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It is increasingly recognized that light-absorbing impurities (LAI) deposited on
snow and ice affect their albedo and facilitate melting processes leading to
various feedback loops, such as the ice albedo feedback mechanism. Black
carbon (BC) is often considered the most important LAI, but some areas can be
more impacted by high dust emissions. Iceland is one of the most important
high latitude sources for the Arctic due to high emissions and the volcanic
nature of the dust. We studied optical properties of volcanic dust from Iceland
and Chile to understand how it interacts with the Sun’s radiation and affects
areas of deposition as LAI. Optical properties of dust samples were measured
at the laboratory of the Finnish Geospatial Research Institute (FGI) using the
latest setup of the FGI’s goniospectrometer. We found that, depending on the
particle size, the albedo of dry volcanic dust on the visible spectrum is as low
as 0.03, similar to that of BC, and the albedo decreases with increasing particle
size. Wet dust reduces its albedo by 66% compared to dry sample. This supports
the comparability of their albedo reducing effects to BC as LAIs, and highlights
their significant role in albedo reduction of snow and ice areas. The potential use
of the results from our measurements is diverse, including their use as a ground
truth reference for Earth Observation and remote sensing studies, estimating
climate change over time, as well as measuring other ecological effects caused
by changes in atmospheric composition or land cover.

KEYWORDS

light-absorbing impurities, dust, volcanic sand, albedo, snow, climate change,
cryosphere, optical properties

1 Introduction

Arctic regions are experiencing disproportionate impacts from climate change,
primarily attributable to Arctic amplification. High-latitude areas are witnessing
temperature increases at twice the global average (IPCC, 2019; IPCC, 2021), with some
estimates suggesting a rate up to four times faster than the rest of the globe (Rantanen et al.,
2022). The vulnerability of Arctic areas and ecosystems to climate change is heightened,
where even a relatively modest initial warming can trigger cascading events, such
as the albedo feedback mechanism. This mechanism forms a positive feedback loop,
with increased warming leading to the reduction of snow and ice areas, subsequently

Frontiers in Earth Science 01 frontiersin.org

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2024.1348082
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2024.1348082&domain=pdf&date_stamp=2024-07-22
mailto:taru.koivusalo@helsinki.fi
mailto:taru.koivusalo@helsinki.fi
https://doi.org/10.3389/feart.2024.1348082
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2024.1348082/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1348082/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1348082/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Koivusalo et al. 10.3389/feart.2024.1348082

decreasing albedo and increasing absorbed radiation. This, in turn,
intensifies the melting process (Wittmann et al., 2017).

Light-absorbing impurities (LAIs), such as dust, have a
notable impact on the surface albedo, snow properties, and
snowmelt (Meinander et al., 2016). The retreat of snow cover
and ice exposes more erodible sediment, leading to increased
dust emissions. This paper focuses on natural volcanic dust
as a specific type of LAI, though it is important to note that
LAIs are also emitted from anthropogenic sources. Previous
research indicates that certain volcanic particles share thermal
and optical properties with anthropogenic black carbon (BC)
(Arnalds et al., 2016; Yoshida et al., 2016; Boy et al., 2019;
Zubko et al., 2019). Significantly, Icelandic volcanic dust and black
carbon were found to have similar impacts on the albedo of
snow, emphasizing their comparable influence (Peltoniemi et al.,
2015; Wittmann et al., 2017; Dagsson-Waldhauserova and
Meinander, 2019; Gritsevich et al., 2020).

In some regions globally, high dust emissions result in dust
becoming the dominant LAI, reducing snow albedo (Svensson et al.,
2018). Given that snow and ice possess a high albedo, even a small
amount of deposited dust can significantly decrease albedo, leading
to substantial changes in radiative forcing, increased warming,
and accelerated snowmelt (Wittmann et al., 2017). Additionally,
impurities in snow alter snow grain size and density, further
impacting albedo and the melting process (Meinander et al., 2014).

Icelandic dust, characterized by its volcanic origin and
subsequent dark appearance, absorbs shortwave and near-infrared
radiation from the Sun more effectively than mineral dust from
othermajor deserts. Unlike othermineral dusts, Icelandic dust likely
induces positive radiative forcing (Baldo et al., 2020). The observed
“clumping mechanism” on snow, where Icelandic silty material with
fine particles forms larger particles, accelerates snowmelt (Dagsson-
Waldhauserova et al., 2015a).

Iceland has the largest areas susceptible to severe aeolian erosion
compared to other Arctic or European areas, which act as active
sources of windblown dust (Arnalds et al., 2016). The extent of
deserts in Iceland is about 43,000 km2, with volcaniclastic sandy
desert covering around 20,000–22 000 km2 (Arnalds et al., 2016). Of
the 22,000 km2 of volcaniclastic sandy desert, 15,000 km2 consists
of areas of severe or very severe erosion (Arnalds et al., 2016).
These areas are expected to grow in the future due to glacial
retreat and reduction in snow cover extent and duration, revealing
more erodible ground and consequently increasing the magnitude
and frequency of dust events (Arnalds et al., 2016; Baddock et al.,
2016; Crocchianti et al., 2021; Meinander et al., 2022). The largest
high-latitude dust emissions measured were caused by strong
storms and dust events. Dagsson-Waldhauserova et al. (2014b),
investigated long-term weather dust observations showing that
in a year there are 135 dust days or days with dust events
in Iceland. Arnalds et al. (2016) stated that an estimated 30–40
million tons of dust emissions is produced in Iceland annually.
Dust suspended in the atmosphere can be transported thousands
of kilometers and Icelandic dust has been found in Svalbard,
Greenland, and Europe (Arnalds et al., 2016; Moroni et al., 2018;
Dordevic et al., 2019; Cvetkovic et al., 2022). Bullard et al. (2016)
lists Iceland as one of the main active high-latitude dust source
regions in the northern hemisphere. Overall, about 1%–5% of
the global dust emissions originate form high-latitude sources

and of the dust deposited on snow- and ice-covered Arctic areas
approximately 57% comes from high latitude sources (Bullard et al.,
2016; Groot Zwaaftink et al., 2016; Meinander et al., 2022).

Because of the large dust source areas, high emissions, frequency
of dust events, transport potential, and the nature of the dark light-
absorbing particles, Icelandic dust has the potential to have large
impacts on the Arctic environment making Iceland one of the most
important dust sources for the Arctic. It can also have an indirect
effect on climate due to the effects on the surface albedo of glaciers,
sea ice and snow-covered areas. Most of the climate models do not
consider regional climate impacts of dust or snow albedo changes in
the Arctic and thus end up underestimating the climate impacts of
high-latitude dust (Kylling et al., 2018).

The comparability of BC and dark volcanic dust as LAIs
has been previously suggested. This study aims to bolster this
assertion by comparing the albedo measurements of volcanic
samples with the albedo of black carbon documented in
existing scientific literature. Based on our earlier modelling and
measurement results (Wilkman et al., 2016; Zubko et al., 2016;
Zubko et al., 2019; Gritsevich et al., 2020) it was anticipated that
volcanic dusts possess sufficient light-absorbing capacity to indeed
be comparable to BC in terms of their climatic impacts. However,
it is also important to consider the difference in their particle size
ranges. BCparticles are smaller compared to the larger dust particles.
The smaller particle size of BC may allow it to stay suspended in the
atmosphere for a longer time and possibly travel further, whereas
larger particles usually deposit quicker and can have more localized
impacts. Given the substantial emissions from the volcaniclastic
sandy deserts of Iceland, it is plausible that the impact of volcanic
dust may surpass that of BC in specific regions. Furthermore,
samples of volcanic sand from Chile were concurrently measured to
enhance our understanding and variability of the optical properties
of volcanic dust.

In this study, we conducted measurements of the optical
properties of volcanic sand and dust particles, utilizing samples
from both Iceland and Villarica area in Chile. The objective was
to understand their potential impact on the surfaces they settle
on and to determine the comparability of effects induced by these
volcanic dust particles to BC as LAIs. This investigation specifically
delved into the influence of particle-size distribution and moisture
content on the albedo of the samples. Moreover, a microscopic
examination of the volcanic particles was conducted to gain insights
into their physical properties that could potentially influence their
re-suspension and transport potential. Although the transport
behavior was not directly investigated in this study, our previous
extensive experience with modeling atmospheric transport of solid
particles with masses >0.3 g (Moilanen et al., 2021) can be utilized
for discussion purposes. Additional studies focusing specifically
on the transport behavior of volcanic dust particles would be
beneficial for further understanding their long-termdynamics in the
atmosphere.

2 Materials and methods

The samples were collected in Iceland in 2016 and 2022, and
in Chile in 2019. Prior to measurements the samples were sieved
through a set of laboratory sieves with mesh sizes 500 μm, 250 μm
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and 125 µm. Laboratory measurements of the volcanic sand and
silt samples were conducted at the Finnish Geospatial Research
Institute (FGI) in Espoo, Finland, using the FGI goniospectrometer
described in (Peltoniemi et al., 2022).

2.1 Samples

The Icelandic volcanic sand was collected from the
Mýrdalssandur outwash plain in South Iceland in March 2016. The
material originates from the Mýrdalsjökull glacier, transported by
glaciofluvial processes and deposited to the outwash plain. Because
of the wind conditions the material has possibly been re-suspended
and mixed over time, and so some of the finer silt-sized material
may have been removed from the site by aeolian processes. The
newest volcanic samples, named and subsequently referred to as
NS1-NS4 were collected in Mýrdalssandur on 24 August 2022. As
the laboratory measurements were conducted in the beginning of
September 2022 soon after the samples were collected, the samples
still contained some moisture making them appear darker visually
to the eye and in the measurements. These samples were left to
dry and measured again as dry samples. These 2022 samples were
not sieved due to the amount of sample material available. Based
on visual evaluation, their particle size distribution is similar to
the 2016 Mýrdalssandur samples. Zubko et al. (2016) have pictured
and analyzed samples from the same Mýrdalssandur dust source
area, estimating a particle size range of 140–1,300 µm with 20%
of particles from the total volume being smaller than 140 µm for
their samples. As the samples described in Zubko et al. (2016) were
collected in 2012 it should be kept in mind that some differences
in the particle size distribution are likely as the area has been
affected by natural processes such as wind or the eruption events of
2010 and 2011.

The glaciogenic silt sample was collected from Múlakvísl, a
glacial river 10 km from the Mýrdalsjökull glacier and it is brighter
than the volcanic sand samples. Silt and clay sediments typically
consist of fine particles, which are easily suspended and re-
suspended with the potential to be transported over thousands of
kilometers (Arnalds et al., 2016; Moroni et al., 2018; Moroni et al.,
2024). This sample consists mainly of silt and some clay-sized
particles and is further described in Peltoniemi et al. (2015).

The volcanic samples from Chile were collected at Llaima
volcano in the Central Volcanic Zone of the Andes in July
2019 (Gritsevich et al., 2020). Chile sample 1 was collected from
an open area near the volcano on the eastern side slope. The
Chile sample 2 was collected near the lake Laguna Quilillo O
Verde. Llaima is one of the most active volcanoes in Chile,
with its most recent eruptions occurring between 2008 and 2009.
Located in the Conguillio national park, the sediment around
Llaima volcano is mainly basaltic andesite, which is typical for
the Andes. For the exact coordinates of all samples see the
Supplementary Material (Supplementary Appendix SA1).

2.2 Laboratory measurements

All samples were sieved through a set of laboratory sieves,
except the NS1-NS4 and Chile sample 2 due to small amount of

the material. The samples were first sieved through an ordinary
strainer to separate larger particles before sievingwith the laboratory
sieve. Each sample thus had subcategories of un-sieved/strained,
>500 μm, <500 µm but >250 μm, <250 µm but >125 μm, and
the smallest subcategory of only particles <125 µm (Figure 1).
Although the 125 µm was the smallest mesh size available, it
can be assumed that fine silt and clay sized particles are present
in the samples. Approximately 1 dl of each sample was put on
a receptacle made from a dark curtain fabric that has been
previouslymeasured to have an albedo below 0.03 over themeasured
wavelength range (Figure 1). The dark and non-reflective fabric was
chosen in order to have the least interference possible with the
measurements.

The optical properties measured include the albedo and
bidirectional reflectance factor (BRF). BRF is a function that
describes the directional dependence of reflected radiance from a
surface or a sample,measured from each direction.The bidirectional
reflectance factor (BRF) is defined as the ratio of reflected light
intensity of a sample surface to an ideal Lambertian surface
under identical setup geometry and same illumination conditions
(Schaepman-Strub et al., 2006; Peltoniemi et al., 2015). In these
measurements a Spectralon®disc was used as the Lambertian
reference.

The instrument used was the FGI space goniometer, a system
that was built in the Otaniemi laboratory using various motors,
optics, arms, and other parts. Peltoniemi et al. (2022) describes the
previous FGI goniometer setup well in detail and the operation of
the system worked largely the same here, except for the flat sample
tray and angular range limited to upper hemisphere. At the base
there is the ASD FieldSpec 4 spectroradiometer (Analytical Spectral
Devices), connected to sensing optics with a light fiber cable, and
to a Raspberry Pi computer which is also connected to multiple
motors that allow the movement of the arm with attached optics,
rotation of the sample, and rotation of the whole system (Figure 2).
The ASD FieldSpec 4 spectroradiometer measures across the full
range of solar irradiance spectrum of 350–2,500 nm. The Raspberry
Pi tablet has a Linux operating system and the software to control
the machine is written in Python. The measurement sequence set
for these measurements took approximately 16 min. Separate from
the instrument there was also the light source, for themeasurements
here the light source used was a ThermoOriel QTH lamp with
750 W of power used. The light source, optics and the sample were
aligned for themeasurement, the roomwas darkened fromany other
lights or daylight during the measurements. The measurements
were done in the following sequence. Power was turned on for the
spectrometer, light source and other electronics, and 30 min were
given for the system to allow it to warm up and stabilize. First it
was necessary to measure the dark current and the white reference,
dark current was measured by closing a manual shutter before the
light fiber input to the optics and after this the white reference
was measured by placing the Spectralon®white reference disc on
the sample tray. Any visible dust or debris was cleaned from the
white reference by compressed air when necessary. After measuring
the baseline references the sample could be placed on the sample
tray and the measurement sequence started. Measurement of one
sample took approximately 16 min after which a different sample
could be measured directly after, if the measurement conditions
had not changed. The motors of the system facilitate the change of
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FIGURE 1
Samples in measurement trays. In (A) Volcanic sand from Iceland 2016 can be seen as un-sieved, >500 μm, >250 µm and >125 µm. In (B) the same
sample as in (A) but sieved to <125 µm. In (C–G) from left to right Chile sample 1 un-sieved, >500 μm, >250 μm, >125 μm, <125 µm.

the zenith angle by tilting the arm holding the optics and another
motor turns the system to a selected azimuth angle. Measurements
were repeated only for some of the samples, to manage the
project with adequate resources. Measuring volcanic sand sample
in a similar setup by Zubko et al. (2016) yielded 0.0007 error
in reflectance.

Samples were also photographed with a high-quality SLR-
camera and through a stereomicroscope for close-up images of
the material in order to study the physical characteristics of the
particles.

3 Results

The laboratory measurement results are visualized in Figures 3,
4, these figures show graphs depicting the bidirectional reflectance

factor (BRF) of the sample based on the zenith angle of the
measurement optics in near infrared wavelengths 1,000–1,300 nm
where the ASD signal appeared most stable, and the albedo
of the sample for different wavelengths. In Figure 3 results of
the optical measurements of the 2016 volcanic sample from
Mýrdalssandur outwash plain are seen in graphs A) and B),
volcanic sand samples from Chile seen in graphs C) and D),
and glaciogenic silt sample measurements seen in graphs E) and
F). The graphs on the left side of both Figures 3, 4 show the
BRF of near infrared at different zenith angles. The graphs on
the right side in Figures 3, 4 show the spectral albedo of the
samples, or the diffuse reflection to many different directions
rather than just reflection towards one specific angle of different
wavelengths of light.

In this work, focus is mainly given for the albedo measurement
results in the visible spectrum. Albedo of the volcanic sand sample
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FIGURE 2
The goniospectrometer at the Finnish Geospatial Research Institute
(FGI) laboratory. Green box is the ASD FieldSpec 4 spectroradiometer,
on top of it rests the Raspberry Pi computer tablet and a keyboard for
the operation of the instrument. At the center of the image, the sample
tray with a volcanic sample and directly above it are the measuring
optics, connected to the ASD FieldSpec by a light fiber cable.

from Mýrdalssandur 2016 is approximately 0.03–0.05 in the visible
light spectrum (Figure 3). The results show that the smaller the
particle size in the sample, the brighter the sample is. The volcanic
sand sample from Iceland from 2016 shows this in both BRF and
albedo measurements, but not as clearly as the comparison sample
from Chile. The Chile sample 1 is also noticeably brighter than
Icelandic volcanic sample as seen from Figure 3. The albedo of the
Chile sample 1 is 0.04–0.09 for most of the particle size categories
and even higher for the smallest grain size sample (<125 μm,
0.1–0.2). The <125 µm sample of Chile sample 1 has almost as
high albedo as glaciogenic silt in the visible spectrum, as seen in
the graphs D) and F) in Figure 3. Chile sample 2 was measured
untouched without sieving because of the small amount of sample
material available. The measurements for Chile Sample 2 are closest
to those of Chile Sample 1 in the particle size category >250 μm,
which provides an estimate of the particle size distribution of this
sample. The glaciogenic silt was initially measured untouched but
was sieved and measured again because it had formed clumps.
The sieved sample is more uniform, making its measurement likely
more accurate.

Figure 4 shows the results of optical measurements of the
volcanic samples from Iceland 2022 referred to as NS1-NS4. As the
sample material was fresh it still contained some moisture, which
is why the samples were measured wet and dry. The NS1 through
NS4 were small samples and so they were not sieved but measured
as is. From the graphs in Figure 4 it is apparent that the wet samples
are very dark, and all appear to have similar optical properties
(graphs C and D), but a significant difference is seen when these
wet measurements are compared to the dry measurements (graphs
A and B). The NS1-NS4 samples were all quite dark even when dry,
with an albedo from 0.03 to 0.06 in the visible spectrum. When
the NS1-NS4 samples were dry the clear difference in brightness
between the samples was observable by eye but when moist this
was not as clear. This can be seen in the measurements as well,
where themoist samples were all much closer in the BRF and albedo
measurements and very different from each other when measured
dry. The moist samples were very dark with albedo measurements
between 0.01 and 0.02 on the visible spectrum.

4 Discussion

Snow and ice have an albedo around 0.7–0.9, with fresh snow’s
albedo potentially being almost 1. Loss of snow cover, ice sheets
and glaciers have significant impacts on the energy budget of
Earth (IPCC, 2021). For the melting processes of snow and ice,
an albedo reduction of only 0.01 is significant, but the albedo
changes after dust events on icecaps of Iceland are in most cases
much higher than this (Wittmann et al., 2017; Gunnarsson et al.,
2021). Small changes in snow albedo impact melting but are not
necessarily visible to the naked eye. The albedo changes and impacts
by LAI on the melt of snow and ice areas can be expected in
all high-latitude glacial areas and the scope of dust emissions is
expected to become more intense and expansive in the future
(Prospero et al., 2012; Meinander et al., 2022; Kavan and Strzelecki,
2023). Even though the dust emissions in Iceland are found to
be the highest during spring and summer, deposits of jökulhlaup
glacial flood events can cause high dust emission events throughout
the year (Dagsson-Waldhauserova et al., 2014b; Nakashima and
Dagsson-Waldhauserova, 2019). Jökulhlaup floods are outburst
floods characterized by the sudden release of proglacial or subglacial
water. These events typically occur when a glacial ice dam holding
back a large body of water suddenly fails or when meltwater
accumulates rapidly and breaches the ice dam. Jökulhlaups can
result in significant downstream flooding, carrying large volumes of
sediment and debris along their path.

Up to 4.5 million tons of dust is deposited on the Icelandic
glaciers annually (Arnalds et al., 2014). Volcanic dust and ash have
been found to have an insulating effect on snow, but most studies
focus on large amounts of ash deposited during volcanic eruptions
(Driedger, 1980; Dracosics et al., 2016). Often the ash layer can
be very thick after volcanic eruptions, but after dust events the
dust layer is usually thinner increasing melting (Dracosics et al.,
2016; Gunnarsson et al., 2021). During volcanic eruptions the
sulfur released to the atmosphere is generally considered to have
negative radiative forcing effect, but as it is deposited on snow and
ice this is counteracted by the albedo decrease (Wittmann et al.,
2017). In addition, volcanic dust is effective in removing the SO2

Frontiers in Earth Science 05 frontiersin.org

https://doi.org/10.3389/feart.2024.1348082
https://https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Koivusalo et al. 10.3389/feart.2024.1348082

FIGURE 3
Visualization of optical measurements. Bidirectional reflectance factor (BRF) and albedo measurements of volcanic sand sample from Mýrdalssandur
2016 seen in (A, B), volcanic sand samples from Chile in (C, D), and the glaciogenic silt sample in (E, F). The “VS strained” stands for un-sieved Icelandic
2016 volcanic sand samples, and “Chile strained” is the un-sieved Chile sample 1. Zenith angle on the left side graphs is the angle of measurement
optics from zenith (vertical). Because the sensitivity of the VNIR sensor of the ASD gets weaker at ends of the spectral range, there are some possibly
spurious peaks near 350 and 1,000 nm. Further, near backscattering we occasionally see the shadow of the sensor.

from the atmosphere (Urupina et al., 2019). The environmental
impacts of volcanic eruptions are generally short term, but dust
storms provide non-limited supply of LAI on glaciers year-round
(Dagsson-Waldhauserova et al., 2014b; Dagsson-Waldhauserova
and Meinander, 2019; Butwin et al., 2020; Gunnarsson et al., 2021).

In this study we show that the albedo of Icelandic volcanic
sand is very low at 0.03–0.06 and even lower when wet, around
0.01–0.02.The results are comparable to the 0.03 spectral reflectance
measured for dry Icelandic volcanic dust with a spectrophotometer
in Dagsson-Waldhauserova (2014a) and to the geometric albedo
of ∼0.05 reported in Zubko et al. (2019) for a volcanic sand
sample from Iceland. The highly absorbing properties of volcanic
dust can be compared to BC (Dagsson-Waldhauserova et al.,
2018). Dal Farra et al. (2018) measured the spectral reflectance
of a BC particle to be around 5% (albedo about 0.05) with

their modified Hyperspectral Imaging Microscope Spectrometer
(HIMS). The measurements of Icelandic volcanic sand in this
study are comparable to the measurements done with an ASD
spectrophotometer in Peltoniemi et al. (2015), here BRF of volcanic
sand samples in near infrared is found to be at lowest 0.02 and
at the highest 0.14 depending on the zenith angle, measurements
of Peltoniemi et al. (2015) followed similar directional reflectance.
Especially in the case of the dry NS1-NS3 the BRF measurement
results are very similar to those in Peltoniemi et al. (2015). The
above-mentioned study also measured the same glaciogenic silt
sample as was used here, coming to almost identical results in albedo
measurement in the visible spectrum. Samples with smaller particles
appear brighter than samples with larger particles as evidenced
by the results in this study and in Arnalds et al. (2019). Icelandic
volcanic dust samples with smaller particle size are still very dark
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FIGURE 4
Visualization of optical measurements of NS1-NS4. Bidirectional reflectance factor (BRF) and albedo measurements of volcanic sand samples from
Mýrdalssandur 2022. Samples NS1 to NS4 are visualized in the same graphs. The samples NS1-NS4 measured dry in (A) and (B), and wet/moist in (C)
and (D). Zenith angle on the left side graphs is the angle of measurement optics from zenith (vertical). Because the sensitivity of the VNIR sensor of the
ASD gets weaker at ends of the spectral range, there are some possibly spurious peaks near 350 and 1,000 nm. Further, near backscattering we
occasionally see the shadow of the sensor.

with an albedo around 0.04–0.05 in the visible spectrum. The
brightening with different particle sizes occurs in both Icelandic and
Chilean samples, but it is significantly more evident in the Chile
sample 1 of <125 µm. The brightness of the Chile samples could be
influenced by various factors beyond their inherent properties. For
instance, the presence of other types of brighter dust mixed in with
the volcanic sample or a different parent sediment could contribute
to their optical characteristics. Additionally, factors such as surface
weathering, mineral composition, and the presence of secondary
minerals might also play a role in determining the overall brightness
of the samples.TheNS1-NS4 samples exhibited a darker appearance
when wet, and albedo measurements validated this observation
by confirming a decrease in albedo in the visible spectrum from
0.03–0.06 when dry to 0.01–0.02 when wet. Based on these findings,
it can be reasonably assumed that dust deposited on snow or
ice will darken during melting processes. This darkening effect
when wet could be attributed to various factors, such as increased
surface reflectance due to water film formation or enhanced light
absorption by wet particles. Understanding these dynamics is
essential for accurately predicting the impact of dust deposition on
snow and ice surfaces and its contribution to accelerated melting
processes. Compared to low-latitude dust samples, the absorption
of Icelandic dust can be 2–8 times higher between wavelengths of
660 and 950 nm (Baldo et al., 2023).

With an investigation through stereomicroscope, we find that
the material of the volcanic samples from Iceland and Chile
are mostly volcanic amorphous glass with typical characteristics

such as gas bubbles and shard-like shapes, which increase
the suspension and transport potential of even quite large
particles compared to other mineral particles of the same size
(Dagsson-Waldhauserova et al., 2015b). These characteristics can
also facilitate suspension of Icelandic dust even during or shortly
after wet conditions. Further research is necessary to determine
the actual transport potential, size range of such particles in
natural conditions. Typically, the long-range transport of particles
around 100 µm requires strong and sustained wind conditions. It
is documented that Icelandic volcanic dust has been discovered in
locations several thousands of kilometers away, such as Svalbard,
Ireland, and Serbia (Ovadnevaite et al., 2009; Moroni et al., 2018;
Dordvic et al., 2019; Moroni et al., 2024). The high emissions,
potential for transport, and the light-absorbing nature of Icelandic
volcanic dust make it an integral albedo reducing factor for the
Arctic. Globally the estimated deposition of Arctic dust on snow
and ice by mass is 70% higher than deposition of BC, and
specifically in the Arctic regions the deposition of Arctic dust on
snow and ice is 580% higher than BC (Meinander et al., 2022),
which highlights the importance of high-latitude dust sources for
the Arctic.

Laboratory measurements of the optical and physical properties
of volcanic dusts play a crucial role in identifying dust sources
and refining climate models to more accurately incorporate
the impacts of dust emissions on albedo and regional climate.
This contributes to mitigating the risk of underestimating the
complex environmental effects of dust on a global scale by
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accounting for light-absorbing impurities. Our findings hold
significance for the validation of remote sensing products and
dust (albedo) models. They can aid in the development of new
parametrizations for volcanic dust for Moderate Resolution
Imaging Spectroradiometer (MODIS) and Cloud-Aerosol Lidar
and Infrared Pathfinder Satellite Observations (CALIPSO), as well
as retrievals for Infrared Atmospheric Sounding Interferometer
(IASI) and Copernicus Atmospheric Monitoring System (CAMS).
Additionally, such data is an important input for dust darkness
model being developed for Iceland based on the operational
Dust Regional Atmospheric Model for Iceland (DREAM_
Iceland, Cvetkovic et al., 2022). This model has been adopted
by the World Meteorological Organization for the Sand/Dust
Storm Warning Advisory Assessment System (WMO SDS WAS),
specifically within the framework of the Regional Center for North
Africa–Middle East–Europe (NAMEE mode). Such advancements
enhance our ability to monitor and forecast dust events accurately,
contributing to better environmental management and hazard
mitigation efforts.

5 Conclusion

The albedo of Icelandic volcanic dust samples measured in
this study ranges from 0.03 to 0.06 in the visible spectrum,
with albedo decreasing as particle size increases. Icelandic
volcanic dust samples generally exhibit lower albedo compared
to volcanic dust samples from Chile, with some Chilean samples
even surpassing the upper bound of 0.06 observed in Icelandic
volcanic samples. Furthermore, the albedo of Icelandic volcanic
sand samples decreases when wet or moist, reaching values as
low as 0.01 to 0.02.

In terms of light-absorbing capacity and potential
impact as light-absorbing aerosols (LAI), volcanic dusts are
comparable to black carbon (BC). Both Icelandic and Chilean
volcanic dusts display morphological characteristics typical
of volcanic particles, such as bubbles and shard-like shapes,
which enhance their suspension and transport potential in
the atmosphere.

Given their transport potential, high emissions, frequency
of dust events, and light-absorbing capacity, Icelandic volcanic
dust plays a crucial role in reducing albedo on snow and
ice surfaces in the Arctic. Consequently, our findings have
implications for various fields, including studies on ecological
effects resulting from atmospheric composition or land
cover changes, remote sensing applications, identification
of dust sources, and enhancing climate models’ ability to
incorporate the impacts of dust on albedo and regional
climate dynamics.
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