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EXECUTIVE SUMMARY

This document is the deliverable “D1.2 Database of advanced aerosol particles optical properties” for the
European Union project “FOCI: Non-CO2 Forcers and their Climate, Weather, Air Quality and Health
Impacts” (hereinafter also referred to as FOCI, project reference: 101056783).

Aerosol particles affect the climate by scattering and absorbing solar radiation. Some of the aerosol species,
notably black carbon (BC) and brown carbon (BrC), efficiently absorb radiation and contribute to global
warming at both global and regional level. Conversely, other aerosol species as total organic matter (OM) or
sulphate efficiently scatter the solar radiation contributing to the cooling of the climate. The study of the aerosol
particles optical properties based on observations is of utter importance in order to better understand the effect
of atmospheric particles on climate and to constrain model outputs. Specifically, this Deliverable describes a
set of particle optical properties, called intensive optical properties, that were calculated from global
observations. The intensive optical properties are mass independent quantities and contain information about
the microphysical properties of atmospheric aerosol particles. The intensive aerosol particles optical properties
are widely used by climate models that can improve their radiative forcing estimates developing

comprehensive parameterizations for the optical properties based on observations.
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CONTRIBUTION TO THE FOCI OBJECTIVES

The aerosol particles optical properties described in this Deliverable (D1.2: Database of advanced aerosol
particles optical properties) contribute to the FOCI integrated observational and modelling analysis which
focuses on the radiative forcing properties of different atmospheric non-CO2 species in the wider context of
the warming potential of all key GHGs. The aerosol particle properties described in this Document compose

the Milestone M 1.2 (Datasets for advanced aerosol particles optical properties) and the Deliverable D1.2.
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1. INTRODUCTION

This Deliverable D1.2 describes the methodology applied to build a detailed and comprehensive
observationally-based dataset on advanced aerosol particle optical properties that will be used to constrain

numerical sensitivity simulations.
WP1 is organized in three major tasks:

e Task 1.1: Data compilation and harmonization (Lead beneficiary: CSIC)
e Task 1.2: Advanced analysis of available data (Lead beneficiary: CSIC)
o Task 1.3: Advanced model representation of physiochemical properties of anthropogenic aerosols and

their feedbacks (Lead beneficiary: FMI)

One major WP1 outcome (in Task 1.2) is providing advanced products related to the aerosol particle optical
properties. These products were gathered (D.1.2) and made accessible for the advanced analysis of available
data (T1.2), advanced model representation (T1.3), analysis and evaluation of model improvements (WP3),
performance evaluation of regional climate models (WP4) and regional and urban multiscale climate impact

(WP6).

The Deliverable D1.2 “Database of advanced aerosol particles optical properties” consists of a dataset
(including metadata) of in-situ and column integrated aerosols particle optical properties that WP1 produced
in Task 1.2. The dataset was compiled using data from a suite of observational networks/programmes as

GAW/WMO, IMPROVE, EMEP, ACTRIS, EARLINET, AERONET, among others.

In this document we describe the key data and data sources used for the calculation of the aerosol particle
optical properties included in this Deliverable D1.2. For each product we summarised the spatiotemporal

coverage of the data, relevant data policies, required acknowledgements, data quality control processes, etc.

Some of the aerosol particle optical properties described in this Document were included in the GHOST
database version 2.0. Those aerosol particle optical properties not included in GHOST v.1.5.1 were made

available internally to the FOCI partner in the FOCI sharepoint.

More details about the GHOST database can be found in Bowdalo et al. (2024) and in the Deliverable D1.1.
Briefly, GHOST represents one of the biggest collections of harmonized measurements of atmospheric
composition at the surface ever composed. In total 6,193,648,409 measurements from 1970-2022, of 220

different components from 32 separate networks are compiled, and standardised.
Different versions of GHOST database are available:

GHOST v.1: Including all data compiled so far by the Barcelona Supercomputing Center (BSC; WP3 leader)
(gases, PM physical and chemical properties, AOD, ...). GHOST v.1 is described in the Deliverable D1.1
(Milestone M1.1).
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GHOST v.1.5.1: Collaboration between BSC (WP3) and CSIC (WP1) in the framework of FOCI to further

implement GHOST with in-situ surface aerosol particles optical properties (e.g. aerosol particles scattering
and absorption coefficients) and intensive aerosol particles optical properties (aerosol products; M24). The

aerosol products included in GHOST v.1.5.1 are described in this Document D1.2.

It should be considered that all the products included in this Deliverable are calculated from specific
observations. Despite their importance to constrain climate models, these products are not currently available
in any database (e.g. EBAS). The reason for this is that these products do not strictly follow the FAIR principles
because are quantities calculated from observations (Wilkinson et al., 2016). However, strict rules must be and

were followed to calculate the products presented in this document that guarantee the high quality of the results.

The GHOST database (v1.5.1) will host the majority of the products presented in this document. A link to
GHOST v1.5.1 was provided to the FOCI Partners.

D1.2 — Database of advanced aerosol particles optical properties 8 of 45



FOCI (Grant Agreement No. 101056783) Deliverable 2

2. LIST OF PRODUCTS PROVIDED TO FOCI AND DESCRIBED IN THIS

DOCUMENT

This Deliverable reports on a dataset of aerosol particles properties that were calculated from specific

observations and that are useful for climate model to describe the effects of aerosol particles on the climate

system. Some of the variables reported here are defined as intensive (i.e. mass independent) aerosol particles

properties. The products described in this Deliverable D1.2 were calculated from in-situ surface and column

integrated observations. Some of these products are available in the GHOST database v.1.5.1 and will be

publicly available upon publication. Other products not included in GHOST v.1.5.1 were made available in

the FOCI sharepoint and will be publicly available upon publication. Below the list of products and links to

the corresponding datasets.

1.
2.

9.

Scattering and Absorption Angstrom Exponents (SAE and AAE). Available in GHOST v.1.5.1
Black Carbon (BC) and Brown Carbon (BrC) contribution to absorption in the UV-VIS range from
in-situ surface absorption measurements. Data are available in the FOCI sharepoint and at
https://zenodo.org/records/13365276. A publication describing this specific dataset is ongoing (Rovira
et al., 2024, Env. Int., Under Review).

OA, Chl, NO3-, NH4+, SO42- and BC mass concentrations in PM1 and OA source contributions
(available from Chen et al., 2022). The time series of resolved OA source apportionment results and
corresponding external data as well as detailed description of rolling PMF settings are publicly
available from Zenodo (Chen et al., 2022; DOI: 10.5281/zenodo.6522811). These data were also made
available in the FOCI sharepoint.

Total absorption (370-950 nm), BC absorption (370-660 nm), BrC absorption (370-660 nm),
Absorption Angstrom Exponent (AAE), OA Mass Absorption Cross-Section (MAC; 370-660 nm),
OA imaginary refractive index (k; 370-660 nm), k Angstrém Exponent (") of OA particles, density
of OA particles, and organic carbon (OC) mass concentrations at 18 European sites. Available in the
FOCI sharepoint. A publication describing this specific dataset is ongoing (Rovira et al., 2025, In
prep.). Data will have a DOI and will be publicly available upon publication.

BC and BrC contribution to AAOD at 440 nm from AERONET data. Available in GHOST v.1.5.1.
Equivalent black carbon (eBC) mass concentrations Europe. Part of the data are available in GHOST
v.1 (https://doi.org/10.5281/zenodo.10637449). Additional eBC mass concentration data were
collected within the RI-URBANS project (Savadkoohi et al., 2023;
https://doi.org/10.5281/zenodo.7982201).

Mass absorption cross section (MAC) of eBC in Europe are available from (Savadkoohi et al., 2024;
https://doi.org/10.5281/zenodo.13739655) and are also available in GHOST v.1.5.1.

Aerosol particles backscatter fraction (BF) and Asymmetry parameter (g). Available in GHOST
v.1.5.1.

Aerosol particles single scattering albedo (SSA). Available in GHOST v.1.5.1.
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2.1 Scattering and Absorption Angstrom Exponents (SAE and AAE)

The Angstrém exponent (AE) is a parameter that describes how a given optical property of the aerosol particles
(e.g. scattering, absorption, extinction) depends on the wavelength of the light (Eq. 1). In principle, if the
optical property at one wavelength and the corresponding Angstrom exponent are known, the optical property
can be computed at any different wavelength. In practice, measurements are made of the optical property at
two or more different wavelengths, and the Angstrdm exponent is estimated from these measurements using
equation (2). The aerosol particle optical property can then be derived at all other wavelengths, within the
range of validity of equation (2).

Xll _ (Al)_AE
4 (2 1
X, =\, (1)

where X is a given optical property measured at least at two wavelengths.

(2)

If the optical property is measured at more than two wavelengths then the AE can be obtained from the slope

of the log-log plot of X, i.e. from the linear fit of X over all the measured wavelengths in the log-log space
(Eq. 3).
log(X;) = AE-log(4) + log (p) (3)
where [3 represents the intercept.
Depending on the optical property considered, different AE can be calculated, namely: scattering Angstrom

exponent (SAE) if X=scattering; absorption Angstrém exponent (AAE) if X=absorption; and extinction

Angstrém exponent (EAE) if X= extinction (=scattering+absorption).

An example of AAE calculation from absorption measurements at 7 wavelengths is reported in Figure 1. In

Fig. 1, the Absorption Angstrom exponent (AAE) is the slope of the log-log plot of absorption (AAE=1.29).

14.00 — 1.2
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= 12.00 E y =-1.2901x + 4.3776
: = R? = 0.9998
S 10.00 =
> g 0.8
= 800 =]
o 2 o6
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<C 2.00 8 0.2
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Figure 1: Angstrdm exponent (AE) of absorption (AAE) calculated from absorption measurements with
aethalometer AE33 at seven wavelengths.
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2.1.1 Scattering Angstrom Exponent (SAE)

The SAE was calculated from the in-situ surface multiwavelength aerosol particle scattering coefficients
measurements available in the GHOST database (Bowdalo et al., 2024). Aerosol particle scattering coefficients
are usually measured at three wavelengths from two main types of nephelometers: the TSI nephelometer (450,
550, 700 nm) and the Ecotech AURORA 3000 nephelometer (450, 525, 635 nm). The application of Eq. 3 to

the scattering data at three wavelengths allows to calculate the Scattering Angstrdm Exponent (SAE).

Figure 2 reports the spatial distribution of SAE calculated from the in-situ surface scattering measurements

available in GHOST v.1.5.1.

Relieve

Go g\ei/

Figure 2: Spatial distribution of the sites measuring aerosol particle scattering coefficients from which the
scattering Angstrém exponent (SAE) was calculated. Source: EBAS (www.ebas.nilu.no)

2.1.2  Physical meaning of the SAE

The SAE depends on the aerosol particle size distribution and takes values greater than 2 when the light
scattering is dominated by fine particles (radii < 0.5 um as in Schuster et al., 2006), while it is lower than one
when the light scattering is dominated by coarse particles (e.g. Seinfeld and Pandis, 1998; Schuster et al., 2006;
Pandolfi et al., 2018). Thus, the SAE can be used to detect the presence in the atmosphere of particles with

different sizes from different sources.

The typical SAE values can range from negative values (up to -1 or -2) when the coarse dust particles dominate
the atmosphere aerosol composition. For example, negative SAE are frequently measured during Saharan dust
outbreaks (e.g. Pandolfi et al., 2018). The upper theoretical SAE value is 4 which represent the Rayleigh
regime, i.e. the light scattering from molecules. SAE values up to three have been observed for very fine

aerosol particles (e.g. Pandolfi et al., 2018; Costabile et al., 2013).
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2.1.3  Absorption Angstrom Exponent (AAE)

The AAE was calculated from the in-situ surface multiwavelength aerosol particle absorption coefficients
measurements available in the GHOST database (Bowdalo et al., 2024). Multi-wavelength aerosol particle
absorption coefficients are usually measured with Aethalometers that report the absorption of light at seven
different wavelengths, namely: 370, 470, 520, 590, 660, 880 and 950 nm. Other instrument is the PSAP
(Particle Soot Absorption Photometer) that reports the absorption of light at three different wavelengths,
namely: 467, 530 and 660 nm. The application of Eq. 3 to the multi-wavelengths absorption data allows to
calculate the Absorption Angstrom Exponent (AAE).

Figure 3 reports the spatial distribution of AAE calculated from the in-situ surface absorption measurements

available in GHOST.

Relieve

Go gle

Figure 3: Spatial distribution of the sites measuring aerosol particle absorption coefficients from which the
absorption Angstrdm exponent (AAE) was calculated. Source: EBAS (www.ebas.nilu.no)

2.1.4 Physical meaning of the AAE

The AAE depends on the aerosol particle chemical composition and it is typically used to differentiate between
different aerosol types, namely: black carbon (BC), brown carbon (BrC), and dust particles. BC, BrC and dust
are the three aerosol particle types that can absorb light. BC is functionally defined as the absorbing component
of atmospheric total carbonaceous aerosols (TC) and is typically dominated by soot-like elemental carbon
(EC). However, organic aerosols (OA) have also been shown to absorb light with efficiencies that increase
from the short visible to the UV. The absorbing organics are referred to as brown carbon (BrC). The absorption
efficiency of dust particles is also higher in the UV decreasing toward VIS/near-IR spectral range. Thus,
whereas the imaginary refractive index of BC is almost spectral independent, the imaginary refractive index

of BrC and dust is spectral dependent with higher values in the UV.
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Consequently, the typical AAE values of BC range between 0.9 to 1.1 whereas the presence of other light-
absorbing components, such as BrC and/or dust, resulting in high AAE values, e.g., ranging from ~2 to ~10

(Rovira et al., 2024; Caponi et al., 2017; Laskin et al., 2015; Pokhrel et al., 2016).

2.1.5 QA/QC of SAE and AAE
The SAE and AAE were calculated from the in-situ surface multiwavelength aerosol particle scattering and
absorption coefficients measurements available in the GHOST database (Bowdalo et al., 2024) with EBAS

(https://ebas.nilu.no/) as the main source of in-situ surface aerosol particle optical data included in GHOST.

The QA/QC Level 2 scattering and absorption data were used to calculate SAE and AAE, respectively. Thus,
the quality of the scattering and absorption data used for the calculation of SAE and AAE was guaranteed. In
fact, the WMO/GAW Standard Operating Procedures for In-situ Measurements of Light Scattering and Light
Absorption (GAW Report — 227) were followed by all stations providing aerosol particles optical data to
EBAS. The GAW report contains one chapter each on operation procedures, quality assurance, and data
handling. Chapter 2.1 of this document summarizes the Aethalometer multi-wavelength absorption data
collection and guidelines. The guidelines for multi-wavelength scattering data collection can be found in the

GAW Report — 227.

However, the intensive optical properties, as SAE and AAE, that are obtained from extensive optical
properties, as scattering and absorption, can be noisy under low scattering/absorption conditions. It is then
recommended to calculate the SAE and AAE when the aerosol scattering and absorption coefficients are higher
than 1 Mm-1 at the shortest available wavelength (e.g. Collaud Coen et al., 2020; Pandolfi et al., 2018). The
application of a threshold level considerably reduces the noise in the calculated products. However, visual
inspection site-by-site was also performed to remove undesired outliers that can happen due to instrumental

noise.

2.1.6 Data provided
The data provided as Deliverables for this specific action are the aerosol particle SAE and AAE. These data
are provided with the same temporal resolution (1h) of the EBAS scattering and absorption data. The calculated

SAE and AAE are stored in the GHOST database and were made available to the FOCI partners.

2.2 Black Carbon (BC) and Brown Carbon (BrC) contribution to absorption in the UV-

VIS range from in-situ surface absorption measurements (D1.2)

Here we describe the methodology applied to estimate Black Carbon (BC) and Brown Carbon (BrC)
contribution to absorption in the UV-VIS range (370, 470, 520, 590, 660 nm) from in-situ surface absorption

measurements.
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Among atmospheric aerosol particles, carbonaceous aerosols as Black Carbon (BC) and Brown Carbon (BrC)
strongly contribute to the warming of the atmosphere. BC is the product of incomplete combustion of liquid
and solid fuels and BrC is a portion of organic aerosols (OA) that also can absorb radiation. BrC particles can
be directly emitted in the atmosphere from primary BrC sources or can be formed in the atmosphere from
secondary processes. Biomass burning (BB) is considered as the main source of primary BrC particles in the
atmosphere and recent study have also reported about other primary BrC sources as traffic and coal
combustion. The absorption efficiency of brown secondary organic aerosols (SOA) is generally lower
compared to the absorption efficiency of primary BrC. Separating the contribution of BC and BrC to absorption
is of utter relevance to better represent the contribution of these carbonaceous particles to the climate in climate
models. The main important difference between BC and BrC is the different absorption efficiency (represented
by their imaginary refractive index, k) that these particles have as function of the wavelength. For BC particles
the £ is constant with the wavelength, whereas the BrC £ increases with decreasing wavelength. Thus, the BrC
particles absorb more efficiently in the UV and less efficiently in the VIS spectral range whereas their
absorption efficiency is null in the near-IR/IR spectral range. Conversely, BC particle absorb efficiently in the
UV-IR spectral range and the absorption efficiency of BC particles (i.e. their k) is much higher compared to
the absorption efficiency of BrC particles.

In order to separate the BC and BrC contribution to absorption multiwavelength absorption measurements are
needed. The absorption measurements are available from in-situ surface measurements performed with

Aethalometers (AE) or from column integrated measurements with Sunphotometers.

Here we used Aethalometer measurements performed at 44 sites in Europe. Data were collected within the RI-

URBANS project and the FOCI project or were available in the EBAS database.

2.2.1 Aethalometer absorption data collection

Multiwavelength absorption measurements were obtained from Aethalometer instruments (models AE33 and
AE31; cf. Table 1). These instruments measure the attenuation of light at 7 wavelengths (370, 470, 520, 590,
660, 880, 950 nm) passing through a particle loaded filter-tape and convert the attenuation measurements into
absorption using default mass absorption cross section (MAC) and C correction factor (Yus-Diez et al., 2022).
The C considers the artefacts due to the presence of the filter-tape that causes an apparent increase in the
attenuation and, consequently, on the absorption. Another important artefact affecting aethalometer
measurements is the filter-tape loading effect that results in a progressive loss of sensitivity of the instrument
with increasing particle loading on the filter-tape (e.g. Weingarter et al., 2003). The new generation of
Aethalometer instruments (model AE33) corrects on-line for this latter artefact using the dual-spot technology
(Drinovech et al., 2015). Conversely, AE31 data have to be corrected for loading effect off-line using one of
the available schemes for filter loading correction (e.g. Weingartner et al., 2003; Virkkula et al., 2007)

AE multi-wavelength absorption data at 44 sites in Europe were taken from the RI-URBANS project and the
FOCI project or were available in the EBAS database (cf. Table 1).
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e RI-URBANS (Research Infrastructures Services Reinforcing Air Quality Monitoring Capacities in
European Urban & Industrial AreaS — GA n. 101036245) provided AE absorption data mostly for
urban/sub-urban/traffic sites and a detailed description of the measuring sites used here and data
quality and treatment are available from Savadkoohi et al. (2023). Below a description is provided.
All RI-URBANS sites used here provided data from AE33 instruments.

o EBAS is a database infrastructure developed and operated by NILU that hosts data submitted by data
originators in support of a number of national and international programs ranging from monitoring
activities to research projects. EBAS data used here are the Quality Assured/Quality Checked
(QA/QC) harmonized Level 2 data that provide hourly average multiwavelength absorption

measurements from AE instruments. EBAS data includes AE31 data from 3 sites.

The stations included here are located in Europe (cf. Figure 4) and have different settings: Sub-urban (SUB; 7
sites), urban (UB; 17 sites), traffic (Tr; 5 sites), mountain (M; 5 sites) and regional background (RB; 10 sites).
Table 1: Measurement sites specifications: site, acronym, country, coordinates, altitude, Aethalometer model,

measurement period, station setting and data source. Data source: (*) RI-URBANS Project; (**) FOCI Project;
(***) EBAS. Aethalometer model: (a) AE33, (b) AE31.

Site Acronym Country Coordinates Altitude Period Station
[m] setting
Lille ATOLL (*) France 50.61°N; 3.14°E 230 2017-2019 SUB
(a)
Birmingham BAQS (*) UK 52.46°N; 1.93°E 140 2019-2022 uB
(a)
Barcelona BCN (*) Spain 41.38°N; 2.11°E 64 2016-2020 UB
(a)
Bern BER (*) Switzerland | 46.95°N; 7.44°E 536 2018-2021 UB
(a)
Birkenes BIR (**) Norway 58.39°N; 8.25°E 190 2018-2019 RB
(a)
Bucharest BUC (*) Romania 44.35°N; 93 2014-2022 SUB
26.03°E (a)
Carnsore Point CASP (**) Ireland 52.17°N; 9 2016-2017 RB
6.36°W (a)
Demokritos DEM (*) Greece 37.99°N; 270 2017-2020 SuUB
23.82°F (a)
Dublin DUB (**) Ireland 53.35°N; 20 2016-2017 UB
6.25°W (a)
Helmos HAC (***) Greece 37.98°N; 2340 2016-2019 M
22.19°F (b)
Helsinki HEL (**) Finland 60.20°N; 26 2016-2023 TR
24.97°E (a)
Helsinki (Hakkila) HEL_H (*) Finland 60.29°N; 31 2018 (a) SuB
25.11°E
Helsinki (Pirkkola) HEL_P (*) Finland 60.23°N; 20 2019 (a) SuUB
24.92°E
Helsinki (Rekola) HEL_R (¥*) Finland 60.33°N; 27 2017 (a) SuB
25.07°E
Hohenpeissenberg HOH (**) Germany 47.80°N; 985 2017-2019 RB
11.01°E (a)
Hyytiala HYY (**) Finland 61.85°N; 181 2018-2022 RB
24.29°F (a)
Ispra IPR (*¥**) Italy 45.81°N; 8.63°E | 209 2007-2021 RB
(b)

D1.2 — Database of advanced aerosol particles optical properties 15 of 45



FOCI (Grant Agreement No. 101056783)

Deliverable 2

Jungfraujoch JF) (**%*) Switzerland | 46.54°N; 7.98°E | 3578 (230)17-2019 M
Kosetice KOS (**) Czechia 49.58°N; 2016-2018 RB
15.08°E 534 (b)
2019 (a)
Krakow KRA (**) Poland 50.07°N; 383 2018-2019 uB
19.92°E (a)
Ljubljana LIB (*) Slovenia 46.06°N; 14.5°E | 295 2019-2024 UB
(a)
Madrid MAD (*) Spain 40.45°N; 669 2013-2023 uB
3.72°W (a)
Marseille MAR (*) France 43.30°N;5.39°E | 71 2017-2019 UB
(a)
Milano (Marche) MLN_M Italy 45.49°N; 9.19°E | 120 2019-2021 TR
*) (a)
Milano (Pascal) MLN_P (*) Italy 45.47°N; 9.23°E 120 2018-2019 uB
(a)
Milano (Senato) MLN_S (*) | Italy 45.47°N; 9.23°E | 120 2019-2021 TR
(a)
Montsec MSA (*¥**) Spain 42.05°N; 0.72°E 1570 2014-2019 M
(a)
Montseny MSY (***) Spain 41.78°N; 2.36°E 720 2015-2020 RB
(a)
Athens-NOA NOA (*) Greece 37.97°N; 105 2017-2020 uB
23.72°F (a)
Observatoire Perenne de | OPE (**¥*) France 48.56°N; 5.50°E | 392 2012-2021 RB
I'Environnement (b)
Paris 13éme PA13 (*) France 48.82°N; 2.35°E 57 2016-2019 UB
(a)
Pallas PAL (***) Finland 67.97°N; 565 2016-2021 RB
24.11°E (b)
Paris (Boulevard Haussmann) PAR_B (*) France 48.87°N; 2.32°E | 42 2016-2019 TR
(a)
Payerne PAY (***) Switzerland | 46.81°N; 6.94°E | 489 2016-2021 RB
(a)
Puy de Dome PUY (**) France 45.77°N; 2.97°E 1465 2015-2016 M
(a)
Rigi RIG (***) Switzerland | 47.06°N; 8.46°E 1031 2014-2021 M
(a)
Rome ROM (*) Italy 41.93°N; 60 2020-2022 uUB
12.50°E (a)
SIRTA SIR (¥*) France 48.70°N; 2.15°E 162 2012-2021 SUB
(a)
Stockholm (Hornsgatan) STH_H (*) Sweden 59.31°N; 20 2014-2019 TR
18.04°E (a)
Stockholm (Torkel) STH_T (*) Sweden 59.31°N; 45 2014-2019 uB
18.05°E (a)
Tartu TAR (**) Estonia 58.37°N; 70 2016-2017 uB
26.73°E (a)
University of Granada UGR (*) Spain 37.18°N; 680 2014-2019 uB
3.58°W (a)
Elche UMH (*) Spain 38.27°N; 86 2021-2023 uB
0.68°W (a)
Zurich ZUR (**) Switzerland | 47.36°N; 8.53°E | 409 2012-2021 uB
(a)
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Figure 4: Map with the mean total absorption at 370 nm at all stations organized by their background: traffic
(pentagon), urban (square), suburban (circle), regional (triangle) and mountain (rhombus). Period: 2017-2019.

As already mentioned, both AE33 and AE31 are affected by the C correction factor (i.e. the presence of the
filter tape where particles are deposited) whereas only the AE31 is affected by both C and loading effect.
Correcting for loading effect adds an additional uncertainty on AE31 data.

AE31 EBAS absorption measurements and correction for C and factor loading were performed by data
providers following the ACTRIS (https://www.actris.eu/sites/default/files/2021-
06/Preliminary%20ACTRIS%20recommendations%20for%20aerosol%20in-
situ%20measurements%20June%202021.pdf) and WMO-GAW (https://www.actris-ecac.eu/actris-gaw-
recommendation-documents.html) recommendations and no further data treatment was performed here.

RI-URBANS AE33 data were corrected for C as described by the RI-URBANS Team following the ACTRIS
recommendations (Savadkoohi et al., 2023). Note that RI-URBANS AE absorption data used here were
included as Deliverables in the RI-URBANS Project (D1.1). The original RI-URBANS AE data included the
absorption coefficients at 7 wavelengths from in-situ surface Aethalometer measurements. For the specific
objectives of the FOCI project these AE data collected in the framework of the RI-URBAN project, as well as
the EBAS absorption data, were further analysed to determine the BC and BrC contribution to absorption. For
this, a specific methodology (described below) was applied to the collected AE data. Thus, WP1 prepared for
the FOCI project a brand-new Deliverable compared to the original RI-URBANS Deliverable.

2.2.2 Aethalometer absorption data guidelines

Below we summarize the ACTRIS/WMO-GAW recommendation for filter-based absorption photometer (e.g.
Aethalometer) measurements (https://www.actris-ecac.eu/particle-light-absorption.html).
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Filter-based absorption photometers are simple in their technical construction. Therefore, the list of hardware
requirements is rather short. In addition, however, their requirements concerning the data recording and data

evaluation.

e The sample flow through the filter must be measured. Since an uncontrolled flow decreases when
loading a filter may occur, it is recommended to control the sample flow.

e The attenuation or transmission of light must be recorded.

e When exceeding an instrument specific maximum attenuation, the filter must be changed either
automatically or manually. The station user must estimate how long the device can operate unattended.

e The sample spot size must be regularly checked. Diffuse edges indicate a problem with the closing
mechanism.

e The filter type must have been calibrated for use in that instrument. Calibration factors are needed for
data evaluation.

¢ Instruments often report the equivalent BC concentration. The conversion formulas of measurement
quantities in optical units to equivalent black carbon used during the measurement by the instrument
software must be known.

o The instrument must record housekeeping numbers and the measured raw intensities.

e The sampling flow should be recorded.
Following additional recommendations are also obligatory:

e Aecrosol in-situ measurements should be done at a relative humidity lower than 40 %. This is necessary
to obtain comparable data, independent of the hygroscopic behaviour of the aerosol particles.

o At the inlet of each instrument, the relative humidity, temperature, and pressure should be determined.
The pressure and temperature are needed for the calculation of the concentration at “Standard
Temperature & Pressure” (STP). If a common sampling inlet and a common drying is used for more
instruments (with suitable isokinetic subsampling), one sensor for relative humidity, temperature and
pressure can be used for this set of the instruments (but only if these variables do not vary between the
inlets of the individual instruments due to some additional sampling line parts).

e The volumetric aerosol flow rate should be determined at the inlet of the instrument.

Level 2 EBAS absorption coefficient data are used here were obtained following the below recommendations

from ACTRIS:
Thus, harmonized AE33 absorption coefficients (bass (1)) are calculated by:
Babs, ae33 (L) = eBC (L)xMAC (L)/H* (4)
where eBC (A) are the equivalent BC concentrations provided by the instrument and are calculated as eBC (A)
= batn (A)/(MACXFF) where ban (L) are the attenuation coefficients measured by the AE instrument (370-950

nm), MAC and FF are the default mass absorption cross section and the multi-scattering correction factor used

by the software instrument. H* is the ACTRIS harmonization factor that includes the effects of the multi-
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scattering correction factor. The H* depends on the filter tape used and it is equal to 1.76 for the new filter tape

M8060 (FF=1.39) and 2.21 for the old filter tape M8020 (FF=1.57).
Harmonized AE31 absorption coefficients are calculated by:
Babs, aea1 (1) = eBC (A)xMAC (A)/H* (5)

where H* is equal to 3.5.

2.2.3 BC and BrC contribution to absorption
The contribution of BrC (babssrc (1)) to the total measured absorption (bass (1)) at different wavelengths from

370 nm to 660 nm was estimated by subtracting the absorption due to BC (babssc (1)) to the measured baps (A)
(Eq. 6).

babs,BrC (A) = baps (1) — babs,BC @) (6)

In Eq. 6 babs (A) was obtained from AE measurements and bapssrc (A) was calculated using the follow equation:

(7)

)—AAEBC

baps,arc (1) = baps () — baps,pc (880nm) - (880nm

In Eq. 7 AAEgc is the Absorption Angstrom Exponent of BC particles that describes the spectral dependence of
light absorption due to BC. bapssc (A) is calculated from Eq. 7 using the 880 nm wavelength as reference given

that the absorption by BrC at this wavelength is negligible.

A robust estimation of basserc () depend on the AAEgc chosen for the calculations (Eq. 7). Typical values used
for AAEgc in literature range from 0.9 to 1.1 (e.g. Zotter et al., 2017) and AAEBC value of 1 is widely used
(e.g. Sandradewi et al., 2008; Yang et al., 2009; J. Liu et al., 2015). AAEgc depends on the fuel burned (liquid
or solid) and burning conditions and, consequently, a single value cannot be applied to all the 44 measuring
sites used here. For this reason, here we applied a new methodology for the estimation of AAEgc, based on
experimental data. With this methodology we determined AAEgc as the 1™ percentile of AAE frequency
distribution (fq; cf. Figure 5). The AAE, that describes the spectral dependence of the measured particle light
absorption, was obtained from the experimental data as the linear fit in a log-log space of the 7-A Aethalometer

absorption data.

The AAEgc values at each site were obtained as the 1th percentile of AAE for those data with R? of the linear fit
higher than 0.99. This choice was preferred here given that at some sites the measured absorption was often
close to the detection limit of the instruments (e.g. remote sites). As a consequence, the fq of experimental
AAE can present long left tiles that provide very uncertain AAEgc values. This procedure is well represented in
Figure 5 that shows the frequency distributions of the experimental R2-filtered AAE (calculated from 370 to
990) at the 44 sites used here with the corresponding estimated AAEgc.
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Figure 5: Frequency distributions of AAE (370-950) filtered by R2>0.99 for the 44 measurement stations
sorted by station background: dark green (mountain sites), light green (regional background sites), white
(suburban sites), orange (urban background sites), brown (traffic sites). Vertical lines and numbers indicate
the 1th percentiles, which corresponds to the AAEgc.

At sites where the AE33 was deployed, the 1th percentile provided a range of values from 0.88 to 1.14, with
84% of the values lying in the 0.9-1.1 range. Thus, the systematic analysis over 44 sites presented here confirms
that the 1th percentile can be reasonably used to estimate the BC AAE. Exceptions were DUB, CASP, JFJ,
HYY and STH_H were the 1th percentile provided AAEgc values that were considered as too low (< 0.75) to
properly represent the AAE of BC particles. In these cases an AAEgc of one was used. Moreover, the AE31
instruments provided systematically low percentiles compared to AE33 and ranging from 0.51 to 0.7 with the

exception of IPR where 0.87 was calculated. In these cases, a value of 1 was also used in Eq. 7.

Figure 6 shows the BC and BrC contribution to absorption at 370 nm (Figures 6a and 6b, respectively) and the
relative contribution of BrC to total absorption (Figure 6¢). Overall, the contributions of both BC and BrC
particles to the measured total bAbs370 showed a similar gradient as observed for bAbs370 with values
increasing from mountain to urban/traffic sites and with strong site-by-site variability within each station
setting. This similarity in the trends is related to the fact that the sources of BC also emit primary organic

aerosols (POA) with varying absorption efficiency that depends on both fuel used and combustion conditions.

Figure 7 shows the variation of AAE calculated from total absorption measurements between 370 and 950 nm
and of the AAEg.c from the estimated BrC absorption between 370 and 660 nm. At all sites the AAEgsc was
higher than AAE as a consequence of the stronger wavelength dependence of BrC particles compared to CA
particles. In fact, the imaginary refractive index (k) of BrC increases with decreasing wavelength thus causing

the observed high AAEgc.
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Figure 6: Box Plots (5th, 25th, 50th, 75th, 95th percentiles) of the BC (a) and BrC (b) absorption at 370 nm
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green (mountain sites), light green (regional background sites), white (suburban sites), orange (urban
background sites), brown (traffic sites). Black lines and dots in each box-whiskers-plot represent the median
and mean values, respectively. Period: 2017-2019.
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Figure 7: Box Plots (5th, 25th, 50th, 75th, 95th percentiles) of the CA AAE between 370 and 950 nm (a) and
BrC AAE from 370 to 660 nm (b). The order of the measuring sites is the same as in Figures 3 and 4. Black
thick vertical lines represent the median AAE and AAEBrC and the thin black vertical line in (b) shows the
median AAE value in (a). Black lines and dots in each box-whiskers-plot represent the median and mean
values, respectively. Period: 2017-2019.

2.2.4 Data provided
The data provided as Deliverables for this specific action for the considered 44 measuring sites include hourly
averaged particle absorption coefficients from 370 to 950 nm, AAE, AAEg:c, BC and BrC contribution to

absorption at 5 wavelengths from 370 to 660 nm. A metadata is also provided with information about the
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stations and the calculated 1" percentiles from AAE frequency distributions. These data were made available
internally to the FOCI Community in the FOCI sharepoint. The link to the dataset is
https://zenodo.org/records/13365276 (Rovira et al., 2024, Env. Int

, Submitted). An example of Deliverable is

reported in Figure 8.
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Figure 8: Example of Deliverable provided in this action for each one of the considered 44 measuring stations.

2.3  Characterization of light-absorbing organic aerosols (OA) and OA sources: Mass
absorption cross section (MAC) and imaginary refractive index (k)

Here we describe the methodology applied to obtain the in-situ surface optical properties of OA and different
OA sources combining state-of-the-art OA measurements from Aerosol Chemical Speciation Monitor
(ACSM) and Aerosol Mass Spectrometer (AMS) instruments and absorption measurements from AE33

instruments.
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Both chamber and field experiments have shown that a fraction of organic aerosols (OA), called brown carbon
(BrC), can efficiently absorb UV-VIS radiation with important effects on climate. However, the optical
properties of BrC, and its climate effects, remain poorly understood due to the rather limited field studies

available to properly represent it in climate models.

With this Deliverable, WP1 provides the light absorption properties of OA, and of primary (POA) and
secondary (SOA) OA sources, using simultancous ACSM/AMS (Aerosol Chemical Speciation
Monitor/Aerosol Mass Spectrometer) and AE33 (Aethalometer) data collected at 18 sites in Europe. OA
sources of these 18 sites were reported in an overview study (Chen et al., 2022; DOI:
https://doi.org/10.5281/zenodo.6522811). The location of the measuring stations and main station
characteristics are reported in Figure 9 and Table 2, respectively. AE33 data were used to calculate the Black
Carbon (BC) and BrC contribution to particle absorption from 370 to 660 nm (babssc(2), bavserc(A)) as outlined
in Section 2.2 of this document. OA sources were obtained from rolling Positive Matrix Factorization (PMF)
as outlined in Chen et al. (2022). WP1 provides the Mass Absorption Cross-Section (MAC), the Absorption
Angstrom Exponent (AAE), imaginary refractive index (k) and k£ Angstrom Exponent () of OA particles and
OA sources. Different OA sources were characterized including BBOA, HOA, COA, LO-O0OA, MO-OOA

among others.

2.3.1 Aethalometer and ACSM/AMS data collection and guidelines

Multiwavelength absorption measurements were obtained from Aethalometer instruments (model AE33;
Drinovech et al.,, 2015). Working principle of AE33 instruments, harmonization of AE33 data and
measurement guidelines are described in Sections 2.1 and 2.2 of this document. Raw AE33 data used for this
Deliverable were directly provided by the Data providers that contributed to the Chen et al. (2022) paper.
Working principle of ACSM/AMS instruments, harmonization of ACSM/AMS data, measurement guidelines
and description of the rolling PMF are provided by Chen et al. (2022). Briefly, ACSM/AMS data used here
are the main outcome of the Chemical On-Line cOmpoSition and Source Apportionment of fine aerosoL
(COLOSSAL) project (https://www.costcolossal.eu/), based on measurements performed within ACTRIS.
One of the objectives of the COLOSSAL project is to deliver a harmonised standard operating procedure
(SOP) for ACSMs (COLOSSAL, 2021; Freney et al., 2019) and most of the 18 datasets used here were
collected by following this SOP. The standardised protocol to identify main OA source through rolling PMF
application is described in Chen et al. (2022).

As described below, for this Deliverable ACSM/AMS/AE33 data were further analyzed and combined in order
to provide the first characterization of OA aerosols and OA sources at 18 sites in Europe (Rovira-Carpi et al.,
2025, in preparation). The stations included here are located in Europe (cf. Figure 9) and have different settings

(Table 2): non-urban (6 sites) and urban background (12 sites).
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Table 2: Main characteristics of the 18 European sites with simultaneous ACSM/AMS and AE33 data.

Location Acronym Type Latitude Longitude Period Instruments
Birkenes (NO) bir non-urban | 58.38333333 8.25 01/2016-09/2018 | AE33 and Q-ACSM (@
Carnsore Point (IE) casp non-urban 52.1706 -6.3556 08/2016-08/2017 | AE33 and Q-ACSM
Hyytidla (Fl) hyy non-urban 61.85 24.28333333 | 07/2017-10/2018 | AE33 and Q-ACSM
Hohenpeissenberg (DE) hoh non-urban | 47.80138889 | 11.00972222 | 01/2017-12/2019 | AE33 and Q-ACSM
Puy de Déme (FR) puy non-urban | 45.77222222 | 2.965833333 | 04/2015-02/2016 | AE33 and ToF-ACSM ®
Kosetice (CZ) kos non-urban 49,5733 15.081 01/2019-10/2019 | AE33and C-ToF-AMS
Dublin (IE) dub urban 53.345 -6.254166667 | 09/2016-08/2017 | AE33 and Q-ACSM
Tartu (EE) tar urban 58.37069444 26.73575 09/2016-07/2017 | AE33 and Q-ACSM
Helsinki (FI) hel urban 60.19638889 | 24.95194444 | 06/2017-05/2018 | AE33 and Q-ACSM
Athens DEM (EL) athd urban 37.99527778 | 23.81583333 11/2017-10/2018 | AE33 and ToF-ACSM
Zurich (CH) zur urban 47.36667 8.55 08/2016-07/2017 | AE33 and Q-ACSM
Barcelona (ES) bar urban 41.38722222 | 2.115733333 | 09/2017-10/2018 | AE33 and Q-ACSM
Paris (FR) par urban 48.70888889 | 2.142666667 | 01/2016-05/2017 | AE33 and Q-ACSM
Marseille (FR) mar urban 43.30530556 | 5.394694444 | 02/2017-04/2018 | AE33 and ToF-ACSM
Athens NOA (EL) athn urban 37.9747 23.7164 07/2017-08/2018 | AE33 and Q-ACSM
Lille (FR) lil urban 50.611048 3.140368 10/2016-08/2017 | AE33 and Q-ACSM
Bucharest (RO) buc urban 44.35 26.1 09/2016-08/2017 | AE33 and Q-ACSM
Krakéw (PL) kra urban 50.06555556 | 19.91555556 | 01/2018-04/2019 | AE33 and Q-ACSM

65°N 4

B60°N

55°N -

50°N 4

45°N 4

40°N 4

35°N 4

non-urban 4 urban

Station Type ©

Figure 9: Location of the 18 measuring stations providing ACSM/AMS and AE33 data.

2.3.2 Determination of the optical properties of OA and OA sources

This Deliverable provides some intensive optical properties of OA and OA sources including the Mass
Absorption Cross-Section (MAC), the Absorption Angstrdm Exponent (AAE), imaginary refractive index (k)
and k£ Angstrdm Exponent (o) of OA particles and OA sources. Different OA sources were characterized
including BBOA, HOA, COA, LO-O0A, MO-OOA among others. MAC and & of OA (Egs. 7 and 8) and the
MAC of OA sources (Eq. 9) were calculated as follows:

babs,BrC(l)

MACOA(/l) = 0A

(7)
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A A
k(1) = %QCOA() (8)

babs,BrC(’D = ?=1MACi ' [OAsourcei] (9)
Eq.7 was solved with MLR analysis and py4 (OA density in Eq. 8) was calculated following Nakao et al
(2013) (Eq. 10)

12+H:C+16-0:C

Poa = T s hcratsoc (10)

The H:C and O:C ratios were calculated from ACSM measurements as in Canagaratna et al (2015) (Eqgs. 11
and 12).

0:C =0.079 + 431" fy, (11)
H:C=112+46.74" f13 — 17.77 - (f43)* (12)

Starting from the calculated OA imaginary refractive indexes (k(4)) obtained from Eq.6 from 370 to 660 nm

we calculated the Angstrom exponent (®) of k(4) as linear fit in a log-log space of k(1) vs. A.

2.3.3 MAC, k and o of OA particles

Table 3 reports the MAC, k and  of OA particles calculated at the 18 sites included in this analysis. In Table
3 the mean values and standard deviations are reported for each considered variable. The quantities in Table 3
were calculated from data obtained at each individual site and shared with FOCI partner in the FOCI

sharepoint.

2.3.4 MAC and o of OA sources
Table 4 reports the mean MAC (from Eq. 9) and o of OA sources obtained by applying multilinear regression
analysis to the available data. In this case ® is the Angstrom exponent of the MAC values between 370 and

660 nm. The average between the values obtained at the 18 sites included in this analysis is reported.

As reported in Table 4 and Figure 10, Biomass Burning organic aerosols (BBOA) showed among the highest
MAC with strong variation from one site to another (i.e. high standard deviation). Coal Combustion OA
(CCOA) also showed a high MAC, followed by OA from traffic (HOA) and Cooking OA (COA). Secondary
organic aerosols as More-Oxidized OOA and Less-Oxidized OOA showed lower MAC compared to Primary
sources of OA (POA).
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Table 3: MAC, k and ® of OA particles at the 18 European sites with simultaneous ACSM/AMS and AE33
data. MAC and k are reported from 370 to 660 nm.

Wavelenght

MAC

Measurement site (Country) {nm] (m/el k (370-660]

370 0.399+0.421 0.0161+0.0151
470 0.251+0.215 0.0132+0.0111

Birkenes (NO) 520 0.15140.131 0.0088+0.0074 2.03340.824
590 0.115+0.096 0.0075+0.0060
660 0.064+0.059 0.0046+0.0037
370 2.734+2.933 0.1217+0.1140
470 1.34341.440 0.0782+0.0671

Carnsore Point (IE) 520 0.829+0.868 0.0531+0.0446 2.46310.655
590 0.581+0.601 0.0418+0.0345
660 0.353+0.399 0.0265+0.0220
370 0.434+0.492 0.0217+0.0197
470 0.300+0.323 0.0191+0.0165

Hyytiald (FI) 520 0.200+0.208 0.0142+0.0121 2.123+1.065
590 0.14610.162 0.0116+0.0100
660 0.084+0.098 0.0075+0.0065
370 0.583+0.704 0.0239+0.0234
470 0.257+0.340 0.0132+0.0128

Hohenpeissenberg (DE) 520 0.160+0.219 0.0091+0.0088 2.862+0.736
590 0.113+0.151 0.0073+0.0070
660 0.062+0.085 0.0045+0.0045
370 2.14043.532 0.096610.1634
470 0.973+1.549 0.0549+0.0888

Puy de Déme (FR) 520 0.463+0.756 0.0290£0.0479 3.471%+1.195
590 0.320+0.527 0.0225+0.0374
660 0.14510.286 0.011540.0225
370 0.962+0.895 0.0408+0.0362
470 0.55910.451 0.0300£0.0233

Ko3etice (CZ) 520 0.325+0.258 0.0193+0.0147 3.098+0.941
590 0.211+0.163 0.0142+0.0104
660 0.09610.076 0.0072+0.0054
370 1.54341.782 0.0504+0.0461
470 0.748+0.964 0.0299+0.0273

Dublin (IE) 520 0.420+0.538 0.0186%0.0181 4.502+1.811
590 0.26510.348 0.0130+0.0144
660 0.16610.223 0.0089+0.0099
370 2.108+1.967 0.0833+0.0787
470 1.08340.895 0.0546%0.0455

Tartu (EE) 520 0.688+0.581 0.0384+0.0326 3.064+1.067
590 0.49040.401 0.0311+0.0253
660 0.167+0.201 0.0117+0.0140
370 0.841+0.748 0.0339+0.0236
470 0.58610.667 0.0286+0.0180

Helsinki (Fl) 520 0.31440.360 0.0170£0.0113 3.103+1.102
590 0.21440.250 0.0132+0.0088
660 0.083+0.090 0.0058+0.0041
370 0.459+0.380 0.0186%0.0149
470 0.27340.193 0.0141+0.0099

Athens DEM (EL) 520 0.18210.114 0.0104+0.0066 2.210+1.104
590 0.127+0.079 0.0082+0.0053
660 0.06610.045 0.0048+0.0034
370 2.181+1.724 0.0840+0.0650
470 0.940+0.700 0.046310.0343

Zirich (CH) 520 0.542+0.434 0.0303+0.0243 4.934+1.421
590 0.353+0.287 0.0227+0.0184
660 0.101+0.108 0.0078+0.0076
370 0.85310.584 0.0330£0.0173
470 0.417+0.278 0.0207+0.0114

Barcelona (ES) 520 0.25910.174 0.0143+0.0079 3.428+1.077
590 0.149+0.099 0.0094+0.0053
660 0.070+0.051 0.0049+0.0029
370 1.05840.813 0.0444+0.0258
470 0.37310.304 0.0197+0.0114

Paris (FR) 520 0.230+0.180 0.0135+0.0080 3.271+0.669
590 0.157%0.125 0.01050.0064
660 0.082+0.074 0.0062+0.0048
370 1.060+0.692 0.042510.0281
470 0.548+0.293 0.0279+0.0151

Marseille (FR) 520 0.324%0.175 0.0183+0.0100 2.657+0.766
590 0.231+0.122 0.0148+0.0078
660 0.114+0.068 0.0082+0.0049
370 1.11640.940 0.0452+0.0358
470 0.72510.598 0.0376%0.0283

Athens NOA (EL) 520 0.292+0.237 0.0168+0.0124 4.104+0.986
590 0.199+0.159 0.0130+0.0094
660 0.054+0.044 0.0040+0.0030
370 0.51510.465 0.0198+0.0134
470 0.309+0.251 0.0154+0.0095

Lille (FR) 520 0.109+0.092 0.0060+0.0040 4.540+1.007
590 0.07210.304 0.0042+0.0028
660 0.026+0.027 0.0018+0.0015
370 1.189+0.877 0.0510£0.0373
470 0.514+0.348 0.0281+0.0190

Bucharest (RO) 520 0.307+0.207 0.01860.0124 3.054£0.696
590 0.209+0.138 0.0143+0.0094
660 0.111+0.078 0.0085%0.0059
370 0.986+0.971 0.0441+0.0396
470 0.508+1.035 0.0292+0.0612

Krakéw (PL) 520 0.255+0.223 0.0162+0.0130 3.695+0.944
590 0.157+0.145 0.0113+0.0096
660 0.072+0.080 0.0058+0.0058
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Table 4: MAC and ® of OA sources. MAC is reported from 370 to 660 nm; o calculated from 370 to 660 nm
is the Angstrom exponent of the MAC values.

OA source Wavelenght MAC [0
[nm] [m2/g] [370-660]
370 4.310+2.134
470 1.674+0.793
BBOA 520 1.005+0.495 | 4.581+0.766
590 0.634+0.335
660 0.277+0.115
370 1.207+0.716
470 0.778+0.362
HOA 520 0.379+0.229 | 4.265+1.052
590 0.249+0.178
660 0.107+0.083
370 5.200+0.877
470 2.050+0.311
CCOA 520 1.125+0.177 | 4.585%0.205
590 0.655+0.219
660 0.380+0.085
370 1.115+0.488
470 0.390+0.325
COA 520 0.220+0.198 | 5.430£0.339
590 0.115+0.106
660 0.050+0.028
370 0.416+0.272
470 0.234+0.169
MO-00A 520 0.146+0.098 | 3.461+1.172
590 0.107+0.069
660 0.055+0.038
370 0.866+0.758
470 0.450+0.330
LO-O0A 520 0.264+0.213 | 3.956+0.609
590 0.180+0.145
660 0.091+0.071
sson | —
CCOA -1 -
“ COA .
R N 5
MO-00A - - POA
|-|]:|—| == 50A
0 1 2 3 a 5 6 7
MAC

Figure 10: Mass absorption cross section (MAC; m?/g) of different OA sources.

2.3.5 Data provided

The data provided as Milestone M1.2 for this specific action for the measuring sites used in Chen et al. (2022)
include 30-minute resolution of OA, Chl, NOs-, NH,", SO4* and BC mass concentrations in PM; and OA
source contributions (available from https://doi.org/10.48550/arXiv.2201.00579). The time series of resolved
OA source apportionment results and corresponding external data as well as detailed description of rolling
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PMF settings are publicly available from Zenodo (DOI: 10.5281/zenodo.6522811). These data were made
available in the FOCI sharepoint.

Moreover, for a subset of 18 sites (cf. Table 2; providing also AE33 data) the aforementioned data are
implemented with: Total absorption (370-950 nm), BC absorption (370-660 nm), BrC absorption (370-660
nm), Absorption Angstrdom Exponent (AAE), OA Mass Absorption Cross-Section (MAC; 370-660 nm), OA
imaginary refractive index (k; 370-660 nm), £k Angstrom Exponent (o) of OA particles, density of OA particles,
organic carbon (OC) mass concentration. The complete dataset for these 18 sites was made available in the
FOCI sharepoint and will be public after publication (Rovira et al. 2025; In prep.). A metadata is also provided
for each site with information about the station and instrument used.

As an example, Table 5 and Figure 11 report the information provided for the SIRTA measuring site.

Table 5: Information provided (example SIRTA) for each one of the 18 sites where simultaneous ACSM and
AE33 data were available.

Variables units
ACSM_UTC_Time | time UTC end

ACSM_UTC_Time | time UTC end

HOA hydrocarbon-like OA ug/m3
BBOA biomass burning OA ug/m3
LO-O0A less-oxidized OOA ug/m3
MO-00A more-oxidized OOA ug/m3
Total_OOA SOA ug/m3
Org bulk OA mass ug/m3
S04 sulfates pg/m3
NO3 nitrate ug/m3
NH4 ammonium ug/m3
cl chlorine ug/m3
BC total BC mass ug/m3
Abs370 total absorption at 370 nm Mm-1
Abs470 total absorption at 470 nm Mm-1
Abs520 total absorption at 520 nm Mm-1
Abs590 total absorption at 590 nm Mm-1
Abs660 total absorption at 660 nm Mm-1
Abs880 total absorption at 880 nm Mm-1
Abs950 total absorption at 950 nm Mm-1
AAE Absorption Angstrom Exponenet (370-950)

0:C O:C ratio

H:C H:C ratio

density_OA density of OA particles g/cm2
AbsBC370 BC absorption at 370 nm Mm-1
AbsBC470 BC absorption at 470 nm Mm-1
AbsBC520 BC absorption at 520 nm Mm-1
AbsBC590 BC absorption at 590 nm Mm-1
AbsBC660 BC absorption at 660 nm Mm-1
AbsBrC370 BrC absorption at 370 nm Mm-1
AbsBrC470 BrC absorption at 470 nm Mm-1
AbsBrC520 BrC absorption at 520 nm Mm-1
AbsBrC590 BrC absorption at 590 nm Mm-1
AbsBrC660 BrC absorption at 660 nm Mm-1
AAEBrC Absorption Angstrom Exponenet (370-660) of BrC particles
MAC_OA_370 mass absorption cross section of OA particles at 370 nm m2/g
MAC_OA_470 mass absorption cross section of OA particles at 470 nm m2/g
MAC_OA_520 mass absorption cross section of OA particles at 520 nm m2/g
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MAC_OA_590 mass absorption cross section of OA particles at 590 nm m2/g
MAC_OA_660 mass absorption cross section of OA particles at 660 nm m2/g
K_370 imaginary refractive index of OA particles at 370 nm
K_470 imaginary refractive index of OA particles at 470 nm
K_520 imaginary refractive index of OA particles at 520 nm
K_550 imaginary refractive index of OA particles at 550 nm
K_590 imaginary refractive index of OA particles at 590 nm
K_660 imaginary refractive index of OA particles at 660 nm
omega Angstrom exponent of k (370-660)
0oC OC mass ug/m3
1 Musuammrs;'e: [SIRTA, LSCE/INERIS, Parls, France - ‘ 8 : ' 5 : ' : T
2 TYPE OF STATION: Suburban
PR T D T T T T
5 Measurement height [m]: 15
6 PI- CONTACT: Jllﬂ»[llthiﬂl'jllll—llldll.pl‘n‘llﬁ-.‘bll.’r.',u‘ill\lf i i fr)
?n Instrumet: |AE33 Magee Seientific + ACSM
11 MEASUREMENT PERIOD: kﬁmsuu
M e —TT
4 [ ACSM data from Chen et al. (2022)
15 AE33 data provided by
S Iicow e s o
2hon oo ach i
22 BBOA biomass burning OA ng/m3
23 |LO-00A less-oxidized ODA pg/m3

61 K_520 imaginary refractive index of OA particles at 520 nm
62 K_550 imaginary refractive index of OA particles at 550 am
63 |X_590 i
64 |K_660 imaginary refractive index of DA particles at 660 nm

65 |omega Angstrom expanent of k [370-660)

66 |OC 0C mass pg/m3

nary refractive index of DA particles at 580 nm

0005058808

Figure 11: Information provided (example SIRTA) for each one of the 18 sites where simultaneous ACSM
and AE33 data were available (Description of the variables in Table 5).

2.4  BC and BrC contribution to AAOD at 440 nm from AERONET data

For the determination of BC and BrC contribution to AAOD (Absorption Aerosol Optical Depth), the AOD
(extinction Aerosol Optical Depth), AAOD, EAE (Extinction Angstrom Exponent) and SSA (Single Scattering
Albedo) at 440, 675 and 870 nm from AERONET were used (Level 1.5 + Level 2). From EAE and SSA the

SAE (Scattering Angstrom Exponent) can be calculated. As explained below, for the determination of BC and

D1.2 — Database of advanced aerosol particles optical properties 29 of 45



FOCI (Grant Agreement No. 101056783) Deliverable 2

BrC contribution to AAOD we first removed AAOD measurements affected by dust absorption (following
Bahadur et al., 2012) and then we applied the method described in Wang et al. (2016)

The first step is removing measurements when the AAOD is dominated by dust. Shuster et al. (2016a; 2016b)
highlighted that the AAE method is uncertain when dust particles contribute to the measured AAOD. Starting
from AERONET observations is it possible to define specific thresholds (based on specific Angstrom
Exponents) that allow identifying dust-dominated AAOD and carbonaceous-dominated AAOD (i.e., dust-
free).

The reference paper for these thresholds is Bahadur et al. (2012) where the AAE method based on Version 2
AERONET products is used to distinguish between different scenarios.

The basic equations are:

. \~EAE
AOD (%) = AOD, (ﬂ) (12)
2 \~AAE
AAOD(A;) = AAOD, (ﬁ) (12)
4. \~SSAAE
SSA(A,) = SSAyef (ﬂ) (13)
SAE (1) = EAE (%) + SSAAE (), (14)

where i = 440, 675 and 870 nm. As shown below, equations 11-13 can be used to calculate EAE, AAE and
SSAAE for any wavelength pair starting from the AERONET AOD, AAOD and SSA data.

Consider that the AERONET-AAE method cannot evaluate the absorption due to mixing separately because
it assumes AAE values for the absorbing component to be intrinsic properties that are not dependent on the

mixing state.

In the following EAE1, SAE1 and AAE]1 are calculated using the 440 and 675 wavelengths pair and AAE2 is
calculated using the 675 and 870 wavelengths pair. Note that EAE2 and SAE2 are not used in the

methodologies described below.

- EAEI1 can be calculated from AOD_ Ext Total between 440 and 675 nm:

(AOD_ext_tot440)

log (5 —=—~=—440
EAEl - _ AOD_E::E)tOt675 (15)

log (37¢)

- SAEl is given by:
SAE1 = EAE1 + SSAAE1 (16)

where the AE of SSA (SSAAE1) can be calculated from SSA provided at 440 and 675 nm:

(SSA440)
SSAg75

tog (572)

- AAE] is calculated from AAOD provided at 440 and 675 nm:

SSAAE1 = — (17)
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(AAOD440)

log
AAE1 = — ——24006e7s” (18)

log (572)
- AAE2 is calculated from AAOD at 675 and 870 nm:

(AAOD675)

log
AAE2 = — % (19)

% (570)

- Another parameter that was used in the following is AAE3 calculated from AAOD at 440 and 870 nm:

. (AAOD440)

lo
AAE3 = — % (20)

o8 (570)
Bahadur et al. (2012) used experimental AERONET data from sites dominated by specific absorbing species
(EC, OC or dust; cf. Figure 12) to define the thresholds that allow separating dust-dominated AAOD and

carbonaceous-dominated AAOD (i.e., dust-free).

T
At

[ 3

1 K
SAE,
Fig. 1. (A-£) Scatter plots of AAET and SAE1 calulated from AERONET
measurement 15 at (4) dust (DU), (&) BB, (C) UF, (D) NF, and (£) CA sites.
Dashed lines llustrate the threshold values of SAE1 = 0.5, SAE1 = 1.2, and

AAE1 = 1.5 used to separate dust-dominated and dust-free regimes.

Figure 12 Scatter plots of SAE as a function of AAE in different environments (from Bahadur et al., 2012)

Summarizing, based on the classification from Bahadur et al. (2012), AERONET data can be subdivided in

four categories:

- Dust dominated (SAE1<0.5 and AAE1>1.5)

- Carbonaceous dominated (OC and BC; SAE1>1.2)
- BC dominated (AAE1<0.55 and AAE2<0.83)

- Mixed (OC/BC/dust) = all other points

Once different dominated measurements were detected, we applied the method described below, as in Wang

et al. (2016), to the carbon-dominated (or dust free) AERONET data.
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This method is based on the calculation of the BC and BrC contributions to AAOD at 440 nm assuming that

BrC particles do not absorb at 870 nm (eq. 21; AAE method) and calculating the AAE of BC applying the Mie
theory (as in Wang et al., 2016). Thus, here we assume that the dust-free AAOD at 880 nm is dominated by

BC particles.
2. \~AAEgc
AAOD g, (440) = AAOD(440) — AAODg, (A—‘> , (21)
ref
2. \~AAEgc
where AAODg-, ()t_l) is the estimated contribution from BC particles only to AAOD at 440 nm (i.e.
ref

AAOD g(440)). In this case, knowledge of the AAEgc between 440 and 870 is needed.

The method in Wang et al. (2016) is based on the estimation of the wavelength dependence of the absorption
Angstrom exponent (WDA) of BC particles (from Mie theory).

AAEg; = AAE2 + WDAYE (22)
Where
WDA = AAE3 — AAE?2 (22)

So, Mie theory was used to calculate AAE3 and AAE2 for BC particles and consequently to estimate the
WDAY . Then, for a given AAE2 (from the experimental AERONET AAOD data) is it possible to estimate
the AAEgc (Eq. 22) that can be then used in Eq. 21 to estimate the contribution of BrC to AAOD at 440 nm.

Figure 13 shows an example for Barcelona of WDA vs. AAE2 from experimental AERONET data (Level
1.5+Level 2). In Figure 13 the brown dots indicate AAOD measurements dominated by carbonaceous aerosols,
whereas orange and grey dots indicate dust dominated and mixed conditions, respectively. As aforementioned,
the separation between the different scenarios is performed using the threshold values defined in Bahadur et

al., 2012. In order to quantify the BrC and BC contributions to AAOD at 440 nm, equation (21) is used.

Figure 14 shows the annual cycles of the BrC (brown line) and BC (black line) contribution to total AAOD at
440 nm (grey line) for Barcelona. It can be seen that, apart from a relative increase of the BrC contribution
compared to BC in July, the annual cycles of the BrC and BC contributions to AAOD at 440 nm are rather
similar. This suggests that BC and BrC in Barcelona have on average the same sources, mostly primary BC

and BrC from sources as traffic, biomass burning and shipping.

2.4.1 Data provided

The determination of the BC and BrC contribution to AAOD at 440 nm for all AERONET sites was performed
and the results are available in the GHOST database. These data will be public after publication as a DOI will
be assigned. In the meantime, these data included in GHOST were made available internally for the FOCI

partners.
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WDA

Figure 13: Barcelona (Spain): LEVEL 1.5+LEVEL2. Experimental WDA vs. AAE2 (daily time resolution)
for dust-dominated (orange), carbon-dominated (brown), mixed (grey).
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Figure 14: Barcelona (Spain): LEVEL 1.5 + LEVEL 2. Annual cycles of total AAOD at 440 nm (grey line)
and BC (black line) and BrC (brown line) contributions to AAOD at 440 nm.

2.5  eBC mass concentrations and Mass absorption cross section (MAC) of eBC particles in
Europe

Equivalent Black carbon (eBC) is a primary particulate pollutant generated by combustion processes (Bond et
al., 2013); it is one of the key components of ambient particulate matter (PM). eBC emissions originate from
several anthropogenic combustion sources, such as the diesel engines of on-road and off-road vehicles (i.c.,
transportation and industry), maritime shipping (e.g. Geels et al., 2021), domestic solid fuel (biomass-burning

and coal combustion), and other combustion processes (e.g., residential heating) (e.g. Intergovernmental Panel

on Climate Change [I[PCC], 2021).

The Mass absorption cross section (MAC) of BC particles is a BC property that reflects the absorption

efficiency of BC. It is widely used in climate models to estimate the climate effect of BC particles.
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2.5.1 Definition of BC and EC

Black carbon (BC) or elemental carbon (EC) particles are emitted by incomplete combustion of fossil fuels
and biomass. The term BC (or EC) is used to refer to the most refractory, insoluble and strongly light-absorbing
component of combustion particles. BC and EC are defined by the respective method of quantification. Optical
methods describe BC, whereas thermal-optical methods describe the same chemical entity as EC. Thus, BC is
calculated from absorption measurements performed in AQ Networks by mean of filter absorption photometers
(FAPs) as Aethalometers and MAAP. In this case, the term equivalent black carbon (eBC) was introduced to
highlight the fact that BC is indirectly quantified by inferring its mass concentration from light absorption
coefficient (G.p) measurements. The attribute “equivalent” reflects the fact that a conversion factor, called mass

absorption cross section (MAC) needs to be assumed for calculating BC (Eq. 1).

BC = ;ch (23)

Where the units pg/m?®, Mm™' and m?/g are used for BC, 6., and MAC, respectively.

As shown by Savadkoohi et al. (2023, 2024), and described in the following of this document, the MAC is an
important source of uncertainty in the estimation of BC mass concentration and the estimation of the MAC is

important in order to determine the mass concentration of BC more accurately.
The MAC can be estimated from the measurements of ., performed with FAPs and EC (Eq. 2).

MAC = 22 (24)
EC

As described in the following, the ., from FAPs needs to be harmonized to consider for specific artefacts
whereas EC is determined from thermal-optical methods using the reference EUSAAR-II method (Cavalli et
al., 2010). Depending on the FAP, different wavelengths are used to calculated the MAC, namely 880 nm for

Aethalometer instruments and 637 nm from MAAP instruments.

Accordingly, BC mass concentration is only identical with EC, if the MAC value assumed for calculating BC
from oy, is equal to the true MAC value of the BC in the aerosol under consideration. As explained below, BC
mass concentrations provided by FAPs are based on a fixed MAC value without accounting for its spatio-

temporal variability.

2.5.2 eBC mass concentrations in Europe

Databases of eBC concentrations are rather scarce. The data provided in this Deliverable are taken from: a)
The Research Infrastructures Services Reinforcing Air Quality Monitoring Capacities in EU Urban &
Industrial AreaS (RI-URBANS). RI-URBANS project is a European H2020-Green Deal initiative that aims to
provide tools for the measurement and analysis of advanced AQ parameters including eBC (Savadkoohi et al.,

2023; DOI: https://doi.org/10.5281/zenodo.7982201), and b) from the GHOST database (Bowdalo et al., 2024;
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https://doi.org/10.5281/zenodo.10637449). In the GHOST database eBC mass concentrations data were taken

from different infrastructure/projects.

The eBC mass concentrations in RI-URBANS were collected at 50 sites in Europe and were obtained from
different filter-based absorption photometers, mainly MAAPs (Thermo Scientific) and aecthalometers (mainly
AE33 model; Magee Scientific). Figure 15 shows the European RI-URBANS sites were eBC concentrations

were obtained.

Figure 15: Location of the European sites providing eBC concentrations (from Savadkhooi et al., 2023).

Details about RI-URBANS Project, eBC data collection, measurement sites characteristics and measuring
periods are reported in Savadkoohi et al. (2023). Moreover, eBC mass concentration data are also available in

the GHOST database (https://doi.org/10.5281/zenodo.10637449).

2.5.3 Data policy for the provided eBC mass concentration

Use of RI-URBANS data may require contact with data provider. Please request acknowledgement details
from data originators in compliance with data sharing and citation. Attribution to RI-URBANS is required
from users to give appropriate credit. Information on this is included in the files. All scientific articles and
reports using data need to acknowledge the project; "This study is using data that has received funding from
the European Union's Horizon 2020 research and innovation programme under grant agreement No

101036245".

For any use of the data, contact Marjan Savadkoohi (marjan.savadkoohi@idaea.csic.es) and Marco Pandolfi

(marco.pandolfi@idaea.csic.es). eBC mass concentrations are also available in the GHOST database (Bowdalo

et al., 2024) and were made available to the FOCI partners.
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2.5.4 Data provided

The time series of eBC mass concentrations and absorption coefficients of 50 RI-URBANS European sites are
available from Savadkoohi et al. (2023) (DOI: https://doi.org/10.5281/zenodo.7982201). eBC data stored in
GHOST are available from https://doi.org/10.5281/zenodo.10637449.

2.5.5 Mass absorption cross section (MAC) of eBC in Europe

A reliable determination of equivalent black carbon (eBC) mass concentrations derived from filter absorption
photometers (FAPs) measurements depends on the appropriate quantification of the mass absorption cross-
section (MAC) for converting the absorption coefficient to eBC (Eq. 23). Recently, in the framework of the
RI-URBANS Project, MAC was estimated at many sites in Europe. The results (and DOI of the data) are
reported in Savadkoohi et al. (2024; DOI: https://doi.org/10.5281/zenodo.13739655).

Table 6 and Figure 16 report the main characteristics of the measurement sites contributing to the RI-URBANS

dataset.

Table 6: Measuring sites in Europe where the MAC was determined (from Savadkoohi et al., 2024).

Site Gity- Station  Acronym  Coordinates Data provider Cut-off FAPs Wavelengths Nominal EC measurement ‘Thermal-optical Cut-off EC
Country Type eBC 3] MAC (m?/g) method: Online/ protocal
offline
Palau Reial Barcelona- UB BCN_UB 41.387, IDAEA-CSIC PMID  MAAPR 637 nm 6.6 Offline EUSAAR-2 PM,,
ES 2115
UGR Granada- UB GRAUB  37.18,-3.58 Universidad de Total MAAP 637 nm 6.6 Offline EUSAAR-2 PMyy
ES Granada
Longchamp Marseille- UB MAR_UB 43308, AtmoSud-LCE PM25 AE33 880 nm 7.77 Offline EUSAAR-2 My
FR 5.304
Dresden- Dresden- UB DOW UB 51.036, LULG M1 MAAP 637 nm 6.6 Offline EUSAAR-2 M,
Winckelmannstrasse DE 13730
North Kensington London-UK UE LND_UB 51.521, Imperial College FM2.5 AE22 880 nm 7.77 Offline QUARTZ until 01/Feb/  PMyq until 27/
-0.213 2016, EUSAAR2 from  Feb/2019, PM 5
03/Feb/2016 from 01/Mar/
2019
Rochester Rochester- UB ROC_UB 43.146, NYS Dept of PM2.5 AE21 880 nm 7.77 Offline IMPROVE-A BMy 5
us —77.542 Environment
Bollwerk Bern-CH T’ BERTR 46.051, EMPA PM25  AE3L- 880 nm 7.77 Offline EUSAAR-2 BM,
7.441 AEZ
Kaserne Zurich-CH UB ZUR UB 47.378, EMPA PM25  AEI- 880 nm 7.77 Offline EUSAAR-2 PM; ¢
8.530 AE33
NOA Athens-GR. UE ATH_UB 37.973, NOA PM10- AE33 880 nm 7.77 Offline EUSAAR-2 BM, 5
23718 PM25
Villa Ada Rome-IT UB ROM UB 41.932, CNR-ISAC M1 AE33 880 nm 7.77 Offline EUSAAR-2 PMzs
12,507
Pascal Milan-IT UB MLN_UB 45.464, Arpa Lombardia PMID MAAP 880 nm 7.77 Offline EUSAAR-2 PMyy
9.188
Dresden-Nord Dresden- TR DRD_TR 51.064, LAULG BM1 MAAP 637 nm 6.6 Offline EUSAAR-2 PM,,
DE 13.7413
Makelinkatu Helsinki-FI R HEL TR2 60.196, HSY PM1 MAAP 637 nm 66 Offline EUSAAR-2 PM;
24,952
Mitte LeipzigDE R LEJTR1 51344, TROPOS MO MAAP 637 nm 6.6 Offline EUSAAR-2 PMyg
12377
Marylebone Road London-UK T’ LND TR 51.522, Imperial College PM25 AE22 880 nm 7.77 Offline QUARTZ until 01/Feb/  PM;; until 08/
—0.1546 2016, EUSAARZ from  Oet/2019, PM 4 5
03/Feb/2016 from 1070¢t/
2019
Demokritos Athens-GR. SUB ATHSUB  37.09, 2382 NCSR PMI10 AE33 880 nm 7.77 Online EUSAAR-2 BM,
Sirta Paris-FR SUB PAR SUB 48.7086, LSCE/INERIS PM1 AE33 880 nm 7.77 Offline EUSAAR-2 FMy 5
2.1588
Ispra Ispra IT R IPR_RB 45.8, 8.633 ECJRC-IES PMIO MAAP 637 nm 6.6 Online EUSAAR-2 PM; ¢
SMEAR Il Hyytiali-F1 RE SMR_RB 61.847, University of MO MAAP 637 nm 6.6 Online EUSAAR-2 BM, 5
24,205 Helsinki
Payerne Payerne- R PAY RB 46.813, EMPA PM10 AE31- 880 nm 7.77 Offline EUSAAR-2 PM, 5
CH 6,044 AE33
Prague Suchdol Prague-CZ UE PRG_UB 50,1268, ICPF PMI0  MAAP 637 nm 66 Online EUSAAR-2 PN,
14.384
UMH Elche-ES. UB UMH_UB 382785, Universitat Miguel  FM10 AE33 880 nm 7.77 Offline EUSAAR-2 PM,,
0.0878 Herngndez de Elche

Table 7 reports the mean MAC values obtained at the selected RI-URBANS sites. It can be seen there, the
MAC in surface Europe shows a high variability. This variability is mostly related to the physical
characteristics of BC particles as size and chemical properties as the internal mixing (coating) with less-

absorbing or non-absorbing species. The observed variability demonstrates that the MAC is an important
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parameter that climate models can use to estimate the BC absorption properties from modelled BC mass

concentrations.
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Figure 16: Location of the European sites where the MAC of BC particles was estimated (from Savadkoohi
et al., 2024).

Table 7: Site-specific experimental MAC values for 22 monitoring sites obtained as the ratio of the absorption
to EC mass concentration at the instrument specific wavelengths AE 880 nm; MAAP 637 nm (from
Savadkoohi et al., 2024).

Sites FAPs Site-specific MAC [m®g '], AE 880 Number of
nm; MAAP 637 nm observations
BCN_UB MAAP 9.6 + 2.6 1035
GRA_UB MAAP 10.4 £ 5.3 391
ROC_UB AE21 7.2+ 28 1390
ATH UB AE33 6.1 =+ 4.0 1244
MAR_UB AE33 51+ 1.7 120
DDW _UB MAAP 10.4 + 4.1 179
LND_UB AE22 8.8+ 26 1565
BER TR AE31- 57 + 3.5 350
AE33
ZUR_UB AE33 4.9+ 2.3 338
ROM_UB AE33 8.8+ 3.1 43
MLN_UB MAAP 11.2 £ 6.5 1142
PRG UB MAAP 14.0 £ 8.7 2096
UMH_UB AE33 7.3+ 2.1 136
HEL TR2 MAAP 12.4 + 4.7 38
LEJ TR1 MAAP 15.8 £ 4.6 164
DDN_TR MAAP 9.6 + L6 181
LND TR AE22 9.7 +£ 1.8 1856
ATH SUB AE33 101 £ 2.3 513
PAR SUB AE31- 5.5+ 3.0 2150
AE33
SMR_RB MAAP 7.3+ 4.7 432
IPR_RB MAAP 10.8 + 4.4 3945
PAY RB AE31- 12.4 £ 4.1 494
AE33
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Moreover, the MAC was also calculated from absorption coefficients and EC data available in the GHOST

database (Bowdalo et al., 2024). As aforementioned the absorption coefficients used to calculate the MAC are
typically provided by MAAP instruments at 637 nm and by Aethalometers at 880 nm. The following equation

(Eqg. 25) can then be used to calculate the MAC where simultaneous EC data are available:

0gap (637 or 880 nm)
EC

MAC = (25)

EC data are usually provided from off-line filter analysis (24h). Consequently, the absorption measurements

were averaged over the EC time stamp.

Due to the contribution from brown carbon particles (BrC) to the absorption in the UV-VIS range, the
absorption coefficients from aethalometers at wavelengths shorter than 880 nm are not used to calculate the

MAC.

2.5.6 Data policy for the provided MAC of BC particles
Use of RI-URBANS data may require contact with data provider. Please request acknowledgement details
from data originators in compliance with data sharing and citation. Attribution to RI-URBANS is required

from users to give appropriate credit. Information on this is included in the files.
All scientific articles and reports using data need to acknowledge the project:

"This study uses data that has received funding from the European Union's Horizon 2020 research and
innovation program under grant agreement No 101036245, Spanish Ministry of Science and
Innovation under the project CAIAC (PID2019-108990RB-100), AIR- PHONEMA (PID2022-
1421600B-100), Generalitat de Catalunya (AGAUR, SGR-447), and FPI grant (PRE-2020-095498)."

For any use of the data, contact Marjan Savadkoohi (marjan.savadkoohi@idaea.csic.es) and Marco Pandolfi

(marco.pandolfi@idaea.csic.es).

2.5.7 Data provided

The time series of the mass absorption cross section (MAC) at the RI-URBANS European sites are available
from https://doi.org/10.5281/zenodo.13739655 (Savadkoohi et al., 2024). eBC data stored in GHOST are
available from https://doi.org/10.5281/zenodo.10637449. MAC data stored in the GHOST database (GHOST

v.1.5.1) were made available internally to the FOCI partners.

2.6  Aerosol particles backscatter fraction (BF) and Asymmetry parameter (g)
The backscatter fraction (BF) and asymmetry parameter (g) are two important parameters that describe the

scattering properties of atmospheric aerosol particles.
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2.6.1 Physical meaning of the BF and g

The asymmetry parameter (g) (e.g. Andrews et al., 2006; Pandolfi et al., 2018) describes the probability that
the radiation is scattered in a given direction and it is defined as the cosine-weighted average of the phase
function. Thus, g yields information regarding the amount of radiation that a particle scatters in the forward
direction compared to the backward direction. Theoretically, the values of g can range from —1 for only back
scattering to +1 for complete forward scattering, with a value of 0.7 commonly used in radiative transfer
models. The g parameter can be estimated from the backscatter fraction (BF), defined as the ratio between

backsckatter (owsp) and scattering coefficients (os,) (Andrews et al., 2006):

g= —7.14-(BF3)+ 7.46- (BF?) —3.96 - BF + 0.9893 (26)
Where:
BF = 2 (27)
Osp

Obsp and o,p are measured with nephelometers and are available from the EBAS database (https://ebas.nilu.no/).

2.6.2 Data provided
The asymmetry parameter (g) and the backscatter fraction (BF) were calculated from nephelometer QA/QC
data available in the GHOST database (Bowdalo et al., 2024). Both g and BF are available in the GHOST

database and were made available internally to the FOCI partner until publication of the dataset.

2.7  Aerosol particles single scattering albedo (SSA)
The single scattering albedo (SSA) of atmospheric aerosol particles is a key parameter that controls the aerosol

radiative effects. The variation of SSA is regulated by aerosol scattering and absorption properties.

2.7.1 Physical meaning of SSA
The single scattering albedo (SSA) (e.g. Collaud Coen et al., 2020) describes the capacity of an aerosol particle
to contribute to the warming or the cooling of the climate. The SSA is defined as the ratio of the portion of

energy scattered by a particle to the total extinction (scattering + absorption) of energy by the particle (Eq. 28):

asp(A)
Tsp*+Tapn)’

SSA (1) = (28)
where 05, (1) and o), (1) are the aerosol particle scattering and absorption coefficients.

As reported in the Deliverable D1.1 (due at month 12), the GHOST database already includes the SSA from
the AERONET Network (Bowdalo et al., 2024). Here we describe how the SSA was calculated from
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simultaneous in-situ surface aerosol particles scattering (ds,(4)) and absorption (g4y(4) ) coefficients

available in the GHOST database.

The scattering coefficients in the GHOST database are provided by two main types of nephelometers: Ecotech
and TSI. The wavelengths used by the Ecotech nephelometer (the AURORA nephelometer) are 450, 525 and
635 nm. The wavelengths used by the TSI nephelometer are 450, 550 and 700 nm.

The absorption coefficients in the GHOST database are provided by two main types of FAPs: MAAP and
Aethalometer. The wavelength used by the MAAP is 637 nm. The wavelengths used by the aecthalometers are
370, 470, 520, 590, 660, 880 and 950 nm.

To calculate the SSA (Eq. 28), the scattering measurements were reported at specific aethalometer wavelengths
using the SAE obtained from scattering measurements at three wavelengths (Eq. 3) and already available in

the GHOST database.
Consequently, different cases can be considered:

- if AURORA nephelometer and MAAP are simultaneously available then the SAE calculated from 450 to
635 nm can be used to report the scattering at 637 nm (SSA at 637 nm can be provided);

- if AURORA nephelometer and aethalometer are simultaneously available then the SAE calculated from 450
to 635 nm can be used to report the scattering at 470, 520, 590 and 660 nm (SSA at 470, 520, 590 and 660

nm can be provided);

- if TSI nephelometer and MAAP are simultaneously available then the SAE calculated from 450 to 700 nm
can be used to report the scattering at 637 nm (SSA at 637 nm can be provided);

- if TSI nephelometer and aethalometer are simultaneously available then the SAE calculated from 450 to 700
nm can be used to report the scattering at 470, 520, 590 and 660 nm (SSA at 470, 520, 590 and 660 nm can
be provided).

Summarizing, o5, (1) and 0,4, (1) are measured with nephelometers and FAPs, respectively, and are available

from the EBAS database (https://ebas.nilu.no/) and from the GHOST database (Bowdalo et al., 2024).

The SSA (4) can be calculated at any wavelength providing both aerosols scattering and absorption

coefficients.

2.7.2 Data provided

The single scattering albedo (SSA) was calculated from nephelometer and FAPs Level 2 QA/QC data available
in the EBAS database (www.ebas.nilu.no) and in the GHOST database (Bowdalo et al., 2024). The calculated
SSA is available in the GHOST database (GHOST v.1.5.1) and was made available internally to the FOCI

partner until publication of the dataset.
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