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Abstract. In the frame of the EMEP/ACTRIS/COLOSSAL campaigrMilan during winter 2018, equivalent black carbon
measurements using the Aethalometer 31 (AE31)Adtealometer 33 (AE33), and the Multi-Angle AbsdoptPhotometer
(MAAP) were carried out together with levoglucosaralyses on 12-h resolved Pdbsamples collected in parallel.

From AE31 and AE33 data, the loading-corrected s@rattenuation coefficients {kn) were calculated at 7 wavelengths
(rs, wherer = 370, 470, 520, 590, 660, 880, 950 nm). Aerobsbeption coefficient at 637 nmia maap) was determined
by MAAP measurements. Furthermorepstwas also measured at 4 wavelengths (405, 532, B85,nm) on the 12-h
resolved PMs samples by a polar photometer (PP_UniMI).

After comparing PP_UniMI and MAAP results, we exd PP_UniMI data to evaluate the filter multigleattering
enhancement parameter at different wavelength&\f31 and AE33. We obtained instrument- and waveledgpendent
multiple-scattering parameters by linear regressibthe Aethalometer A&y against the &s measured by PP_UniMI. We
found significant dependence of the multiple-scatgeenhancement parameter on filter material, Besrt the instrument,
with the difference up to 30% between the AE31 #redAE33 tapes. The wavelength dependence andidayirariations
were small — the difference between the smalledtangest value was up to 6%.

Data from the different instruments were used gautinto the so-called “Aethalometer model” for opticsource
apportionment and instrument-dependence of thdtsesas investigated. Inconsistencies among theceoapportionment
were found fixing the AE31 and AE33 multiple-scatig enhancement parameters to their usual valOggosite,
optimised multiple-scattering enhancement pararad¢erto 5% agreement among the approaches.
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Also, the component-apportionment “MWAA model” wasplied to the dataset. It resulted less sensitivibe instrument
and the number of wavelengths, whereas signifidéférences in the determination of the absorp#ogstrém exponent

for brown carbon were found (up to 22%).

1. Introduction

Light absorbing aerosols are of great interestteir effects: they provide a positive radiativecing at global scale (IPCC,
2013) and can affect visibility at local scale (seg Valentini et al. (2018) for estimates in Mila

Black carbon (BC) and brown carbon (BrC) are mégit absorbing aerosol species. They differ batthie extent of light
absorption per mass and its wavelength-depend@wm®d(et al., 2013; Laskin et al., 2013). FurthemdC is a primary
component and it is emitted in every incomplete lsostion process. An important primary source of Br@ood burning
(e.g., Lack et al., 2013; Lu et al., 2015; Salehlgt2014; Washenfelder et al, 2015); recentlyo ather possible sources of
BrC have been reported, e.g., BrC formation by séany processes (Liu et al., 2015; Kumar et alL820Mineral dust is
another possible light absorber. At mid latitudiés,contribution is generally episodic and relateddesert dust transport
episodes (e.g. Fialho et al., 2005).

Thus, aerosol absorption properties at differenteengths are of interest not only to better chiarése the interaction with
solar radiation, but also as inputs to models fatical source apportionment using the Aethalometedel (Sandradewi et
al, 2008) and for the identification of BC and Be@ntribution to the absorption coefficient (componapportionment)
using e.g. the Multi-Wavelength Absorption Analyzeodel (MWAA model, Massabo et al., 2015). Neveehs, it must
be recalled that particle absorption propertieseddpon particle size, composition, and mixing sthtés noteworthy that
neither reference instruments (Bond et al., 2018pamuller et al., 2009; Petzold et al., 2013) refenrence materials
(Baumgardner et al., 2012) exist for the measureémietihe aerosol absorption coefficientdp Thus, hssmeasurement and
apportionment are still burning open issues in s@rscience.

Among the approaches forpbdetermination, filter-based measurements are widsed: indeed, filter-based automatic
instruments (able to operate for months with nadrEfemaintenance) providedinformation with high temporal resolution
with the advantage to obtain long-term data seridsps Besides on-line devices, two off-line multi-wasegth instruments
based on polar photometry were also developed enldkt decade: the polar photometer PP_UniMI (Belowd et al.,
2017a; Vecchi et al, 2014) and the Multi-Wavelengtisorption Analyzer MWAA (Massabo et al., 2013; $dabo et al.,
2015). All filter-based measurements are affectedhbltiple-scattering effects as the aerosol isecoed on fibre filters, and
by loading effects — i.e. non-linearities in lighttenuation during filter loading (Liousse et 41993; Petzold et al., 1997;
Bond et al., 1999; Moosmiiller et al., 2009). Diéfer approaches are used for the correction of mgadind multiple-
scattering effects in filter-based instruments.(Bxdnovec et al. 2015; Petzold and Schonlinnef42W/irkkula et al, 2007,
Virkkula, 2010; Weingartner et al., 2003), and ttetails for those considered in this work will beplained in section 2.2.

Notwithstanding such corrections, inter-compargpilof different instruments for the determinatioh ithe aerosol
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absorption properties is still an open methodolalgiesue especially for ambient aerosol measuresn@miong filter-based
instruments, the Multi-Angle Absorption Photome{®tAAP) is generally considered as a reference (Amaaa et al.,
2017; Muller et al., 2011) and off-line measuremsecarried out with analogous principle will be usgadthis work to
provide contribution to the debate on the treatnoémultiple-scattering effects for AethalometeBa¢kman et al., 2017;
Collaud-Coen et al., 2010; Di Biagio et al., 20Kim et al., 2019; Laing et al., 2020; Miller et,&011; Saturno et al.,
2017; Schmid et al., 2006; Segura et al., 2014entali et al., 2020; Weingartner et al., 2003).

As previously mentioned, despite the problems comeg hws measurements harmonisation, these data are usapouagor
optical source apportionment and component apportémt models. The most widespread among these masighe
Aethalometer model (Sandradewi et al., 2008), whiahs to apportion fossil fuel combustion (FF) avmbd burning (WB)
contributions to ks For both sources, representative absorption Aigsexponentdsr and ows, respectively) are free
parameters of the model and have to be chosema. ffitienty of literature was spent on difficultiedated to the choice of
these parameters (e.g. Harrison et al., 2013, fFetllal., 2014; Helin et al., 2018, Martinssonlet2017, Zotter et al., 2017).
On the contrary, much less attention was dedidaiede role of the instrument providing the inpatalon the output of the
Aethalometer model. Similarly, no investigation tbie role of the instrument providing input datalte MWAA model for
component apportionment is present in the litegatur

This work tries to expand these fields and will\sttbe results of the winter EMEP/ACTRIS/COLOSSALlmyzaign carried
out in Milan in January and February 2018. Diffarditter-based on-line instruments were deployedA@P and
Aethalometers mod. AE31 and mod. AE33), and samgplias carried out in parallel with 12-h resolutimm quartz-fibre
filters for the analysis by PP_UniMI. The work wsthow results about:

- The assessment of multiple-scattering enhancenseayeters at different wavelengths for AE31 and B3
comparison with off-line measurements by PP_Uniktt|uding possible wavelength-dependence and daytism
night-time differences.

- The role of input data provided by different instrents in the output of the Aethalometer model aMiAA
model.

2. Methods
2.1 Sampling campaign

The sampling campaign was carried out at an urlzakdround station in Milan, on the roof of the USilhing of the
University of Milan-Bicocca (45°30'38”"N, 9°12’42"EL0 m a.g.l.) in the frame of the EMEP/ACTRIS/COL®XS. winter
campaign. All the instruments/samplers were equippigh PMssize-selective inlets. Aethalometers mod. AE31 rawad.
AE33 (in the following named AE31 and AE33, respaty, Magee Scientific, Aerosol) sampled continslgufrom 16
January to 20 February 2018 with 5-minute and luteitemporal resolution, respectively. In addititom 17 January to

16 February, a Multi-Angle Absorption Photometer AMP, Thermo-Fischer) was operated in parallel wsminute
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temporal resolution. Moreover, fifty-seven 12-haleed PM2.5 samples (h. 6-18, 18-6, LST local ssaddime) were
collected using a sequential low-volume samplerRTECORA, ltaly) at 1rfih on pre-fired (700°C, 1h) 47-mm quartz
fibre filters (QAO-UP, Pall) for absorption coeffinit off-line analyses.

2.2 Optical measurements
2.2.1. Aethalometers AE31 and AE33

The Aethalometers AE31 and AE33 perform on-linatizansmission measurements through a filter &pewavelengths
(370, 470, 520, 590, 660, 880 and 950 nm). Theututp both instruments at each wavelength ié expressed as the
concentration of equivalent black carbon (eBf(Hansen et al., 1982; Petzold et al., 2013}t esconsidered as the only
absorber. Being based on light transmission measents only, the multiple-scattering effect (optipaith enhancement
induced by both the filter and the sample, makinghglicated accounting for both) and filter loadieffects (non-linear
optical path reduction induced by absorbing patichccumulating on the filtefjVeingartner et al., 2003; Arnott et al.,
2005; Collaud-Coen et al., 2010) have to be acealfur to retrieve information on aerosol light atgion.

For both AE31 and AE33, linear relationship as @ @) is assumed between the loading-correcteshadtion coefficient
batn and the absorption coefficientsbat a considered wavelength is assumed in the form:

batn = C- babs (1)

where C is named multiple-scattering enhancemernpeter (see sections 2.2.1.1 and 2.2.1.2). Thewfinlg paragraphs
provide details of the operation principles of b&#31 and AE33.

2.2.1.1 Aethalometer AE31.
The Aethalometer AE31 collects ambient aerosol aspat on a quartz filter tape (Pall Q250 quartz) ameasures the

attenuation (ATN) at all available wavelengths:

ATN(L) =-100In(I(A)/16(1)) (2

where in Eqg. (2)dis the intensity of light transmitted through thkank filter spot and | is the intensity measurédaa
specific moment through the sampled spot.

To avoid the measurement of heavily loaded spettdpbe moves automatically to a fresh spot when (878hm)=120.

For AE31, the loading effect can be compensatediiffigrent off-line algorithms, as proposed in tlierature (see e.g.
Arnott et al., 2005; Collaud Coen et al., 2010; iBichet al., 2006; Virkkula et al., 2007; Weingartm al., 2003). In this
work, the loading effect was corrected by applyiig Weingartner et al. (2003) procedure. Therefarging the
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measurements of the eBC provided by the AE31 derdiit wavelengths (eB&si(A)) and considering the default
dependent mass attenuation cross sections in usthdoAE31 §aesi())), the loading-corrected attenuation coefficient

(batn_aez1(A)) was obtained as:

Darn 7AE31()\) = R(ATN pg31) [BBC peq1 (M) [0 peqi(A) (3)

where the shadowing term R(ARMN.) in Eqg. (3) was dynamically determined followiniget Sandradewi et al. (2008b)
algorithm. The present approach was recognisecetorte of the best ones as corrected data are ith agp@ement with
measurements from the MAAP and correction doesaffett data in terms of the absorption Angstrémasemt (Collaud
Coen et al., 2010). Implementing corrections néeaing the absorption Angstrém exponent is of giegortance e.g. in
heating rate studies; the approach mentioned abasebeen already applied successfully at the iimsst site on data
series starting from 2015 (Ferrero et al., 2018) iawill be performed in the companion paper byrEm et al. (submitting)
on the same dataset.

As for the multiple-scattering enhancement paramieteEq. (1), for AE31 ez o = 2.14 was originally proposed by
Weingartner et al., (2003). This value was alreadgenced to be underestimated by comparisonafAdezs1 with different
reference instruments (e.g. MAAP, photoacousticpeneters, extinction-minus-scattering techniquigpending on the
sampling site and methodology, values in the radwgewere reported (e.g. Backman et al., 2017; @dH@oen, 2010; Di
Biagio et al., 2017; Kim et al., 2019; Midiller et,#011; Saturno et al., 2017; Segura et al., 20Bd3ed on the previous
literature, possible wavelength-dependence of thdtipfe-scattering enhancement parameters is anatpen issue.
Currently, guidelines from the Global Atmospheret¥tiaProgramme suggest the use gf=3.5(1 + 0.25) (GAW, 2016).
For these reasons, one the objective of this werksi experimental assessment exploiting PP_UniMbasaorements as
explained in section 2.5. Considering that @B&)) concentration is reported by the instrumentatdard volumetric flow
(20°C and 1013hPa). To allow comparison with PPMUrniata (reported at ambient conditions and 12-$plgion),
eBGaesi(1) was firstly recalculated to the ambient flow citimths and then used to retrieverb agzsi(}).

2.2.1.2 Aethalometer AE33

AE33 is the latest version of the Aethalometecoltects ambient aerosol in parallel on two filtépe spots of the same area
at different flowrates. In this work, the TFE-cadiglass fibre filter tape T60A20 was used (Drinoeeal., 2015). Similarly
to AE31, the tape is automatically moved to theHrarea of the tape to avoid heavily loaded sptitshly time-resolved
information on the light transmitted through theotspots at 7 different wavelengths is used to deter the loading-
corrected attenuation coefficientath_aes3(A)) in real-time using the “dual spot” algorithm debed in Drinovec et al.
(2015).

Also for AE33, the output of the instrument is e@iént black carbon concentration at different iengths (eBG&ess())),

but in this case two steps are needed to reconstreiecneasuredabn_aess()). Indeed:
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- the instrument implements wavelength-dependent maéssrption cross sections (MAJY which relate the

eBCaess(A) to the aerosol absorption coefficiertaesfr) as in Eq. (4):
Dabs_ae3fA) = eBGaezz(}) - MAC(L) (4)

- babs aeaf)) is related to krn_aess(}) as in Eq. (1), where 4233 =1.57 was suggested by manufacturer for the filter
tape in use for harmonisation to AE31 data.
As eBGes3(M) data are reported by the instrument at standaltemetric flow (21.1 °C and 1013.25 hPa)yb aea3()) were
referred to ambient pressure and temperature @&hage) to allow comparison with PP_UniMI data.
As done for AE31, experimental investigation on shéability of Gieas owas performed as explained in section 2.5. Indeed,
literature works point to £33 =1.57 as underestimated. As examples, Valentiral.e{2020) identified @e33=2.66 as
suitable in Rome by comparison ofr aeas vs. hwsmase @and Laing et al., 2020 reporta&s=4.37 by comparison with

suitably corrected tri-color absorption photomég®kP) bans TaPmeasurements.

2.2.2 MAAP

The MAAP (637 nm, Muller et al., 2011) collects @&ol on a spot on a filter-tape and, as for thenAleimeters, the filter
tape is suitably moved to avoid heavy loading whransmittance reaches a value that can be setebystr: in this work,
default value (20%) was used. MAAP measures thet licansmitted and scattered at fixed angles. Ogéidhanalytical
functions are used to retrieve the total light lire front and back hemispheres by solid-angle iategr (Petzold and
Schénlinner, 2004). The MAAP algorithm implementsidtable radiative transfer model accounting fartiple-filter
matrix interactions (Hénel, 1987; Hénel, 1994). itssobtained using this method directly correat ffwltiple-scattering
effects and are no issue related to filter loadiag observed (Petzold et al., 2005).
As reported in Petzold and Schonlinner (2004)rtpet to this model are:

- the ratios between the loaded and the blank spetiytical function integrals determined for therftand

backward hemispheres, separately;

- backward-to-total light integral ratio for the blafilter matrix By = 0.7

- asymmetry parameter g = 0.75.
The raw outputs of the model are the optical déptland the single scattering albedg) of the filter layer containing the
particles. The aerosol absorption coefficient,{bexpressed in M in atmosphere during the sampling is determined
considering the deposit area (A inQrand the sampled volume (V in’yas in Eq.(5):

baps =1000(L— w)re (5)
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Overall, a 12% uncertainty was reported (Petzold Schénlinner, 2004). Assuming a constant massrptisn cross
section (6.6 rfig), the output of the MAAP is the equivalent blackrbon concentration in air (eBfap), expressed in
ug/me. Further details on the instrument are reportediier et al. (2011).

2.2.3 PP_UniMI analyses

The aerosol absorption coefficient at 4 wavelen@#®$ nm, 532 nm, 635 nm, 780 nm) was determinethercollected
PM; s samples using the polar photometer PP_UniMI atUheersity of Milan (Vecchi et al., 2014, Bernardeet al.,
2017a). In PP_UniMlI, the chosen laser beam hitdiliee (either blank or loaded) perpendiculariheTfilter transmits and
scatters light in the front and back hemispherephétodiode mounted on a rotating arm scans thigesicey plane (0-173°
with about 0.4° resolution) allowing the determioatof the total amount of light diffused in thedwemispheres by solid
angle integration.
In usual PP_UniMI operation - hereinafter named &pPBroach” (PP) - the same radiative transfer madehe one used in
the MAAP is applied, but the following differenciesinput data evaluation have to be highlighted:

- front and backward hemisphere integrals are detemhby solid angle integration of the high-angular

resolution phase function measurements and nobalytcal function integrals;

- no assumption onyBis done, as it is directly obtained by the meas@ms of the blank filter.
As well as for the MAAP, the outputs of the modale® andt. The minimum detection limits on the absorbancB$A(1-
w)-1) of the particle-containing layer of the samples m the range 0.03-0.07 depending on the wavéiergis also
noteworthy that samples with ABS>0.9 were exclutigdthe database to avoid possible non-linearities th sample
overloading. Uncertainties were estimated in £0ddIABS<0.1 and 10% for ABS0.1 (Bernardoni et al., 2017a)
It is noteworthy that exploiting information at sble angles, the same approximations used in thARVcalculation can
be implemented, i.e. total amount of light in the themispheres by analytical functions can be obthiand B=0.7 can be
imposed, for the sake of comparison. This apprasitihbe in the following referred to as “PP_UniMs aMAAP” (PaM)
approach.
In both approaches (PP and PaM), the aerosol aisomefficient at all PP_UniMI measurement wavelis (kpspL)
and ks paA) for PP and PaM, respectively) can be obtainenh fsoandt, considering the deposit area A=11.%@nd the
total sampled volume using Eq. (5). The comparisetween the two approaches will be carried outugjinoDeming linear

regressions, as explained in section 2.8.

2.3 Levoglucosan measurements

After being analysed by PP_UniMI, one punch (1.5°)cof each 12-h sample was devoted to the measuteofen
levoglucosan concentration. Each punch was exttabye sonication (1-h) using 5 mL ultrapure (Mill)yQvater. The
analysis was carried out by High-Performance Aiimuid Chromatography coupled with Pulsed Amperatndbetection
(HPAEC-PAD) at the University of Genoa followingettprocedure described in Piazzalunga et al. (208@)imum

7
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detection limit for levoglucosan is about 2 ng/mé.(6.6 ng/m considering the filter area and sampling volumedl a

uncertainties are ~11%.

2.4 Experimental absorption Angstrém exponent

The experimental absorption Angstrém exponest was determined for each 12-h time slot from rditiuments fitting

the parameters s, andoexp in Eq. (6):

babs()\) = Kexp}\ﬂexp (6)

It is noteworthy that light absorbing componentg.(BC vs. BrC) have differeatdependences and they both contribute to
aexp Thus, it is not expected that Eq. (6) representictly the wavelength-dependence of the measutsnfie®. cexp is
expected - and renown - to be dependent on tlgerahwavelengths considered in the calculatiomyway, it is a good
approximation and it can be exploited to gain infation at wavelengths different from the measuradso(see e.g.
application in section 2.5).

2.5 Optimisation of multiple-scattering enhancemenparameters

Optimised multiple-scattering enhancement pararaeted different wavelengths for AE31 and AE33&4d\), Caess()),
respectively) were retrieved by comparing loadiogrected attenuation coefficientsith aesa(2) with the absorption
coefficient measured by PP_UniMI, with both PP &aM approaches (section 2.2), through a Demingitimegression
analysis explained in section 2.8. When the infgroé the regression was comparable to zero, thgesbdf the regression
line directly represented the best estimate forctireesponding multiple-scattering enhancementrpater.

To allow such comparison, PP_UniMI data were inttafed/extrapolated to Aethalometer wavelengthod#ipg ocexp
calculated as explained in section 2.4 througtdhewing relationships:

babd470nM)=hp{405nmM)(470/405)ex°
babd520nM)=hp{532nm)(520/532§**°
babd660nM)=hp{635nmM)(660/635)°*°

bans(880NM)=lap{780nm)(880/780% e

It was already demonstrated for Aethalometer daaaexploiting information at 370 nm or 470 nm fioe evaluation of the
absorption Angstrém exponent has important impadhe result whereas information at longer wavelemglays a minor
role (Zotter et al., 2017). For these reasons, ximpolation of PP_UniMI data at wavelengths shotfian 405 nm was
performed; opposite, extrapolation was attemptddast at the nearer longer Aethalometer wavele(igth880 nm), as on

that side the curve is less steep and possiblebi® expected to be smaller.

8
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To ensure consistent comparison of the result#ffareht wavelengths, only samples for which PP_Nlrninformation was
available at all wavelengths were considered gaenples in which measurements at all wavelengtis higher than LOD
and with ABS<90).

2.6 Aethalometer model

The Aethalometer model was introduced by Sandradewal. (2008). Generally, the model is used tooaign the
contribution of fossil fuel combustion (FF) and wdoburning (WB) to both the aerosol absorption doifht (kg9 and
carbonaceous fractions. In this work, we will foarsthe ks source apportionment only. Please note that mighragraph
we will use hpswith no explicit reference to the instrument usedits determination as it does not affect thelamation of
the Aethalometer model itself.
The Aethalometer model exploitsAh.ps measurements as input data and it is based doltbeing assumptions:

- at both wavelengths, FF and WB are the only souroegsibuting to the measureehb as expressed in Eq.

@):
DapdA) = DabsFr(R) + Davs,we(A) @)

- for fossil fuel combustion, it holds Eq. (8):

-
Dabsrr(M\1) _ (ﬁ} i ®)
Papgrr(A2) (A2

where; indicates a short wavelengthy a long wavelength, ander is a parameter assumed a-priori,
representing the absorption Angstrém exponentierfassil fuel combustion source.

- for wood burning it similarly holds Eq. (9):

bahsWB ()\1) _ [ )\1 J_GWB

babsWB ()‘ 2)

N 9)
whereaws is another parameter assumed a-priori represetitingbsorption Angstrém exponent for wood
burning.

The identification of suitablerrandaws for the considered campaign/sampling site is reiseghas the critical step in the

modelling procedure and different approaches weopgsed (e.g. Harrison et al., 2013, Fuller et 2014; Helin et al.,

2018, Martinsson et al., 2017, Zotter et al., 2(atello et al., 2019, Forello et al., 2020); opfmdess attention was posed

to the role of using data from different instrungeas input to the model.
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However, oncé\, Az, arr, ows are chosen, thex source apportionment &t andi; is carried out combining Eq. (7) &t
andiy, Eq. (8), and Eq. (9). Traditionally, the Aethraleter model is applied just considering the 470-880wavelength
pair. However, due to the purpose of the presemkwo
- for AE33 and AE31, the following wavelength pairsre considered: 470-880 nm, 370-950 nm, 370-880
nm, 470-950 nm;
- for PP_UniMI (with both PP and PaM approaches)y amle test was performed using extreme values: 405
nm-780 nm.
It is noteworthy that AE31 and AE33 providé.7aformation, but the Aethalometer model represeitg Eq. (7), Eq. (8),
and Eg. (9) exploits information only at 2 chosan(from now on named “2-approach”). In this work, to exploit all the
information provided by AE31 and AE33, we also me@ an alternative approach, in the following nartradlti-A fit".

The multia fit (regardless of the instrument) is based on @y.and keeps tha ®~ and A"*we dependences reported in
Eq.(8) and Eq.(9) for fossil fuel combustion andoddurning contributions, but these dependencesxended to all

wavelengths, thus considering Eg. (10):

Dape(A) = A'NTOFF + BN e (10)

Multi-wavelength fit of equation (10) is performéa retrieve the coefficients A’ and B’ for each gade) provided that

values forarr andaws are defined a-priori. So, once A’ and B’ are detesd for each sample and wavelenghtiy

represents the contribution of FF combustionatg) and B'’A™"we the WB one.

Of course, the available wavelengths depend orctimsidered instrument, and it is also possible ttestmethod using
wavelength subsets. In this work, the whole avi&latataset (i.e. 4: 405, 532, 635, 780 nm) was used as input for
PP_UniMI (both in PP and PaM approaches), whemathé Aethalometers both the use of all the 7lalbks wavelengths
and of the 4 wavelengths for which multiple-scatiggrenhancement parameters were determined {G.520, 660, 880
nm) were tested, to analyse the role of extremeeleagths. It is noteworthy that using our multfit approach, it is
possible to obtain the apportionment also at wangthes different from the ones used as input (epgogtionment at
Aethalometer wavelengths using as input the dat@RyuniMl).

Focusing on Aethalometers, for all thé 2nd multii fit approaches tested, inpubwere obtained from Eg. (1) both using
instrument-dependent@nd optimised multiple-scattering enhancementrpaters presented in section 3.3 and obtained as
reported in section 2.5.

In all tests, besides relativeplfh) source apportionment between FF and WB, corolatif hiwsws with levoglucosan (in
terms of the Pearson correlation coefficieq)rwas tested. Since no tracer in atmospheric akfoistossil fuel combustion
was available, data on carbon monoxide (CO), nidmogxides (NG and benzene concentrations from the Regional

Environmental Protection agency database weredtestepossible tracers for traffic emissions, whicminate fossil fuel

10
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bans contribution in Milan (Forello et al., 2019). Datgere available at a traffic monitoring stationaatlistance about 2 km
from our sampling site. Results of tests pointethobenzene measurements at the traffic siteeasest tracer for traffic, as
320 it showed the highest correlation withud¥r calculated for all instruments and calculation rapphes (in terms of the
Pearson correlation coefficient). Thus, correlation between benzene aaddbwill be shown. It is noteworthy that, thanks

to the features of the modetrand e do not depend on the choice of the consid&ret bass rrand kins werespectively.

2.7 MWAA model

The MWAA model (Massabo et al., 2015; Bernardoralet2017b) allows to assess the contributionB®fand BrC to the
325 total measuredaJ{}) (component apportionment), and to provide infdiaraon the absorption Angstrém exponent for BrC

(asrc) exploiting Eq. (11):
bpe(A) = AXec + BX e (11)

330 The coefficients A, B andsc in equation (11) are obtained by multfit of band)) for each sample, provided that a value
for agcis assumed a-priori. In this casec=1 was chosen as already performed in previouscaioins (Bernardoni et al.,
2017b, Massabo et al., 2015).

Mathematically, at least ¥-measurements are needed to fit 3 parameters. tNeless, tests evidenced problems in
numerical calculation when using onlyAdinformation (i.e. lack of convergence and/or fargmeter instability). Thus, in

335 this work we used at leastiSinformation, consequently the MWAA model was ruryousing Aethalometer data as input.
The fit of Eqg. (11) was performed considering bitith whole datasets (9-and excluding extreme values (i.eL:5470, 520,
590, 660, 880 nm) to gain insight into the roletlod information at extreme wavelengths on the tes#&lixed multiple-
scattering enhancement parameters were considesélde optimised ones were determined at 4-wavitismmly.

In section 3.3, the relative apportionment of ttomtdbutions from BC and BrC toaf(A) was shown. As the main

340 contributor to BrC is expected to be wood burnitttgg Pearson correlation coefficient{j between the apportioned
absorption coefficient for BrC fhs g9 and levoglucosan was also calculated. It is notéw that, asisc is different for
each sample,sic depends on the considered wavelength. As BrC pee®d to provide higher relative contribution at
decreasing wavelengths¢ was presented at the shortest wavelength availataé test — i.e. fsed470 nm) was used in

rerc €valuation.

345 2.8 Deming regression

In the results and discussion section (sectiotir®ar correlation between the data considerethéndifferent comparisons

were evaluated through the correlation coefficrent

11
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Linear regressions were performed using Demingession (Deming, 1943; Ripley and Thompson, 198fijs @pproach is
suitable when both data series are affected bynegligible uncertainties (i.e. none of the serias be assumed as error-
free). The uncertainties associated to the datfaeinlifferent cases will be described for each canispn.

The output of the Deming regression analysis véllrépresented in terms of slope, intercept, anid skendard errors (SE).
When the intercept of the Deming regression lins wamparable to zero within 3-times the standardr€B SE), it was
forced through zero: in the text it will be repattéhe intercept was comparable to zero” and ohéydlope of the intercept-
forced regression will be presented. In the text eaptions, “y vs. x” convention will be used (¢:BP vs. MAAP” means
that in the regression PP_Unimi data obtained thi¢hPP approach were displayed on y axis and MA#R dn x axis).

3. Results and discussion
3.1 Comparison between MAAP and PP_UniMI results

The radiative transfer model used to account foltiple-scattering in the filter used forda determination by PP_UniMI
(see section 2.2.3) was run using as input bottafPPaM approaches. It is noteworthy that, whileapproach fully
exploits highly angular-resolved measurements, Baldulation introduces the same approximationd@®hes used in the
MAAP — i.e. reconstruction by analytical functiofiem measurements at 3 angles and the fixed vatteden backward
and total diffused radiation for blank filtepB0.7 (section 2.2.2).

For each 12-h sampleabpg635 nm) and s pa{635nm) were compared to the average 12shiMaar (Figure 1). In both
cases, high correlation is found (r > 0.991), amanihg regressions were performed with variance ratl (i.e. orthogonal
regression) as data had comparable uncertaingességxtions 2.2.2 and 2.2.3).

When exploiting all the available angular resoligfdrmation in the PP approach, the intercept watscomparable to zero
(-2.07 £ 0.47) and the slope was 0.928 + 0.021. Nbekyss, comparinga.k pa635 NmM) to the 12-h averageghdmaan the
intercept was comparable to zero and the slopelvi®b + 0.011. The latter result confirms that PRIMJ is equivalent to
the MAAP when the same approximations were appfiezhiculation as performed in the PaM approachti@e 2.2.3).

The previous comparisons also evidenced that theogjnations implemented by the MAAP have a notligigle impact
on the measured:k mase The individual role of the phase function recanstion and imposition of B= 0.7 is beyond the
aim of the present work and it will be reporteceelbere (Valentini et al., in preparation), butftfirssults indicate that the
assumption on B is the main responsible for the discrepanciestoAshe presence of the intercept, this needs ttiker
investigated: scattering (Muller et al., 2011) dfedent penetration of the absorbers in the filiawe been demonstrated to

produce spurious absorption signals (Arnott et28l05) at least for Aethalometers.

3.2 Comparison between PP and PaM approaches at athvelengths

At wavelengths other than 635 nm, no comparisoh MIAAP is possible, thus only the comparison betwte hpseg))
and hpspaMA) was performed. At all wavelengths, the resulttaimied were highly correlated (correlation coeéfidir >

12
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0.993), but significant deviation from 1:1 relatiaras found, with PP results generally lower thaMRmes. Focusing on
Deming regression line parameters (with variand® ra 1), negative intercept was always found, vehabsolute value

reduced with increasing wavelengths (see TabllnBl cases, slope is not comparable to 1 with8E3

3.3 Evaluation of multiple-scattering enhancement arameters for AE33 and AE31 during the campaign

PP_UniMI data were reported to Aethalometer wawglen and used to gain information on multiple-sraig
enhancement parameters for AE33 and AE31 at differavelengths (&33(A), Caezi(A), respectively) as explained in
section 2.5. In the following, results will be peesed by comparing loading-corrected 12-h averdged(X) from each
Aethalometer to bothabspg)) and RpspaMA). This was done because PP results are obtainbdlesis assumptions than
those required by PaM approach. Nevertheless, RaMlts were already demonstrated to be comparabiéNAP ones
(section 3.1), thus C-values obtained with thisrapph are more directly comparable to data commaiblained by
research groups working with Aethalometers and MAARarallel for ambient measurements at urban amkground
stations. The need to show both results highligiesimportance of identifying a suitable referentaterial and reference
instrumentation.

Very high correlation (r>0.98) was found at all w#angths between Aethalometersmband both ksperand Bpspam
Deming regression was performed considering tHevidiig uncertainties: a constant 1 Mmncertainty was considered for
all instruments, summed to 10% uncertainty for PRMJ and increased to 15% for Aethalometers (asettect of variable
aerosol scattering coefficient on the measurenismtst considered).

In Fig. 2, scatterplots of the AE33 data againshli®P (left panels) and PaM (right panels) appreachere shown at the
four wavelengths considered for comparison. In esuetiterplot, lighter dots refer to daytime dathereas the darker dots
refer to night-time data. Deming regression linetlom whole dataset (day and night data) was alswshintercept of the
regression line was comparable to 0 at all wavdlengshen calculated using the PaM approach dathidrcase, the slope
of the regression line represented an average Yafu€aess pav and resulted in the range 2<hess paM1)<2.93. These
values are about 10% higher tha:£3=2.66 reported for Rome by Valentini et al. (20B9)comparison between AE33 and
MAAP (with no wavelength adjustment). Considerihg PP calculation approach, the intercept was oroparable to zero
at 470 nm and 880 nm. Thus, we could provides£r«A) from the regression slope only at 520 nm and &60we found
Caeaz,p{520 nm) = 3.53 + 0.04 anda&3s p{660 Nm) = 3.37 £ 0.05. It is noteworthy that thp@ach presented in Eq. (1)
neglects a possible additive contribution from teatg (i.e. is best at low single scattering atijed’he presence of an
intercept not comparable to zero may indicate faiia such approximation. Furthermore, it has tacbesidered that few
Mm-? represent the limit of detection for PP_UniMI, stitmay have a role on the intercept.

Deming regression results were presented sepafatefiaytime and night-time data in Table 2 for B£8or these data, the
intercept of the regression line was comparableetm. Exceptions were PP night-time results at @m0and 880 nm for

which the intercept exceededSE for less than 10% and they were forced the s@agtime Gess()) values were higher

13
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than the corresponding night-time ones, even ify there comparable within SE for both PP and PaMutation
approaches. More in detail, multiple-scatteringardement parameters calculated with PP approacdh iwehe range 3.41
< Cagsz pp.dafr) < 3.57 for daytime dataset and 38Laes3 pp.dafh) < 3.50 for night-time dataset; calculations with #a&M
approach gave 2.79 Caezs pam dafh) < 2.95 for daytime dataset and 2FTaesz pamdafr) < 2.91 for the night-time dataset.
It is noteworthy that values at 470 nm and 520 mencemparable within SE and the same occurs fovahees at 660 nm
and 880 nm for both PP and PaM approaches.

Figure 3 provides the same representation alreaglaieed in Fig. 2, considering in this case the3AEdataset. All
intercepts of the Deming regression carried outhenwhole AE31 data were comparable to zero. Is thise, it resulted
3.47< Caea1_paM}) < 3.58 and these values were fully comparable tostiggested value of 3(% + 0.25) (GAW, 2016).
Considering the PP approach, 4.22Caes1 p{A) < 4.33 was found. It is noteworthy that for bothe§& pfA) and
Caes1_paM)), the values at different wavelengths were comgarwithin SE, thus no statistically significakvdependence
was observed.

Focusing on daytime and night-time datasets, saggraalso for AE31 daytime Aesi(A) values were higher than the
corresponding night-time ones even if they were mamable within SE, considering both PP and PaM utation
approaches (see Table 3). More in detail, multjgiattering enhancement parameters calculated Withgproach were in
the range 4.34& Caessppdaf)) < 4.44 for daytime dataset and 4.£2Cheszprnigih) < 4.25 for night-time dataset;
calculations with the PaM approach gave 3X85e33 pam,dafA) < 3.65 for daytime dataset and 383€ae33 pam,nigiA) < 3.53

for the night-time dataset. For AE31, values atdliferent wavelengths were all comparable withis f8r each approach,
evidencing negligibl@-dependence.

It is noteworthy that all the £&231(}) values found comparing AE31 data with resultsbbth PP and PaM approaches were
higher than the corresponding values for AE33. T¥as expected, due to the different tape in usE(r€ses1 =2.14 and
Caeaz_=1.57 for the tapes in use).

Furthermore, multiple-scattering enhancement patendiecalculated usingak rér) as reference measurement for the
absorption coefficient were always higher than ¢hobtained usingabs par)) as reference. This is due to the difference in
the results by the two approaches evidenced inose8t2, related to the approximations performedis MAAP in the
evaluation of the input to the radiative transferdel (see sections 2.2.2 and 2.2.3).

Last, it is noteworthy that both for AE33 data iable 2 and AE31 data in Table 3, PaM values ar&8P%-lower than the
corresponding PP values. This seems higher tharsltpe reported in Table 1 (about 0.87-0.88), buto&negligible
negative intercept is also present, thus the gldiffdrence between the approaches is indeed hitjaerthe value given by

the slope.

3.4 Insights into aexp

For each 12-h time slot, Eg. (6) was exploitedaizulateaex, using as inputdad)) at all available wavelengths from AE31,
AE33, and PP_UniMI with both PP and PaM approacimeBig. 4, frequency distribution of the calculatex,considering
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wavelength-independent C valuesé& =2.14 and Gess =1.57 for AE31 and AE33, respectively), to obtais(h) from
barn(A) using Eq. (1).

Figure 4 showed that.., frequency distribution was narrower for Aethaloerstdatasets (1.#s;<1.8) than for PP_UniMI
datasets in both PP and PaM approaches ¢948®). Focusing on Aethalometers, AE31 distributisnmore skewed
towards lower values (with a sharp maximum binhia 1.3-1.4 range) than AE33 distribution which isrensymmetric.
These graphs immediately show that diffefediependence is present in data from differentumsents.

It is also of interest to gain insights into théeef of applying different multiple-scattering emicament parameters to the
data from AE31 and AE33 on the measuteg. It should be recalled that in section 3.3 optedisnultiple-scattering
enhancement parameters were obtained at 470, B20,880 nm, only. Sogexp from AE31 and AE33 data were re-
calculated after evaluatingdq)) from Eq. (1) only at 470, 520, 660, 880 nm, wiitke following choices for the multiple-
scattering enhancement parameters:

1) at all wavelengths Caea=2.14, G_ae35=1.57 were considered;

2) day-time and night-time wavelength-dependent miel§zattering enhancement parameters C, reportédhte 2
for AE33 and in Table 3 for AE31 were used. Both- RlARd PaM-derived multiple-scattering enhancement
parameters were considered. These values will behén following named “optimised multiple-scattering
enhancement parameters”.

Results of thewexp frequency distributions obtained from these tesse shown in Fig. 5.

It is noteworthy that Fig. 5a and Fig. 4c as wsllRg. 5b and Fig. 4d differed only for the numbéwavelengths used for
aexp Calculation. The comparison confirmed the rolehef chosen wavelengths ag, calculation, as already mentioned in
section 2.4. More in detail, considering a narroveege of wavelengthuey, distributions were narrower and peaked at lower
values.

The comparison of Fig. 5¢ and 5d to Fig. 4a as alFig. 5e and 5f to Fig. 4b, showed that theofisgtimised multiple-
scattering enhancement parameters was not enoulgartoonise the results ofy, from different instruments. There are
different reasons for this. First of all, it is e that experimental data are the sum of (at)éast contributions featuring
different absorption Angstrém exponents, thus thpesidence is not expected to be exactly expongstabnd, cross-
sensitivity to scattering is expected giving anitdel term, which is neglected in the approach @nésd in Eg. (1) which
approximates the relationship between absorpti@hetinction by the use of a single multiplicatifeetor. Last, we are
considering average factors and applying themltthaldataset, whereas sample-by-sample differesigesn the scattering
properties of the particles are expected. Findlllghould be recalled that PP_UniMI wavelengthsené®5, 532, 635 and

780 nm, whereas the wavelengths considered foraatieters 4. calculations were 370, 520, 660, and 880 nm.

3.5 Aethalometer model results

As mentioned in section 2.6, multi-wavelength imfiation on the aerosol absorption coefficient camded as input to the

Aethalometer model for source apportionment. Sacsig showed differences in thedependences of data from different
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instruments, as well as the impact of considerirngdf or optimised multiple-scattering enhancememtameters. These
observations point to the need of investigating ritle of such differences on source apportionmestilts. So, in this
480 paragraph it will be investigated:
- the role of performing the Aethalometer model ugdata from different instruments
- the impact of applying wavelength-dependent mudtgdattering enhancement parameters on the
Aethalometer model source apportionment results.
In this work, the Aethalometer model was run apmiyirr=1 andawe=2. These values were previously used in Bernardoni
485 et al. (2017b) for the Milan area during an appia@ato a dataset with available wavelength infaiiorain the range 375-
850 nm.
In the following, we will show results of the Aetheeter model run using as input daigspg)), babs paMA), @and ks aez{\)
and hps aezf)) obtained using both fixed multiple-scattering @mtement parameters and the optimised ones prdsente
section 3.3. Both the 2-and the multix fit approaches (with all the possible combinatienplained in section 2.6) were
490 tested. A summary of the average apportionmenteladion coefficients between the apportioned wbaothing ks ws and
levoglucosan measurementsd), and correlation coefficients between the appodd fossil fuel combustionak srand
benzene measurements:tobtained with all the approaches was reportethisie 4.
From Table 4 and considering fixed multiple-scatigienhancement parameters for Aethalometersnibeanoted that:
1) Average apportionment percentage for AE31 and A&@&ed within 7%, provided that the same short
495 wavelength was used as reference (either 370 Mi7®mnm), regardless of the data processing approach
Considering the same instrument, an average apporént difference up to 12% was found at 470 nm for
AE33 using 7x approach compared to22470/950 nm. In any case,A7apportionment is never in the
range of variability found considering 470 nm awédst wavelengths, still evidencing the impact cdme
UV measurements on the source apportionment results
500 2) Average PP_UniMI apportionment was within 6% coasitly all approaches, and within 3% considering
results from 4k fit. Thus, it should be mentioned that — even & evidenced significant differences in
absolute values for PP and PaM measurements iinis&c® — such differences do not impact signiftgan
PP_UniMI relative source apportionment.
3) Correlation coefficientsws between ksws and levoglucosan showed high correlations$0.92) for
505 AE33 and AE31 results, independently of the apgipapposite, lower correlation was found with &kt
PP_UniMI approaches\g<0.83). Further investigation is needed to undedsthe reasons for this. This
effect was possibly related to the widey, frequency distribution found in section 3.4 for RRiMI data.
Indeed, due to the fewer assumptions.g ftetrieval, PP_UniMI seems more sensitive than Aletineters
to sample-by-sample variability. Consequently, épproach of the Aethalometer model based on fixing
510 unique values ofier andaws for the whole dataset can make it less suitabthd@application to such data.

Nevertheless, this needs further investigation esing multi-wavelength Nephelometers in paraltel t
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Aethalometers to perform more accurate correctainsethalometer data. It should also be evidenbed t

role of a single point affecting the correlationdbes not result as an outlier looking at wavetlerigys

distribution, but its removal from the populatiorcieasesws to 0.85-0.86, depending on the considered

approach.

4) Correlation coefficientsre between ks rrand benzene are in the range 0.87-0.92 (beinltisfigigher for

Aethalometers), showing lower dependence on theuim@nt and/or approach thager
Table 4 also allowed to perform comparison betwéethalometer apportionment obtained using fixedoptimised
multiple-scattering enhancement parameters. Asxample, considering input data in the range 470-880 AE31 and
AE33 hwsrrrelative contributions at 470 nm were in the raB§e65% considering fixed multiple-scattering entement
parameters and 67-70% in the case of optimised; amedarly, also considering other wavelengths éomparison, the
ranges do not overlap. Thus, even if wavelengtliaigdities of multiple-scattering enhancement paggans were mostly
within SE, they resulted in a significant impact the average source apportionment results. FurtrernPP_UniMI
apportionments showed higher FF contributions ttherse obtained by AE31 and AE33 using fixed mudtiptattering
enhancement parameters (up to 7% when consideridgh as lowest wavelength for Aethalometers antbuty¥% when
comparing 7x fit on AE33, again evidencing the important impatthe shortest wavelength on the source apportion);
opposite, relative apportionment agreed within 5%nast (and, more in detail, PP_UniMI source agporhents results
were always within the variability of Aethalometeesults by different approaches) when optimisedtiple-scattering
enhancement parameters were considered for Aetleétdosn
This is an interesting result. Indeed, sectionshdwed that the application of optimised multiptettering coefficient did
not lead to fully harmonisedkx, frequency distributions. Nevertheless, here wewgltbthat the use of optimised multiple-
scattering parameters can lead to the harmonisatitzast of the average relative source apportsmm

3.6 MWAA model results

As explained in section 2.7, the MWAA model for quonent apportionment was run using as input bdthard 5, AE31
and AE33 data. In Table 5, relative contributiofisB€ and BrC to k{)) obtained from the different tests was shown,
together withagc (average + standard deviation) amg.rOnly Aethalometer wavelengths present also inlddbwere
reported.

Table 5 showed that the component apportionmerfidmeed by the MWAA model is less sensitive to exteewavelengths
than the source apportionment performed by the aetheter model. Indeed, highest discrepancy of B%omponent
apportionment ancs#%=>0.91 were found at 470 nm in all cases. This wabaily related to the ability of the model to self-
evaluate the most suitable value &fc as a function of input data. This was supportedhayinvestigation of the role of
different input data (in terms of instrument andrelangth range) on the computesic. In Fig. 6, frequency distributions of

agrc Obtained in the different tests were shown: narrodistributions were obtained for AE33 than for AE3This
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545 observation held both for distributions obtained7at (Fig. 6a and 6b) and at)5{Fig. 6c and 6d) and was confirmed
considering that standard deviationsogfc values (Table 5) are 1.4 and 1.8 times higheAl681 than for AE33. As for
averagens:c values, the role of the considered instrumentuonimer of wavelengths is unclear. Indeed, avesageobtained
by AE33 data was 13% higher and 14% lower thanethoistained by AE31 consideringA7and 53, respectively.
Furthermore,asc computed at #- was 18% lower and 7% higher than the one compatesh for AE31 and AE33,

550 respectively.

Conclusions

In this work, results from the EMEP/ACTRIS/COLOSSAAmpaign carried out in Milan in winter 2018 w@resented.
The work explored some open issues in the measmtsmef the aerosol absorption coefficient by fiersed
instrumentation and their impact on source (fdssl combustion/wood burning) and component (BC)Baportionment.
555 Thanks to the comparison with off-line measuremeatsied out by the polar photometer PP_UniMI whigtforms high
angular-resolved measurement of the sample phas&idn, we showed that the approximation introdulegdhe MAAP in
the calculation can have a not-negligible impacttenresults. Nevertheless, PP_UniMI and MAAP weageonstrated to
provide comparable results when the same approxinstvere applied.
Furthermore, we exploited 4-wavelength{4) measurements carried out off-line by PP_UniMId&termine optimised
560 multiple-scattering enhancement parameters atrdiffewavelengths for Aethalometers AE31 and AE33aes(A) and
Caesa(M), respectively - by comparison with loading-coteet barnaesi(A) and Banagas(h). Caesi() and Gess(A) were
calculated using PP_UniMI data obtained by consgideboth the whole high-angular resolved informatiobys p€A), and
using the approximations set in the MAAP ashar). Considering all AE31 samples compared to the Raddroach,
Caea1,paMA) results were in the range 3.47-3.58 and were eoatybe to the values prescribed by WMO/GAW (3.56%02.
565 As for AE33, 2.78& CaesspaM)) < 2.93 depending on the wavelength was found froenaM approach. Nevertheless, PP
approach indicated that higher values (up t@3GH{470nm)=4.33 and £e33,{520nm)=3.53) can be more suitable,
highlighting the role of MAAP approximations on theeasured d3s but intercepts not comparable to zero were foand
few cases, preventing the determination of an aeevalue at 405 nm and 780 nm for AE33. This prmobVeas overcome
considering daytime and night-time data separatétly.this case, daytime values of optimised multgdattering
570 enhancement parameters were slightly higher themitht ones, but within the standard error, fahb®E31 and AE33 as
well as using PP and PaM approach. Furthermore, @ssidering separately daytime and night-timea,daglues at
different wavelengths were within SE for the sarakwation approach. Separated daytime/night-tipinosed multiple-
scattering enhancement parameters were used fhefunvestigation.
The analysis of the experimental absorption Angstexponentsoey) evidenced that significantly different values wer

575 obtained depending both on the instrument and erctiosen wavelength-ranges from the same instresméravelength-
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dependent multiple-scattering enhancement paramdggermined in this work were also applied to deden AE31 and
AE33, but they were not enough to harmonisg frequency distributions from different instruments

This work investigated the role of such differenoesthe results of source apportionment by the &etheter model (by
fixing a value ofar=1 andows=2already used in previous works in the area) anth@fcomponent appotionment by the
MWAA model (fixing asc=1). The Aethalometer model was applied using asitity,s data determined by PP_UniMI,
AE31 and AE33. As for AE31 and AE33.pifA) obtained both using fixed and optimised multiptaxttering enhancement
parameters were used as input. The role of diffeskaices for the considered wavelength was algesitigated, as well as
different calculations approaches. Inconsistengieeelative source apportionment were found alsns@ering a single
instrument, evidencing not only the role of the sro wavelength range (already found in the liteggtbut also that small
differences (within uncertainties) in the waveldndependencies of multiple-scattering enhancemaranpeters affect
significantly the output of the Aethalometer modsignificant differences were found between thecafgnment results
from PP_UniMI data and those obtained by AE31 aftB3\ with fixed values for the multiple-scatteringhancement
parameters. It is noteworthy that the applicatibomimised multiple-scattering enhancement paransedid not harmonise
aexp frequency distributions among different instrumémit it led to consistent source apportionmentiltes

Focusing on the MWAA model, due to the featureshef model our tests were limited to the assessmietite role of
extreme wavelengths on the model results for AB®1 AE33. The average apportionment of the relatiwetributions of
BC and BrC from AE31 and AE33 showed little infleenon the considered wavelength range (5% maximanne
compared to 11% limiting Aethalometer model analysei the tests comparable to those performed byith&AA model).
Nevertheless, open issues remain concerning thmass of asc, whose average value was in the range 2.99-3.66
depending on the instrument and the wavelengtherangsidered as input.
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Figure 2. Scatterplot of bxrn_aess(h) vs. bans_pH(2) (left charts) and bas_paM(A) (right charts) at 470 nm, 520 nm, 660 nm, and 88@m
(from top to bottom).

29



https://doi.org/10.5194/amt-2020-233 Atmospheric
Preprint. Discussion started: 1 September 2020 Measurement
(© Author(s) 2020. CC BY 4.0 License. Techniques

Discussions
By

AE31 vs. PP (470 nm) AE21 vs. PaM (470 nm)
360 360
— 270 — 270 .,/
2 ¥ = (4.33£0.06) x i & y (3.58£0.04) x o°
= * = e N}
= 180 e = 180 B
g o0 P Day £ 90 Bay
o X @,
0 0
0 30 60 90 0 30 60 90
b pe[MmM'] Bape pau[Mm']
AE31 vs. PP (520 nm) AE31 vs. PaM (520 nm)
320 320
— 240 y = (4.27£0.08) < . 240 v = (3.54£0.04) x /(
E " E ,0-96‘/9“0
=] L ]
~ 160 557 £ 160 o
0 o @ Night e o Night
1]
0 20 40 60 80 0 20 40 60 80
b s pelMm'] Daps pamMIm]
AE31 vs. PP (660 nm) AE31 vs. PaM (660 nm)
240 240
— 180 y =(4.30£0.07) x ~ ~ 180 y = (3.56£0.04) x il
: 7 3 Mo
= =
2 120 S 10 S0
g & g > 2
£ 60 . ‘l" Day é 60 %‘p Day
= L ® Night P o Night
0 1]
0 20 40 60 0 20 40 60
bpe e[ Mm'] B, pan[Mm']
AE31 vs. PP (880 nm) AE31 vs. PaM (880 nm)
180 180
- 0 __’fy-'. - ) ~ ;:“'G
;EE 120 g é 120 «6”':53
LS -
= "’:" 2 = o 2”"%
g 60 > g g0 s%"ﬂw
& - Day 5 Day
Dop ¥ qw
= O'” - e Night < o o Night
0 0
0 15 30 a5 o 15 30 45
s pe[ M) 5 pan[MIM-T]

875

Figure 3. Scatterplot of Ixtn_aes1()) vs. kas_pH(2) (left charts) and vs. hs_paM) (right charts) at 470 nm, 520 nm, 660 nm, and 880
nm (from top to bottom).
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Figure 5. Frequency distribution of aexp calculated from hans()) at 470, 520, 660 and 880 nm for AE33 (left panelahd AE31 (right
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895
Wavelength | Slope SEslope | Intercept SE Intercept
405 nm 0.877 0.008 -1.787 0.400
532 nm 0.878 0.006 -1.284 0.190
635 nm 0.875 0.006 -1.041 0.184
780 nm 0.874 0.011 -0.924 0.225
Table 1. Deming regression parameters of PP vs. Paddlculations at different wavelengths.
900
Wavelength | Caesspp,day(A)  SE | Caess pp,nignt(A) SE Caeszpamday(N)  SE | Caesspamnignt(A)  SE
470 nm 3.56 0.06 3.49 (*) 0.05 2.93 0.04 2.90 0.04
520 nm 3.57 0.07 3.50 0.05 2.95 0.05 291 0.03
660 nm 3.43 0.08 3.31 0.06 2.82 0.05 2.75 0.03
880 nm 3.41 0.09 3.36 (**) 0.07 2.79 0.06 2.77 0.04
Table 2: Multiple-scattering enhancement parameter ad standard error (SE) for AE33 at different wavelengh calculated
separately on the day and night datasets using PRCAgs3_pp_day and Caesa_pp_nighy respectively) and PaM (Gess_pam_day and
905 Caess_ram_nigh, respectively) approaches. (*) original regressioline intercept was 6.62 + 2.15; (**) original regession line intercept
was 4.48 + 1.40.
910
Wavelength | Caesiprday(A)  SE | Caesa,ee,night(A) SE Caeszpamday(N)  SE | Caesspamnight(A)  SE
470 nm 4.42 0.10 4.25 0.08 3.65 0.07 3.53 0.06
520 nm 4.38 0.10 4.18 0.08 3.61 0.06 3.48 0.05
660 nm 4.44 0.11 4.18 0.08 3.65 0.07 3.48 0.05
880 nm 4.34 0.13 4.12 0.09 3.55 0.08 3.39 0.06

Table 3: Multiple-scattering enhancement parameter ad standard error (SE) for AE31 at different wavelengh calculated
separately on the day and night datasets using PRCAgs1_pp_day and Caesi_pp_nigh; respectively) and PaM (Gesi_pam_day and

CaEs1_ram_night, respectively) approaches.
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Relative b,ps(A) source apportionment

370 nm 405 nm 470 nm 780 nm 880 nm 950 nm
Input data FF WB FF WB FF WB FF wB FF WB FF wB fwe [
AE33 7A-fit 49% 51% 51%  49% | 54% 46% 66%  34% | 68% 32% 70% 30% 0.94 0.88
§ ° AE31 7)\-fit 48%  52% | 51%  49% | 54%  46% | 65% 35% [ 68% 32% [ 70% = 30% | 0.93 | 0.88
s T8y AE33 370/950 56% 44% 76% 24% 0.94 0.92
ﬁ R AE31 370/950 51%  49% 72% | 28% | 0.94 | 0.91
\‘f ﬁ % E AE33 370/880 50% 50% 70% 30% 0.94 0.91
23S 83 AE31 370/880 52% = 48% 71% @ 29% 0.94 | 0.91
g g § B AE33 470/950 68% 32% 80% 20% 0.94 0.91
»‘é 3 § E AE31 470/950 60% 40% 75% 25% 0.95 0.91
S E 5 E AE33 470/880 61% 39% 74% 26% 0.95 0.91
E 2 s AE31 470/880 63% = 37% 76% = 24% 0.94 | 0.91
:—3 2 AE33 4A~fit Co peas 59%  41% | 70% @ 30% | 72%  28% 0.94 | 0.89
AE31 4A—fit Co peas 65% | 35% | 75% @ 25% | 77% @ 23% 0.93 | 0.91
-3 o AE33 4\~fit Cagazpp 68% | 32% | 78% & 22% | 80% = 20% 0.93 | 0.90
? g gg AE31 4A=fit Cagay pp 68% @ 32% | 78% 22% | 80% = 20% 0.94 | 0.91
g § é § AE33 4A=fit Cagaspam 70% @ 30% | 79% @ 21% | 81% @ 19% 0.93 | 0.91
2o § 2 | AE3L4A-fit Caestpam 69% @ 31% | 78% 22% | 80% = 20% 0.94 | 0.90
s % é AE33 470/880 Cpgaspp 68% = 32% 79%  21% 0.92 | 0.90
§ § =3 AE31 470/880 Cpez pp 67% = 33% 79%  21% 0.94 | 0.91
£ 3 EE | AE33470/880 Cacsspam 69% = 31% 80%  20% 0.93 | 0.91
© 8 5 | AE31470/880 Caeaypam 69% = 31% 80% = 20% 0.94 | 0.91
PP 405/780 65% = 35% T7%  23% 0.83 | 0.89
PP 4x-fit (*) 62%  38% | 65% 35% 75% 25% | 76% 24% 0.81 0.87
PaM 405/780 68%  32% 80% 20% 0.82 0.90
915 PaM 4A-fit (%) 65%  35% | 68% 32% 77% 23% | 79% 21% 0.81 0.88

Table 4. Absorption coefficient relative source appdionment using the Aethalometer model fixingerr=1 and aws=2. The model
was applied to all available data using different dta processing as presented in section 2.6. Valuas880nm for PP and PaM
results were extrapolated. (*) 4 fit for PP and PaM data considers.=405, 532, 635, 780 nm.

920

Relative component apportionment (%)

370 nm 470 nm 880 nm 950 nm
BC BrC BC BrC BC BrC BC BrC Ogrc Ierc
AE33 7A-fit | 68% 32% 79% 21% 94% 6% 95% 5% [3.38+0.40| 0.94
AE31 7A-fit | 65% 35% 75% 25% 91% 9% 92% 8% [2.99+0.56| 0.91
AE33 5\ —fit 75% 25% 91% 9% 3.16+0.55| 0.92
AE31 5\ -fit 80% 20% 95% 5% 3.661+0.97| 0.94

925 Table 5. Absorption coefficient relative component pportionment using the Aethalometer model fixingaBC=1. The model was
applied to AE31 and AE33 data using different data ppcessing as presented in section 2.7. The presehterc refers to 470 nm in
all cases.
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