simulations capture the timing of the peaks butewestimates the afternoon peak in the
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observations. However, it should be noted thaaftexnoon peak in the observations shows a

large variation in the mean, likely arising fromage occurring on specific days (Fig. 7c).

During summer at the University Campus site theeoled PM.s EBC concentrations also
show a maximum observed in the morning between3@800 UTC and a much reduced
secondary maximum in the evening between 18:006200C (Fig. 7d). The model captures

this diurnal behaviour and in general, capturesitagnitude of the concentrations.

Saha and Despiau, (2009) propose that the appeaciribe secondary maximum in winter,
and the corresponding disappearance of the segomaaximum in summer, can likely be
attributed to wind speed and boundary layer dynanficshallower boundary layer and lower
wind speeds during winter will lead to higher camications, while the converse, higher wind
speeds and a deeper boundary layer lasting forefoimgthe day during summer lead to
reduced concentrations. The measurements and siomslgperformed here support these
conclusions. The mean observed diurnal wind spe&eville, Tablada (Fig. 8a) and Huelva,
Ronda Este (Fig. 8b) both show a larger maximurwimd speeds in the summer with the
maximum occurring later in summer and generallytingslonger, only returning to a
minimum at about 22:00 UTC.

5.0 5.0

a5 @) [ —e—winter: Jan 2013 45 b) [ e~ winter: Jan 2013
—&— Summer: June 2013 —&— Summer: June 2013
4.0 A 4.0 A
< 35 < 35
(2] ]
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Figure 8. Mean diurnal observed wind speed forail®, Tablada and b) Huelva, Ronda Este durimgdey
2013 and June 2013.

In addition, road-traffic intensity data measureteefrom the main road closest to the
Principes measurement site in Seville (Avenida lds Bxfante) demonstrate that there is very
little seasonal variation in the weekday road-tcaiiitensity (Fig. 9a). The only significant

seasonal difference is that the road-traffic intgrdecreases later during the summer (~21.00
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local time) compared to the winter (~18.00 locahd) as can be expected due to extra
daylight hours in the summer. These measuremepsosiuthe conclusions that the seasonal
variation in BC concentration in these urban aiaasouthern Spain is largely driven by the

seasonal variation in meteorology rather than aa® variation in emission strength.

Weekday Saturday Sunday

b) [—e—winter: Jan C) [—e—Winter: Jan
—®—Summer: June —®— Summer: June

a)

—&—Winter: Jan
—#— Summer: June

Vehicles h™

0 6 12 18 240 6 12 18 24 0 6 12 18 24
Time of Day Time of Day Time of Day

Figure 9. Mean diurnal road-traffic intensity (nuenbof vehicles hodt) for Seville (Blas Infante) for a)
Weekday, b) Saturday and ¢) Sunday during Janu#$ and June 2013. Time is local time, UTC+1h inteu,
UTC+2 h in summer.

There are some small seasonal differences in tle&enel road-traffic intensity (Fig. 9b and
c). The total vehicle counts are similar for Jaguand June but the diurnal behaviour is
different. In winter, the first peak in road-traffintensity is larger than the second peak
whereas the converse is true in the summer. Thuiease in road-traffic intensity in the
evening peak with respect to the morning peak imrsar is in contrast to the near
disappearance of the secondary peak in EBC comtiemis in the summer, therefore also
providing evidence that the reduction of the seaoypgeak in EBC concentrations in the
summer is dominated by meteorological processesmdsion changes.

3.4 Evaluation of regional and local contribution t o BC concentrations

In order to evaluate the role of regional transpdrBC in this study area, the modelling
system was used to compare the base case emissigarie, with all emissions included in

all three modelling domains (denoted “all emissipm@th a scenario in which the emissions
in the outer two domains were set to zero (denttedo D01 and D02 emissions”). As

described in Section 2.2, domain DO1 covers theidhePeninsula, and parts of southern
France and North Africa while domain D02 includeste of southern Spain and southern
Portugal. For the sake of brevity, the scenarioltesre only shown for the Principes site in
January 2013 (Fig. 10).
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Figure 10. Simulated PM PEC concentratioruf n1) for the base case emission scenario (All emisgiand

the zero D01 and D02 emissions scenario, for Rréscmeasurement site, Seville during January 2013.

We observe that the simulated EBC concentratioihs adecrease slightly, with respect to the
base case scenario, when we remove the outer damagsions (Fig. 10). The mean relative
changes in the simulated BMEBC concentration for the Principes site duringuday and
June 2013 were -16% and -17%, respectively, whike thean absolute changes in the
simulated PMs EBC concentration were -0.3% nm and -0.14ug mi3, respectively. This
indicates that regional transport of BC is notrgdacontributor to EBC concentrations in the

medium size urban area of Seville and local sourcesiominant.

The mean absolute changes in simulate@d PEBC concentration for the Huelva site during
January and June 2013 were -0{d® nm® and -0.18ug mi3, respectively. These absolute
values in Huelva were similar to those in Sevili®ewever, as the overall magnitude of EBC
concentrations was less in Huelva, the relativecgregage contribution of the regional
transport of BC was larger. The mean relative ckhanm the simulated PM EBC

concentration, with respect to the base case soenahen we remove the outer domain
emissions for the Huelva site during January andeJ@013 were -37% and -46%,
respectively. Therefore, in the small size cityHolelva, regional sources potentially provide a

contribution to EBC concentrations similar to thatocal sources.
4 Conclusions

A measurement and modelling program has beenteutism south-west Spain to characterise
the concentrations and behaviour of black carbotwim different cities. A large seasonal

variability was observed in PM EBC concentration in the two cities, with higher
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concentrations in wintertime. The summertime EBGoamtrations were typically less than

half those of the wintertime.

The modelling system reproduces the diurnal, sedsand day to day variation in EBC
concentrations, with mean biases at the two sitethe winter and summer period ranging
from -0.14 to 0.29g ni3. Although there are some specific days where tbdsaiting system
does not capture peaks, in general the large rabgerved in the hourly EBC concentrations
is reproduced. This suggests that the system i&itag the dominant processes that affect
the EBC concentrations in these urban areas, nathelyneteorology and the spatial and

temporal distribution of emissions.

The modelling analysis demonstrates that the sehsarniation in EBC concentration in these
urban areas in southern Spain is largely drivethbyseasonal variation in meteorology, with
reduced dispersion conditions in wintertime leadiadhigher concentrations. There is little
seasonal variation in emission strength as alsoodstrated by road traffic intensity
measurements near the Seville site. There is a ldag to day variation in EBC concentration
observed within both the winter and summer monthy more than an order of magnitude
difference between the highest (fig n3) and lowest (0.2ig n73) mean daily concentrations
at the Principes Seville site, during January 20dr3example. This day to day variability also
seems to be primarily driven by the variation inteagological conditions, along with some
contribution from the differences in emission irdities between weekday and weekend days.
It is important to note that although the meteogaal conditions largely explain the relative
distribution between winter and summer and the peagkdifferent days, the total magnitude
of concentrations is still driven by emission sgém

The high temporal resolution in the measuremerds #ie understanding of the diurnal
variability of EBC concentrations and demonstraked the diurnal variation of EBC in these
urban areas is bimodal, with a morning and evemegk. However, there was a marked
seasonality in the diurnal pattern, with the EB@remg peak being larger than the morning
peak in the wintertime, while nearly disappearimghe summertime. This is consistent with a
deeper boundary layer lasting for longer in the daying summer reducing EBC
concentrations. Although the model does simulatedaced secondary peak compared to the
winter period, it doesn’t fully simulate the neasappearance of the secondary peak which
helps explain the larger discrepancy between thdemand measurements observed during

the summer period at the Seville site. The comparizetween model and measurements also
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indicates that the profile utilised for the tempatsaggregation of the road traffic emissions
during the weekend is likely overestimating the kel emissions and future work will

enable an improvement in these temporal profiles.

An evaluation of the role of regional transportBf in this study area, comparing scenarios
with and without outer domain emissions, demonstrdihat regional transport of BC is not a
large contributor to EBC concentrations in a medsiged urban area, such as Seville, and
local sources, such as on-road traffic emissioesgdaminant. However, in a small sized city,
such as Huelva, local sources play a less domir@at and the regional contribution is
potentially similar to that of local sources. Thentribution from residential combustion,
which is not present in the emission inventorycassidered to be minor. However, it could
contribute to the underestimation of EBC concerunst observed in Huelva in the winter
period and future improvements to our modellingtesyswould include the implementation

of this emission source.

It has been suggested that diesel sources prawedmost promising black carbon mitigation
options (Bond et al., 2013) and we conclude thaticgon of BC from diesel on-road sources
in these urban areas would indeed be a way forteagdin maximum benefits in both climate
mitigation and air quality and resulting health &&n Based on the results here, we propose
that mitigation strategies aimed at a targetedrognfor example reducing the heaviest on-
road emitters in wintertime, would yield the gresitieenefits.

The issue of reduction of on-road diesel BC emissis particularly relevant for Spain as it is
one of the countries in Europe which has experigribe largest dieselisation of its vehicle
fleet in recent years. Its percentage share ofelliesrs in its total passenger car fleet rose
from 15% in 1995 to 50% in 2009, placing it 6ut of the 30 EEA member countries (EEA,
2011) in terms of its diesel share and substaptgakbater then the EEA average of 28%. The
diesel percentage share of the total passengéieeaiand indeed of the total vehicle fleet has
continued to rise in Spain, to 55% and 56% in 2MGT, 2013). Taking into account that
BC has been identified as a more sensitive indidatowehicle exhaust related air pollution,
the parallel measurement and modelling of BC iranrareas constitutes a useful tool to both
evaluate the potential of any proposed traffic smis reduction measures while also

monitoring the effectiveness of any traffic emissieduction measures already implemented.
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