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This is chapter 2 of the State of Environmental Science in Svalbard (SESS) report 2022,

Aerosols are an important constituent of the atmosphere both influencing the climate system and contributing to increasing pollution of the Arctic. At the same time, their
adequate monitoring is a big challenge, as instruments on the ground only can sample aerosols in the lowermost atmosphere. For this reason, these measurements are
complemented with observations of aerosol optical depth (AOD) which quantify the total amount of aerosols throughout the atmosphere from the attenuation of direct sunlight
(and meonlight). This procedure requires extremely careful instrument calibration and removal of cloud contaminated data. In Svalbard, such measurements have been
performed by several research groups with different instruments, mostly in Ny-Alesund and in Homsund, but also on research vessels offshore. In the framework of the SSF
Strategic Grant project ReHearsaol, all AOD data from the Svalbard region since 2002 have been collected and made available to the S10S research community. They indicate
that number and intensity of Arctic haze episodes occurring in late winter and spring have decreased consistently and significantly in the last 20 years, while pollution events in
summer/early autumn, caused by boreal biomass burning, are on the rise, though not as consistently. Comparison between in-situ measurements at Gruvebadet Atmosphere
Laboratory in Ny-Alesund and AOD measurements indicate that most (more than 65%) of the episodes with high aerosol load are not captured by surface measurements. This
finding does not change when one includes in-situ measurements at Zeppelin Observatory (475 m a.s.1.). Studying extensive high-AOD episodes such as those in summer 2019
requires a multi-tool approach including in-situ and remote-sensing measurements combined with model tools

https://doi.org/10.5281/zen0do.7376140

The main goal of the ReHearsol project was to collect, inter-compare and quality-assure all observations of aerosol
optical depth and black carbon in Svalbard and make them available to the SIOS (and wider scientific) community.
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Long-term observations of aerosol optical depth and their relation to in-situ aerosol

properties in the Svalbard region (LOAD-RIS)

AOD observations Ny-Aalesund 2019
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Figure &: AOD measurements (hourly means with standard deviation of single measurements) performed in and around
Svalbard in summer 2019 (% June-& September), with data from My-Alesund. Hornsund and R/V Oceania (in the Fram
Strait). Long-term monthly means of PFE measurements in My-fﬂegund are shown as black squares with error bars. No
CIMEL measurements were made in Mr,r-ﬁ‘aleﬁund in this time interval of 201%.
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Leg 1: 19 Sep 2019 — 15 Dec 2019

Multidisciplinary drifting
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¢

Leg 3: 03 Mar 2020 - 06 Jun 2020
Leg 4: 06 Jun 2020 - 12 Aug 2020
Leg 5: 12 Aug 2020 - 12 Oct 2020

Arctfc
Climate expedition

International

Arctic Drift . ’
Expedition [ 1]

September 2019 - October 2020

Ohneiser et al., 2021
Expected to find a thin aerosol layer AOD (500 nm) 0.005-0.01

« The Raikoke aerosol fraction was estimated to always be lower than 15 %.

« Clear sign of wildfire smoke dominating aerosol type.

Conclusion: the origin of this aerosol remains unclear




Stations & Instrumentation

Site Coordinates Instruments  Product
AWIPEV 78.92° N 11.92° £ SPI1A AOD 550 nm
7 m a.s.L KARL Backscatter profiles at
355, 532 and 1064 nm
Radiometers Direct solar radiation
CMP22 Pyra- Upward and downward
nometer solar radiation (200 to
3600 nm)
CGR4 and Ep- Upward and downward
pley PIR pyr- thermal radiation (4.5 to
geometers 42 pm)
Sverdrup 78.92° N 11.93° E  PFR AOD 550 nm
10 m a.s.l.
GAL 78.92° N 11.89° E  PSAP aerosol absorption coeffi-
20 m a.s.l. cient
SMPS, APS aerosol absorption coel-
ficient, aerosol particle
number size distribution
ZEP 78.91° N 11.89° £ SP1A AOD 500 nm
474 m a.s.l.
Al-31 Aerosol absorption coeffi-
cient
Hornsund 77.00° N 15.54° JE-318T AOD at 550 nm, vol-

R/V  OCEA-
NIA

CALIPSO

12.5 m as.l.

67-85" N 20" W-
20" &

0 m a.s.l.

< 50 km from Ny-
Alesund

Microtops 11

CALIOP

ume size distribution and
single scattering albedo
at 440, 675, 870 and
1020 nm

AQOD 500 nm

Extiction 532 nm

created using the dataset by Moholdt at el. (2019)
doi:10.21334/NPOLAR.2019.675565F7




Methodogy

1. Sun-photometer (columnar analysis)

2. In situ (Surface analysis)

3. Lidar (onboard satellite & ground-based) (Vertical profiling)
4.Dispersion model (Origin identification)

5. Radiative impact (overall effect)



Remote sensing - Sun photometer
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Remote sensing - Sun photometer
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Remote sensing — Inversion properties
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In-situ surface observations
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CALIOP observations — nearest profile to Ny-Alesund (in 50 km)
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CALIOP observations — nearest profile to Ny-Alesund (in 50 km)
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KARL in Ny-Alesund (AWIPEV)
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- The increased backscatter profile of CALIOP correlates in altitude with a temporally stable layer just above the

tropopause.
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- The lower stratosphere (up to around 16~km a.g.l.) has in all cases several thin aerosol layers with a

comparably strong backscatter coefficient.
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KARL in Ny-Alesund (AWIPEV): Vertically resolved effective radius
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- The background aerosol is for all days and the entire troposphere at around 0.1um.

- The pronounced layers reveal aerosols from 0.5 to 0.8 um.

- The results for August are very similar, while the effective radius for the observation on 17th September are about 0.2 um smaller
in the altitude range between 7 and 9~km a.g.l. than during August.

- For all four days baer <3%, indicating spherical particles.

- Effective radii are very similar to the one seen by the sun-photometer, especially for the observations in August. The background
aerosol has an effective radius of about 0.1 to 0.2 um.
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C2 (6000 m): 25 -28th Julv WF from North America
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Height (km)

Middle epISOde: simulations using new inventory for the volcanic SO2 emissions
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S$1 (0 m): 30 Aug —anthropogenic from Finland
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Impact of aerosol on direct radiation
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Thanks for your time!

Sara Herrero Anta
D4 sara@goa.uva.es
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