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Abstract. The study of Saharan dust events (SDE) and bioimassng (BB) emissions are both topic of great rsidiie
interest since they are frequent and importanugialy scenarios affecting air quality and climathe main aim of this work
is evaluating the feasibility of using near reatdi in situ aerosol optical measurements for theedtieh of these
atmospheric events in the Western MediterraneamBs¢MB). With this aim, intensive aerosol optigaloperties (SAE:
scattering Angstrém exponent, AAE: absorption Ariyyst exponent, SSAAE: single scattering albedo Amgstexponent,
and g: asymmetry parameter) were derived from mndtielength aerosol light scattering, hemisphe&ckiscattering and
absorption measurements performed at regional (8éoryt MSY, 720 m a.s.l.) and continental (Montdd&A, 1570 m
a.s.l.) background sites in the WMB. A sensitivdtydy aiming at calibrating the measured intensiptical properties for
SDE and BB detection is presented and discussed.

The detection of Saharan dust events (SDE) by mefiihe SSAAE parameter and Angstrém matrix (maoléy SAE and
AAE) depended on the altitude of the measuremexttost and on SDE intensity. At MSA (mountain-tape SSAAE
detected around 85% of SDE compared with 50% at MSation, where pollution episodes dominated bye fin
anthropogenic particles frequently masked the effifc mineral dust on optical properties during lestense SDE.
Furthermore, an interesting feature of SSAAE wag#pability to detect the presence of mineral diist the end of SDE.
Thus, resuspension processes driven by summemgdgitmospheric circulations and dry conditiongm8DE favored the
accumulation of mineral dust at regional level hgvimportant consequences for air quality. On ayer&AE, AAE andy
ranged between -0.7 and 1, 1.3 and 2.5, and 0.5.@5¢d respectively, during SDE.

Based on the Aethalometer model, biomass burnii®) (®ntribution to equivalent black carbon (BC) aaoted for 36%
and 40% at MSY and MSA respectively. Linear relastaps were found between AAE and %BGwvith AAE values
reaching around 1.5 when %RQvas higher than 50%. BB contribution to organidtera(OM) at MSY was around 30%.
Thus fossil fuel (FF) combustion sources showedoitgmt contributions to both BC and OM in the reginder study.
Results for OM source apportionment showed goodeaagent with simultaneous biomass burning orgarricsaé (BBOA)
and hydrocarbon-like organic aerosol (HOA) caladiafrom Positive Matrix Factorization (PMF) appliedsimultaneous
Aerosol Mass Spectrometer (ACSM) measurements.|dfivéi episode was identified at MSY, showing AAElwes up to 2

when daily BB contributions to BC and OM were 7386 8% respectively.

1. Introduction

Atmospheric aerosols play an important role in @avironment affecting air quality and health (Papel Dockery, 2006),
contributing to the largest uncertainties to théaltoadiative forcing (IPCC 2007, 2013). Aerosofeafs climate by
perturbation on the Earth’s radiative budget, diyeihrough absorption and scattering of solar terdestrial radiation, and
indirectly by acting as cloud condensation nucleigmey et al., 1984; Albrecht, 1989). Most partickeatter the sunlight,
causing a net cooling at the top of the atmospfiE@A), whereas black carbon (BC) absorbs solarataati in the whole
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visible spectrum, thus causing a net warming aflt®& (Jacobson, 2001; Ramanathan and Carmicha@8; ®ond et al.,
2013). Absorbing particles can modify the radiatftuxes directly, by absorption of shortwave saladiation and semi-
directly, by modifying the temperature distributiohthe atmosphere. Absorption in the UV rangaripdrtant, since it may
affect photo-chemistry thus reducing troposphedon® concentration (Jacobson, 1998; Chen and BOtD)). Mineral
matter and some organic compounds mainly from basntaurning (BB) emissions, called brown carbon (Bigan also
absorb solar radiation in the UV range of the ssfactrum. BrC contains a large and variable gafugrganic compounds
including humic substances, polyaromatic hydrocasb@nd lignin (Andreae and Gelencsér, 2006), amsl formed by
inefficient combustion of hydrocarbons (biomassning) and also by photo-oxidation of biogenic pdes (Yang et al.,
2009). The light absorption by mineral dust depemnists content of ferric oxides (Sokolik and Tod899; Alfaro et al.,
2004).

Thus, the study of the relationship between phygiemical and optical properties of aerosols isngfiprequired in order
to obtain a deeper characterization of atmosptzmiosols and therefore a better estimation of tlagiiative forcing. Some
parameters can be derived from multi-wavelengtltextag and absorption aerosol measurements irr doddescribe the
optical properties as a function of the wavelengthese parameters, such as single scattering alt®%ld), asymmetry
parameter (g), scattering Angstrom exponent (SABjorption Angstrom exponent (AAE) and single sttty albedo
Angstrém exponent (SSAAE), are determined by thesigochemical properties of aerosols and are céfleshsive because
do not depend on the particle mass. These intempsiveerties present a valuable input for climatedet®, which require
accurate information concerning the variability atimospheric composition for targeted species vimparison with
observations (Laj et al., 2009). Given the hugeietarof aerosol emission sources and formation wadsformation
processes, there is a substantial need of acawatéime aerosol optical measurements to achideearror estimation of
the effects that atmospheric particles have onatkntoupling experimental measurements and modaiésults (IPCC,
2007; 2013).

In order to get a wide coverage of the spatialakility of aerosols, aerosol optical data are atadiall over the world from
both in situ and remote measurements. The in gitical measurements are usually performed in iatéwnal networks by
means of automatic instruments which provide rema¢tdata at high temporal and spatial resolutiammé& of the most
relevant networks are Aerosols, Clouds and Tracee&a&Research InfraStructure (ACTRIS; www.actri3,n€obal
Atmospheric Watch (GAW; www.gaw-wdca.org), Aerogmbotic Network (AERONET; www.aeronet.gsfc.nasa)gawd
NOAA baseline observatory (www.esrl.noaa.gov).

The WMB is affected by a large variety of emissi@osirces: natural sources such as Saharan dushenaarosols and
wildfire; industrial and urban emissions from ddypg®pulated areas in the coastline; and transbanynilom the European
continent (Steinbrecher et al., 2009; Rodriguealet2011; Pey et al., 2013a , 2013b; Garcia-Hartadal., 2014). The
atmospheric dynamics coupled to local orographgginise to a complex mixture of pollutants (Millénal., 1997) where
aerosol formation and transformation processes pdee and accumulation of pollutant is very fragu@&odriguez et al.,
2002, 2003; Pérez et al., 2004; Jiménez et al§;2P8y et al., 2010; Jorba et al., 2013; PandbHi.e 2014b). Furthermore,
the high occurrence of Saharan dust events (SDipeatally during the summer period, also contribsttengly to the
increment of P\, levels in the WMB (Rodriguez et al., 2001, 201%e€dl et al., 2009; Pey et al., 2013a). In factreno
than 70 % of the exceedances of the PM10 dailyt Maliue (2008/50/CE European Directive) at mostaegl background
sites of Spain have been attributed to dust oukisréascudero et al., 2007a). Thus, all these pseselead to a radiative
forcing in the WMB among the highest in the wordg@bson, 2001). Nevertheless there is a large tanagrin the total
radiative forcing by atmospheric aerosols in thedigranean area (Mallet et al., 2013). The higbuo@nce and intensity
of SDE in the WMB give us the opportunity to loogeply into the characterization of the optical gndies of mineral dust

when mixed with local aerosols. Despite severalisgipublished on physical and chemical propedigsineral dust in the
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WMB region (Rodriguez et al., 2001; Escudero et2007b; Querol et al., 2009; Pey et al., 2013a)y ¥ew have studied
how SDE affect the aerosol intensive optical prapsi(Pandolfi et al., 2011 and 2014a; Valenzuekd.e2015)

Possibly related to the scarce use of biomass hgifior domestic heating in the Mediterranean regiompared to Central
and Northern Europe, very few studies have beelfighdal describing BrC effects on intensive aeragical properties in
the WMB. However, recent studies have estimatedt ifmmass burning sources in the WMB may contribmte than
expected to the measured ambient elemental caB@hgnd organic carbon (OC) concentrations (Mirigaikt al., 2011
and 2015; Reche et al., 2012; Mohr et al., 2012n¥iet al., 2013; Pandolfi et al., 2014b). In thetselies the biomass
burning source was characterized by means of tqabaeisuch as positive matrix factorization (PMF)AMS (Aerosol
Mass Spectrometer) or ACSM (Aerosol Chemical SpieciaMonitor) data, filter-based analysis of 14Cdamm specific
chemical tracers such as levoglucosan or K+. Nbetass, only few studies have used multi-waveleAgtfhalometer data
(Sandradewi et al., 2008b) in the WMB (Segura e&l14).

The main aim of this work is to provide a deep al#grization of the intensive optical propertieghospheric aerosols in
the WMB under specific pollution episodes (SDE #81#i). Thus, here we evaluate the feasibility of gsihe intensive
aerosol optical properties for the near real-tireéedtion of specific atmospheric events in the WMBsensitivity study
aimed at calibrating the measured intensive aeroptital properties is presented and discussed.sWev that this
calibration is needed to take into account thectgfef local pollution on the intensive optical pesties during SDE and BB
events. Moreover, we provide the range of varigbilif the calculated intensive optical propertissaafunction of the
intensity of these events. This information is dumble input for models studying the radiative effeof atmospheric
aerosols in this very peculiar area. With this amn used high-quality data collected at two statilmesited in the WMB:
Montseny (MSY, regional background station; 720 .13 and Montsec (MSA, remote station; 1500 ml.x.A list of

acronyms used in this work is provided in table S1.

2. Methodology
2.1 Sampling sites

Results presented in this study were obtained fdata collected at two in situ measurement statiocated in the NE
Iberian Peninsula (Fig. 1).

The Montseny (MSY) site, integrated in the ACTRI&I(osol, Clouds and Trace gases Research InfraBte)metwork, is
a middle altitude emplacement (720 m a.s.l.) repredive of the regional background in the WMB. TW8Y measurement
station is located in the Montseny Natural Park{8IN, 02°21'E), 40 Km to the NNE of the Barcelongban area and 25
km from the Mediterranean coast, and is frequeatftigcted by anthropogenic emissions (Pérez e2@08).

The continental background site Montsec (MSA), gns¢ed in the GAW (Global Atmosphere Watch), iseanote high
altitude emplacement (1570 m a.s.l.) situated & gbuthern side of the Pre-Pyrenees at the Momf#ges mountain
(42°3'N, 0°44’E), 140 km to the NW of Barcelona ahd0 Km to the WNW of Montseny (Ripoll et al., 2014n situ
optical aerosol properties measured at these ttes svere performed following the standards requibgdGAW and
ACTRIS networks.

Detailed information on these monitoring statioaa be found for example in Pérez et al. (2008),®a}. (2009), Pandolfi
et al. (2011), Cusack et al. (2012), and Minguiliral. (2015) for MSY, and in Ripoll et al. (20%ahd 2015b), Pandolfi et
al. (2014a) for the MSA site.
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2.2 Classification of atmospheric scenarios

The classification of atmospheric episodes affgcMBA and MSY sites on each day of the samplingopenas performed
following the procedure described by Ripoll et(@014) using BSC-DREAM8b (Basart et al., 2012), B&N (Nickovic et
al., 2001) and HYSPLIT (Draxler and Rolph, 2015{g®02015) models.

A detailed description of the main meteorologicabgesses affecting the area under study can belfouPérez et al.,
(2008); Pey et al., (2010); Pandolfi et al., (2014&ipoll et al., (2014). This study is focusedtire atmospheric scenarios
affecting significantly the concentrations of pedints in the WMB: North African (NAF), summer rega (REG) and
Atlantic advections (AA). SDE, driven by NAF air sses, are more frequent from March to October glyocontributing

to increase PM. The summer REG scenarios favour the dispersidghepollutants around the emission sources and the
transport and accumulation of pollutants through tbgional recirculation of air masses (Millan bt 4997). Often REG
occur after SDE causing important effects on aialitys as shown later. Atlantic advections (AA) affethe WMB
throughout the year but mainly in winter. Fresh atghn air masses from the Atlantic clear out tfevipusly accumulated
stagnated air masses, leading to lower pollutanteatrations at regional scale. The seasonal liigiton of the main
atmospheric episodes throughout the year is vemnjylasi at MSY and MSA. However, during colder pesodSA high
altitude station is frequently within the free togphere conditions whereas MSY station is freqyenffected by
regional/local emission sources being often withim planetary boundary layer PBL (Pandolfi et2014 a, b).

The African dust contribution to Pi(%dust) at MSY was calculated by the statisticathmdology described in Escudero
et al. (2007b) and Pey et al. (2013). This metisoldaised on the application of 30 days moving 4etieentile to the daily
PM,, data series, after excluding those days impacyeéiftican dust. For those days affected by Africhrst the percentile
value is assumed to be the theoretical backgroondemtration of PM if African dust did not occurftéy that, the African
dust daily contribution is obtained as the differeetween the experimental RMoncentration and the calculated 40th

percentile value.

2.3 M easurements and instrumentation

2.3.1 Aerosol absorption and Equivalent black carbon (BC) concentration measurements

Aerosol light absorption coefficient{) at 637 nm (Muller et al., 2011a) was measurefl atin resolution with a Multi
Angle Absorption Photometer (MAAP, model 5012, Thej. BC mass concentrations (Petzold et al., 2@&3¢ calculated
assuming a constant mass absorption cross seMid@) of 6.6 nf g (Petzold and Schénlinner, 2004). The detectioit lim
of the MAAP instrument is lower than 100 ng*rover 2 min integration.

Aerosol light absorption coefficients4) at seven different wavelengths (370, 470, 520, %80, 880 and 950 nm) were
obtained every 1 min at both stations by meansath&lometer instruments (models AE-31 and AE-33)M&A site the
AE-33 (Drinovec et al.,, 2015) was equipped with MR cut-off inlet until March 2014 and with a Rpcut-off inlet
afterwards. Absorption measurements at MSY stati@re carried out with a P} cut-off inlet using an AE-31
Aethalometer model from June 2012 to June 2013 teplaced with an AE-33 model. Absorption measnas from the
AE-31 were corrected for loading and scattering@ff according to Weingartner et al. (2003). The-specific AE-31
multiple scattering correction factor (C) at MSY svabtained by comparing with measurements from MAghE it was
estimated in around 3.6. Data was normalized tadstal conditions (273K, 1013 hPa). Multi-waveleng#nosol absorption
measurements used in this work cover a period®f/@ar at MSY (June 2012-December 2014) and arGuehr at MSA
(November 2013-December 2014).

2.3.2 Aerosol scattering measurements
Aerosols light scatterings(, and hemispheric backscatteringsf) coefficients were measured at each site everyrbain
three different wavelengths (450, 525 and 635 nnth \a LED-based integrating nephelometer (model ofar3000,
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ECOTECH Pty,Ltd, Knoxfield, Australia). Calibratiari the nephelometer was performed three timeyear by using C®

as span gas while zero adjusts were performed percday by using internally filtered particle freie. A relative humidity

(RH) threshold was set following the ACTRIS reconmaiations (RH<40%). Scattering measurements weneated for

truncation due to non-ideal detection of scatteradiation following the procedure described in (Miilet al., 2011b).
Multi-wavelength aerosol scattering measuremengsl iis this work cover a period of 5 years at MSMiti January 2010
to December 2014) and 3.5 years at MSA (from Jal120 December 2014).

2.3.3 PM measurements

Real-time PM concentrations were continuously meabat 30 and 5 min resolution by optical particteinters (OPC)
using GRIMM spectrometers (GRIMM 180 at MSY, andI@RI 1107 and GRIMM 1129 at MSA). Concentrations wer
corrected by comparison with 24 h gravimetric massasurements of PMx (Alastuey et al., 2011). Favignetric
measurements 24h PMx samples were collected evdayglon 150 mm quartz micro-fiber filters (Pakf@AT) with high-
volume (Hi-Vol) samplers (DIGITEL DH80 and/or MCVAY-A/MSb at 30 ni h™).

3. Calculation of the intensive aerosol optical properties

The extensive and intensive aerosol optical proggeend the equations used to derive the intermsivperties are reported
in Table 1 and briefly commented below.

In order to study some of the aforementioned intensptical properties over a wider spectral rarthe, 3. scattering
measurements from nephelometer were derived a thethalometer wavelengths using the SAE calculdteth 3\
measured scattering. Once scattering was obtairtbe @, we estimated SSA and SSAAE at theke 7

The extensive and intensive aerosol optical progeend the equations used to derive the intensivperties are reported
in Table 1 and briefly commented below.

In order to study some of the aforementioned intensptical properties over a wider spectral rarpe, 3. scattering
measurements from nephelometer were derived af thethalometer wavelengths using the SAE calculdteth 3
measured scattering. Once scattering was obtairibe ., we estimated SSA and SSAAE at theke 7

a) The SAE depends on the physical properties of aB@nd mainly on the size of the particles. GdherSAE
lower than 1 or higher than 2 indicate that thettedag is dominated by larger or finer particlesspectively
(Seinfeld and Pandis, 1998; Schuster et al., 2066his study SAE was estimated from a lineaofiB\ scattering
measured in the 450-635 nm range.

b) Theg parameter (Delene and Ogren, 2002; Andrews e2@06) is defined as the cosineighted average of the
phase function which is the probability of radiatioeing scattered in a given direction. Valueg ofin range from
-1 for 180° backwards scattering to +1 for completevard scattering (0°). A value of 0.7 is commponbked in
radiative transfer models (Ogren et al., 2006).

c) The AAE provides information about the chemical position of atmospheric aerosols. BC absorbs riadiah
the whole solar spectrum with the same efficietloys it is characterized by AAE values around Ir¢Kstetter et
al., 2004; Kim et al., 2012). Conversely, BrC andenal dust show strong light absorption in theehia ultraviolet
spectrum leading to AAE values up to 3 and 6.5aesyely (Kirchstetter, 2004; Chen and Bond, 20K et al.,
2012; and Petzold et al., 2009). AAE was estim#itexh a linear fit of Z absorption measured in the 370-950 nm
range.

d) The SSA parameter is defined as the ratio betwblenstattering and the extinction coefficients agiven
wavelength and describes the relative importanceattering and absorption on radiation. Thus BA Barameter

indicates the potential of aerosols for coolingn@rming the atmosphere. A detailed description 8A%t both
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MSY and MSA was presented by Pandolfi et al., (3Cdrid (2014a), respectively. Nevertheless in thaskvthe
SSA is used with the main objective of calculatBAAE.

e) The wavelength dependence of the SSA is knowneaS8AAE and it is defined as SSAAE=(1-SSA)*(SAE-AAE
(Moosmiller and Chakrabarty, 2011). This paramet@vides general information about the type of dachp
aerosols integrating both physical and chemicaperiies, and it has been proposed as a good inditat the
presence of Saharan dust in the atmosphere (Colaenh et al., 2004). The Saharan dust outbreaksgehthe
intensive optical properties of sampled aerosolsiog a reduction of SAE and an increase of AABulteng in a
negative SSAAE during these events. Therefore himmeter can be used to assess which type ofohésos
dominating the scattering and the absorption. F@mple Collaud Coen et al. (2004) reported measenésn
performed at the high altitude alpine station Juagibch (Switzerland) and showed that the SSAAE alale to
detect 100% of Saharan dust outbreaks compared80#h and around 40% of events detected using SAE an
AAE, respectively. Russell et al. (2010) has alsofggmed the AAE and SSAAE parameters for full aeto
vertical columns obtained from sun-sky photome&trievals, in order to characterize aerosol coludwmsinated
by the two important sources of UV absorbing adsysbiomass burning and Saharan dust. The SSAAE was

estimated from a linear fit oi#SSA calculated in the 370-950 nm range (Table 1).

4. The Aethalometer model

The Aethalometer (AE) model allows the detectiomoskil fuel combustion (FF) and biomass burning)Bontributions to
the total BC concentrations taking advantage ofdifferent spectral absorption efficiency of theimmarkers of these two
sources: BC for FF combustion and BrC for BB (Saddwi et al., 2008b). The AE model has also beefieapfor FF and
BB source apportionment to total carbonaceous mah{gM;,,~OM+BC) and to organic matter (OM) (Favez et a1@).
Light absorption measurements at 370-450 nm ané9880nm are used due to the fact that BC from FhRlastion has a
weak dependence on wavelength whereas BrC fromhBB/s enhanced absorption at shorter wavelengthe. e applied
the AE model to absorption measurements perforrh8@@nm and 950 nm.

The AE model is usually applied selecting AAE valaound 0.8-1.1 for BC from FF combustion (AA&nd around 1.6-
2.2 for BB (AAE,,). It is known that the AE method may lead to higitertainties in the estimation of biomass burning
contribution due to the high variability of AAEdepending on the wood burned combustion regimeaanthe internal
mixing with non-absorbing materials (Lewis et 2008; Harrison et al., 2013). Thus, AQBnd AAE,, are usually chosen
by comparing the AE model outputs with FF and BBtdbutions to BC and/or OM from other techniquastsas chemical
mass balance (CMB) model on off-line filter measueats, positive matrix factorization (PMF) model AMS and/or
ACSM data or**C technique (Favez et al., 2010; Herich et al.,12@rippa et al., 2013). Here we followed a similar
procedure to calibrate the AE model: the optimalEpAand AAE,, were selected comparing results from the AE mudii
those obtained from PMF on simultaneous ACSM hoddta at MSY station for 1 year (Minguillén et &Q15). Then, the
optimal AAE; and AAE,, for MSY were applied to MSA Aethalometer model.

In the present work, Cl, was calculated as the sum of BC concentration unedsy MAAP (637 nm) and OM measured
by ACSM. Following equations (1-3), Gl was expressed as the sum of carbonaceous mdterialFF combustion
(CMg), carbonaceous material from BB emissions (gMnd non-combustion organic aerosols (OA). At M&ation, OA
may account for a large contribution mainly in suenrand includes principally organic aerosols froimgbnic origin as
reported in Minguillén et al. (2011) and Pandolfiat (2014b). Thus, we included the constagirCcontrast to previous
studies where it was negligible assuming a low rdoation of OA sources. CMand CM,, were then expressed as the
product of the constants {@nd G) multiplied by the aerosol absorption due to FP3® nm (ks 959 and the aerosol

absorption due to BB at 370 nmufhy 37), respectively. The £ #os0and hps pp37vere calculated for different values of
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AAE¢x and AAE,, following the equations reported in Sandradewale{2008b) and then used in eqgs. 1-3 for OM source
apportionment. Finally, the constants, @, and G, which related the light absorption to the patite mass, were

calculated by multilinear regression (MLR) analysis

CMota = CMg + CMy;, + OA 1)
OM + BC = G.baps 1,950t Co-Baps,bw,370+ G (2
OM + BC = (OM+BCi)gs0 + (OMpy+BCyp )376+ OA (3

Once BG, BG,, CMi¢ and CM,, have been estimated, the contributions of FF aBdddBOM (OM; and OM,,) can be
calculated by subtracting BC to CM (Favez et &11®.

5. Results and discussion
5.1 General features

Mean, standard deviation, median, minimum, maximskewness and percentiles (5, 25, 50, 75, 95) ofiyyextensive and
intensive aerosol optical properties used in thiskware reported in Table S2 for MSY and MSA. Alilgb the periods
considered at the two stations were different, tomeerage was sufficiently large to allow for a rewerization of the mean
aerosol optical properties at the two sites. Mealnas of scattering, backscattering and;pPdbncentrations at both sites
were consistent with previous studies performethase stations (Pandolfi et al., 2011, 2014a; Rigioal., 2014, 2015b).
Higheros, ando,s, Were on average measured at MSY consistent wgtheniPM, concentrations due to the larger impact of
anthropogenic sources at this station. Consequeatiyer absorptios., (Mm™) at 470 and 880 nm was also observed at
MSY (7.66+6.5 and 3.51+2.99) compared to MSA (33585 and 1.59+1.71).

Mean values of) (525 nm), SAE and AAE at MSY station were 0.596).0.38+0.79 and 1.30+0.30, respectively. At MSA
station mean values for these parameters were 0.54+1.58+0.83 and 1.36+0.27. Mean SAE was highddSA station
compared to MSY which could be explained by a damae of smaller particles on average at MSA lildg to frequent
position of the station within the free tropospharewinter. As already reported (Andrews et al.120Berkowitz et al.,
2011; Marcq et al., 2010; Pandolfi et al., 2014mmder low aerosol loadings at mountain top sitesyliich large aerosols
scattering particles have been preferentially resdovhe aerosol mixture is mainly composed of netht smaller and
darker particles. Previous studies at MSA have ritestt the free troposphere conditions, charactérlze very low PM
concentrations (<1.5 ug, low values of SSA (0.83) and g (0.43) parametad increasing SAE (Pandolfi et al., 2014a).
MSY site presented slightly lower AAE values congzhto MSA, due to a major predominance of blackeamarticles as

a consequence of the proximity to Barcelona urb@a.aSSA was slightly higher at MSA (0.85+0.08 &n82+0.3)
compared to MSY (0.83+0.07 and 0.8+0.12) at 470&8@nm, respectively.

5.2 Detection of Saharan dust outbreaks using aer osol intensive optical properties
As already observed, SDE can be detected usingabgiroperties measurements taking advantage othheges that
mineral dust causes in the spectral dependencero$a scattering and absorption (Collaud Coen.g2@04). In fact SDE
scenarios are characterized by a decrease of $A&kcansequence of the predominance of coarselpastand an increase
of AAE due to the enhanced absorption in the U\ctpen by mineral dust. The angstrom matrix is aulgeol to detect
periods dominated by SDE (Russell et al., 201@piitsist of a scatterplot made up by SAE paranietére x-axis and AAE
parameter in the y-axis, providing information abaerosol size and composition, respectively. Ttetsrplot can be
colour coded and investigated by other parametewsder to further characterize the atmospheriosa®s. In our case the
matrix was colour coded by different air mass arighd by the coarse fraction contained within tivdP(%PM,.1 in
PM,g), which was calculated as the difference betweiy@and %PM, contained within the P fraction.
The Angstrém matrix for MSY and MSA (Fig. 2b, e)osted dominance of coarse material (high % of,R\Nh PM,)
related to low values of SAE (roughly lower tharahy larger values of AAE (approximately highemtia3) during SDE.

7



10

15

20

25

30

35

40

In order to demonstrate that these SAE and AAEdimere mainly related with the presence of mihdust from Africa in
the area under study, the Angstrém matrices wese mivestigated by the occurrence of the three ratinospheric
situations affecting MSY and MSA stations: SDE, RB@ AA (Figs. 2a, d). As shown in Figs. 2a, d tagion of the
Angstrom matrices representing SDE well fits witle tSAE and AAE limits reported above (Figs. 2b, AJerage and
standard deviation of SAE and AAE during SDE werk210.87 and 1.27+0.24 for MSY, and 0.69+0.78 ard #0.25 for
MSA. Lower SAE and higher AAE at MSA pointed toaader dominance of mineral dust and a purer cortipnsiluring
these events at the high altitude station (Fig. B¢¢rage PM,concentrations during SDE were 25.4+17 and 21.Q#] /%
3for MSY and MSA respectively. Further informationopiding the frequency distribution and averageueal of SAE,
AAE, PMypand %PM..0in PMy, for each atmospheric situation at both statiomegerted in Fig. S1.

The feasibility of detecting Saharan dust outbreaksneans of the hourly Angstrém matrices is furthenfirmed in Fig.
S2, where the Angstrém matrix for MSY station wasighted by the %dust (daily base) for those dafectdd by SDE.
The quantification of African mineral dust contrilan to PMg (%dust) at MSY was calculated by the statistical
methodology described in Escudero et al. (2007 Rey et al. (2013a) (detailed in sub section D®spite the scarce
availability of simultaneous daily data points oAE5 AAE and %dust for the period under study, thegftrom matrix
showed lower SAE and increasing AAE with increasimgnsity of SDE (%dust), in agreement with theg8imém matrix
reported in Fig. 2b. However, Fig. S2 clearly shothat there are conditions when the AAE-SAE paiesiaot
unequivocally detect the Saharan dust outbreaksg®AE higher than 1.0-1.5 and AAE lower than 1.2- These points
are characterized by relatively low (<40% approxighg dust contribution to PN representing not very intense SDE.
Thus, this region of the Angstrém matrix identifiad aerosol mixture between mineral dust and aptigenic pollutants of
mainly local origin. Then, we can conclude that:sajne points during REG episodes (yellow dots igsFila, d) were
characterized by SAE and AAE values similar to éhobserved during SDE indicating presence of minguat in the
atmosphere, and that b) for some SDE, the correBpgmAE-SAE pairs do not unequivocally confirm tpeesence of
mineral dust (anthropogenic emissions and minarsi chixing).

The blue spot area displayed in the Angstrom médrinSA station (Fig. 2e) showed AAE-SAE pairs @eterized by low
contribution of PM.igto PM,o~%1-10, which are mainly represented by AA scenaograge and standard deviation of
SAE and AAE during these scenarios were 1.35+0r@5 133+0.27 for MSY, and 1.65+0.57 and 1.30+0.66 MSA,
respectively. PN, showed the lowest concentrations during thesetsybaing 11+7 and 9.4+6 pgrespectively for MSY
and MSA (Fig. S1). These AA scenarios, some of thelated with free troposphere conditions in MSAidg winter, lead
to a cleaner environment free of pollutants chamed by finer and relatively darker particlesttie Angstrém matrix.
Conversely, a predominance of REG scenarios is&eBISY (yellow dots in Fig. 1a), related to largentribution of PM.
10to PMyo (40-80%) (Fig. 2b). SAE and AAE values during RE@isodes were 1.61+0.87 and 1.24+0.19 for MSY, and
1.66£0.48 and 1.29+0.15 for MSA, respectively. Blwverage Pl concentrations during these atmospheric situatizere
15.6+8 and 12.6+7 pg ffor MSY and MSA (Fig. S1). REG episodes, mainlyated to pollution scenarios, are
characterized by local (affecting lower altitudgioms driven by the breeze patterns) to regioreddhning higher altitude
locations driven by larger circulations and upslap@ds) atmospheric circulations transporting fiperticles from the
urbanized/industrialized coastline. SAE ranged betw0-3 and 1-2.5 at MSY and MSA stations, respelgti during REG
scenarios, whereas main AAE values ranged betwelen &t both stations. Recently, Mallet et al. @0deported column-
integrated AAE (440-870 nm) values across the Medinean using Level 2 AERONET data varying fromuad 1.3 in
urban areas to more than 2 at Mediterranean diies; s

In order to study how SDE affect the asymmetry pater in the area under study, Figs. 2¢ and f shavedified Angstrém
matrix where they parameter was investigated instead of SAE at btitions. This parameter can also be used to dstima
the size of aerosols according to the differendfénscattering direction presented by small argklaparticles, since larger

particles present higher forward than backwardtegay. During SDE,g was similar at both stations, approximately
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ranging between 0.55-0.75 at MSA and between 0.%0OMSY. These results are in agreement with tigosgues reported
by Ogren et al. (2006) for other in situ measuremenherefore, given that SAE parameter presemetavariability tharg

in relation to changes in %PM, we conclude that SAE is a better proxy for estingpaerosol size. Despite this, providing
experimental variability ranges fgris important given that the asymmetry parametepoismonly used in radiative transfer
models (Ogren et al., 2006).

As already mentioned, the SSAAE has been identd®@d good indicator for Saharan dust outbreaksoaintain top sites
being negative during these types of events (Cdli@aen et al., 2004). The SSAAE is a useful paramethich can be
used together with the Angstrém matrix in orderck@racterize mineral dust at different emplacemaeuitis the aim to
identify SDE in real-time. Similarly to what alreaabserved for the Angstrém matrices, our resutiswed that the
feasibility of detecting SDE by means of SSAAE deged on both the location and altitude of the mesamant station,
which determines the aerosol background conceotratind the intensity of the SDE.

Figure 3a showed a relationship between SSAAE adds¥at MSY for those days affected by SDE. At M8hgere %dust
was not calculated due to limitations of the metilody, SSSAE did correlate with percentage of cograrticles in PN}
(Fig. 3b). SSAAE became negative for most of theeS@entified at MSA accounting for 85% detectiontlbése events.
However SSAAE showed more frequently positive valnear to zero at MSY, detecting 50% of SDE dua targer
exposure to anthropogenic emissions. The SSAAEmeczegative when the relative contribution of Sahatust to Py}
(%dust) at MSY was higher than approximately 60&ekng positive values at lower %dust in lllespite the presence of
mineral dust.

Figure 3c shows an example of the daily variatibBiS8AAE, SAE and AAE at MSY during a SDE. Low vatuef SAE
(<1) and higher values of AAE (>1.5) led to negati@8SAAE during the night, indicating presence ofieral dust.
Conversely, during the day, anthropogenic fineytatts transported from nearby polluted areas hantlithe optical effect
of mineral dust during non-intense SDE (54% of dasPM,q). Consequently, despite the impact of mineral dtis
SSAAE turned into positive values. SAE reached esliaround 2 indicating dominance of fine particksd,
correspondingly, the AAE lowered to around 1.2 ¢adiive that these fine particles were mainly othampogenic origin.
Thus, the proximity to anthropogenic sources unsfecific atmospheric conditions (i.e. strong breapnd low SDE
intensity) can prevent both the Angstrém matrix #relSSAAE parameter from detecting SDE.

A different scenario is shown in Fig. 3d, where t®aharan dust outbreaks were detected and higitighy the yellow
rectangles. The SSAAE was negative during the tutbreaks keeping negative values between the twatsdespite the
influence of Atlantic air masses during the dayth2id 24th October 2013. Interestingly, the SSAA&ched the lowest
negative values during the subsequent days afeeiSIDE, until precipitation scavenged pollutantsrfrthe atmosphere
(highlighted by the blue rectangle). Thus, the lanad regional recirculation of air masses under REG episode, often
lasting for a few days, recirculated an aerosoltanex dominated by coarse Saharan particles in tinesphere at a level
able to cause the SSAAE be negative even in absefngfican air mass advection (Fig. S3). It isergsting to highlight
that despite the intensive optical parameters stidive presence of mineral dust during the REG episwith SSAAE<0
and the corresponding decreasing SAE and increasiif, the Dream was not able to reproduce the catation of
mineral dust (Fig. S3d), and only a simulation @thhspatial resolution could characterize the ev@&he evidence that
mineral dust can recirculate under dry conditionsummer for a few days after the SDE is of higauance for air quality.
Thus, near-real-time aerosol optical parameters a8cSSAAE are very useful to detect mineral dushé atmosphere even

after the end of the event.
5.3 Detection of biomass bur ning using aer osol optical properties

5.3.1 Calculation of the constants from the Aethalometer model
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In order to test the stability of the AE model tarr emplacement (MSY), CC, and G were calculated varying (Table 2):
a) AAE,, between 1.8 and 2.2 (for a fixed AGEL), and b) AAE between 0.9 and 1.1 (for a fixed AAE?2). In the first
case (a) €showed a very low variability keeping values amun05+0.01 g nf ,whereas €showed a higher variability
ranging between 0.28 g M(AAE,;=1.8) to 0.24 g fif (AAE,=2.2). In our work G, which represents the contribution from
non-combustion OM, was estimated in around 0.3%41§ m°>. These results were consistent with previous studealing
with AE source apportionment to OM and reportingsl@ariability for G compared to £(Sandradewi et al., 2008b; Favez
et al., 2010). In another study (Herich et al., DOthe AE model was not applied to OM mainly dughe high variability
(i.e. model instability) observed for, @om different model outputs. In the second cdge @ changed only little (less than
10%) ranging between 1.01 g TM{AAE«=0.9) to 1.09 g ff (AAE4=1.1) for a fixed AAE, of 2. As reported below, AAE
for our environment was set to 2 by comparison \&ithillary experimental measurements, whereas Ad&s set to 1 as in
previous studies, given the lower sensitivity of thE model to AAE compared to AAR. It is important to consider that
the values of €(~1.05 g m? and G (~0.26 g m?) calculated for our emplacement were differentfrihose reported in
previous studies for different environments. Inithgorks, Favez et al. (2010; Grenoble) and Sarelract al. (2008b;
Roveredo, Switzerland) set @ a fixed value of 0.26 g T being this parameter less variable, anav@s estimated around
0.7-0.8 g m”. Differences between the constants were due tdatiger use of biofuel for domestic heating in théater
locations, leading to higher contribution of BBB& compared to FF combustion sources (and prodabyyeffect of FF
sources). Contrary to our emplacement where resaticated (as shown later) higher contributionnird-F sources
compared to BB for both BC and OM.

Given the large differences our constantsa@d G showed compared to previous studies for diffemmtronments, we
applied here a similar procedure as described inchleet al. (2011). Thus, we simulated @M using G and G from
Sandradewi et al. (2008b) and Favez et al. (2C®),Qps 1 01) aNd Rps boy2) @S derived from our measurements. As expected
the results showed very low correlation betweenuated and measured CM%4®.009; slope=0.65) compared t&=® and
slope=1 using our calculated constan{s@G and G. Therefore we conclude that calculation of thecH#fmeconstants of the
model for the area under study is required in otdeuccessfully perform the Aethalometer model.

Moreover, we calculated;CC, and G for two more different cases: (a) including orthe twinter season in order to account
for a larger contribution of BB emissions and tduee the influence of non-combustion OM and SOAnfation which
maximize in summer at MSY station (Minguillén et,a2011), and (b) excluding SDE from the databaséchvcould
overlap with BrC being both, BB and mineral dushportant absorbers in the UV. The differences for G and G
calculated between these two cases and the whatedpdune 2012-July 2013, Table 2) in case (apv@wer than 10%,
20% and 15%, respectively. These differences werena 3%, 6% and 34%, respectively, for the ca3eGlven that the
AE model outputs have been estimated having ea®tigh as 50% (Favez et al., 2010) and givenwbadre continuously
measuring absorption with the AE instrument at M8 MSA without ACSM data, the model was calibraisthg 1 year

data set in order to apply the AE model at anyopleeiod without ancillary measurements.

5.3.2 Validation of the Aethalometer model with simultaneous experimental data

Very few studies have been published comparinguistfsom the AE model with the source apportionnanthe ACSM
measurements (Favez et al., 2010). Biomass buorganic aerosol (BBOA) and hydrocarbon-like orgaascosol (HOA)
from ACSM data refer to primary organic aerosol®/ whereas O, and OM; from AE model include SOA formed
from these primary sourceSince simultaneous measurements to the study pedoel not deployed for differentiating POA
to SOA ratios, we have considered results preworeghorted for MSY. SOA formation from biomass ting emissions
can be up to 25% of the BBOA emitted, as shown bpisbn et al. (2011) using Aerosol Mass Spectrom@i&-ToF-
AMS) data. This ratio was primarily applied by Mintpn et al. (2015) to the results obtained froire tsource
apportionment to ACSM performed at MSY station, ethwere also used in this study. Moreover, baseith®@mnesults from

the DAURE campaign carried out in March 2009 at M&ation, the organic carbon (OC) originated frarssil sources is
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only 15% primary at MSY (Minguillén et al., 2014¥hich corresponds to 10% if OM is considered indtebOC. Thus, we
assume that primary BBOA and HOA represent appratetg 75% and 10% of the QjMland OM;, respectively, at MSY
station.

Relationships between BBOA and @Mconcentration for different AAf values (Table 3) showed good agreement
(R>~0.43) with slopes ranging between 1.1 and 2.2 d#ipgron the AAE, used. The relationship between Qihd HOA
showed less variable slope (F) (around 4) but mari@ble B between 0.43 and 0.63. Choosing AR and AAE=1 we
obtained: a) an OM/BBOA ratio of around 1.27 )0.43) in agreement with 25% of SOA formation frprimary biomass
burning emissions estimated by Cubison et al. (20drd b) an OMHOA ratio of 4.4 (B=0.6) which is consistent with
90% portion of SOA found at MSY in previous studi@4inguillén et al., 2011). The correlations werelyo moderate
mainly due to the variable SOA formation, whichpigrtially driven by the environmental conditions, @pposed to the
primary OA emissions. Moreover, it should be nateat the slopes and’fn Table 3 were obtained using hourly averages.
Scatterplots by bins (Fig 4) showed that the retesihips had slopes in agreement with those reparté&dble 3 but much
higher R (0.97).

The relationship between Qiland BBOA calculated only for the winter period ngsihourly data showed?R0.4 and
F=0.96. The slope was close to the unity due: ¢éoldlver SOA formation in winter, mainly explainey & decreasing of
VOCs emissions being one of the primarily precursources of SOA formation during the warmer perindthis
emplacement (Seco et al., 2013), and also as coaseq of less photochemistry activity and the gexee of primary
emissions.

Experimental measurements of Nitrogen dioxide \@vhich is mainly related to fossil fuel emissipragrees well
(R?=0.64) with BG obtained from AAE,;=2 and AAE:=1 for the winter period at MSY (Fig. 5).

Besides uncertainties in determining FF and BB riomtions from the Aethalometer model, results freemsitivity test
analysis showed good agreement with experimentasorements and good stability of the model. We Isénoavn that the
constants ¢ C, and G depend on the relative contributions of FF and BBis these constants are site-dependent and
should be calculated for each measurement emplatteiereover, a calibration of the model is necessa determine the
most suitable AAE and AAE,, pair for a reliable estimation of fossil fuel abimass burning contributions. Interestingly
AAE,, and AAE; chosen in this work were the same as in otherietudsuggesting a stable value of AAE=2 for
characterizing BB emissions within the model. Oesults showed that the higher AABhe lower the estimated BEC
contribution, which ranged between 35-45% dependimthe AAR,, used (1.8-2.2).

5.3.3 Seasonal and daily variation of fossil fuel and biomass burning contribution to BC and OM at MSY and M SA
stations

Seasonal and daily AAE and relative contributioh8B and FF to BC (at both MSY and MSA) and to O SY only)
from the Aethalometer model are shown in Fig. 6thBenvironments are characterized by similar awefdalyl chemical
composition (Ripoll et al., 2015b), thus probab#ading to similar mean values of AAE at MSY (1.3@&fl) and MSA
(1.36+0.26) (Figs. 6a, e). Thus, AAERnd AAE,, determined for MSY were used also for MSA.

MSY showed slightly lower AAE as a consequenceighér exposure to FF emissions sources comparbts®y. AAE at
MSA and MSY showed larger values on average ineviatiggesting a higher contribution of BrC. AAE nidy averages
reached around 1.5 at both sites. Despite thetlfiattthe lowest BC and OM concentrations were olesem winter the
AAE showed the highest values indicating largertibuation of BB sources at both stations. It issiatsting to note that on
average AAE was higher at MSY than at MSA duringnteii months (December-January) suggesting highative BB
contribution at MSY compared to MSA in winter (F&e and S4a). This was likely due to the fact M8® station is often
above the polluted PBL in winter whereas MSY, ledaat lower altitude, is usually within the PBL anelquently affected
by local pollutants accumulated under winter amiogic conditions (Pandolfi et al., 2014b; Ripotl &., 2015b). Low

values of AAE during the day and higher at nighbath sites resulted mainly from the developmenses and mountain
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breezes, favouring the transport of anthropogeaikifants from the urbanized/industrialized coastland valleys to inland
areas and leading to an increase of AAE duringwéienest hours of the day (Fig. 6a).

The measured BC was well reproduced by the sumGyf &1d BG, contributions from the AE model showing slightly
overestimation, by 11% and 15% at MSY (Fig. 6cagyl MSA (Fig. 6d, h), respectively, on annual ageraHowever,
measured OM is underestimated by the sum of;@Md OM,, at MSY, due to the large contribution of carbormace
material from non-combustion sources)(@uring the warmer months (27%) (Fig. 6f). Thiffefience was mainly driven by
biogenic sources which are expected to have impbrtantribution in our measurement emplacementtiquéarly in
summer due to the SOA formation. Theptitne variation was well reproduced by the modelveing larger contribution
during the summer period. Nevertheless, based@avhilable previous studies performed at MSY (Mitlign et al., 2011
and 2015; Pandolfi et al., 2014b); Contribution might be slightly underestimated daepossible apportionment within
OMg and/or OM,. It should also be noted that some SOA UV absgrbompounds originated from anthropogenic sources,
such as nitroaromatic compounds which are the nwaptributors to the light absorption of the tolae®OA (Laskin et al.,
2015), may be partially apportioned within @Mpossibly resulting in an overestimation of thaitel.

Interestingly, a relationship was observed betw&&E and the relative contribution of Bgto BC concentrations at MSY
and MSA (Fig. 7). AAE increased up to 1.5 when %B®@as higher than around 50% of the total measuréd Bhe
intercept of the linear fit was 1.01 and 1.15 atYVi&d MSA, respectively, pointing to BC from FF soes as main
absorber in absence of biomass burning eventseldrer we can clearly appreciate the effect of Botn biomass burning
on AAE even if the mean Bgcontributions (0.13 pg mand 0.06 ug i) at MSY and MSA, respectively, to the total BC
were quite low (36% and 40%). Mean @Moncentration at MSY was 0.9 pginaccounting for a 30% contribution to
total OM.

The prominent increase of FF contribution at MSY a4SA in summer, when both stations are within B®L and
dominated by similar atmospheric circulations, risaigreement with lower AAE values. Stronger summeeirculation
processes which are strengthened by sea and mounegzes favour the transport of pollutants towagional areas
inland. Daily variation of both BC and OM is mairdyiven by FF combustion from Barcelona anthropégenurces. The
daily cycle is more pronounced at MSY as a consecpi®f the proximity to Barcelona Metropolitan Araad the lower
altitude compared to MSA. Despite OM is mainly émby biogenic sources during the summer periddY, significant
FF contribution is registered during the warmesire®f the day (Fig. S4b). However BB sources tirmeation, from both
BC and OM, are led by local atmospheric processedomestic heating turning into a dominant sounagnd the colder
months at both stations. Thus, during winter,,B88hd BG showed almost the same contribution reaching tagimum
values in the afternoon (Fig. S4c). Conversely Od&ily cycle is decoupled from Q)M showing this later larger
concentrations during the night given that it ismhaled by BB emissions from domestic heating éeditduring the colder
hours, and also possibly as a result of SOA foronadifter the OM was emitted (Fig. S4b). Note thaird) the night ONj,
concentration does not present large variationssipty because it remains as a residual layer ath@vthermal inversion.

FF contribution to OM and BC was found to be siigaifit at MSY, according to the large values obwifte C, constant in
the Aethalometer model. In order to compare theltesvith different source apportionment methodig, tossil fuel and
non-fossil fuel contribution to EC (RCEG,n_ ) and OC (O&, OC,qn ) reported by Minguillén et al. (2011) by means of
the “C technique at MSY for the periods February-Marcidl duly 2009 were taken as a reference. Given Alfat
measurements were not available at MSY during tipeseds, we averaged available contributions ftbenAethalometer
model for the same time-of-the-year periods duélfg2, 2013 and 2014 for BC and during 2012 for @Mspite the lack
of overlapping in the dataset, results for BC dbntions from both techniques‘C and AE model) showed good
agreement. B contributions calculated by the AE model in windéerd summer were 53% and 73% respectively, whereas
ECy contributions derived from'C measurements accounted for 66% and 79%. Howaexgerl discrepancies were found
for FF and BB contributions to OM. Results from i@ technique identified a FF contribution to OC @#8and 25% for
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winter and summer, respectively, whereas the AEehogbsulted in a Ol contribution of 39% and 58%, respectively. We
also saw a Ol contribution around twice more than OC non-fosil. The apparently overestimation of @Q\and OM,
particularly in summer, compared to the availaleiguits from™C might be possibly led by the partially apportiemnhof
non-combustion carbonaceous material and SOA gmblgemic within ONM, and/or OM, as we commented above.

A second assessment of the AE model results waigdaut by comparison with OA source apportionnresults reported
by Minguillén et al. (2015) for winter (28 Octob@rApril 2013) and summer (14 Juny-9 October 2012Y18Y based on
ACSM measurements. The agreement needs to be ®dloansidering the different outputs from eachhwef thus
whereas the ACSM OA source apportionment identifiescontribution of primary fossil fuel (HOA) aitomass burning
(BBOA) contributions, the AE model calculates tbtat (including the SOA) fossil fuel (O and biomass burning (ON
contributions. HOA contribution was 12% and 13% fanter and summer, whereas @Mccounted for 47% and 59%.
BBOA was identified only in winter with a contribat of 28%, and O, contribution was 37% for the same period. These
results are in agreement assuming the ratiog-@MHOA and OM,-to-BBOA based on SOA-to-POA proportion, used in
the previous section 5.4.3 in order to calibrate fkethalometer model and fit the most suitable AAdhd AAR,,
representative of our environment.

An interesting wildfire episode detected at MSYHRaatace the 23th of July 2012 with AAE increasimgnificantly up to 2
and the lowest value at 1.3 (Fig. 8). BB sourcemidated BC and OM contributions accounting for 73%d 78%
respectively, until the breezes were developed teamsported pollutants from urban areas towardsthéon during the
warmest hours of the day, resulting in a decredsthed AAE. As we shown previously for the whole akdt, good
agreement was found between measured and simi&e@onversely OM was slightly underestimated dyitime sunlight
hours likely due to biogenic emissions and SOA fation by photochemical reactions.

The concomitance of biomass burning and wildfireseges during SDE may be an issue, being both ahtBB strong
absorbers in the UV. The SAE is a useful paranteggrshould be considered in order to establisierdifices in near real-
time between mineral dust (coarse material) andnags burning (finer aerosol). However, since reddyi low BB
concentration was found in the area under study,ditiminance of mineral dust appears to be largtr reispect to BB
regarding the effects on intensive optical progsrtiFurthermore the co-occurrence of SDE and BBewiemissions is not
usual. Whereas for differentiating wildfires epiescand SDE, both frequently occurring during summadfires can be
considered as isolated events and detected by noéaliféerent tools such as back-trajectories, éast models and remote

sensing data.

6. Conclusions

The present work shows the variations of the intengerosol optical properties measured at regigMantseny) and
continental (Montsec) background stations in the BVMe have studied the feasibility of using therneal-time optical
measurements performed at these stations for tteetdm of specific atmospheric pollution episo@éecting the WMB:
Saharan dust and biomass burning.

The Angstréom matrix revealed that Saharan dusttsySDE) in the WMB were characterized by SAE osrage lower
than 1 due to the larger size of mineral dust giagiand AAE values higher than 1.3 (up to 2.5 ddpwy on the intensity of
SDE) indicating absorption in the UV by iron oxidentained within the mineral dust. Linear relatioips were found
between AAE and increasing %dust at MSY (0.7) alMyo,5 at MSA (0.4) confirming the enhanced absorptiothiz UV
due to mineral dust from SDE. Interestingly, SABwhad higher sensitivity thag to characterize the size of aerosols,
ranging this latter between 0.55-0.75 and 0.50-atAdSY and MSA respectively during SDE.

Feasibility of detecting SDE by means of SSAAE dwjeel on both the location and altitude of the mesament station,

which determines the aerosol background conceatratind the intensity of the SDE. Better resultsensghown at higher
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altitude locations, at MSA were detected most ef #iDE (85%), whereas at MSY, with a larger exposu@nthropogenic
pollutants, the detection of SDE depended mainlyhanintensity of the Saharan dust outbreak. At M®¥ 50% of SDE
were detected, which were unequivocally identifigten the relative contribution of mineral dust td{ was higher than
60%.

The proximity to anthropogenic sources of mainkyefiparticles can prevent both the Angstrém matniat the SSAAE
parameter from detecting SDE. We have shown tlaisport of anthropogenic pollutants (mainly finartjzles and
precursors) from the urbanized/industrialized doestowards regional areas inland can hinder ffeceof mineral dust on
the intensive aerosol optical properties during ledense SDE. We have also shown that regionabsgiheric scenarios
occurring after SDE may favour the recirculationnoineral dust at regional level in the WMB. Thusneral dust can
remain in the atmosphere for a few days after th&.SThis fact is highly relevant for air qualitynse SDE frequently
promote exceedances in the BMaily limit value.

Thus, depending on the background atmospheric tondj not all SDE can be clearly detected usindEsSAAE and
SSAAE parameters. And then additional informationvied i.e. by forecast models, back trajecto@eslysis, and
columnar measurements is also required in ordéetter detect and characterize these events. Neless, aethalometer
and nephelometer instruments provide near real tilmasurements and allow a fast detection of theadgtnpf SDE at
ground level. Furthermore, due to the sensitiveriesgletecting changes in aerosol size and conmiposiSSAAE and
Angstrom matrix tools are more sensitive compaoesther near real-time measurements.

A sensitivity test performed to the Aethalometerdelcat MSY showed that the model constants, whielrepresentative of
the main emission sources, are actually site-dep@rahd should be calculated for the area unddy s&F sources showed
larger contribution than BB at MSY, leading tg=C.05 and &=0.26 (g rﬁz) for AAEs=1 and AAR,=2. Moreover G was
found to be significant mainly due to the large tedtion of biogenic sources at MSY, showing valwound 0.31 (ug
m). Linear relations were found for comparisons kesmwOM,, vs. BBOA (R=0.43) and OM vs. HOA (R=0.6) showing
fitting slopes of 1.27 and 4.4 respectively, whiate consistent with SOA formation from BB and FBY2and 90%)
emissions. Results from these comparisons wereinsader to calibrate the Aethalometer model, pogto AAE,=2 and
AAE#=1 as the most suitable values for our emplacement.

Annual averages of Bgcontributions at MSY (36%) and MSA (40%) were $figantly lower compared to other studies in
northern Europe, due to a lesser use of biomassrguas heating system. Qjicontributions accounted for 30%. BB
source contribution to both BC and OM were pred@mirduring winter, with increasing AAE up to 1.5evh%BG, was
higher than 50%. Nevertheless, BC and OM were le&® emissions sources during the summer perioé,tastronger
summer recirculation processes which are strengthéy sea and mountain breezes favouring the toanep pollutants
toward regional areas inland. An interesting wilelfiepisode showed AAE values up to 2, accountin@B® contributions to
BC and OM of 73% and 78% respectively.

The Aethalometer model is a powerful tool to repwl long periods of real-time FF and BB contribaitto BC, even in
those areas where there is a predominance of catbons material from non-combustion sources angmBBsions does
not present very large contributions. BC, as then sof BG; and BG, was well reproduced showing a slightly
overestimation of 11% and 13% at MSY and MSA. Rissior BG; and BG, in winter and summer were in agreement with
previous studies at MSY deployed B¢ analysis. Furthermore R@nd NQ, both representative of traffic sources, showed
good correlation for the winter period%®.64).

However, the model presents larger uncertainty eonicg OM apportionment as reported in other studiavez et al.,
2010; Herich et al., 2011). Biogenic sources, whindsent important contribution in our emplacemard, probably slightly
underestimated by the model due to the partiallyosjionment of @ constant within OM and OM,, Furthermore OM,
might be slightly overestimated due to the accadrnthropogenic SOA within it, which can overldye tabsorption in the

UV rangeDespite the uncertainties associated to the sappertionment technique, OM time variation appéarse well

14



10

15

20

25

30

35

reproduced. Nevertheless, OM formation and transftion processes occurring in the NWM should benakto account
at the time of performing the AE model results, mhémportant photochemical reactions take place bgdlarge
anthropogenic emissions and high insolation (mamisummer).

The differentiation of brown carbon originated frodifferent emission sources by using optical mearments is a
challenge, in particular the SOA formation and $farmation processes. Due to the uncertaintiesepted by the
aethalometer model for providing absolute concéiotma, it is recommended to carry out simultaneous
measurements/experiments applying different teal@sgqot based on optical methods, such as usinoglleaosan as BB
tracer or calibrating the model with BBOA obtairfedim ACSM source apportionment, in order to assessjuantification
of biomass burning by the model. Nevertheless,attthalometer model is a very useful tool which ptes satisfactory
estimations of the temporal variability of the admitions for both, biomass burning and fossil faslission sources. And
then further research in characterizing brown carbg means of optical techniques is needed in otdezxploit the

possibilities of the instrument.

The nephelometer and aethalometer instruments idedynwsed within monitoring networks and preseatesal advantages
for near real-time air quality monitoring at higéntporal resolution. We have demonstrated the gateoftthe intensive
optical parameters obtained from both instrumeatsdetecting specific air pollution scenarios iraneeal-time. This is
possible given the high sensitivity of particularteinsive aerosol optical parameters to charactetifferent types of
atmospheric aerosols. However, it is necessaryetfopm a previous sensitivity test in order to eedt and calibrate the

intensive optical properties for detecting spegifdlution episodes at different emplacements.
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Table 1. Extensive and intensive aerosol optical propertieasured and derived, respectively, in this work.

Extensive optical properties

Optical properties of

PMio particles symbol A [nm] method notes
Scattering 1 Measurements corrected for
OspPMy, 450. 525. 635 NephelometerfAURORA 3000 ECOTECH truncation and non-Lambertian
- 1 ' ’ Pty,Ltd, Knoxfield, Australia] illumination function of the light
Backscattering OhspPMy, source as in Milller et al. (2011b)
370. 470 520 AE-31 measurements corrected
Absorption oA 590’ 660‘ 880‘ Aethalometers model AE-31 and AE- for filter loading as in Weingartner
P apPMio ' 950‘ ' 33[MAGEE Scientific] et al. (2003) and Collaud Coen et
al. (2010)
Intensive optical properties
SAE = —Linear estimation
Scattering Angstrém
SAE 450 to 635
exponent Ln(o, spPMmtO f’spmm)
Ln(A, to A3)
AAE = —Linear estimation
Absorption Angstrém AAE 370 to 950
exponent Ln(o, apPMmto UapPMm)
Ln(A, to A,)
(Ul;lsp \ (Jbsp \
g) =-7.14 /01 +7.46 /JA
\ sp \ sp The nephelometer measures
Asymmetry parameter g 450, 525, 635 hemispheric backscattering
( ol \ [-90° - + 90°]
—-3.96 "W/ 2 | +0.9893
\ )
Single scatterin 370, 470, 520, oA In order to estimate SSA at 7 A,
9 albodo 9 SSA 590, 660, 880, SSA(A) = % the scattering was calculated at 7
950 Top T 9ap A using the measured SAE.
SSAAE = —Linear estimation
Single scattering
albedo Angstrom SSAAE 370 to 950 toss y

exponent

<Ln(55Aﬂ,1

Pmm)
Ln(4, to A,)
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Table 2. C,, C, and G obtained by MLR on the Aethalometer model foreliéint AAR;, (1.8, 2, 2.2) keeping AAE1, and

varying AAE; (0.9, 1.1) keeping AAE=2 on hourly base at MSY.
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AAEx=1
Hourly data (5456) ~ | ~ ~

AAE=1.8 AAER=2 AAEp=2.2
Ci(gm?) 1.05153 + 0.01004
C2 (9 mfz) 0.27998 + 0.00314 | 0.26021 + 0.00354 0.24384 + 0.00393
Ca(ug m™) 0.31433 + 0.04051

AAEp,=2

AAE=0.9 AAE=1.1
Ci(gm?) 1.01342 +0.01063 1.09341 + 0.00959
C.(gm?) 0.26021 + 0.00354
Cs (ug M) 0.31433 + 0.04051
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Table 3. Squared Pearson {Rand slope (F) of the scatterplot between ©&hd BBOA and between QMand HOA, for
different values of AAE, (1.6, 1.8, 2, 2.2) keeping AAE1L at MSY (hourly base).

AAEq#=1
AAEm 1.6 1.8 2 2.2
R? 0.436 0.423 0.429 0.426
OM,,, vs. BBOA
F 2.160 1.440 1.274 1.064
R? 0.426 0.525 0.600 0.631
OMg; vs. HOA
F 4.002 4.240 4.377 4.467
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Figure captions

Figure 1. (a) Location of Montsec (MSA; remote-mountaintop sitefd Montseny (MSY; regional background)

measurement sitef) Topographic profile of MSA and MSY area.

Figure 2. Angstrém matrix (scatterplot of AAE vs. SAE weigtitby air mass origin) &) MSY and(d) MSA. Angstrém
matrix (scatterplot of AAE vs. SAE weighted by lesreof %PM.10in PMy) at (b) MSY and (€) MSA. Angstréom-
Asymmetry parameter matrix (scatterplot of AAE gsweighted by levels of %PM, in PM,g) at (c) MSY and(f) MSA.
(On hourly base).

Figure 3. Relationship between SSAAE and the relative cbatidn (%) of:(a) mineral dust to PM at MSY andb) PM;.
10to PMg at MSA. Case studies discussed in the text shawhh&AE, AAE and SSAAE calculated for MSY duriniget
periods(c) 28/06/2012 andd) 15/10/2013-09/11/2013. Yellow and blue rectangre&ig. 3d indicate the occurrence of

SDE and precipitation respectively.

Figure 4. Scatterplot by bins between @QMnd HOA, and between Qjyland BBOA for AAE,=2 and AAE=1 at MSY

(on hourly base).

Figure 5. Scatterplot between BGind NQ for winter season (from November to February,)iridythe period 2012-2014
at MSY (daily base).

Figure 6. Daily cycle of:(a) AAE at MSY and MSA(b) measured OM and simulated OM as the sum of;@Rd OM,,
contributions at MSY, measured BC and simulatedaB@he sum of BgEand BG,, contributions afc) MSY and(d) MSA.
Annual cycle of:(e) AAE at MSY and MSA,(f) measured OM and simulated OM as the sum of;GiYidd OM,,
contributions at MSY, measured BC and simulatedaBGhe sum of B€£and BG, contributions afg) MSY and(h) MSA.
The study period ranges between 14/06/2012-09/@3/26r OM contributions and between 12/06/2012-312014 for BC
contributions, depending on the availability of BXdd OM experimental measurements, respectively.rages were

calculated from hourly base.

Figure 7. Scatterplot by bins between AAE and %@t MSY and MSA. Error bars are one standard dieviadf the

averages calculated from daily values.

Figure 8. Dally cycle of:(a) AAE, (b) Measured OM and simulated OM as the sum of;Giid OM,, contributions,(c)
Measured BC and simulated BC as the sum of Bad BG, contributions, during a wildfire episode (23 J@912) at
MSY.
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