Supplementary Material for:

Recent Advances in Aerosol Optical Depth
Measurements in Polar Regions: Insights from
the Polar-AOD Program

As shown in Tables 1 and 2, several sites in polar regions have multiple photometer models
installed, providing researchers with an excellent opportunity to evaluate the effectiveness of
aerosol measurements in these remote environments. In the Arctic, two stations have multiple
photometers: (i) Barrow, which is equipped with a CIMEL CE318 and a Carter Scott SP02, and
(ii) Ny-Alesund, which has a CE318, an SP1A, and a PFR. In Antarctica, two stations also have
multiple photometers: (i) Marambio, located in the Antarctic Peninsula, with a CE318 and a PFR,
and (ii) the South Pole, on the Antarctic Plateau, with a CE318 and an SP02.

A multi-model comparison analysis was conducted, focusing on the Arctic region. Only daily
measurements from overlapping periods were included in this analysis: specifically, from March
2001 to October 2016 at Barrow, for a total of 643 days, and from June 2017 to September 2023 at
Ny—Alesund, with a total of 298 daily measurement.
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Ifig. S1. Regression analysis: (i) at Barrow (left panel) between CE318 and SP02; (ii) at Ny-
Alesund (right panel) between CE318 and PFR. The legend also presents the Pearson’s (R?) and
Spearman’s (p) correlation coefficients.

As shown in Fig. S2, there is a good agreement between the SP02 and CE318 T measurements
at Barrow, especially during periods of clean air when 7(0.50, ym) values were lower than 0.1.
The left panel of Fig. S1 shows that the correlation between these two instruments was strongly
influenced by measurements with high 7(0.50, um) values. In some cases, high values recorded
by the CE318 corresponded to low or modest values from the SP02. The Spearman’s coefficient
of 0.80 indicates that as the measured values of T increase from the CIMEL, the SP02 values
also increase accordingly. However, a modest Pearson’s coefficient of 0.42 suggests that the
relationship between the variables is not linear. These discrepancies are likely due to different
screening procedures applied to the SP02 compared to the CIMEL CE318, which is considered the
reference model for a robust analysis procedure.

A different situation was observed in Ny—Alesund, where the PFR seems to perform much
better than the SP02 (see Fig.S3). Despite the fact that the common measurement days were 298
over just 5 years, the regression analysis for Ny-Alesund shows a Pearson correlation coefficient
of 0.83 (more than double that obtained in Barrow), and a Spearman coefficient of 0.89. In this
case, as can be seen from the right panel of Fig.S1, the number of extreme values, where one
instrument records high T values while the other records much lower values, is absent.

These results show, first of all, that despite the potential technical differences between various
photometer models (solar tracker, field-of-view, pointing modes, and acquisition techniques),
they should all be considered valid instruments for studying aerosol properties in polar environ-
ments. However, the instrument calibration procedures and cloud-screening techniques adopted
by different research groups or networks can cause significant differences in 7 values (as the



underestimation of T by the SP02).
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Fig. S2. Daily averages of 7(0.50, um) for the period 2001-2016 at Barrow. To enhance viewing
convenience, the scatter plot has been divided into four panels.

0.6 2017-2020 0.6 2020-2023
= CE318 = CE318
o PFR o PFR
£0.4 . £0.4
3 3
3 H 5 3
= ° S
~ 0.2 y ° ~ 0.2 8 ,
2RI v @ =
0.0 - 0.0
© v o 2 () 4 o o v v () N (s) Vv
N > Q 3 Q 2 Q Q 3 Q 2 Q N3 Q >
S YR P M N A I N MR
Date Date

Fig. S3. Daily averages of 7(0.50, um) for the period 2017-2023 at Ny-Alesund. The scatter plot
has been divided into two panels.



Arctic Cruises

Oceanic
Sectors

Measurement
Period

Amundsen 2008, 2009, 2014, 2021
Araon 2021
Around the Americas 2009
Healy 2011, 2015, 2022, 2023

Alliance 2021
Arctica 2023
Azimuth 2023
Jan Mayen 2009
Knorr 2008
Kronprins Haakon 2024
Oceania 2011-2020, 2022, 2023
Oceania Summer 2007, 2009, 2010
Oden 2018, 2023
Polarstern 2015, 2017, 2020
Polarstern Summer 2012

Ak Fedorov 2013
Healy 2015
Knorr 2008
Kronprins Haakon 2024
Oden 2018
Polarstern 2015, 2017, 2018, 2020
Polarstern Summer 2012

NAA

GNS

BES

March 2008 -
July 2023 [85]

July 2007 -
August 2024 [168]

April 2008 -
July 2024 [27]

Table S1. List of the three Arctic oceanic sectors defined for the ship-borne level 2.0 sun-
photometer measurements conducted from 2004 to 2024. The total number of observations

for each sector is provided in parentheses.



. . Oceanic .
Antarctic Cruises Measurement Period
Sectors

Ak Fedorov 2008, 2009, 2010, 2014
Ak Treshnikov 2017, 2020

Araon 2020 PAC Df‘c?iﬁﬁiffgfo'mm
Tangaroa 2018
Ak Fedorov 2014
Ak Treshnikov 2013 APE February 2009 -
Hesperides 2009 February 2014 [8]
Agulhas 2015
Ak Fedorov 2007-2019
Ak Treshnikov 2013, 2014, 2017-2020
Araon 2020
Aurora Australis 2018 ATL December 2007 -
Hesperides 2009 December 2020 [376]
Polarstern 2008
Agulhas 2008, 2012-2014
Tangaroa 2018
Ak Fedorov 2007-2019
Ak Treshnikov 2014, 2017-2019 IND December 2007 -
Aurora Australis 2018, 2019 December 2019 [141]

Table S2. List of the four Antarctic oceanic sectors defined for the ship-borne level 2.0 sun-
photometer measurements conducted from 2004 to 2024. The total number of observations for
each sector is provided in parentheses.
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