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Impact of aerosoparticle sources on optical properties at urban, regional aneimote levels in the north
western Mediterranean

The authors would like to thank the reviewers for their comments and suggestions, which helpgadoving
GKS ljdzt tAGe 2F GKAAa 62Nl ! ySg GSNERAZ2Y 2F GKS YIly
suggestions. We provide below detailed replies to each of the comments.

Anonymous referee #1

Overall Quality/General Comments: The primary obfjee of the paper is to quantify the mass scattering
and absorption efficiencies (MSE and MAE) of different aerosol source types observed at urban (Barcelona
BCN; MAE only), regional background (Montsel8Y), and remote background (Montsé&dSA) sites inte
northwestern (NW) Mediterranean region. To accomplish this, the authors applied a rdir8ar regression
model (MLR; Egs. 1 and 2) to4-year time series of aerosol source type mass concentrations (derived
using PMF), PM10 aerosol light scatteringcdamabsorption coefficients (sp and ap). The aerosol source
mass concentrations served as dependent variables and tlsp and™ ap served as independent variables.
Note that | am using the common symbolssp and” ap as shorthand for the coefficients. The tnors did

not use these symbols. The combined PMF/MLR approach yields more useful MSE and MAE for source
apportionment studies, since they are given in terms of aerosol source types instead of chemical
components. Armed with the SAE and MAE for each of ihleserved aerosol source types, the authors
calculated the sp and’ ap contributions for each source type and summed the contributions to yield total
calculated” sp and’ ap. They then compared these calculated coefficients with measutepp and™ ap (at

w | 48%) over the period (2032014 at BCN and MSY; 262014 MSA) during which aerosol optical
properties and composition were simultaneously measured. They used good agreement in this comparison
to validate their source specific SAE and MAE. They then usedsburcespecific SAE and MAE along with
measured composition to reconstructsp and ap for pre2010, when there were only mass concentration
measurements (i.e. no sp and’ ap measurements). The reconstructed fronsp and™ ap was merged with

the measured values from 201R014 at MSY in a trend analysis. The combined PFM//MLR technique could
find use in other source apportionment studies and the derived MAE and MSE for the individual aerosol
sources also find potential use irhe modeling community (although | am not a modeler) and possibly in
regional pollution mitigation strategies. However, | believe that serious issues regarding scientific quality
and presentation quality must be fixed before this manuscript is acceptablegablication. These issues are
described in the broad and specific comments below. Scientific Significance: The perceived significance lies
in the fact that the authors derived MSE and MAE for the various aerosol source types, instead of doing so
for spedated mass concentrations. The PFM/MLR technique yielding sowspecific MSE and MAE is novel

(to the best of my knowledge) and the results of Sect(s).-3.4 could contribute to improved knowledge of
sourceapportioned contributions to aerosol light satering and absorption coefficients over the 2012014
period at the 3 NW Mediterranean sites (minus the MAE at BCN). The utility of the reconstrucspdand

" ap, and singlescattering albedo (SSA) for pi2010 (Sect. 3.5) and the resulting trend studi€Sect.3.6) is
guestionablein my opinion. See my comments below regarding Scientific Quality. | would rate the Scientific




{AIYAFAOLIYyOS a WI22RQ AT (KS -34adKkmpke upod thelBciendifif G KS N
Quality.

Reviewer#1DSY SNl f O2YYSyid Mo { OASYUGATFAO vdzrt AGeY L NIXdGsS
PMF but the scientific approach and applied methods seem acceptable, up until SectR@&onstruction of
scattering, absorption, and SSA time series.Sact. 3.5, the authors discuss strong correlations between the
measured and calculated aerosobkp ,” ap, and SSA for the period 202D14 at BCN and MSY, and for the
period 20112014 at MSA, when the optical property measurements are available (Fig.They state
0020G2Y 2F t dmc 0 ek tiine sefied of beattdtiBgaatad abgorptiore wes satisfactory
reconstructed when chemical data was available, for the period 2002914 at BCN and MSY and for the
period 201tH nmn | G a{! \eCHigh dorradatiol and yoddsagreement between measured and
calculated scattering and absorption coefficients is to be expected, since the since the sepegfic MSE
and MAE are being evaluated using the same dataset that was used to determine théarttfe MLR). The
authors could (should?) have used different subsets of the period to test the model than that used to
develop the model.

Authors agree with the referee, independent datasets of source mass contributions together with the obtained
sourced LISOAFAO a{9ka! 93 aKz2dAZ R KI@®S 06SSy dzaSR (42 NBO2\
coefficients for a different period not used in the MLR analysis.

This analysis was not performed in the initial version of the manusdugt to the limited avaability of

chemical analysis results for ions concentration (GB;, SQ) for the year 2015.

Ly GKS NBGAASR LI LISNI 6S LINBaSYy lor tNSySe? 30E5(aNSY.0NGiRthisi A YS &
aim, a new PMF was performed for the period 2M5. Then, the resulting PMF source contributions

obtained for the period Januaifpecember 2015 were used together with the corresponding MSE and MAE,
previously obtainecy means of the MLR model for the period 26i01mn X Ay 2NRSNJ G2 02 Y Lldz
coefficients for the year 2015.

This analysis provides an insight on the capability of the-BNIFw G SOKYy AljdzS G2 SadAyYl 4
coefficients for those periods when tipal properties measurements are not available.

C2fft26Ay3a GKS wSTSNBSQa &adzaasSaidrzys aSOGAz2zy o-dp 2F |
MLR technique using independent datasets of chemical source contributions for the year 2018liGviad

paragraph has been added to the revised paper:

0An independent subset of the study period was considered, in order to further evaluate theMRRF

technique and the accuracy of the method to simulate optical properties when chemical source ctiotrib

were available. Therefore, a new PMF was performed in order to obtain the source contributions for the

period 20041 nmp G a{, ® 2AGK (KBY Rycoéficientski@ thé peNodzOahuay 2 y 2 F
December 2015 was carried out by meatishe source specific MSE and MAE previously obtained in the MLR
analysis for the period 201 nmn ® D22R F INBSYSyid 61 & F2dzyRR=0856SSy Yz
Iy Ry (R€:0.76) coefficients, at 525 and 637 nm respectively, showing slopes cloge for the year 2015 at

MSY (Fig. 6). This analysis confirms the confidence of theaPM®w (1 SOKY A lj dzS (2 JaOdzNI G St

" ap Coefficients when chemical data is available.



a)

160

b)

y=1.02x
R?=0.85

140 +

120 +

100 A

80 A

60 +

40

Simulated scattering (Mm™)

20 4
o

Simulated absorption {Mm™)

MSY

60

T T T T 0

80 100 120 140 160

Measured scattering (Mm™)

Measured absorption (Mm™)

Figure 5. Relationship between measured and modeled (a) scattaritg5 nm and (b) absorption
at 637 nm at MSY for the period January 2@&cember 2015.

Reviewer#l. General comment 2Jhe utility of the reconstructed SSA is highly questionable. In
addition to the issue that | just discussed, the agreement between rmg@ed and calculated SSA
was marginal during the 2012014 period at MSY (R2=0.42; slope=0.80). This marginal agreement
does not inspire confidence that the reconstructed SSA is sufficiently accurate for use in any trend
studies (Sect. 3.6), much less tlassertions made by the authors regarding the results from this
trend study. There are also many cases where the claims made by the authors are not supported
by the available data (See my specific comments below) or references to the sources of claims
madeby the authors are not given.
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making reference to this part of the paper have also been removed from the conclusions section.
Modifications are directly sbwn in the revised manuscript.

Reviewer#l. General comment 3pPresentation Quality: This is the major weakness of the paper
and requires significant improvement before the paper is acceptable for publication. | would rate
GSNEAZ2Y
grammar and (to a lesser degree) structure of some paper sections (mainly the Introduction). The
manuscript is full of long, rambling sentences with incorrect punctuation (ex: missing commas),
misspellings, and improper usage of tenses. The first paragraphhef Introduction section is a

good example of the abowenentioned grammatical errors but they pervade throughout the
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results. In several places, the wordindkdily does not convey their meaning (see specific comments
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for a few examples). There are way too many grammatical errors for me to list in my specific
comments and doing so detracts my focus from the other aspects of the paper. | strongly
encourage the autors to have someone (colleague or an English editor) carefully look over the
document for grammar and fix this. Then have the same colleague or someone else carefully
evaluate the grammar of the revised manuscript. Related to grammar is the inconsisteet of
tenses. Past and present tenses are used interchangeably when describing methods and results
reported by others. Past tense should be consistently used to describe previous studies and
present tense is typically used to describe the current studyedde fix this throughout the
manuscript. The structure of Introduction section should also be modified to improve readability
and a few figures require improvements (See my specific comments below regarding these issues).
In summary, | would rate thecuri i @SNEA2Y 2F GKS YI ydzZAaONRLIG | &

cC2ff2oAy3d GKS wSFTFSNBSQa adaA3SadtArAzya NBIFNRAyY3
aspects of the discussion paper have been revised for a better understanding. Particular attention
has been paid tahe proper use of tenses and the structure of the introduction section. Changes
have been directly modified in the discussion paper.

Specific Comments and Technical Corrections: Note that there are too many grammatical issues
for me to list so | only listed a few. Please have a colleague review the manuscript very carefully
for grammar and then fix.

Reviewer#l. Specific comment Ijhe abstract is too long and should be shortened.

The abstract has been shortened from 574 to 453 words. Modifications are directly included in the
revised manuscript.

Reviewer#l. Specific comment 2Readability of the Introduction section would be much
improved if the authors arranged it in the following order: (1) Statement of the problaffhy is
knowledge of MAE and MSE important? (2) Results from previous works; (3) How this study will
advance knowledge and what is unique about it? These are all inetlich the existing version of
the Introduction but are mixed, longvinded, and the section does not read well. Significantly
reduce description of methods (both those of others and the current study) to only that necessary
to accomplish (1X3) and save aymore details for the Methodology section.

The introduction section has been rephras&tbdifications have been directly added to the revised
manuscript.

LJ



Reviewer#l. Specific comment 3.3 Lines 282: The wording of temporal and spatial aerosol
variability and the reasons for this variability is repetitive and this-lihe passage could be
condensed intdD3 lines.

The paragraph has been shortened from 128 to 71 words:

G1 26SPHSNE || (GK2NRdzAK ljdz2 yGATAOFIGAZ2Y SF9OHKBKRAN
radiative budget is difficult to achieve (Zieger et al., 2012). The high spatial and temporal variability

of atmospheric aerosols along with the large differences in particle composition and size (Andrews

et al., 2011; Bond et al., 201Btaywood et al., 1999 results in a changing radiative forcing from

f20rt G2 3Jt20lf aololrtsSa o/ 2ftldzR /2SSy S Ff®dI HAM

Reviewer#l. Specific comment £.4 Line 1:6The determination of MSE and MAE for specific

aerosol components has been subject of research inthe last&8 I NE ®¢é¢ LG KIF & 06SSy
research for more than the last few years so this sentence should be reworded or omitted. My
suggestion is to omit it, as it is vague and really does not add much to the paragraph.

C2ff26Ay3 (KS Ni FchtbidSehasdheen wracded fanih2 svisedimanuscript.

Reviewer#1. Specific comment ®.6 Lines 1% nY ¢ KS GKNBS ariaSa INB Ay
air quality monitoring network. Additionally, the MSY and MSA stations form part of the ACTRIS
(Aerosol, Clouds and Trace gases Research InfraStructure) and GAW (Global Atmosphere Watch)
networks, and then aerosol optical measurements were performed following the standards
NEIjdzA NER o0& GKSaS ywRNRANPA #éa Lo ¢ XKEI TSKNBS SNBA A G S A
Catalonian air quality monitoring network, ACTRIS (Aerosol, Clouds and Trace gasesrBh
InfraStructure) and GAW (Global Atmosphere Watch). Aerosol optical properties at the sites are
YSIFadz2NBR TF2ft2gAy 3 &l phen inkiBde yeferéntefsNdesciiding theded 2 f & £ «
protocols.

It should be noted that the Barcelona site is rtmember of the ACTRIS/GAW networks. The
sentence has been modified as follows:

G¢KS GKNBS aArAdSa FINBE YSYOSNER 2F GUKS /FOalt2yAly
and MSA are part of the ACTRIS (Aerosol, Clouds and Trace gases Rese&talctafeg and GAW

(Global Atmosphere Watch) networks. Aerosol optical properties at the sites are measured following
a0l yRINR ySGg2N] LINRG202fa 02ahkD! 23 HamcO ®E

The reference corresponding to the GAW standard protocols is cited in the rewesmascript:
G2ahkD!2 NBLER2NI HHTY ! SNRaz2f aSFadaNBYSyid t NROSR«
Edition, 2016, 103 pp. August 2016 (WM@ ® MMT T 0 @€



Reviewer#1. Specific comment. & ®1 [ AYS T1TY a{l YL} Sa 6SNBE 02ff S
confusedasi 2 6 KSUKSNJ GKAA YSIya dqokn RIFI@¢ 2NJ dao (2
AYLIE @ (GKS F2NX¥YSN) odzi GKSYy NBY20S (GKS waQ FTNRY WF
tense to describe the current study. | recommend consistent usage of @nésense for this

throughout the manuscript.

The frequency of filter sampling was not equally distributed along the whole period. Samples were
collected every 3th or 4th day, depending on the sampling peSo.SNBE T2 NB X G KS | dzi K21
toddays T GKS SELINBaairzy KlFI&a 0SSy Y2RATASR | OO2NRAY
The past tense used in this sentence makes reference to previous years, when filter samples were
collected.

Reviewer#l. Specific comment P.7 Line 7: Include a reference for tipeotocol. There are MANY
other instances in the paper where the authors make mention of protocols without providing
references.

A reference for the standard gravimetric procedure has been added to the revised paper:
G!flFraiddsSes ! o3 aAy3ddAAatisyzr ad / dX t SNBT I bodx
measurement methods and correction factors: 2009 status report, ETC/ACM Technical Paper
HAMMKHMZ HAMM®E

Reviewer#1. Specific comment 8.9 Lines @& ® & L ( alledthatNiiferdndéd in the sampling
conditions (RH, size cut) or chemical analysis methods influence the resulting efficiencies obtained
for different emplacements. In this study, scattering RH was controlled below 40% preventing the
hygroscopic growth © the particles, which could lead to an enhancement in the scattering
STFAOASYyOede tfSIFLAS OfFNAFE gKeé GKAA Aa NBYIFNJL!
following sentence is also not true and should be modified or removédst because RH<4086es

not prohibit scattering enhancements, especially for organics. The water uptake is small (on the
order of _10% growth) but not prohibited.

Size cut also influences aerosol intensive properties, including shsghtering albedo, Angstrom
exponent, d@c. This can be seen from any of the papers based on measurements at the NOAA
GMD monitoring sites (Sheridan et al., 2001; Delene and Ogren, 2002; Sherman et al., 2015;
Andrews et al., 2011;: :.).

Authors agree with the referee. The sentences havenbmedified accordingly as follows:

dt should be considered that changes in the sampling conditions (i.e. RH or sia#) cot
differences in the chemical analysis methods used on sampled filters can affect the intensive particle
optical properties (Delene and Ogren, 2002and consequently the comparison among the
computed MSE and MAE. In fatlie resulting efficiencies can be biased by the-afiitinlet, given



that absorbing aerosols tend to be predominately in the-subron faction (Andrews et al., 2011)

In this studyboth * ¢, Y R, wére collected using a Picut off inlet, thus guaranteeing uniformity
among the performed optical measurements. An exception occurs at MSA, where acBMff

inlet was used until March 2014 and then replaced by aJ?Met. However, an estimation of the
influence of the inlechange on the resulting MSE and MAE at MSA is difficult to achieve, given the
relatively short™ s;and ™ 4, time series available thus preventing performing two different MLR
analyses for the two fractionddoreover, scattering RH was controlled below 48841SY and MSA

in order to minimizethe hygroscopic growth of the particleand then prevent a significant
enhancement in the scattering efficienciés.

Reviewer#1. Specific comment 9%t ®mn [AYyS 1Y [/ KFIy3aS Wtamn SO
O2y OSYiGNI GA2yaéd

AN«

Gtaf SGSt aé¢ KIFra oS{Yl BBLI
revised paper.
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throughout the revised paper.

Reviewer#1. Specific comment 1Eig.3b. PM10 mass concentration at Montseny is nearly as high
in March as in JuneJuly and is higher than in August but this is not discussed at all.

The following paragraph has been added to the revised manuscript aiming to discuss the
aforementioned seasonal variability of PM10 mass concentration:

LG A& NBYLI NJ I ofton pedk Sbsdrvadvim Felddagy @ridl yWiarbhl- at MSY, which
might be attributed to the winter regional pollution episodes typical of the WMB (Pandolfi et al.,
2014a).Such scenarios are characterized by anticyclonic conditions which favor the accumulation of
pollutants close to the emission sources, and the subsequent transport of pollutants towards the
station with the daily increase of the PBL. Pandolfi et al. (204d8}ey et al. (2010eported high

nitrate concentrations during these atmospheric conditions at Mi$#greement with the increased
contributions ofSecondary nitratshown in Fig3b during this time of the year period. The relatively

low PMyconcentration observed in August at BCN and MSY could be partially explained by reduced
anthropogenic activities in the Barcelona metropolitan and industrial areas as a result of the holiday
period in Spain. This result is supported by the minima absolute contributions observed in August for
Industrialand Trafficsources at BCN (0.7 and 2.9 pg, mespectively) and for théndustrial/Traffic
source at MSY (1.2 pg¥n The higher precipitatio rates observed in August compared to Jundy



(Perez et al., 2008) could also significantly contribute to reduce, Bdhcentrations at MSY.
Conversely at MSA, the highest BMoncentration was observed in August probably due to the
frequent Saharan dit events affecting the mountain top site, in accordance with the highest
absolute contribution found for thdlineral source in August (3.9 pgth ® £

Reviewer#l. Specific comment 1Rig(s).4Please use site abbreviations as either as qlbt titles
or legend labels in fig(s) 4 to make it easier to look at the figures, without needing to go back and
forth between plots and caption to see which plot corresponds to which site.

The correspondig site acronyms have been added to each plot of Fig. 4.
The correlation plot for the SSA parameter has been removed from Fig. 4

Reviewer#1. Specific comment 1B.12 Lines4 Y ¢ KS | aaSNI A2y GKI G a&a! 3SR
and Ammonium sulfate at MSY (24) were the dominant sources throughout the year and

NBlI OKSR G(GKS tFTNBS&G |o6az2ftdziS O2yiNROdziAZ2Yy AYy &c¢
source at MSA is comparable to Aged Organics during several months of spring/summer and
organics are equal tooexceed ammonium sulfate for several months at MSY. Please reword this

assertion to better reflect the data in Fig.3.

C2ff2¢Ay3 siuggsStioNtBeTp&agiah Ras been modified as follows:
G5AFTFSNByGte FTNBY ./ b3I Isecoidary KoBrbes, Ndie of than®rBlated 2 y (i NR
with natural processes, was observed at MSY and MSA (3b and 3c). Incoeadelutions of
Secondary sulfatevere observed in summer (29% and 8% at MSY and MSA, respectively), whereas
Secondary nitratemaximized inwinter (17% and 11%)Aged organicsshowed the highest
contribution in relative terms in winter (30% and 45% at MSY and MSA, respectively); however the
highest absolute contributions were observed in summer (4.8 andug.1ri®). This result is in
agreementwith the higher SOA formation found at MSA (Ripoll et al., 2015a) and MSY (Minguillén et
al., 2015) during the warm period. TMineral source (19% and 27% at MSY and MSA, respectively)
maximized in summer, although high contributions were also obsenmvegpiing. Similarly to BCN,
Aged maring14% and 13% for MSY and MSA, respectivelyVaddbearing(5% and 11%) sources
showed the highest contribution in summer, whereas tinelustrial/Traffic source maximized in
GAYUGSNI omm: YR MTi:0 @€

Reviewer#l.Specific comment 14P.12 Lines 146. This has already been mentioned more than
once so the sentence should be deleted.

The sentence has been removed from the revised paper.



Reviewer#1. Specific comment 16.®MH [ AY S MH® ! RR (i Anfhig of SedtB.3Wa | 4 a4 Q
GAGES YR (G2 WF0a2NliA2y STFAOASYOASAQ |yR Waol

¢tKS GSEiG KIFIa 06SSy Y2RATASR | OO0O2NRAy3It & (2 GKS NE

Reviewer#l. Specific comment 1€.12 Lines 124. This passage has alreatgen discussed in
previous sections and is not a result. Therefore, it should be deleted.

The paragraph has been removed from the revised paper.

Reviewer#1. Specific comment 17.&dmo [ AYS HY [/ KFy3aS (KS g2NR w02S

¢ KS g2NR 6KO2aS oTSASG/A SWRiLst + OSR o6& dGa{9¢ F2ff2eAy3

Reviewer#1. Specific comment 1B.13 Lines3b HY daLYy GSNBadAy3Itées | KAIKS
dependence was observed for those sources with higher contribution from anthropogenic tracers
GKAOK INB YIAyte LINBaSyid Ay GKS FTAYS Y2RS o0¢l of S
higher contributions from the fine mode will possess larger variation of scattering coefficient with
wavelength than size distributions with larger conbutions from coarse mode aerosol.

The sentence has been removed from the text.

The results presented for SAE (section 3.3 of the discussion paper) and SSA (section 3.5 of the
discussion paper) optical parameters, obtained for specific aerosol souroes,bean moved to a

new section (Section 3.3.1) included in the revised manuscript.

Reviewer#1. Specific comment 19. ®mn [ Ay S wmapY tfSFasS OfFNATFEe 4K
A0Syl NK2a¢ o

The paragraph has been modified for a better understanding. Further information on atmospheric
European scenarios affecting the MSA mountain site can be found in Ripoll et al., 2014 and
2015.

The text in the revised paper is now as follows:

GThe larg@ MAE observed fdBecondary nitratat MSA (0.364+0.0237g") was due to the fact that

this source explained around 20% of the measured EC concentration (Fig. 2a). Recently, Ripoll et al.
(2015b) have shown the increased concentration of nitrate, amomaniEC and traffic/industrial
tracers at MSA under European scenarios. Such scenarios are characterized by the transport of
polluted air masses at high altitude from central and Eastern Europe to the MSA site. This fact may



explain the internal mixing of @ particles in the chemical profile &econdary nitrate and
consequently thehigh MAE values foundforK A & & 2 dzZNOS i a{! ®¢

Reviewer#1. Specific comment 2®.15 Lines M1 Y¢ . 20K a2dz2NDOSa LINBaSyas
cycles following the seasonal variation of mass contributions, with Ammonium sulfate maximizing

in summer at MSY (46%) whereas showing similar contribution throughout the year at MSA.
Conversely, Aamonium nitrate mainly governed the light scattering in winter (42% and 29% at

a{., YR af{!ooé tfSIasS OKIFy3aS (KS ¢2NRAy3I 2F (KS
OedfSaQ Aa y2i0 OfSINWY 22NRAYy3 aAitddydedandishould KA a A 2
0SS FAESR® LG A& Of SINBN G2 aAayLwie aalisS az2vYSiaKAay
sulfate and ammonium scattering coefficients follow those of the PM10 mass concentration, with
adzYYSNJ YFEAYLF | yR dadsgitios tNat tiiekeyake Ysimdadbammdaim sulfate
contributions throughout the year at MSA is not supported by Fig.3h, which indicates that the

fraction of light scattering attributed to ammonium sulfate is highest in A&gpt and lowest in

Nov-Dec.

FolwsAy3d GKS NBFSNBESQa AYyRAOF(GAZ2ya (GKS aSyidaSyoS Ki
G ¢ KS I yy d8efondérg NlifatBnd Se€ondary nitratscattering coefficients followed those

of the PMgy mass concentration, with maxima in summer (46% and 35% at MSY and MSA,
NEALISOGABGStEe@y YR gAYGSNI onw?: YR H@E20X NBaLISOUA

Reviewer#1. Specific comment 2P.15 Lines M TY a[ AIKG F0a2NLIWGAZ2Y | LIS
dominated by the Traffic source at BCN and in a minor proportion by the equivalent
Industrial/Traffic at MSYand MSA (Fig. 3d, e, f), showing high contributions in winter (65%, 42%,

HH20 RSALIAGS GKS NBEFGUGAGS 26 Yl aa O2yOSyd NI A2y
0KNRdzZAK2dzi GKS LI LISNI 6KSNE GKS @g2NRAY hs. IR Ol 6f &
YSIEYAYy3 2F WHEY2ad R2YAYIGSRQ A& dzyOf SINX®» [ A3IKI
Industrial/Traffic or it is not. Based on Figs.&k, it looks as if it is only dominated by
Industrial/Traffic during norsummer months at BCN, although

clearly exerts the major influence 6 >0 + G a{,® L Ffaz2 R2 y2i dzyRS
YAY2NJ LINPLRNIA2Y o0& GKS SldAgltSyd LYRdzZAGONRIf k
Industrial/Traffic (( 40-50% at MSY and20% at MSA) is neither dominatinor minor. Please clarify

this and similar statements throughout the document so that their meaning reflects your
intentions. You do a much better job on P.15 Lines3N

c2fft2¢6Ay3 (GKS NBFSNBESQa &ddzaasSaidirzy GKS aSyidiSyos
& ¢ KT&ffic source at BCN and thindustrial/Traffic source at MSY clearly exerted the major
influence on light absorption contributing 54% and 41% 49 respectively despite the relative low

PMyo contributions (16% and 10%, respectively). Maxima dbutions were observed in winter at

10



BCN for theTraffic source (65%) and in Octob&anuary at MSY for thendustrial/Trafficsource
(46%), however a lower influence loidustrial/Trafficwas observed on average at MSA (18%) (Fig. 3
R Sz F0d¢

Gt ®mp30d méy SR 9SS 6S5Sy NBY2OSR FTNRBY (GKS NBOAASR LI L

Reviewer#1. Specific comment 2P.15 Lines20 MY G ¢ KSNBEF2NBZ ¢ NI} FNNA O Ly
sources which highly influence air quality also have caused an important effect on radiative
forcing,LJr NII A Odzf  NY¥ @ Ay (K2a$8S aAraSa Of2aSN) G2 GKS SY
cannot be supported, given the measurements available in the current study. Only absorption
coefficient data is available at BCN (the main site influenced by theserces) and radiative

forcing depends primarily on aerosol optical depth (which in turn is largely controlled by scattering
coefficient). As such, | recommend that the authors either remove this statement or provide more

support for it, given the availald data.

The authors agree with the referee, this study does not include any calculation on radiative forcing.
¢CKS GSNXY GNIRAIFGAGS FT2NDAYy3IE KFa 06SSy NBY2QSR TN

The sentence has been modified as follows:
dTherefore, Traffig Industrial Traffic and V-Ni bearing sources, which highly influenced air quality,
Ffa2 AAIYATAOIFIIFROBuESOd dzi $& dy UK2aS aridsSa Of

Reviewer#l. Specific comment 2B.15 Line 26°.16 Line 3: A summary of resuibould be placed
in the Summary and Conclusions section, not in the Results section.

1 O02NRAY3I (2 GKS NBTSNBSQa O02YYSyid GKS LI NI INI LI

Reviewer#1. Specific comment 2R.15Lines26 T Y d&! & | adzYYlI NEZemah KI @S |
target pollutant sources affecting air quality degradation have caused important effects on light
SEGAYyOlA2Yy AY GKS y2NIKsSEGSNY aSRAGSNNI ySIyoe
state anything regarding light extinction at BCN without easurements of light scattering

coefficient, which represents the major contribution to light extinction coefficient.

The authors agree with the referee, the sentence has been removed from the paper.

Reviewer#1. Specific comment 2B.16 Line 1: Pleas&ry 2 S G KS LIKNI &4S a! a | y?2

¢KS SELINBaaArzy a!'a | y20Stieé¢ KILa 0SSy NBY2OSR T
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Reviewer#1. Specific comment 26.®dmc [ AYS wmdpY 2 KF i WLzt AaKSR NBa
to support this.

The sentence has been modified as follows:
G! OO2NRAY3I (2 Lzt AaKSR NBXadzZ 6a o6wely SO IfdI w7

Reviewer#l. Specific comment 2P.17 Line 4: State at which site you are discussing the SSA. You
state that it is MSY in the captionfd=ig.4 but it should also be stated in your discussion, so that
the reader does not need to go back and forth between the discussion and figure captions.

I O0O2NRAY3 (2 GKS NBFSNBSQa 3ISYySNrft O2YYSyid w |y
the simulation and trend analysis of the SSA parameter have been removed from the revised paper.

Reviewer#l. Specific comment 2B.17 Line 5: The slope of modeled versus measured SSA is 0.80,
which is not close to 1. Please reword this.

The sentence is noincluded in the revised manuscript given that the simulation of the SSA
parameter has been removed from the text.

Reviewer#l. Specific comment 28.17 Line 15: Since trend study was only done for MSY, the
section title should be rephrased to more accuedy represent the section contents. This could be
a4 aAYLI-$SN¥ GNBYyBRa Ay aOFGUSNAY3I yR [060a2NLIiAz2y

¢KS GAGES 2F aSO0GA2Y odc KIFIa& 0SSy NBLKNFaSR | 007
Reviewer#1. Specific comment 3@.17Lines 194 MY a5SALAGS + € F NASNJ dzy OS1
the modeled SSA, this technique allowed to further investigate the temporal trend of this
AYLRNIFYO LIFNFYSGSNI FYR AGa NBtFGA2Y gAGK OKIFy3:
agreement ¢ measured and model SSA (R2=0.42, slope =0.80) during the-20140 period at

MSY (when agreement should be best, since the authors use the same period to both generate

and evaluate the model) likely makes it impossible to state much about any legn trends in

SSA at MSY. As such, | believe that the discussion of SSA trends at MSY should be removed from

the paper.

l dzi K2NB F3INBS gAGK GKS NBFSNBESQa O2YVY-bogeivad GKS
pairs of SSA prevent to accurately estimatg’ @ G NBY R F2NJ G§KS {{! LI NI} YS{S
suggestions the SSA trend study at MSY has been removed from the revised manuscript.
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Reviewer#1. Specific comment 31.® my [ Ay Sa nYcYé ! YINJSR RSOtAyYy
and sulfate PM in other European monitoring sites since 1990, as outlined in the EMEP report
MKHAMC®PED tfSFAS LINPOARS || NBFSNBYyOS F2N 6KS 9a:
where sources are named but not referenced.

The following reference has been included for the EMEP report:

Gl a 2dzif AYyYSR Ay GKS 9a9t NBLRNI mkHnanmc o/ 2fSiids
G/ 2¢S8S0GGS SiG FftdX wamcd ! ANJ LR f dzii A 2 yoinliRe Yy dRa Ay
the EMEP Task Force on Measurements and Modelling (TFMM), Chemical Coordinating Centre (CCC),
Meteorological Synthesizing CentEast (MSE), Meteorological Synthesizing Centkiest (MSE

W). Kjeller, NILU (EMEP: TFMM/CCCHEBCSGW Tre/y R WS L2 NI 0O 69a9tk// /X nmK

Reviewer#1. Specific comment 3R.18 Lines-17: Please cite references for all of the claims made
in this paragraph, since they are not supported by the data presented in this manuscript. Were the
claims from the Pandolfet al. (2016) paper? If so, you should state this and probably not spend a
paragraph summarizing a different study. Simply state (as you did in first sentence of the
paragraph) that the causes of reductions in most sources at MSY are discussed in Raartiblf
then move on to how your study contributes to the knowledge. If not, please provide the sources
to justify the assertions.

Authors consider that the causes leading to a reduction in some of the chemical compounds and
sources at MSY should be inclddéen the text, in order to better assess the scattering and
absorption optical trends and its relation with trends in atmospheric composition.

Assertions regarding decreasing trends for the chemical compounds and sources at MSY are based
on the results pblished by Querol et al., 2014 and Pandolfi et al., 2016. These references have been
included throughout the paragraph.

The text in the revised paper is now as follows:

oQuerol et al. (2014) and Pandolfi et al. (2016) investigated trends of PM chemical components and
aerosol sources at MSY, providing further explanation on the causes leading to the reduction of the
atmospheric pollutants in the area. The financial crisfeciing Spain from 2008 contributed to
reduce the ambient PM concentrations. A decreasé&atondary nitratean be explained by the
reduction of ambient NQand NHconcentrations (Querol et al., 2014). The decreasing trend of the
Secondary sulfatsouree may be supported by the reduction of sulfate particles, mainly attributed

to the gas desulfurization at several facilities (Pandolfi et al, 2016). A decrease in secondary sulfate
may be also explained by the 75% reduction of, 8@ncentration in the Bardona harbor,
supported by the regulation of sulfur content in shipping emissions in EU harbors from 2010
(Schembari et al., 2012). This regulation together with the 2007 ban around Barcelona on the use of
heavy oils and petroleum coke for power generatiovhich contributed to a drastic decrease in V
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and Ni concentrations (Querol et al., 2014), were the main reasons supporting the observed
reduction of the contribution of th&/-Ni bearingd 2 dzZNOS @ &

Reviewer#1. Specific comment 3B.18 Lines 223:a Ly 4 SNBadGAy It ez GKS {{! &
decreasing trend 0f0.11 % y1 (-0.001 yr1) leading to a total reduction (TR) of 1.24 % since 2004

Fd a{,X LRAYyGAY3 (KIFIG GKS FdY2alLKSNB Aa 3ISGhAy3
relatively amall and does not imply that the atmosphere is getting significantly darker.

Authors agree with the referee.
The sentence is not included in the revised manuscript given that the SSA trend study has been
removed from the paper.

Reviewer#1. Specificomment 34.P. 18 Lines 26y Y a5AFFSNBy OSa Ay (G(KS {{
sites might be explained by the severe pollution episodes taking place in the Po Valley resulting in

a higher dominance of absorption in the light extinction process, compared to M&¥ch is
NELINSaSyariA@dS 2F || f£Saa LRtfdziSR SYygANRYYSy i o¢
the decreasing SSA could just as easily be due to larger reductions in scattering than absorption.

These lines refer to the study published by d&ud et al. (2016). This study showed that the
increasing biomass burning emission sources during the colder period contributed to decrease the

SSA parameter in the Po Valley. In order to support this result, Putaud et al. (2016) showed that the

ratio absoption coefficient/EC concentration increased between 2005 and 2010, especially for the
highest values which were observed during the colder months. This result was attributed to the
increasing concentrations of other lighbsorbing substances, such aswrocarbon, during cold

months, when wood burning for domestic heating was used more and more in northern Italy.

¢tKS NBFSNBYyOS atdzildzZR SG Ffd o6HnmcOé KIa o6SSy |
paragraph.

Given that the SSA trend study was mrad from the text the paragraph has been rephrased as

follows:

A arFrdraadgAaolrtte aArA3ayATAON Yyl R2 gy gbMBSAWIBREN 2T t a
the Po valley (Italy) for the period 20@910 (Putaud et al., 2014). iigher decreasing ta was

observed for ¢, (-2.8 % yr) compared to 4, (-1.1 % y1), likely due to the increasing contribution of
light-absorbing organic matter to light absorption during cold months in the Po Valley (Petald

2014). In the present study, smaller differences betweep I y Ii’ep were observed at MSY,
accounting the total reduction trends fe60% and45%, respectively. This fact might be explained

by the different background sites considered; whereas Bo Valley is a highly polluted area, MSY is
representative of a cleaner environment where biomass burning emissions, which highly contribute

G2 tAIKG F0a2NLWiA2yS>S NB O2yaARSNIofte t26SNJ 6aiy
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Reviewer#l. Specificomment 35.P.18 Lines 2834: This is another example of claims being made
(and percentages brought up) without any references for these numbers or results. Please include
sources/references for these numbers.

The paragraph has been removed from the text.
Most of section 3.6 has been rephrased and changes are directly included in the revised paper.

Reviewer#1. Specific comment 3B.19 Lines1&Mo Y da ¢ KS NBRdAzOGA2Yy Ay GKS
increasing prominence of absorption in the light extinctionINE OS&da Ay GKS b2 a
This represents another claim that is unsupported by the data. An apparent 1% decrease in SSA at
a single site does NOT point to increasing prominence of absorption in the light extinction process

in the NW Mediterranearnregion. Please either provide more support for this assertion or delete

it.

e
SR

Given that the SSA trend study was removed from the paper, section 3.6 has been substantially
modified. Changes are directly shown in the revised paper.

Reviewer#l. Specific eoment 37. P. 19 Lines 123: This discussion of radiative forcing and
relation to policy lies well beyond what can be stated, based on data/results from this manuscript.
Please either change the wording so that it is supported by your results or else remov

ldziK2NB | ANBS 6A0GK (GKS NBFSNBESP® ¢KS GSNX GNIF RAI
approach have been removed from the paper. Given that SSA trend analysis was removed from the

text, section 3.6 and conclusions of the revised manuscript hawen mibstantially modified.

Changes are directly shown in the revised paper.

Reviewer#1. Specific comment 3B. 20 Lines3d HY a! G240 f -NBWR dzDel 3SAY 0 ¢ w
was mainly motivated by the heterogeneous and naelective reduction of keyaerosol sources
AK26AYy3 2LIRAAGS STFSOGa 2y NIRAFGAGS F2NOAYyIPE
is not supported by the data and should be removed.

We agree with the referee, the sentence has been removed from the text. Followingopsev
NEFTSNBESQa &adza3SaidArzya GKS GSNX NI RAIFGAGS FT2NOAY:S

Reviewer#1. Specific comment 3®.20 Line 3¢  3S um [AYS yY al 26SOSNE
resulted in a more pronounced reduction of ligistcattering aerosol sourcefAmmonium nitrate,
Ammonium sulfate), leading to an increase of the incoming solar radiation and therefore

15



contributing to climate warming. This positive radiative effect is enhanced by the less
effectiveness of air quality strategies for reducing lighbsorbing sources containing dark
particles. A decrease in the SSA trend points to a darkening of the atmosphere and consequently
to a progressive predominance of absorption in the light extinction process in the NW
Mediterranean. Accordingly to the resultpresented in this work, future strategies need to focus

on preferentially reducing atmospheric aerosols mainly originated from combustion sources.
Industrial/Traffic and VNi aerosol sources, which highly contributed to air quality degradation but
also tolight absorption, should be abated thus addressing wirin policies aimed to improve air
guality and mitigate climate warming

Ay GKS b2 aSRAGSNNIYySIyodé

Where is the evidence for increasing in solar radiative and contributions to climate warming? This
and the policy recommendations are completely unsubstantiated by the data and either need to
be justified or removed. A small and questionable decrease in SSA (based on poor correlation and
marginal agreement between modeled and measured SSA during commoro@gst a single site
cannot be used to make claims regarding darkening of the atmosphere. See my many comments
above regardingassertions that are unsupported.

Authors agree with the referee, we do not provide any results on radiative forcing, nor solar

NI RAFGA2Y YSIFadNBYSydas F2N) G6KA&A NBFazy GKS (SN
reference to this term have been removed from the paper.

Moreover, as outlined in previous comments, the SSA trend analysis has been removed from the
manuscript and therefore section 3.6 and section 4 have been substantially modified in the revised

paper. In the following lines it is shown the last paragraph from se@i6é of the revised paper, as a
representation of the modifications carried out in this section. Additional changes introduced in the
manuscript are directly shown in the revised paper.

GCdzNIKSNJ NBaSEHNOK 2y f A 3témi treaddand its SeNfory\#Ath dhahges | 0 & 2 N.
in atmospheric composition is needed to better understand the role of aerosols on optical properties

and on the climate systenBased on the published studies and the present results, further efforts

focusing on the reductiof atmosphericpollutants containing BC particles (mainly emitted from

fossil fuel combustion and biomass burning sources) need to be addressed. Given the toxicity of

their chemical tracers, as well as their large contribution to light absorpli@hystial/Traffic and V-

Ni bearingsources must be reduced through the implementation of win policies, aiming to
AYLINRDS FANI) ljdzr ft AGe FyR LlzofAO KSFEGKZI YR YAUGAS:

Anonymous Referee#.2

This study showed not only aerosol source contributions based on a positive matrix factorization
(PMF) analysis, but also mass scattering and absorption efficiencies (MSE and MAE) of different
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aerosol sources by using multilinear regression method at urparegional and remote
backgrounds in the Spain. Although the results and discussion were documented well, there are
several important shortcomings.

Reviewer#2. Specific comment While the detailed pedagogical description of the approach is
appreciated,the paper overall must be shortened. There are many repetitions in the text or not
essentially needed with many references. This review strongly suggest that text must be made

more succinct. For example, in INTRODUCTION, the authors explained overaltaspeerosols

in climate-air quality research. Most of them are overstated and ndirectly related with the

NEBadzZ Ga 2F (GKAa addzRed ¢KS indideNdRG shodl€ beRrefnoviedh NJ  |j dzl- |
Summary and conclusions also should be shortenbijhlight the major findings succinctly and

provide directions/implications of this work.

Following recommendations from both referees, some sections of the manuscript including abstract,
introduction and conclusions have been rephrased in the reviseduswaipt. Thoseparts of the text

which were repeatedly commented have also been removed or rephraGeserall, substantial

changes have been introduced in the revised paper aiming to improve readability of the text and

better reflect the achieved results.

¢KS GAGES KIFIra 0SSy Y2RAFASR I OO2NRAy3Ife G2 GKS N

Reviewer#2. Specific comment Zenerally, source apportionment by PMF model shows the
contributions of aerosol chemical properties from various sources, such as traffic (vehicle),
biomassburning, dust (road dust), marine, industry, secondary nitrate, secondary sulfate, ship,
etc. However, the sources given in this study are aerosol compositions, except for
industrial/Traffic and Marine. Firstly, the authors should show the chemical composs and
discuss the characteristics during the study period. The explanation of major emissions sources of
the aerosols also provided. Secondly, more detailed descriptions for source profiles should be
given. For example, Wi at MSY originated mainlyofm shipping emissions (see section 3.3), why
EC is not considered at the source profile.

I OO2NRAY3 G2 GKS wSTSNBSnaumanitzacar® AmmoiyhEsulfatK S y | Y
aerosol sources have been replaced3scondary nitratend Secondargulfate, respectively.

The aerosol sources and contributions discussed in the present paper for BCN and MSY were firstly
published by Pandolfi et al. (2016) for the same study period. Therefore, further information on the
results of PM10 and PM2.5 chemicompounds and PMF source contributions at BCN and MSY can
be found in Pandolfi et al. (2016). Authors consider that an extended discussion on the PMF results
at BCN and MSY would provide repetitive information.
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The novelty of the present paper, regardiPMF analysis, are the results presented for the source
OKSYAOIFfT LINRPFAfSa IyR O2y(iNAROdziAZ2Yya |G a{!Z YR
extensively discussed in the paper compared to the results presented for MSY and BCN, which were
firstly and widely discussed in Pandolfi et al., 2016.

However, the resulting PM source contributions are just a tool to obtain the main goal of the present
paper which is focused on providing, for the first time, mass scattering and absorption efficiencies
(MSE and MAE) for specific aerosol sources. Additionally, the paper aims to assess {kieRPMF
technique to accurately simulate scattering and absorption coefficients when chemical speciation
data is available.

A discussion on the PM chemical compound®I8® is not provided given that doing so detracts the
focus of the paper. Previous studies deployed at MSA have presented the PM10 and PM1 chemical
composition at this site (Ripoll et al., 2015).

Authors agree with the referee, further information on teeurce chemical profiles at BCN and MSY
should be provided in the paper. The source chemical profiles for BCN and MSY have been added to
the revised supporting material. Even though this information was previously reported in Pandolfi et
al. (2016), it imeeded to better understand the changing chemical profile of the common aerosol
sources at the three different sites.

The following Figure S2 has been added to the revised supporting material.
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Figure S2. Source chemical profiles obtained by meatiseoPMF model at BCN and MSY for the
period 20042014 (Pandolfi et al., 2016).
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We guess that the referee is making reference to MSA in the last sentence, given that the unique
chemical profile resulting from applying a PMF model shown in the discussioer pagkes
reference to the results presented for MSA.

It should be noted that the PMF model was run automatically and then we cannot choose the
apportionment of specific species to the different sources, so that\iiNi bearingsource at MSA,
constituted by specific chemical species, is an automatic output from the PMF model. Differently
from BCN and MSY, the resultivgNi bearingsource at MSA does not include EC in the chemical
profile given that EC is mainly attributed to tAged organicand Ammoniumnitrate sources at this

site. This fact might be related to the high altitude and far position of MSA from the Mediterranean
coast and shipping emissions. Whereas MSY is affected by the direct shipping emissions from the
Mediterranean coast, the MSA sitright be influenced by atmospheric long range transport, and
therefore the V-Ni bearingsource at both sites might be internally mixed with different chemical
species.

The following sentence has been added to the revised manuscript:

G5AFFSNBY llahd®MSY, NN beating source at MSA was not enriched in EC possibly
because of the high altitude of this station and its position, far from the western Mediterranean
O2ladtAyS YR aKALIWAY3 SYAdaA2yaodé

Reviewer#2. Specific comment 3t is not fully explained how the authors determined the
scattering and extinction efficiencies (MSE and MEE) of chemical species by using the Multilinear
regression method. Egs. 1 and 2 are not enough. This reviewer strongly suggests that detailed
stepsfor getting the MSE and MEE of chemical species by using the multilinear regression have to
be present in main text or in the supplement.

The MLR analysis for estimating MSE and MAE of aerosol particle sources is based on the IMPROVE
algorithm (Hand and lslm, 2007 and references therein). Equations 1 and 2 presented in section 2.3

of the discussion paper are similar to those equations showed in previous published studies. Authors
do not exactly understand which changes should be introduced in the MLRi@guat

Section 2.3 (named section 2.4 in the revised paper) has been rephrased for a better understanding.
Changes have been directly modified in the revised paper.

Reviewer#2. Specific comment Regarding to the reconstruction (section 3.5), what is theot-
meansquare difference for data given in Figure 4? This reviewer suggests to use percentage
difference of bias rather than fractional bias.

c2fft26Ay3 GKS NI FréonbBedreguareOetrof YRAMSH)>has lib&e® accordingly
calculated for themodeled and measured optical parameters. The RMSE is widely used in modeling
evaluation and provides valuable information on the accuracy of the predicted coefficients
compared to the observational data.
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The following paragraph has been added to the redisenuscript:

GThe root mean square error (RMSE) was calculated for the obseredéled datasets, showing

low dispersion and high accuracy in the modeled values. Scattering and absorption coefficients were

well reproduced by the model, showing RMSE vabfe&76 and 6.06 MihF 2 Nat MSY and MSA,

and values 0f 2.61,0.55and 0.23Mm2 NB G . / b a{, IyR a{! 3z NBaLISOGA

The Fractional bias (FB) is presented in this study, given that published studies applying a MLR model
for MSE calculation have also used the FB parameter to assess the accuracy of the model to simulate
" spcoefficients (Ryan et al., 2005)herefore, FBds also been used in this study to compare our
results with the published studies. The replacement of fractional bias by the percentage of FB does
not provide further information on the discussion of the accuracy of the modellgcbefficients.
Authorsprefer to keep the FB parameter in the revised paper.

Reviewer#2. Specific comment bongterm trends in Section 3.6: There is no detailed explanation
on Figure 6. There is a critical issue that how we can trust these reconstructed values given in
Figure 6 and associated trend analysis results. For example, Collaud Coen et al
(http://www.atmos -chemphys.net/13/869/2013/acp-13-869-2013.pdf) reported that, in the
Europe, significant trends were not observed for aerosol optical properties at most sites Tsdde

8 in the paper). However, this study, this study reports about a scattering TR (total reductior) of
52% since 2004 andl4% in the absorption coefficient. Therefore, the authors should investigated
all published literature, especially in Europe, amive a reasonable and reliable explanation with
evidences. If there are such distinct decreases in aerosol scattering and absorption properties, is
this trend also consistently seen from aerosol optical depth measurements from
AERONET/SKYNET and satelitmsors? Also, do PM2.5 concentrations show a decreasing trend
over the study period?

A very good agreement has been found between measured and modeled pairs of scattering
(R=0.88) and absorption {R0.8) with slopes close to one at MSY for the peridoti®2014 (Fig. 4 of

the paper). In addition, following the suggestion of referee#1 in general comment 1, an independent

subset of the period (year 2015) not considered in the MLR analysis has been used in order to
further evaluate the accuracy of thmodekd scattering and absorption (see general comment 1).

D22R F3INBSYSyYyid 6+a F2dzyR 0SH@BSyn OF2pRIBI=EWR YR Y
coefficients, at 525 and 637 nm respectively, showing slopes close to one for the year 2015 at MSY

(Fig. 6 of the reised paper). Authors consider that these results support the accuracy of the

Y 2 RS {,6 I Rytime series in order to carry out the trends study.

Pandolfi et al. (2016) observed significant decreasing trends in PM10 and PM2.5 chemical species

concentration and PMF sources contribution for the period 20044 at the BCN and MSY sites. The
reference of Pandolfi et al. (2016) is cited throughout tla@er, given that PMF source contributions

20



at BCN and MSY are also used in this study, as is detailed in the discussion paper. Therefore, these
results showing decreasing trends on PM10 and M2.5 concentrations and their chemical tracers
support the observededuction on the optical properties trends at both sites.

Other studies have been published in the last years showing clearly that the concentrations of PM
and other air pollutants such as sulfur dioxide (SO2) and carbon monoxide (CO), have markedly
decreased during the last 15 years in many European countries (EEA, 2013; Barmpadimos et al.,
2012; Cusack et al., 2012; Querol et al., 2014; Guerreiro et al.,, 2014 among others). Cusack et al.
(2012) reported the reduction in PM2.5 concentrations observed egfianal background (RB)
stations in Spain and across Europe. Barmpadimos et al. (2012) have also shown that PM10
concentrations decreased at some urban and rural background stations in five European countries.
Henschel et al. (2013) reported the decreaseSIO2 levels in six European cities. EEA (2013) also
reported general decreases in NO2 concentrations.

A less number of studies focused on optical properties trends analysis were published in Europe. For
example, Putaud et al. (2014) found downward trefaisPM, scattering, absorption and SSA series

for the period 20042010 in the northeast of Italy.

Few studies clearly support the reduction of the atmospheric PM in many European measurement
sites, which consequently leads to a decrease in the scatteridgpaabsorption trends.

Aerosol optical properties measurements are relatively recent in Europe compared to the EEUU, as
shown in Collaud Cohen et al., 2010. The latter study presents a global overview on trends study of
optical parameters, however no sificant decreasing trends were observed in the European sites.
This fact may be due to differences in the time period for major European reductions relative to the
time period covered by the aerosol optical property measurements. The limited number itdldga
datasets as well as the characteristics of the sites, which might not be representative for trends
study (e.g. high altitude or marine), also supposed a limiting factor for trends study (Collaud Cohen
et al., 2010).

Columnar measurements are affect by atmospheric processes and emission sources at regional
and continental scales, involving transboundary transport. However, surface data is mainly affected
by local and regional emission sources which are directly influenced by the air quality imyulat
strategies. Authors consider that aerosol optical depth measurements should not be included in the
revised paper given that the paper focuses on surface measurements, and the decreasing rates of
columnar optical parameters cannot be explained by thecpss occurring at the surface. The
trends study of surface scattering and absorption series aims to relate the trends of specific aerosol
sources with trends in optical parameters, in order to assess the effects that air quality strategies
adopted in recat years are having on light extinction. Therefore, authors think that a trend study of
columnar measurements does not fit in the present paper; however it is a good suggestion that will
be considered for future studies.
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Abstract

chemicaland-opticalpropertiesof-atmospheric-aerosolBurther research is neededrémluce the existing uncertainties on
the effectthat specific aerosol sources have aadiative—forcingight extinction and consequently on climatethus

acting—separatelyThis study presents a neapproach aiimged at quantifying themass scattering and absorption
efficiencies(MSE and MAE)of different aerososourcesat urban (BarcelonBCN), regional (MontsemMSY) and remote
(MontseeMSA) backgroundsitesin the northwestergfNW) MediterraneanAn analysis ofsourceapportionment tdhe
measured mukwavelengthaerosolthe-measuretight scattering(ls) and absorptiorfll,,) coefficients was performed by
means of a multilinear regression (MLR) modi®l the periods 2002014,20102014and 20112014 at BCN, MSY and
MSA. The source contributions to RMmassconcentrationidentified at-the-three-siteby means of the ditive Matrix

Factorization (PMF)mode| were used as depaéent varables in the MLR modelith this approach we addressed both, the

effect that aerosol particle sources have on air quality and their potential effi@gititoextinction through the determination

of their MSE and MAE An advantage of the presented approach is that the calculated MSE and MAE take into account the

internal mixing of atmospheric particleBly

Sevenaerosolsources werabtainedidentified at MSA and MSY, and eigh8 sources at BCNMineral, Aged marine

AmmoenigrSecondarysulfate Ammenidrbecondarynitrate and V-Ni bearing sources were common at the three sites
i i [ issi i ed—araBicN (

Industrlallmetallurgyand Roadresuspensionvere isolated at BCN, Whereas—As—a—eenseQ&enee—e#etha#nespheHc

the
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background-sitesiridustrial/Traffic and- Aged organicsseurce;with-a—marked-biogenic—contributipmas-were solely
identified at MSY ad MSAbackgrounds-sites

The highesseattering-efficiencidd SE were found-observedor AmmeniufBecondansulfate(4.5 and 10.7 Ay’ at MSY
and MSA, respective)y AmmoniurBecondarynitrate (8.8 and 7.8 ig™) andV-Ni (8 and 3.5 rhg’).-at- MSY-and-MSA
respectively These sources dominatddminatingthe scattering througlut the yeamwith marked seasonal trendghe V-Ni
bearing source originating mainly from shipping in the area under stadginated—mainly—from-—shippingmissions
simultaneously contributed tboth (gseatteringand U ,abserption being the second mosfficient light-—absorlinger
abserptivesource in BCN MIAE=0.9 m? g™). - with-notable effect also-at MSY-and-MSB.B-and-0-2 Ty ) However. Tthe
Traffic source at BCN and theuivalentindustrial Traffic at MSY and-MSAexhibitedthe highest MAH1.7 and0.9 nfg™,

respectively. These sources were the major contributors to the measyed BCN and MSY, however At MSA,

Secondary nitratexerted thénighestinfluence ondl,(MAE=0.4 nfg*).

Sourcespredominantly composeby-of fine and relatively dark particlesighly—contributing-to-light-aferption, such as
Industrial/Traffic Aged organicsand V-Ni, weresimultaneously characterizégwith-a low single scattering albedo (SSA)
and high scatering Angstromingstremexponent (SAE)ConverselyMineral and Aged marineshowed thdoweshighes
SAE and thdewesthighestSSA being scattering the dominant process in the light extinction

The goodagreement founderrelationand-the-low-biasbservedetweermodeledand measureﬂg_ﬁn&ﬂégﬁ particleoptical
propertiesallowedfer the reconstruction obeattering-absorptiorand-SSAl, and U, longtermtime seriesduringover the
period 20042014 at MSYby-means-othe-PMEMLR-technigue Significant decreasing trendgere foundat-MSY-for the
modelediiyseatteringand i abserpion (-4.6 and-4.1 % y')-ceefficients Interestingly; thebservedreductiom-the SSA(-

gh ggesta-less-effectiveness—of-tladr g
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1. Introduction

inorder to

decrease

Atmospheric aerosols affect tiea r t h 6 s throdgh trealireet scattering and abption of solar radiation but also

throughby indirect processes actiragcloud condensationuclei (IPCC, 2007) Precise meagements of aerosol properties

are required to reduce the current uncertainties on radiative forcing (IPCC 2007, a0#i3urther researchaiming at

studyingthe relationshigxisting between aerosoptical and chemical propertiessneededo betterunderstand the link air

quality-climate.Ho we v er , a thorough quantification of the direct

is difficult to achieve(Zieger et al., 2012 The high spatial and temporal variabildf atmospherigarticlesalong with the
large differences in aerosol composition and s&iederet-al—2012Haywood et al., 1999; Andrews et al., 2011; Bond et
al., 2013), results in ehangingradiative forcing from local to global scales (Collaud Coen et al., 2@i8jhe dpbal scale,
atmospheri@erosols are estiated to coothe Earth systenfChen et al.201% IPCC, 2013,

Most aerosol componen{snainly sulfate, nitrate, organics and mineral matter) scatter the sunlight causing a net cooling at
the top of theatmosphere (TOA);anversely other particlesuch as black carbon (BG)bsorb solar radiation in the whole

visible spectrum, thwa#mmg%h&atmespheredmaew net warming at TOAJacobson, 20@&] Ramanathan
and Carmichael, 2008<

Assessing the role of aerosols olimate forcing often requisereducing theirphysicochemical properties to a set of
parameters that describe their optical propertiésnd and Malm2007).; sueh—astThe massscattering and absorption
efficiencies (MSE and MAErespectively)yHand-and-Mim-—2007)-Fheseare keyintensive opticaparameters that relate

the mass concentration of specific chemical speciésetparticlelight scattering(ds,) and absorptioiidi,,) coefficients the

el heseintensive opticalparameterdepenéhg on

intrinsic aerosol propertiesuch agparticle effective radius, particle mass density or refractive indexd they are very

useful tobetter parameterize the aerosdisect radiative effect in atmosphetimate models(Seinfeld and Pandis, 1998
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Several studiehave beempublished onfecused-ondeterminingthe MAE-absorption efficiencyof black carbon BC)

pamdes calculatedas the ratio betweeuglg ae#eseJ—abse#pﬂen—eee#ﬁereﬂnd elemental carbon (EC) concentrations

mpleSiven that BC is the most important light absorbing particle

in the atmosphere, its MAE has been extensively studiéitbiature(i.e. Bond et al., 2013Reche et al., 201 Pandolfi et
al., 2011 2014, among otheps In some cases, the MA& BC has been observed to change depending on the degree of
internal mixing of BC withnon-absorbing materiakuch as sulfatand organiccompoundgJacobson, 2001voffet and

Prather, 2009Ramana et al., 201@anatta et al., 20)6Recently the potential for organicarbonas an absrber of UV and
visible lightt hr ough their #&Abr ovwasbeenaalsdreparied irf liReratGeeq. Lo @tralt, 20A5; Updyke et
al., 2012. The MSE ofdifferentchemicalaerosol componentsas beemlsobreadlyextensivelyreported formany locations

(Vrekoussis et al., 2009 itos et al., 2012Cheng et al., 201&nd references thergirAn example is the study performed by
the IMPROVE (Ineragency Monitoring of Protected Visual Environments) prograhich has beekaken-consideredhs a
reference for reportingnassextinction efficiencies{(MEE)-depending on particle compositigdand and Malm, 200&nd
2007) Global MSEwere—reportedor dry ammonium sulfate [(NH4),SQy], ammoniumnitrate [NH4NOs], organic matter
(OM), soil dust and sea saitere obtained by means ofwultilinear regressionMLR) model In the IMPROVE modelis,

long term measurements (from 1990 to 20@éyre used as independent variable whereas the aforementioned externally
mixed chemical species were used as dependaridblesin—U.SNatiehal-Parksin addition the IMPROVE study
demonstrate that the reconstruction @k, the-extinctioncoefficientcan be inversely computed by means of the calalilate
MSE and themassconcentratiorof chemicalspeciesRevised algorithms of the IMPROVE equation have been published in

literature ainnged at reducing the bias on the predicted values, accounting for a 25% overestimatelijgehtering

coefficient (Ryan et al., 200®itchford et al., ZOOY)WWWWWW%d

the published studiedealing wih the estimation of MSEaveconsideredhe internal mixing state of atmospheric aerasols

given that each chemical specias treated separately from the othdhis fact mightprobably lead to biaseis the

predictedils, due to aerosols not consideriedthe MLR model The values of MSE and MAE reported in literature vary
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largely from one study to another, and this variability is probably partially due to differences in sampling procedut@ and da

analysesNeverthelessthe observedariability may also be dudo the different mixing state of atmospheriaerosd at

different environments

In the present study a different approach of the MLR methad-is presentedvestigated where the aerosolsource

contributions obtained by means of the PMF (Positive Matrix Factorization) nosielad of the single chemical species,

were used as dependent variables in the MLR

Matrix-Factorization)-modehsa-substitutefor-chemical-speciedAn important characteristic of the PMfeurcedactorsis
that these take into account the internal mixing of atmospbariiclesereselsIn fact, as evidenced by the PMF sources

chemical profiles, these are constituted by some main trasess

_From-ore-side-Receptor models

such as PMF are powerful and widely used techniques to design air quality strétegidana et al., 2008Belis et al.,

2013, thanksldeto thecapability of these models to identify key pollutant emission sources and calculate their contributions

to the measured PM massncentrationA

pollution-source-abatementeasuresOn-the-other-sidehus theregressiommode{MLR} model applied using the PM#

source contributionand the measured-secatteringand-abserptioills, and (., coefficientsallows to-guantifiguantfying the
potential ofdifferent aerosoktheseparticle sourcesfer—scattering—or—abserbitg scatter or absorthe visible light, and

thereforedirectly linkingtheair quality and climateffects of airborn®M.
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sitesaiming-tocalculatethe MSE-and-MAEof the differenWith this approach we estimatéiile MSE and MAEof aerosol

particle sourcesidentified at urban, rgional and remote environmenits the NE of Spairsince—2010 Furthermore the
M SE and MAEcemputedby-means-of
the-MLR (when-optical-measurements-were-availalble)e usedorthereconstruction-db reconstructhe-aereselparticle
Us, and 0, seattering-and-abserptiamefficientsover an 11lyear peiod the—last—eleven—yeasthe MSY regional sitethus
allowing trendanalysesThi Trend analyses
of particle optical propertiesvhich-are extremelyrelevant forthe detectionof changs in atmospheric composition

depending orchangesn naturalor anthropogeniemissionsatmospherigrocesses and sink€ollaud Coen et al., 2013

everal studies have shown thalhé¢ air quality abatement strategies adopted in the recent
years have resulted in a decrease of anthropogenic pollutants in Europe (EEAB&0i3adimos et al., 201Querol et al.,

2014 Pandolfi et al., 2016 However, the control of paltant emissions is currently conflicting involving a traafe

between the impacts on environmental health & e Eart hos c | icurrant ndtigatioa strhtegiesoald e f o r

increase climate warminwhile improving air qualit{Shindell et al., 2012 relevant outcome of this new approach is the
chance to study the effects that air quality mitigation strategies are havitighatdight extinctionin the area under study.

2. Methodology

2.1 Sampling sites and meteorology

The wWestern Mediterranean Bas{/MB)—is characterized by warm summers and temperate winters with irregular
precipitation rates throughout the year. In winter the location of the Azorespreghure systerfavours the entry of
Atlantic advections that clears the atmosphere out of polluthntsummer, atmospheric dynamics coupled to local
orography result in local/regional circulations with the comsed accumulation of pollutant@Millan et al, 1997)
Recirculation and aging of pollutants is favoured by weak gradient atmsptonditions, scarce precipitation and
continuous exposure to solar radiation driving photochemical reac{®odriguez et al., 2002Péez et al., 2004)
Additionally, large mineral dust contributisfrom Saharan dust events may cause exceedanfties air quality standards
(Escudero et al., 200Querol et al., 208). The conjunction of all these processes surrounding the WMB, lead to a radiative
forcing among the highest in the wqidhcobson, 20Qk).

PM chemical and optical measurements were performed at three sampling sites located in the §fgSpgin

The | arge coastal Bar ce)0o2nfa6 NiErats.hpié oaenotthe nmo® Godulatedt areA2iB tREN
Nerthwestern-NW) Mediterraneanresulting in a very high road traffic density. Additionally, the metropolitan area is
surrounded by a broad industrédetorareaand has one of theairmagor harbors in the Mediterranean Basin, witlarge
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number of cruise shipfey et al.,2013. The conjunction of thesemissionsourcesAl-these—anthropogenic—emission
soureebighly contribute to the air quality degradatieantribute-to-the-largest-atmospheric—pollutionthe areacausing

important-consegquences-on-air-gua(i@uerol et al., 2001Pey et al., 2008Pérez et al.2008 Amato et al., 2009Reche et
al., 2011 Dall 60Ost.o et al ., 2013)

The Montseny regional background station (MSY; 411 92°214, 720 m a.s.).is locaed in the Montseny natural pairk

a densely forested area, 50km to tHeNR of the Barcelona urban aread 25km from the Mediterranean co&®tspite the
site is far enough from the industrialized and populated Barcelona metropetijian it can be affected by anthropogenic
emissions transported to inlaatcagPérez etla 2008)

The Montseccontinental background site is a remote high altitude emplacesh;(42°3N|, 0°448, 1570 m a.s.l.)

placedin the southern side of the PPey r e ness at t he Morangeslacated d40 Am ® gshe NW ofnt a i

Barcelona ad 140 kn to the WNWof MSY. Despite the higtaltitude locatiorand the frequent free troposphere conditions
during the cold seaspthe station can be slightly influenced by anthropogenis&ons during the warmer periosihen it

is positioned within th@lanetary boundary layer (PBL(Ripoll et al., 2014)

The three sites ammembersnvelved ofin the Catalonian air quality monitoring networkdditionally -the MSY and MSA
stationsform-are part of the ACTRIS (Aerosol, Clouds and Trace gases Research InfraStruande3AW (Global
Atmosphere Watchpetworks. Aerosol optical properties at the sitese measured following standard network protocols
(WMO/GAW, 2018.

networks:Further information characterizing physical, chemical and optical prepart atnosphericaerosolgdetailing the

prevailing atmospheridynamics at the three stationan be found inQuerol et al., (2001)Pey et al. (200&nd 2010);
Reche et al. (2011Randolfi et al. (201and 2014); Cusak et al. (2012} Ripel-etak{2015pnnd Ealo et a(2016).

2.2 Measurements and instrumentation

Aerosollight scattering coefficients wermeasured every 5 min at thn@avelengths (450, 525 and 635 nm) with a LED
based integrating nephelometer (model Aurora 3000, ECOTECH IRty, Knoxfield, Australia). s, Seattering
measurements wesbtained-focollected aMSY sinee-201Ausing a PM, cut-off inlet. Measurements at MSA were carried
out using a PMjs cut-off inlet from 2011 until March 2014, and then replaced with a;JRdtoff inlet. QSLSea&eFing
measurements at BCiNere-are not available. Calibration of thevo nephelometerwas performed three times per year
using CQ as span gas, while zero aslisiwere performed once per dajng internally filtered particle free air. The relative
humidity (RH) threshold was set following tHe&SFRIS-GAW recommendations (RH<40%$catterig-measurementds,
coefficientswere corrected for truncation due to Fideal detection of scattered radiation following the procedure described
in Miller et al. (201&b).

28

ired by these



10

15

20

25

30

| Aerosol light absorptionaefficient at 637 nm (Mdiller et al., 204) was measured at 1 min resolution with a Multi Angle
Absorption Photorater (MAAP, model 5012, Thermodperated in the heated sampling mode and connecteBNg axut
off inlet at BCN, MSY and MSA.

GravimetricPM;q mass concentrations were determined by standard gravimetric procedures, accordingEdl UREA1,

| 1999 protocol (Alastuey et al., 2011)Samples were collected everyt®/4 days on 150 mm quartz miefiber filters
(Pallflex 2500 QAT-UP and WhatmarQMH) using highvolume samplers (DIGITEL DH80 and/or MCV CAX/MSb at
30 n? h'Y).
Chemical offline filter analyses were carried out at the three $abbswing the procedure proposed by Querol e{2001).
A quarter of the filter was acid digested (BNHF:HCIO,). The resulting solution was analyzeg Inductively Coupled
Plasma Atomic Bission $ectroscopy(ICP-AES; IRIS Advantage TJA Solutions THERMO) for the determination of
major elements (A Ca, Fe, K, Na, Mg, S, Ti, Bnd bylnductively CoupledPlasma Massctrometry (ICRBVS; X Series

I, THERMO) for the trace elements (Li, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Sn, Sh, Ba, rare earths, Pb, Bi,

Th, U).In order to examine the accuracy of the acid digestidewanilligrams of thereference material NIST 1633b were
added toa quarter of the blank filteAnother quarter okachfilter was water extracted to determine soluble anions. The
nitrate, sulfate and chloride concentrations were resolwedon—Chremategraphy({G)—ion high-performance liquid
chromatography (HPLC) using a WATERS ICpakTM anion column with a WATERS 432 conductivity detextahe
ammonium concentrations with an ion selective electrode (MODEL 710 A+, THERMO O@oggnic carbon@C) and

EC concentations were determined by a therroatical carbon analyzer (SUNSET) following the EUSAAR2 thermal

protocol (Cavalli et al.,2010) Blank filters were analyzed together with the samples, and concentrations were subtracted

from those found in the samples in order to cal®ithe ambient concentratioi@hemical filter analysis presented in this
study ranges between the period 2@044 at BCN and MSY, and the perig8102014 at MSA. Optical measurements
were considered for the periods0220-2014 at BCN20132014 agtrdMSY and 201312014 at MSA.

2.34 Positive Matrix Factorization model (PMF)

The positive matrix factorization model (PMFv5.0, EPA) viredividually applieden-to the dailychemical speciated data
collected at BCN, MSY and MSA for source identification and apportionimentPM,,. Sourcecontributiors obtained for
BCN and MSY can be found in Pandolfi et al. (2016), whereas sources identified atvNMl®Aarepresented in this study.

Detailed informatiordescribingthe PMF model can be found in literature (Paatero and Tapped; Paater, 1997; Paatero
and Hopke2003; Paatero et ak005).

Briefly, the PMF mdlel is a factor analytical toddased on the weighted leastuares method, which reduces the dimension
of the input matrix (i.e. the daily chemical speciated datap a limited number of factors (or sources). Calculation of

individual uncertainties and detection limits were based on the approach by Escrig et al. (2088)atmet al. (2009)

where both the analytical uncertainties and the standard deviations of species concentrations in the blank filters were
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considered i the uncertainties calculatiohis procedure provides eriterion to separate the species which retain a
significant signal from the ones dominated by noise, based on the-sigra@te S/N ratio defined by Paatero and Hopke
(2003). Species with SAR- greater than 1 may often indicate good signal, thoughdéiends on how uncertaintiase
determinechre-generalydefined-as—-weak-variablbs order to avoid any bias in the PMF results the data matrix was

uncensored, i.e. negative, zero and below detection limit values were included in the analyses.

The PMFwas run in robust mode (Paatet®97)and rotational ambiguity was handled by means of the FPEAK parameter
(Paatero et gl2005). The final number of sources was selected based on several criteria: investigating the variation of the
objective function Q(defined as the ratio between residuals and errors in each data value) depending on the number of

sources (i.e. Paatero et al., 2002), studying the physical meaningfulness of factor profiles and contributions, and analyzing
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the scaled residuals and the gase plots.

2.45 Multilinear regression model (MLR)

Previous studies based on the IMPROVE algoritiewe appliedFthe mMultilinear regression (MLR) methodas—-been

previously-usedn-orderto-determirsming to eimate the massscattering and extinctioefficiencies (MSE and MEE) of
chemical specieshat-correspontb-the-linearregression-coefficients-of- the-mqii¢hite et al.,1986de Vasconcelos et al.,

20021, Hand and Malm, 2007 This kind of regression moddbetweenchemical specieghassconcentrationand aerosol

particle scattering or extinction coefficientthus—assumingassunes an externally mixed aerosolHowever, he

apportionmenbf scdtering by more than one specigsthe total scattering depends on the amption of the internal or

external mixing state of atmospheric aerosatsalready noted previossudies(White, 1986) Thus, assumin@n internal

mixing among chemical species that form a single variable in the regresgiationwill reduce thepossiblecollinearity

among the dependent variables of the MLR moahelking at the same tinibe regression coefficients less sensitive to data

uncertaintiegHand and Malm, 200/As shown in thematrix correlation in Fig. S1, very low correlation was observed

between pairs of aerosol sources identified with the PMF model at the three sites considered here.

In in thepresetthis study,we usedhe PMF sourcecontributionsaere-consideredis dependent variablesthe MLR model
and the measuredigseattering—{(Sc)and U abserption—{(Abs)coefficients were-treatedas independent one3hus, the
resulting regression coefficients of the model represent the MSE andd¥lAixed aerosol modegiven that the sources

from PMF take into accouthe possible internal mixin@amongchemical speciedoreover, the MLR method assumes that

all the species contributing 1, and ds, are included in the equation. Thus, a better model performance is achieved here

given that we used the full Plychemical speciation in the PMF model for source identificationagmbrtionmentAs—a
se Following equations 1 and Zrhe partial sseatteringand
U, Abserptioncontributionoffer each sourcean becomputed as the product betwetba sourceconeentratiorcontributions
and thecorrespondingMSE/MAE..—and-t Then total aerosol lightlsseatteringand (p,abserptionceefficientscan be
modeledas the sum of the scattering or absorptionrcecontributiors (Eq.1 and 2).
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LOBA BOYO 8i é¢6i 0Q (Equation 1)

FABAO BOOO 8i é¢06i wQ (Equation 2)

It is—remarkablshould be considerethat differenceschangesin the sampling conditionsie: RH or; size cutoff) or

differences in thehemical analysis methodsed on sampled filteksan influencenfluencetheintensiveoptical properties
(Delene and Ogren, 20Q2nd consequently theomparison among of theomputed MSE and MAEsulting-efficiencies
obtainedfor-different-emplacementBhe resulting efficiencies can be biased by ¢heoff inlet, given that absorbing
aerosols tend to be predominately in the-sitron fraction (Andrews et al., 2011 this studyboth (g, and (i, were

collected using a PM cut off inlet, thus guaranteeing uniformity among the performed particle optical measurements. An

exception occurs at MSA, where a PMutoff inlet was used until March 2014 and then replaced by a,Riet.

However, an estimation of the influencetbé irlet change on the resulting MSiBdMAE at MSA is difficult to achieve,

given the relatively shofi;andil,, time series available thus preventing performing two different MLR analyses for the two
fractions in-this—studoreover scatteringRH was controlled below 40%t MSY and MSAin order to minimize
preventingthe hygroscopic growth of the particlasd then prevent a significant enhancement in the scattering effigiency
which-could-leado-an-enhancementin-tiseattering-efficiencyAn overestimation of thén-enrhancement-of-theeattering

or absorption efficienies can also be due to the fact that the MLR-alsorelated-with-the khewn-bias-in-the- MLR-—This

method tends to give more weight to those variables that are more accorassyred (such as sulfate), and convessely

underestimatéhe regressionoefficients for species with larger uncertainty (organic matthite and Maciasl987Hand

and-Malm-2007). In the present stugdya comparison betweemodeledand measured coefficients was performed using
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guantitative statisticaVith this aim,the root mean square error (RMSENd fractional bias (FBHeseribed-in-equation 3
{Ryan-etal-2005)  were computedor modeling evaluation FB is describd in Eq.3 (Ryan et al.2005), —Wv_vhereﬁigséim
is themodeledscatteringcoefficientandlsSeis the measuredalue for each dailydatapoint

&" ——— (Equation 3

A total of 303, 379 and 508aily data pointswere used in the MLR analysis for source appontiening analysisofte

absorption at MSA, MSY and BCN, respectivelWwhereas 222 and 3Qfaily data pomts wereonsideredfor MSE
calculationat MSA and MSY -ensui Its.

2 .56 Statistical tests for rends study

The Theilsenslopeestimate(TS) (Theil 1950; Sen 1968¥ a nonparametric test whickwas investigated for the monthly
averages olight scatteringand absorptiorand-SSAin order to test for the occurrence of a franl slope in the dataeries
during the period 2002014 at MSY. The btal and annual reduction of these optical parametassirwestigatedusing
bootstrap resamblingor the monthly deseasonalizetime series,reducingthe possible influence of outliers on trend

estimatesandobtairing robustslopep-values

A multi-exponential fitdeve

Synthesizing-Centré-East{MSCA)group{(Shatalov—et-al—2015imnged to_studyat-studyingtemporal trendsfair
pelutionin the multiexponential form(Shatalov et al., 2015vas usedor representing the decomposaddeledmonthly

temporal seried: main componenseasonatomponentind residual componerdditionally, this technique allowed us to
estimate the nctinearity (NL) parametefor the trendsAn NL of 10% was used athreshold to define linear trend
(NL<10%).

3. Results
3.1 Sourceprofiles and contributions to PM,

Sevenaerosolsourceswere identifiedat MSA in the PM fraction by performing aPMF medelanalysisfor at-the-MSA
station-duringthe period 200-2014. Theseurcechemical profiles andourcecontributiors to the measured Pliyimass are
shownin Fig. 2 and Table IThese results will be studied together with ferage-abseoluteral-relativechemicalprofiles

(Fig. S2 )andsource contnbutm%}eb&ned—femrewouslvquantlfled by Rndolfi et al.(2016) atBCN and MSY
forduring the period 20042014,
{2016).HigherThe highesPM,, average concentratiemerewasfound at the BCN urban station, followed this order,

by the regional (MSY) and remote (MSA) background sitesO)(346.7 and 9.6 ug 1) respectively) consistent with the

progressive distance of the three stations from impoetagsionsources.
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On average, the most abundant sourcastributing to PM, mass concentratiotevels-at MSA wereAged organics
followed byMineral, Industrial/Traffic, Aged narine, AmmeniurBecondansulfate V-Ni bearingandAmmeniunbecondary

nitrate. Aged organicsvass mainly traced by OC and E@ith maxima in summerpointing to a large contribution from

biogenic emission sourcesand accourdng for 2.8 ug m® (294%) of the PM, massconcentratiokad The internal

mixing with EC internaly-mixed-within-this-seuresuggests alear-anthropegenicontributionfrom combustion sourcde

this sourcedespite-theremote-environment-of- M3Aowever the Aged organicsource at MSA can his considered to be
dominated bysecondary organic aerosols (SOA) arising frbimgenic volatile organic compoundsVOCs) due to the

predominancef OC in the chemical profilezurthermore,tishouldalsebe considerethe highersummer VOCs oxidative
potental occurring in the Mediterraneamhich enhanceSOA formation due to both higher insolatioand tropospheric
ozone concentratigrvhich-enhance-the-Onecentratios(Fuzzi et al., 2006)This assertion is in agreement with previous

studies deployedt MSA whereSOA wasfound to bethe foremost constituent &M, organic aerosolOA), especially in

summer (90%]Ripoll et al., 2015). The Mineral sourcewhichis traced by typical crustal elements such as Al, Ca, Mg, Fe,

Ti, Rb and Srwass related to both Saharan dust events and regional/local micenibutionand accoungdng for an
averagd PM;,lead-contributionof 2.327 ug m* (243.6%). The Industrial/Traffic source -is-primarily traced by Pb, Zn, As,
Sb, Cu and Niand contributed 1109 ug m? (11-3%). Aged marinesourceis mainly tracedmainly-by Na and Cl, and ia
minor proportion by Mg, S¢& andNOs, contribuedng 1.108 ug m* (11-1%). AmmenivriSecondansulfate -is-a-secondary
inerganic-seureenainly tracedmainly by SQ? and NH,", andSecondary nitratetraced by NG and NH," but also enriched
in EC, contribued 0.987 pg m* (9%) and 0.72 pg m° (7%), respectivelgontributing 0-87 pg-AT—(9-0%) V.Xi bearing
source-is tracedmainly-by V, Ni and SGF—and represertds the direct emissions from heavy oil combustion, mainly
shipping in the study areand contributeeontributing0.879 ug m* (8:-2%)-to-the—total-PMy. Finally-Ammonium-nitrate

alsosecondary-inorganisource—is-traced-by-NGand-NH, “and-enriched-in E@ecountingfoi0- 72 pg-AT{(7-5%)of the
PMjglead-Differently from BCN and MSY the V-Ni bearing sourcat MSAwas not enriched i&BC possiblybecause of the

high altitudeof this stationand its positionfar from theNW Mediterranean coastline and shipping emissions.
As-summarizedin—Tabde—1,—seme-Common sourcesvere identified at the three stationaere Mineral, Aged rarine,
AmmenigrBecondary nitrate, Ammenidbecondary sulfate_and V-Ni—and—TFraffic—(at—BCN)—or—the—equivalent

tndustrial/Fraffic (at- MSY-—-and-MSA) The sources identified in BCN slved similar contributions, ranging from 10% to
17% of the totaPM,;q mass concentration, except for tinglustrial source (3%Jpiven that most of the secondary industrial

aerosols are apportioned to other secondawyrcespresented in this studyit BCN, sources traced by pollutants from

anthropogenic activitiewere mostlharerelatediowith fresh emissions from thgarcelonametropolitan area.g. Traffic and
Roaddustresuspension from the surrounding industrial zonen@ustrial) andfrom vessel trafficshipping-emissions—from

the-harbeoi(V-Ni)—presentindarge-contributionto-PM,,. However at MSY and MSAbethrepresentativeof regional and

remote backgroundgollutantswerearetransported together frothe Barcelona urban and industrial aréassresulting in

an aged aero$ mixed with local pollutants.
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LA argerrelative contributiors of Mineral andAged organicsourcesvasereobservedwvasfoundatthe MSA high-altitude

site-MSA due to a lesdirectexposure t@anthropogenic emissisnAceerdingln agreement withe-previous studiegRipoll

et al.,, 2015; Ealo et al2016) a higher relative Mineral contribution was found at MSA243.6%) compared to MSY
(16:2%0)_and-beingrelatively-lowerat BCN (143-6%). However a higher absolutdineral contributionmainly originated
from local sourcesvas observed at BCN (4.6 pg¥a-mainly-originatedfromlocal-origin Aged aganicsalso presented
higher relative contribution ahe-MSA remete-site(29:37%) compared to MSY @-/%). However this source was not
identified at BCN, where th@traffic source explained the majority of the measured @darger-abselute-and-relative
contribution-was-found-for-thEhe Agedmarinesource in Barcelonshowed higheabsolute and relative contributi®(b.73
ug m>; 176-9%) due to its proximity to theeacoast, compared to MSY @6 ug m>; 116-6%) and MSA (1.08ug m*;
11:2%). Higherrelative contributiors offer AmmeniunSecondarsulfateand AmmeniunSecondanynitrate wereasfound at
MSY (243706 and87%%) compared to MSA (9% and5Po), probably-explainedbylikely because ofhe longer distance of
the-latteiMSY to the Barcelonametropolitannearby—peliutedarea Moreover, but-alse-because—othe freetroposphere
conditions typically occurring in MSA during the coldeeriedmonths prevented the diredtansport of aerosol particles

from anthropogenic sources to the statitra

emissionsThe V-Ni bearingsourceshowedsimilar absolutecontributionsat MSY (0.7 pg m® 4.3%) andMSA (0.8 pg m®,
8-2%) despite the longer distancetbistatteMSA to theMediterranearcoast pointing to a possiblmfluenceof long range
transportat-higher-altitudaffecting the moumtin-top site.It should be noted thahé current increasindhgpping emissions

are highly contributing to air quality degradation in coastal a(f@mna et al., 2014)but alsoin regional and remote

environmeng as consequence atimospleric transport processes.

Fherefor®©verall, the impact othe identified aerosol sourcasthe -peliutants-atifferent background sites depended on the

distanceto important emission sources and on tlging andtransportof aerosol particlego inland areas driven by

orography and meteorologihus mostly explaining the differences in the chemical profiles efsturces identified at the

three sitege

3.2 Seasonal variation osource contributionsto PM,

Monthly average source contributions to BMbtainedat the three stations are shown in Fig. 3. MSY and M#e

characterized presentech marked PN seasonal variation with higher concentrations in sumihere, July and August)

and lower in winteDecember, January, and Februamg)agreement with previous studig@erez et al., 2008Ripoll et al.,

2014) The summer increase is related with the higher frequency of Saharan dust events, the recirculation of air masses the
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prevent air renovation, the-seispension processes owinghe dryness of soils, the low precipitation and the formation of
secondary aerosols enhanced by the maximum solar radiRalniguez et al., 2002 he lower winter concentrations can
be explained by the high frequency of Atlantic advections leading Wigher dispersionof pollutantsand to higher
precipitation ratescompared to summeMoreover, the reduced contribution from fPBL in winter due to frequent thermal

inversions also contributed to the relatively low Rjpmass concentration at MS¥nd especially at MSA (Pandolfi et al.,

site(Pandelfi-et-al-—2014)lt is remarkable the PM concentration peakbservedn February and Marcht MSY, which

might be attributedo the wintemregionalpollution episodes typical of th& MB (Pandolfi et al., 2014bSuch scenarios are

characterized by anticyclonic conditions whielvor the accumulation of pollutants close to the emission sources, and the

subsequent transport of pollutants towards the station with the daily increase of thedpBalfi et al. (2014b) andey et

al. (2010)reported high nitrate concentrations during these atmospheric conditions ailvi®lYfeement withheincreased

contributions of Secondarynitrate shown in Fig. 8 during this time of the year periodhe relatively low PMj

concentration observed in August at BCN and MSY could be partially explained by reduced anthropogenic activities in the

Barcelona metropolitan and industrial areas as a result of the holiday period in Spain. This result is supported byathe minim

absolutecontributions observed in August fondustrial and Traffic sources at BCN (0.7 and 2.9 pug’nmespectively) and

for the Industrial/Traffic source at MSY (1.2 ug M. The higher precipitation rates observed in August compared te June

July (Perez et al., 2008)ight also contribute to reduce RMoncentrations at MSYConversely at MSA, the highest RM

concentration was observed in August probably due to the fre@adraran dust events affecting the mountain top site, in

accordance with the highest absolute contribution found fovitheral source in August (3.9 ug i

inereagHigher relative contributiors of Aged maring23%), Mineral (18%) andV-Ni bearing(13%) sourcess-giverwere

observedon average in summext BCN. Qune—July—and-Augusiis—resultof the-sea-breezes-development—the-higher

By contrast, Traffic (23%), Ammeniurbecondarynitrate (21%) and Industrial (4%) sources maximized in winter

{PecemberJanuarand-Februady(Fig. 3a)_The seasonal variation dbecondary sulfatand Secondary nitratecan be
attributed to a higheBOA contribution, the favored formation of sulfatend the nitrate g&aerosol partitioning leading to

the thermal instabilityof Secondary itrate during the warmer period, as was already obseivélde area under studiysng

off-line filter sampling(Pey et al., 2009 Ripoll et al, 201%) and online measurement®Ripoll et al., 2018). Differently
from BCN

A-larger-Differently from BCN, ahigher relative contribution of secondarysources some of themwith—high-natural
contributiomelated with natural processegmswerdoundobservedat MSY and MSAhe-rural-and-remote-sité3b and3c).

Increasedcontributions ofSecondary sulfaterere observed in summer&2% and849% at MSY and MSA, repsectively),
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whereasSecondary nitratanaximized in winter (183% and 190-:9%). Aged organicsshowed the highest contribution in

relative termsn winter 30% and 4% at MSY and MSA, respectivelyliowever the highest absolute contributions were

observed in summé#.8 and 4.1ug mi®). This resultis in agreement with the higher SOA formation found at MSA (Ripoll
et al., 2015a) and MSY (Minguillén et al., 2015) during the warm peAggd-organicsat-MSA{(29%)-andAmmonium

ontribution in

summer-The Mineral source(19% and 226 at MSY and MSA, respectivelymaximized in summer, although high

contributions were also observed in spring. Similarly to BEdkd maring14% and B% for MSY and MSA, respectively)

andV-Ni bearing(5% and 1%) sources showed the highest contribution in summer, whereasdtingrial/ Traffic source

maximized in winter (1% and 17%).

3.3MasssSscattering and absorption efficiencies of aerosol sawes

Source dependentMassSscatteringefficiencies(at 450, 525 and 635 nm}M$¥and-MSAandabsorptlomme+ene+es(at
637 nm) efficienciesobtainedat the threedifferent sitesw

modehre shown iTtable 2. Ihe%ea%&nng%abse#pﬂm%ee#@es—a#e—#e—mgmssm%%#m@n&s—%&%ng from

The MSE and MAEforef some of the sources reported in this stegsre-camot be directly compagdable to these
coefficientdSE and MAEpublishedin the literaturefor specificchemical speciegiven thatthe sourcesdentified from

PMF take into account the possitdereselparticleinternal mixing Similar MSE were observed féymmeoniunsSecondary
nitrate at MSY and MSA (878+0.4 and 7.8+0.8 nf g™ respectively, at 525 nm). These valaeererein the upper range

whencompared temthercoefficientdSE foundr egortedm%hehteraturefor ammonium nitratehemicalspecie calculated
through_stoichiometrihe i e i
atmespheri@erosols Hand and Maln{2007)determineda MSE of3.2+1.2m?g " for dry PM, sammonium nitratelerived
fromby stoichiomety; Cheng et al. (2015%)btained values o£.3+0.8 m*g* under high masloading in Chinaand Titos et

al. (2013)observeda coefficientof 5+2 m?g™ for nitrate ionin an urban area isouthern Spain.MSE for Secondarysulfate

were quite different between MSY and MSA (4.5+0.2 and 10.7+8&"nrespectively)probably due to differences in the
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source origin and/or to the aging and mixingtad-contributionthis sourceduring the transport towds the stations. Hand
and Malm(2007)havepublishedower values for the total mode of dry ammami sulfate ranging between 8.8nd2.4 nf

g*, whereas MSEeeefficientof 3.5+0.% m’ g was found by Cheng et al. (2015) in a polluted environment. MSE for non
sea salt (nss) sulfate ion were calculated at Finokalia and Erdemli from the slope between total scatteringuéfate nss
concentrationshowingvalues of 5.9+1.8 and 5.7+1.4° g* respectively(Vrekoussis et al2005) Higher MSEcoefficients
were found in an urban background in the south of Spain (Titos, @04B) andfer-in the Negev desefFormenti et al.,
2001) 7#1 and 7+2m’ g” respectively.Given thatin our study sulfate concentrationsvere mainly explained by
AmmeniunBecondansulfateand V-Ni_sourcessignificant differences were also observed for M&E of theV-Ni bearing
sourceat MSY and MSA(8.0+1.5 and 3.5+0.5n*g™). The V-Ni_bearing sourceat MSY originated mainlyfrom shiping

emissionsat regional (vessel traffic in the Mediterranean) and local (Barcelona harbor) state®rselyat MSA located
at higher altitudethis sourcanightay-be alsobeinfluenced bycontinental transboundary transpantdtheninternally mixed

with differentchemicalspeciesin fact, asshownin Fig. 2 for MSA and in Fig. S2 for MSY, théNi bearingsource profile

at MSA is enriched in OC which is not observed at MBife Aged marinesourceat MSA showed negative MSE at 525 and

635 nm;_This was likely-poessiblydue to the larger distance from theacoastof MSA thus preventing a strong signal from

the Aged marinesource at this siteand/ordue tothe PM scut-off inlet used at the begning of the measurement periadd
also-to-the-PWM; eut-off-inlet-which prevergds the sampling of coarse particles. HowewagefficientsMSE for the Aged
marine sourceat MSY (1.2:+0.32 m*g™) shewedexhibiteds values within the same range théwose reported by Hand and
Malm (2007) for coarse mode sea s@lt0 nf g?). MSE for Aged-erganied1-4+0.2 and-1.3+0.3 Tg*}-and the Mineral
source (1.3+0.1 and 1.1+0.1 hg®) was similar at MSY and MSA respectivelyshowed-largesimilaritybetween-both
sitesThis-fact-cabe-explained-by-th&his similarity could be explained by the low reactivityesimmen-stability-othis

kind—efmineral dustparticles which were mostly externally mixed with othehemical speciesThus, less chemical
transformation can be expected for mineral particles during the transport wmarétatlonsdwmg—the—a%mesphenc

processed ower eoefficientsMSE were foundfor mineral mattemereshownby Hand and Malm (2007) (0.7+0.2°"),

by Titos et al (2013)in Granada urban background (0.2+0.3g) and byVrekoussis et al. (2005) Erdemli (0.2 mig?).
Similar coefficients were obtainebdy Vrekuossis et al. (20039+in Finokalia (1 ig™"), and byPereira et al. (2008nd
Wagner et al. (2009pr mineral dust in Portugal,+0.1/m*g*and0.9 nf g™ respectively On-the-otherhandhe The MSE
for the Aged @ganicssource (1.4+0.2 and 1.3+0.3 Tg'") was also quite similar at MSY and MSA, respectivelpbably

due to similarities in the processes that govern the OA formation at both sites, which originatedrovaitdgalregional
biogenic_emissiongind SOA formationMinguillén et al., 2015 Ripoll et al., 2018). The relatvely low MSE of Aged

organicscompared to the MSE of other sources was probably due to the mixing of OA with EC in the source chemical

profile (Fig. 2a and S2Moreover, the possible presenof BrC in the measured OAwd also explain theealatively low
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containedwithin-in-theseurece-A similar coefficientMSE (1.4 n?g ) was reported by Hand and Malm (200@) the total
mode of primary organic matter (POMlas—+eported-by-Hand-and-Malm-(200Wherasanda highercoefficient MSE
(4.5+0.B m* g*) was found by Cheng et al. (2015) during a pollution episod€hima. The Industrial/Traffic source
showed similarcoefficientsMSE at MSY (2.1+0.8 rhg™) and MSA (2.3+0.5 fg™). This similarity was related to the
common origin of this source at both sites (i.e. emission from the traffic and industrial actiikeb)-due-to-acommeon

fal-areckerepolluanisare transported-to-kand
regionsundergoing-similar-transformation-procesdéss remarkable that MSEor some of the sources identified in this

work which highly contributdo air quality degradatiorsuch asndustrial/Trafficor V-Ni, are not available itheliterature.

t he

Prior studiesdealing withfeecusng-enthe absorption efficienies of aerosol particlesainly referred tdBC particles ando

the possible coating with neabsorbing materiglBond et al., 2013Ramana et al., 20100therstudies have reported the
MAE of mineral matter (Linke et al., 2006) and OlAu(et al., 2015; Updyke et al., 201@ue to the significant contribution
of BrC to UV light absorptionHowevertot h e a Wnbwienlge s is the first time that absorption efficiencasswell

as scattering efficienciesyere computed foraerosolparticle sourcedHowever,tfot h e a Unowledge othss is thérst

time thatabsorption efficienciesas well as scatteringfficiencies,areasere computedfor differentaerosolparticle sources
the
light: MAE coefficientsvaluesat 637 nm for the three sites a@mmarizedn Table 2. e highestabsorption efficiencies
were feund-observedor the Traffic sourceidentified at BCN (1.672+0.050 fg™) andfor the equivalentindustrial Traffic
sourceat MSY (0.867+0.047 Ag'1) and MSA (0.2060.02m*g™), due to the intaral mixing with BC particles from fossil
fuel combustioninterestinghy-The V-Ni bearingsource which highly contributds to light scatteringalso exhibiteda high
MAE at BCN (0.928+0.058 rhg) with decreasing coefficients BtSY (0.526+0.065 rhig') and MSA (.165 + 0.017’*g’
years{Miana—et-al—2014)We have shown here that theNi bearing source which is progressively becoming more

relevant for air quality degradation due to the increased shipping emissions in recent years (Viana et al., 2014)nalso has a

important effect on light absorption as seguence of the internal mixing with combustion aerosmlsalso-leadst@an
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alsThe large MAE
observed foiSecondary nitratat MSA (0.364+0.023 Agt) wasdue to the fact that this source explained around 20% of

[\

A

N-and 3+0.040-and

0.234+0.028w" g*)-where-this-source presents-a-local-and-regional-oguoently, Ripoll et al. (20)5hav.

increasedconcentratiorof nitrate, ammoniumEC and traffic/industrial tracemt MSA under Europeascenarios when

e shown the

ite- Such scenarios are

characterized by the transport of polluted air masses at high altitude from centEasaadhEurope to the MSA sitelhis

fact may explairnthe internal mixing of BC particles in the chemical profile ®condarnynitrate, and consequentlthe
higher abserption—efficiendVlAE valuesfound for this sourceAmmeonium-hitrateat this—sitdlSA. Lower MAE for the
Secondary nitratesource were observed at BCN and MS¥28+0.040 and 0.234+0.026° g, respectively) compared to
MSA. Lower MAE werefoundobservedor AmmeniurSecondansulfate (0.359+0.035, 0.122+0.010 and 0.173+0.0Zym

y at BCN MSY and MSA respectively. Overall, Hhigher absorption efficiencies weressisvedfor themain anthropogenic

sourcesat BCN where fresh primary pollutantsjostly composedfby darkerparticles are emittedvithin the metropolitan,
industrial and harboareas However,lower MAE werefounddeterminedor the same pollutant sources at MSY and MSA
This resultpeintingpoints to a decreasmn the absorptionefficiency towards inland areaasa consequence dhe mixing
and aging of pollutants during the transport towardstagons Aerosolsourcesiominated by naturalontributions such as
Aged marineand Mineral sourcesshowed the lowest MARt the-three-sitddSY and MSA The Roaddustre-suspension
sourcefound-at-BEN which wass partially composedy-of mineral mattergexhibitedthe lowest MAE at BCN (0.062
+0.084m?g™"). TheMineral source presentetie-lowestMAE at- BCN-and-MSYalues 0f(0.09+0.05 -and0.005+0.007m?
gh).and shewing-alse-loveoefficientsat MSA-0.03+0.003m*g™* at BCN, MSY and MSA. Coefficientsin the same order
of magnitudeat 660 nmwerefound for the Sahar&ahel and Gobbi desertanging between 0.01 and 0.02 g (Alfaro et
al., 2009, and for El Cairo and Morocco, 0.862.004 and 0.060.014 nf g, respectively inke et al.,2006) Aged marine
also exhibited lovabsorptiornceefficientsefficienciesat BCN, MSY and MSA0.108+0.021, 0.027+0.018 afd015+0.010
m? g, respectively, beinglargerhigherat BCN due to a possible mixing with darker particles at urban ISietilarly to
the results observed for MSEged organicshowed similar MAE at MSY and MSA (0.169+0.044d 0.140+0.009 g™,

respectively) due to the local/regional origin of this source with similar composition at both sites. The absorptioayefficien

of this lattersourcewass mainly explained by the EC contained within the source chemical profile, but also might be

partially due tahe presence of light absorbing material detected as@® as brown carbon (Putaud et al., 2014).

3.3.1 SAE and SSA of aerossurces

The source specific scattering jngstr°m exporn@&brnmsangeSAE)

(Table 2).This parameter provigdanformation on the size of the particles; generally a SAE lower than 1 or higher than 2
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indicates lhat the scattering is dominated by large or fine partictespectivel(Schuster et al2006) Aged organicandV-
Ni_bearing sources showed the highest SAE at MSY (2.2 and 2.4, respectively) and MSA (3.6 and 2.2, respectively),

pointing to a predominance of fine particles within these souRresious studies have demonstrated the strong contribution

from shipping emisions to fine aerosold/iana et al., 2009)and especially to ultrafine particléSaxe and Larsen, 2004)
As reportedin Table 2, forboth MSY and MSAthe SAE ofSecondary sulfatél.9 and 1.8, respectivel@nd Secondary

nitrate (1.2 and 1.4, respectively) sources was lower comparéiase SAE of theAged organis source. This was probably

due to the contribution of verfine primary organic aerosols (POA) to tAged Organicsource whereas both SOA and

secondary inorganic aerosolSIA) are expected tstrongly contribute to the accumulation mo@8un et al., 2016)The
lowest SAE was observed fdfineral (0.9 at MSY and MSARnd Agedmarine (0.01 at MSY)sources, whickprimarily

consist of coarse modmrticles.A relatively low SAE was found fathe Industrial/Traffic source (0.6 and 0.8 at MSY and

MSA, respectively), which could be related to specific industrial processes in the area under study that include handling of

dusty materials.
The single scattering albedo (SSA) coefficients obtained for each source at ESMnamarized in Table 2, and provide

information on theelative importance of scattering or absorption in the light extinction protksscorresponding SSA to

each source was computed as the ratio between the source specific MSE and the sum of MBE. &wldWpected, the

sourcesinternally mixed with combustion particlesuch aslndustrial/Traffic, Aged organicsand V-Ni, exhibited lower

SSA, 0.74, 0.84 and 0.9, respectively. Conversgifyed narine andMineral sourcesshowed the highest coefficients, 1 and

0.98, respectively, leading to a scattering dominance in the light extinction process. Accordingly to studies in the, literatu

the Mineral source shoed a SSAclose to 1.Linke et al.(2006) observed values around 0-089 at 532 nm, and lower

coefficients were found by Miller et al. (2011c) for mineral dust (0z88) marine @.95) aerosols at 530 nm. Note that

equivalent wavelengths should be considered when comp8@#gwith coefficients inthe literature due to the strong

wavelength dependence mfneral duspatrticles.

3.4 SeasonaVariation of sourcecontribution sto scattering and absorption

Monthly source contributions to the total scattering and absorption coefficients are isheigr8 The partiallisseattering

and U, abserptienapportioned to each source was calculated as the product beheeserosol source contribution atfne
corresponding MSE or MARRd-the-aerosol-source-concentraiibn. 1 and 2)Accordingy to the scattering &€iencies
previously reported in Table, 2average scattering for the whole periagpears—to—heas mainly dominated by
Ammoenigrecondansulfate (356% and 35% at MSY and MSA, respectivelyandAmmenignsSecondannitrate (24% and
21%) at-MSY-(Figs. 3g and }and-MSA(Fig. 3h)+espectively The annual cycleof AmmeniunSecondarysulfate and
Ammeniynbecondannitrate scattering coefficiestfollowedthose of the Plj mass concentration, withaximain summer
(46% and35% at MSY and MSA, respectivelyand winter(42% and 29%-+espectivelyat MSY-and-MSA Beth-sourees
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contribution from Aged organics accounted for 11% and D§%he totalls, at MSY and MSA, respectivelyThe V-Ni

bearing sourcealse-exhibited substantial contribution tiyseatteringin summer (16% despite the relative lownass
contributionto PM;q mass concentratiof5% and 10%at MSY and MSA respectively. Less relevant were the scattering
contributionsef-the-ethersseurceffom Industrial/Traffic (6% and 11% at MSY and MSA, respectively) avitheral (7%)

sourcespeaking in winter and summeespectively.

The Traffic source at BCN and tHedustrial/Traffic source at MSY clearlgxertedthe major influence on light absorption

contributing 54% and 41% tb,, respectivelydespite the relative IoWMq contributions (16% and 10%espectively.

Maxima contributionsvere observeth winter at BCN for theTraffic source (65%) and in Octobdanuary at MSY for the

Industrial/Traffic source (46%), whereas a lower influencelrafustrial/Traffic was observed on average at MSA (18%)

(Fig. 3d, e, ).

relativelow-massconcentration{23%,-11%17%ihterestingly, the/-Ni bearingsource alsglayed arimportantrole oin
thelight absorption especially in summer as a consequence of the increased vesselreaéfiing-the-maxima-in-summer

due-to-the-increased-—cruise—ships—emissionthe Mediterranean but also because of there intensive sea breeze
circulatiors transporting pollutants to inland regicn8average contributionm_&@gdanng—this—seasén summerwere 31%
at BCN_17% at MSY anehndaround167% at MSY—andMSA. Therefore, Traffic, Industrial/Traffic and V-Ni bearing
sources which highly influencel air quality-alse-haveeause_also significantly contributed tol,,—impertant-défect-on

radiative-forcing particularlyand especiallyn those sites closer the emission source#\ged organicdecame a relevant
source in the absorption process at the regional rantbteontinent! backgroundsites contributing {20% and 32%,

respectively,due to both its large contribution toin PM;q_and it relatively large MAE compared to other sources
AmmeniurBecondarysulfate contributedon averageby 10%, 16% and 12%o the total(,, at BCN, MSY and MSA
respectively,whereasAmronivrSecondarynitrate showedan increasingc o n't r i b u,t absarptiontowands idland

areas 8%, 10% and21%, respectively) markedlymaximizingir-winter. during the coldemonths

transport-towards—the—stationammoniurbecondarysulfate-Ammeniurkecondarynitrate-and-Aged-erganis-hewever,
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appeared-to-be-dominatedAmmoeniurfecondarysulfate-and-Ammonivrbecondarynitrate,—in—summer—and—winter

ha na-<so e _(mainlvy _oriaginated om hinbing aa a¥a A ofound-to- be an

3.5Reconstruction of scatteringand; absorption and-SSAtime-seriegoefficients

Scatterirg ((s) and absorptior{{iy) time series were reconstructeégt means of th sum of the partial scatterirandsr

MER-(Eq. 1 and 2).

Strong correlations were found betwebameasured anthodeledextensive optical parameteis the three sitetheperiod
i e(Fig. 4).
Resultsshowed good agreement fayseatteringat 525 nm at MSY (R=0.88) and MSA (I%O.92).Q§9Abse#pﬁenat 637
nm also exhibited good correlatiomherby comparing measured argtedicted coefficients at BCN (R=0.81), MSY

(R?=0.80) and MSA (R=0.93) Slopes were close to one in all the casesranded between 0.96 and 0.9Bese results are
consistent with thgood agreement obtainedtie MLR modelfor MSE and MAE calculationshewing-aA R? of 0.96was
obtainedforir all the casesandensuring theaccuracyof the regressiorcoefficientscomputedfor each siteThe root mean

square errorRMSE) was calculatedor the observednodeled datasets, showing low dispersion higth accuracy in the

modeled valuesScatteringand absorptioroefficientswere well reproducedyy the modelshowng RMSE valuesof 8.76
and 6.06 Mrit for 0, at MSY and MSA and values of2.61, 0.55 and 0.28m™ for 0, at BCN, MSY and MSA,

respectively.The fractional bas (FB) betweenthemeasured angredicted coefficientgvasobtainedfor each sampling site

was-obtainedollowing equation 3Randresults areshown in Fig 5, wherethe FB isbroken dowrby quintile fromlowest
to highestlgseatteringand (s abserptionvalues(Ryan-et-al;—2005)According to published resul{Ryan et al. 200%nd
references therein)a consistentoverestimation was observed for all theodeled coefficients in the lowerange of
Usseatteringand U,abserptien showingthe highesbiasin the 1% quintile. Biases were substantially redudedthe median
range values, wéreasa minor underestimation was observed for the highgstatteringand U, abserptionvalues 4" and
5™ quintiles, with-a negdive FB. On average, 8.8% and 5.6%verprediction wa®btainedfor the modeled(,absorption
coefficients at MSYand BCN,using 503 and 375 daily data points in the analysisSeatteringoverprediction at MSY
pointed towas 4% using 307 daily pointswhereasHoweverat MSA, Ugseatierinrgand (,pbserptioncoefficients biased by
30.9% and 19.9% the observed valusmsidering 220 and 303 data points in the analysisrger oveestimationof the

measured coefficients at MSA might binly explainedmainh by the Essnumber of dailychemical dataised in the PMF
modelfor the quantification of source contributions, but also because of thedesser ofscattering and absorptiatata

points available for th®ILR analysis.
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An independent subset of the study penwaks considered, in order to further evaluate the PMIER technique and the

accuracy of the method to simulate optical properties when chemical source contritmgtieasailable. Therefore, a new
PMF was performed in order to obtain the source contributionthe period 2004€015 at MSY. With this aim, the

si mul atyb o g,cafficierts for the period JanuaBecember 201%vascarried out by means of the source specific

MSE and MAE previously obtained in the MLR analysis for the period-204. G@d agreement was found between
model ed and(Rm@a B r),dRE0.T6) cefficients, at 525 and 637 nm respectively, showing slopes close to

one for the year 2015 at MSY (Fig.)6This analysis confirms the confidence of the PMER techniqueto accurately

est i ma b g,coéfficients when chemical data is available.
—As a resulf the aforementioned sensitivity tekingtermtime series ofisseatterirgand (,abserptionwere satisfactory
recmnstructedfor the period 2002014 at BCNand MSY, and for the period 2012014 at MSA (Fig. 7)when PMy,

chemicalspeciateddata wasavailable

attering nd—absorption—coefficien NedPt- BCN-—and-M and-since OHD MSA i 6 when chemiea

speciationdata-wasavailable-As-a-result}Longterm trends ofls, and b, poptical-parameterand their relatioship with the
trends ofPM;gaereselsourcecontributiors ean-bavere investigatedfor an 11-year periodat MSY_(20042014). Bespitea
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BCN andMSA-were-was not studiegvatuateddue tothea change in the location of the BCN sampling statior2009
(Pandolfi et al., 2016)which affected mainly the contribution from theaffic source which-was-firsthr-installed-close-to a
} grbhedhort time series availabferef chemicalspecies
concentrationeermpesitionat MSA makesmadeunfeasible theanalysis oflis, and (., trendsat this statiosimulation—of

to decomposéis, a n g, tinle seriesmonthly

maincompeonentseasonatempeonentind residuatomponerd using-themulti-exponentiaHME)-meitd-(Fig.ure 8). Linear

trends werddentified for(s, a n datHdhe studiedvariables thusgiven thatthe nontlinearly (NL) parametewasless than
10% (Shé#altov et al., 2015)Statistically significant decreasing trends were fotordboth (s, andl,, at MSY (Table 3)n

all-thecasesli, Abserptionat 637 nmhas-beereducedecreasedy -4.1 % y* (-0.16 Mni' y?), whereasaA decrease
reductionof -4.6 % y* (-2.14 Mni' y™') wasobtainedfor (is,at 635 nnscattering-and-v Very similar trends were observed
for {is, at450(-4.4 % yi') and525nm (-4.5 % yi')and-635-nm

Accordingy to theise results, @creasing trends weralso observedor—alt the aeresetmajority of the PM,q sources

contributionsidentified at MSY during-for the period20042014, except forAged organics and Aged marinesources
(Pandolfi et al., 2016)A reduction in the absorption coefficiamtisis directly related withthe significantdecreasing trends
found by Pandolfiet al. (2016) for strong ligkabsorbing sources such e Industrial/Traffic (-0.1 ug m® y*) andV-Ni
bearing sourc€-0.07 pg m* y™). The observeddewever sscattering decreasing tremavere-probably-could be mainly
associatedwith a reduction inthe contribution fromthose sources which scattered light more efficlgnti.e.
Ammoenigrecondarysulfate and Ammenidiecondarynitrate. In Pandolfi et al. (2016)hese sourceshowed reduction
rates of-6.27 and-4.82 % y', -decreaedby-0-32 and-0-15ng-m -y respectivelyshowing therighestreduction-at- MSY
A markeddeclinewas also observed for nitrate and sulfpseticle$®M in other European monitoring sitegice 1990as
outlined in the EMEP repoit/2016-(Colete etal., 2016}as-outlined-ithe EMEPreport-1/20160Other studies have been
published in the last years showing clearly that the concentrations of PM and other air ppButEnt@ssulfur-dioxide

£SO} andNO,earben-monexide{COhave markedly decreased during the last 15 years in many European countries (EEA,

2013; Barmpadimos et al., 2012; Cusack et al., 2012; Querol et al., 2014; among others).

Querol et al(2014 and Pandolfi et al(2016 investigated trends &M chemical components and aerosol sources at MSY,

providing further explanation on theausedeadirg to thereduction of the atmospheric pollutaitsthe areaThe financial

crisis affecting Spain from 2008 contributed to reduce the ambient PM concentratidesreasen Ammeniurbecondary

nitrate can be explained by theeduction ofambientNOyx and NHconcentratioa (Querol et al., 2014)The decreasing trend

of the Secondarysulfate source may be supported by the reductiori sulfate particles mainly attributed to thegas

desulfurization at several faciliti€®andolfi et al, 2016)-a
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2008—resulting—in-theflue—gas—desulurization (FGDB)at-several-facilifiedecrease in secondary sulfate may be also

explained by the 75% reduction of S€ncentration in the Barcelona harbor, supported by the regulatsuifof content

in shipping emissions in Ebarborsfrom 2010 Schembarket al., 2012). Thisequlationtogether with the 200Banaround

Barcelonaon the use of heavy oils and petroleum coke for power generatlvch contributed to a drastic decreaséd/in

and Ni (Querol et al., 2014\ere the main reasons supporting the observed reduction of the contributioVeflithearing

source A-particular-case-ipresented-fol/-Ni:tThis sourcewass internallycharacterized byhe internal mixinged with-of

secondarysulfate and combustion aerosad®d as was already observedaseguentcontributedsimultaneouslyto both
light-scattering-and-abserptiofisy a n d,, Thus, the abatement strategies adopted in the recent years might have caused
changes in the internal mixture of particles emitted from\ttidi bearing source, and consequently the contribution of

this source tdight extinction.

Only few studieshave been publiged in Europe aiming to studsends of particleptical propertiesStatistically significant

downward trends oPM mass concentratiomiisp, U., and SSAwerefound in thePo valley (ltaly)for the period 2002010

(Putaud et al., 2014 higher decreasing rate was observedg(-2.8 % yi*) compared tdiy, (-1.1 % yi*), likely due to

the increasing contribution difjht-absorbing organic matter to ligladbsorption during cold montlis the Po Valley (Putaud

et al., 2014). In the present study, smaller differences betdgeand (., were observedit MSY, accounting the total
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reduction trends for50% and-45%, respectivelyT his fact might be explained by the different backgrouressibnsidered;

whereas the Po Valley is a highly polluted area, MSY is representative of a cleaner environment where biomass burning

Further research on light scattering and absorptionieny trends and its relation with changes in atmospheric composition

is needed to better understand the role of aerosols arabptoperties andn theclimate systemBased on the published

studies and the present results, further efforts focusintp@meductiorof atmospherigollutants containing BC particles
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(mainly emitted from fossil fuel combusti@nd biomass burningources) need to be addressed. Given the toxicity of their

chemical tracers, as well as their large contribution to light absorptidustrial/Traffic and V-Ni bearingsources must be

reducedthrough the implementation of wiwin policies, aiming to improve air qualityand public_healthand mitigate

climate warming.

4. Summary and onclusions

Mass sattering and absorption efficienci@dSE and MAE)of differentaerosolparticle sourcesvereinvestigatedat urban,
regional and remote backgroundstire NW Mediterranearusing unique largeatasets ofPM;,chemical speciatiomand

particleoptical propertieswith-this-atrFor this purposea new approachvaspresented aiming to apportion the Rg€ource

contributions, arising from a PMF model, tile measured particlés, a n d,, cafficients developedfersecattering—and

Sevenaerosolsources were identified at tidontsec MSA) remetemountaintop site whereAged organicg29-4%) was
the foremost constituent of Py followed by Mineral (243-6%), Industrial/Traffic (11-3%), Aged narine (111%),
Ammenidrsecondansulfate(9%), V-Ni bearing(8:2%) and AmmenigrBecondannitrate (7-5%). The ssame sourcebave
beenvereidentifiedfound at Montseny MSY) regional backgroundgshowingthe secondary aerosol souredsigherrelative
PM;, ceneentratiorcontributions at the background sites than at the Barcelona Y BEnstationlead at-these-background
sites-At-the Barcelona-BCN)-urban-background-sitdged organicavas not identifiecat BCN; howeverspecific pollutant
sources related to the diresmithropogenic em|SS|or(§ramc—mdus¥nal#netauu¥gyandRead+esuspens+e)q wereisolated

(Traffic, Industrial/metallurgyand Roadresuspension

ifThe impact ofaerosolsources and thdifferenehangirgchemical

profiles obtainedat the threedifferent backgroeunedsites depended on thkstanceandtransportof pollutantsto inland areas

driven by orography and meteorology.

The highest absorpticefficiencies were attributkto aerosolsourcesinternally mixedwith BC particles The Traffic source
at BCN(MAE=1.7 m?¢g*) at-BCN-andr the eguivalentmixed Industrial/Traffic sourceat MSY and-MSA(MAE=0.87 and
027 g') mainly-governegxerted the major influence dight absorptionin-the-NW-Mediterranegrand reached the
highest contributions during the celdperiod (696 and46%, respectivelyith-increasing-contributionin-winterby 54%;
40%and—18%respectively-The V-Ni bearing sourcewas the second most efficiefight-absorbingsourcein BCN
(MAE=0.93 m*g?), showing also aotableabsorptiorefficiencyat MSY and MSA (0.8 and 0.16n° g™, respectively. This
sourceoriginated-mainly-from-shipping-emissierandhighly contributedn summetto bothlisseatteringaround16% atthe
background-sitedSY and MSA and U,abserptien(31%, 17% andL6% at BCN, MSY and MSArespectively-during
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summer due tothe simultaneeusnternal mixing ofwith sulfate and combustion aerosol$iesecombustionsources were

relevant but not dominant at MSY and MSA, whesecondary aerosol sourcggwmeniurfBecondary sulfate
AmmoenigrBecondanynitrate and Aged organicsgained relative importance in thight extinction processAgedorganics
ohtributal-on-averagao-absorptiorby-20%-and32%at-M ahd-M Ammenidrecondanyitrate- sheweal-increasing
Hoptors v i | AA high spatial

variability of MAE was observed for most tfie anthropogenisourcesfrom high values at the BCN site to decreasing
coefficients at the background stations, pointioiiyat the aging and mixing state of aerosatare key factors influencing
light absorptionThe highest scattering efficiencies were found4ermeniurBecondarsulfate(4.5 and 10.7 Ay ™ at MSY
and MSA respectively, AmmeniurBecondanyitrate (8.8 and 7.8 mg?) andV-Ni bearing (8 and 3.5 rhg™) sourcesat
MSY—and—MSA—respectively dominating the scattering throughout the year with marked seasmralsycles
AmmenigrBecondarynitrate highly contributed in winteby-(42% and 29%at MSY and MSA respectively;; whereas in
summerSecondary sulfaté46% and 35% wasthe main contributor to scatteringias—nainly—governed-bjmmenium
sulfate(46%-and35%).

Sources internally mixed with raively dark and fine péicles andhighly contributing to light absorptignsuch as

Industrial/Traffic, Aged organicand V-Ni, were simultaneously characterized with low single scattering albedo (SSA) and
high scatteringAngstromexponent (SAE). Converseliineral and Aged marineshowed thehighestlowest SAE and the
lewesthighestSSA, being scattering the dominant processénitiht extinction These findings for the intensive parameters

were consistent at MSY and MSA. Thbservedvariability of theseintensive optical propertiesf aerosol sourcesrovides

a valuableconstraints for future simulations of aerosol

parameters
Significant decreasing trends were observed for the modeled scatteérh@s(y*) and absorption-4.1 %y™>) series at

MSY for the period 200£014. The scattering reduction was mainly attributed to the decredke obntributions from

Secondary nitrateSecondary sulfatendV-Ni bearingsources, whereas the absorption decreasing trend was mainly related

to the decrease dhdustrial/Traffic and V-Ni bearing sources. Given th&xicity of their chemical tracers, as well as the

large contribution to light absorption, further efforts need to be addressed to reduce aerosol sources containing combustio

partides, such asndustrial/Traffic and V-Ni bearingsourcesFurther studies focusing on the study of ldgagn trends of

optical parameters and their relationship with changes in atmospheric composition are needed to assess-Witikure win

mitigation strategies.




10

15

20

25

30

The apportionment of PM source contributidasscattering and absorption allows the determination of MSE and MAE

of atmospheri@erosol sources, taking into account the particle internal mixing

The knowledge of both MSE and MA&ves the possibility to studshe relationship existing betwedhe sources

contributing to air quality degradation and their potential to absorb and sgaiide light. Anthropogenic sources such

asSecondary sulfai&Secondary nitrateTraffic, Industrial/TrafficandV-Ni bearingsource which highly contribute to

air quality degradation, also revealed a substantial contribution to light extinction in the NWM.

To the authords knowl edqge, this work quantifies for

aerosol sources constituting the RIvhass concentration, differently from previous studies where light absorption was

entirely attributed to BC particlesnterestingly, secondary sulfatgecondary nitrate and organic aerosols, whichdight

absorbing properties are poorly represented inectirclimate models, significantly contributed to light absorption due

to the internamixing with BC or BrCparticles and especially at regional and remote levels

The proposed approach al | owgad dgcobmpardd toprfeus studigsygiven éhatthe s t r

sum_of the source contributions used in the MbfRdel reached around 100% of the measuredRibss

concentration. Correlation coefficients are highgr th

and, 0

- Statistically significant decreasing trends were observed for the matlgkmai {,,seriesmirroring the effectiveness of

the mitigation strategies adopted to improve air qualitye simultaneous analysis of the trends of climate relevant

aerosolgparameters i, a n dy,) t@gether with the trends of PM source contributions allowed studying the effects that

the abatement strategies implemented in the last yeanswaregon atmospheric composition and light extinction.
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Figure captions

Figure 1. Map location and dpographic profile of Barcelona (BCN; tban background), Montseny (MSY; regional

background) and Mosec (MSA; remotenountaintop backgrounyl measurement sites.

Figure 2. (a) Source bemical profiles and(b) source contributions to P\ mass concentratioobtainedat MSA by means
of the PMF model PM,o average concentratipand absolute (ug 1) and relative (%¥ourcecontributions are reportefdr
the study period (2012014)

Figure 3. Relative (%) monthly average source contributianRhl;, concentration (ug i) (a, b and @t BCN, MSY and
MSA, respectively, absorption (Mrit) at 637 nm (d, e and f) and scattering (Mnat 525 nm (g and h). PMsource

contributions were obtainefdom the PMF model, whereas scattering and absorptontributionshave-beewere modeled
by means of the PMIILR technique The study period ranges between 2@044 at BCN and MSY and between 2010
2014 at MSA.

Figure 4. Reldaionship betweemeasured ahmodeledoptical parametersabsorption at 637 nm (a, &nd ¢ forMSA, MSY
and BCN respectivelyand scattering at 525nifd and e foMSA and MSY)andSSAatMSY-().

Figure 5. Averagefractional biagFB) calculated for th@bserveemodeleddata pairof andmeasuredcattering (Sc) and

absorption (Abs) coefficients at BCN, MSY and MSA broken down by quintile from the lowest to highest scattering and

absorption coefficientvalueB.a accounts for the numbédBcalgulatodai | 'y dat a

Figure 6. Relationship between measured and modeled (a) scattering at 525 nm and (b) absorption at 637 nm at MSY for the

period January 20tBecember 2015.

Figure 7. Time series of the daily averageodeledand measured extensive opticalefficients(scattering at 525 nm and
absorption at 637 nm) fdia) BCN and(b) MSY during the period 2062014,and for(c) MSA during the period 2010
2014.
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Figure 8. Temporal trendgoref the nonthly averagesf absorption at 637 nrand scattering at 525 nrand-SSAseries
obtained by means of the mudtkponential tesat MSY during the period 2062014 The time seriesvere deomposedn:

simulatedcoefficient (green), trend (red), main component (black), seasonal component (blue) and residue (grey).

Table 1.Absolute (1g m®) and relative (%) average source contribution to,f2¥IBCN and MSY during the period 2004
10 2014 (Pandolfi et al., 2016)ndfor MSA during the period 2012014.

3 . . . |Amm.SecondarlAmm-Secondar| Industrial/ | Industrial/ . . Roaddust
(g m=; %) PMyo Agedmarine| Mineral [Aged aganicq . . V-Ni Traffic .
nitrate sulfate Traffic Metallurgy resuspensio
BCN 34.0; 100| 5.73; 16.9| 4.61; 13.6 4.45;13.1 4.67;13.7 0.96; 2.8 | 3.32;9.8| 5.14; 15.1] 4.25;12.5
MSY 16.7,100| 1.76; 10.6| 2.70; 16.2| 3.78;22.7| 1.31;7.9 3.95;23.7 | 1.43;8.6 0.71; 4.3
MSA 9.65; 100| 1.08; 11.1| 2.27; 23.6| 2.84;29.4| 0.72;7.5 0.87;9.0 |1.09;11.3 0.79; 8.2
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Table 2. Scattering and absorption efficiencies (MSE and M&Eg™) calculated for thelifferentaerosolsources identified
by PMFat BCN, MSY and MSA in the P} fraction. ScatteringAngstrémexponent 8AE) and single scattering albedo
(SSA) coefficientswere obtained for each sourceMBY andMSA. Note that SAE was not considered for tkgedmarine
sourceat Montsec due to the PMcutoff inlet. The study period rangdsetween 2012014 at BCN andMSY and 2011
2014 at MSA.
*SAE for theIndustrial Traffic source at MS¥Ywvas calculateih the ranget50-525 nm.

Agedmarine Mineral Agedorganic Seco[:;j;zmm Seco;(ljfz?gmm In_l(iiru:f:lal S:tﬁzlrzl; V-Ni Traffic rezzz(ﬁtior
BCN [MAE 637| 0.108 +0.021f 0.087 + 0.050| 0.284 +0.040 0.359 +0.035 0.138 + 0.18{ 0.928 + 0.05§ 1.672 + 0.05( 0.062 +0.084|
MSE 450| 1.205 + 0.385| 1.046 +0.130( 1.990 + 0.25§ 10.456 + 0.494 5.860 + 0.256 |2.241 + 0.98] 10.844 + 1.85
MSE 525| 1.211 + 0.316| 1.262 + 0.106| 1.414 + 0.2124 8.783 + 0.405| 4.508 + 0.210 |2.057 + 0.80} 8.029 + 1.516
MSE 635| 1.201 + 0.284| 1.429 +0.096( 0.916 + 0.19(¢ 6.980 + 0.364| 3.092 + 0.188|2.425 + 0.72] 4.687 = 1.361
MeY MAE 637| 0.027 +0.018| 0.005 + 0.007| 0.169 + 0.011] 0.234 +0.028| 0.122 + 0.010 |0.867 + 0.04] 0.526 + 0.064
SAE 0.010 -0.896 2.254 1.175 1.861 0.556* 2.451
SSA 0978 0.997 0.844 0.968 0.962 0.736 0.899
MSE 450| 0.036 + 0.407| 0.931 #0.115/2.114 +0.33§ 9.839 +0.978 13.825 *0.7942.714 * 0.64 4.823 *+ 0.659
MSE 525|(-)0.054 + 0.33] 1.077 +0.0931.335 +0.27§ 7.839 +0.797] 10.699 +0.537|2.354 +0.52 3.538 + 0.537
MSA | MSE 635|(-)0.036 + 0.26] 1.276 + 0.076/0.617 +0.22] 6.006 +0.645 7.439 * 0.522(2.044 * 0.42 2.274 £ 0.434
MAE 637| 0.015 + 0.010{ 0.029 + 0.003| 0.14 + 0.009| 0.364 +0.023| 0.173 + 0.021 |0.206 + 0.01{ 0.165 + 0.017
SAE - -0.914 3.594 1.432 1.804 0.819 2.189
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Table 3. Theil-Sen(TS) trendsat a 95% confidence levedr deseasonalized monthliveragesime-seriesf scatteringand

absorptiorend-single-scattering-albe@@SA)time seriesoefficientsat MSY during the period 2002014 AR (Mm™; %)=
5 Average reduction; TR (%)= Total reductiofhe significance of thérends(p-value trend)was obtained byneans ofTS

methodusingmonthly averages** (p Zalue < 0.001), ** (@alue < 0.01), * (&alue <0.05).

The Nonlinearity parameter (%) was calculated by means of the t@xtbnentia(ME) test.

10
TS ME
p-value slope | AR (a Y dyr? AR (%yr? TR (%) NL (%)
| Sc 525 ok ok -2.14 -4.57 -502 5.56
|| MSY Abs 637 wx 0.16 413 454 417
| SSA ok -0:001 011 124 0002
| s ME
I
| p-value slope | AR (a Y 4yr? AR (% yrt) TR (% NL (%
2 -2.14 -4.57 - )
MSY Sc 525 il 5 -50 5.56
Abs 637 kil -0.16 -4.13 -45 4.17
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