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Supplement

S1. Selection of the Mass Absorption Cross section

MAC of freshly emitted BC particles is centered around 7.5 m?g’! at 550 nm (Bond and Bergstrom,
2006). Far from emission sources, BC particles aged by atmospheric processing and characterized by
non-absorbing coating show higher MAC values (Cross et al., 2010; Lack et al., 2012). Such
absorption enhancement varies with particle fractal dimension, coating, and internal mixing geometry
(Knox et al., 2009; Cappa et al., 2012). For example, Zanatta et al. (2018) estimated an 240
enhancement of BC absorption in the Arctic equal to 54%(Zanatta et al., 2018). In addition, BC MAC
reported in literature depends on the techniques employed for the determination of aerosol light
absorption and BC mass concentration. BC MAC reported by previous studies based on acthalometer
measurements over two years in southern Scandinavia ranged between 7.6 and 9.1 m?g’! (Zanatta et
al., 2016), which is equivalent to 8.8 - 10.5 m?g"! at 550 nm. Combining aethalometer and refractory
BC measurements, Zanatta et al. derived a MAC 0f 9.8 m?g™! at 550 nm in Svalbard in spring (Zanatta
et al., 2018). MAC of BC at Nunavut (Alert , 82.5N) was determined using aethalometer aerosol
absorption data collected during almost three years and averaged between 5 and 9 m?g! at 550 nm,
depending on the season (Sharma et al., 2017). Ohata et al. (2021) reported BC MAC at 550 nm for
five different Arctic sites over 10 years and using aerosol absorption measurements performed with
different filter-based photometers. The observed MAC ranged between 10.8 and 15.1 m?g! (Ohata et
al., 2021). In the present study we derive eBC concentration using the MAC value reported by Ohata
et al. (2021) and calculated for MAAP measurements performed in the Svalbard archipelago. Such
value corresponds to 10.2 m?g™' at 660 nm, assuming an absorption angstrom exponent of 1. We
decided to use the MAC derived from MAAP rather than PSAP measurements, because PSAP
measurements at GAL were comparable to MAAP data (section 3.1), while PSAP correction
algorithm adopted by Ohata et al. (2021) differs from the one employed in this study.

Table S1. MAC values reported from previous studies in the Arctic region.

MAC at 550nm Notes Reference

7.5 m?g’! Freshly emitted BC Bond and Bengstrom, 2006
8.8 —10.5 m?g’! Arctic Zanatta et al. 2016

9.8 m?g’! Svalbard (spring) Zanatta et al. 2018

5 -9 m?g’! Alert (3 year data) Sharma et al., 2017

10.8 — 15.1 m?g’! Arctic Ohata et al. 2021




S2. Back-trajectory analysis
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Figure S1. Probability residence time map of the cold (panel a) and warm (panel b) season from 7-
day LAGRANTO back trajectories.



S3. BC emissions
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Figure S2. Share of 2018 BC emissions from Europe (EU), Canada, Russia, and United States of
America (USA), corresponding to power industry and oil refinery and transformation industry
(1A1), combustion for manufacturing (1A2), transportation (1A3), energy for buildings (1A4-1A5),
fuel exploitation (1B1), agricultural waste burning (3C1), and other sectors. BC emissions are
derived from EDGARvV6.1 emission database (https://edgar.jrc.ec.europa.cu).



S4. Analysis of drivers controlling eBC variability
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Figure S3. Pearson correlation matrix of eBC concentration, meteorological variables, and general
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Figure S4. eBC monthly averages modeled by GAM, based on Julian day in the cold season and
Julian day and day of the year in the warm season, as a function of precipitation (a) and BC
emissions (b), integrated along back-trajectories.
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Figure S5. Average sea level pressure maps when atmospheric pressure at GAL was higher than
1010 hPa in the cold season (panel a) and during the entire cold season (panel b).
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Figure S6. Wind roses describing main wind pattern at GAL during the cold (a-d) and the warm
season(e-h) when blh was below 100 m (a and e), between 100 and 200 m (b and f), between 200
and 400 m (c and g), and between 400 and 600 m (d and h).
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Figure S7. Average sea level pressure maps and residence time probability maps when the
temperature at GAL was lower (panel a and ¢) and higher (panel b and d) than 278 K during the warm
season. Residence time probability maps are based on 7-day back-trajectories. The threshold of 278
K was defined based on the temperature impact on eBC concentration reported in Fig. 7c. Panel e
shows the probability difference map between colder and warmer days (panel b — panel d).
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Figure S8. Change of specific humidity (panel a) and pressure (panel b) along back-trajectories, for
air masses arriving at GAL when RH was higher (orange) and lower (blue) than 70%. Continuous
lines indicate mean values, while vertical lines correspond to standard deviation.
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Figure S9. Relationship between GAM monthly biases and SCAN index.
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