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Introduction

By Professor Henrik Skov, Scientific head of Villum Research Station

Dear Reader. Welcome to the sixth annual report
of The Villum Research Station. Due to lockdown

due to the covid19 epidemic, we have had limited
activities in 2020 and 2021. Therefore, I decided to
postpone the 2020 report and merge it with the
2021 report.

However, it is a pleasure for me to write the intro-
duction to the Villum Research Station Annual
Report again. Despite the challenges that we have
got due to COVID19 lockdown, we have managed
to keep the long-term continuous monitoring run-
ning and to service existing long-term activities of
visiting research groups. The activities at the Sta-
tion have resulted in 41 peer-reviewed articles in
2020 and 2021. Despite the lockdown, the number
of publications per year is still increasing, and
thus the impact of Villum Research Station on the
scientific community and public is increasing fast.
The high Arctic is experiencing a still accelerating
temperature increase that will cause large changes
in the chemical and physical circulation of ele-
ments, as well as changing the biological food
webs and systems. These changes might have
strong feedbacks on climate. We now work at Vil-
lum Research Station under the hypothesis that
human influence has led to irreversible changes,
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which will continue despite human climate abate-
ment efforts. With other words that we have
reached the point of no return. It is of uppermost
importance to verify or reject this hypothesis and
to establish the identity of the mechanisms and
consequences of these changes and quantify them.
The Arctic is a sentinel for global change and, due
to teleconnection, the temperature increase in the
Arctic has global effects. Therefore, it is para-
mount to understand the Arctic changes in order
to assess the needed adaptation of the world’s so-
ciety.

We work to intensify our research in this direc-
tion. In particular, we had planned intensive mon-
itoring activities of atmospheric components in
order to support the MOSAIC activities !, Due to
the travel situation in 2019 at Villum, where we
could not get landing permits flying from our
usual starting point (Longyearbyen on Svalbard)
and the challenges with Covid19 in 2020 we had
to reduce our ambitions. We (2 researchers, 2
PhDs, 1 master student and 2 technicians) trav-
elled to Villum in March 2020 with financial sup-
port from the Ministry of Climate, Energy and
Utilities and from the Danish EPA by means from
DANCEA to study short lived climate forcers and



the chemistry of mercury in the atmosphere. For
this campaign, we departed as planned March 6th
via Longyearbyen and arrived at Villum Research
Station the day after. The temperature showed -
399C, when we landed and during the next week,
the temperature was constantly below -40°C. At
such low temperatures, outdoor activities are just
getting very difficult and complicated. Things
take much longer time to do. Handling instru-
ments and equipment is challenging and secondly
the low temperatures affect humans, causing fa-
tigue and increase the risk for frostbites. Despite
the difficulties, everything was up running within
a week. During the week, we got more and more
concerning messages from home due to the accel-
erating covid19 pandemic. Thus, it was decided
that we all should be evacuated. Flights to and
from Svalbard were closed and the only way out
was flights along the east coast of Greenland. For-
tunately, the Danish Defense helped us, as they
had people they needed to evacuate themselves
and we were offered to join their aircraft. The
home travel was delayed a week as we were hit
by a snow blizzard that closed the runway and
made it very difficult to move around even within
the area of Station Nord, where Villum Research
Station is located. Thus, we ended the campaign
without obtaining the result we had expected, but
fortunately, the needed maintenance and replace-
ment of monitors in our monitoring programs as
well as of the long-term guest activities at the Sta-
tion were accomplished and in the summer, we

could return and carry out a part of the planned
work. However, an important project was not ac-
complished. We had planned the first measure-
ments of the vertical distribution of particle num-
ber concentration and black carbon concentrations
on an UAV but the UAV stranded on Svalbard
and eventually it was sent back to Denmark.

A series of external projects planned for 2020 were
cancelled due to the Covid19 epidemic. All these
projects were postponed to 2021 and thereafter
cancelled. We have received many expressions of
interests to carry out research at Villum and if
Covid19 permits it, we will have more activities in
2022 and be on full activity level in 2023.

Despite the limitations, we have succeeded to
have a long series of measurement results also rel-
evant for the MOSAIC floating experiment MO-
SAiC Expedition (mosaic-expedition.org) and a
series of joint papers are under preparation.

The scientific contribution to the resent report
consists of eight articles showing the huge varia-
tion of topics studied at the station, ranging from
research on polar bears over anthropogenic aero-
sol to phototrophic bacteria. Despite the difficul-
ties opposed the station from outside events, it is
a pleasure for me to see that Villum Research Sta-
tion more and more fulfils its goal to host high sci-
entific level multidisciplinary research.



https://mosaic-expedition.org/
https://mosaic-expedition.org/

1 Polar bear population studies in NE Greenland

Kristin Laidre, University of Washington and Greenland Institute of Natural Resources and lan Stirling,
Department of Biological Sciences, University of Alberta, and Wildlife Research Division, Environment and

Climate Change Canada.

Polar bears (Ursus maritimus) in East Greenland are
thought to constitute a single subpopulation with
limited exchange with other sub-populations, in-
cluding the adjacent archipelago of Svalbard. Con-
sequently, the full responsibility for conservation
and management of this subpopulation rests with
the Government of Greenland. Furthermore, the
IUCN Polar Bear Specialist Group lists the East
Greenland population as “Data Deficient”. That
means the longer-term trend of the population,
survival rates, and reproduction are unknown.
Consequently there is insufficient scientific infor-
mation available upon which to recommend sus-
tainable harvest levels for the subsistence hunters
or how the population might be affected by other
human activities. However, assessing the size of
the East Greenland polar bear subpopulation is a
large and expensive undertaking. Conducting the
research needed requires planning and studies to
be conducted over a period of many years. To date,
scientists from the Greenland Institute of Natural
Resources (Greonlands Naturinstitut) have been
capturing polar bears, attaching satellite radio col-
lars to some, and collecting biological samples
along the east coast since 2015. The information
from these research studies will be used, together
with Traditional Ecological Knowledge surveys
(Laidre et al. 2018), to design a large-scale aerial
survey, to provide the information needed for the
Greenland government on sustainable levels of
harvesting by subsistence hunters in East Green-
land.

In April and May 2019, polar bear research con-
ducted by the Greenland Institute of Natural Re-
sources focused on NE Greenland, using the Vil-
lum Research Station as a base, with logistical sup-
port from Air Greenland and the Danish military
at Station Nord. The field operation was supported
by fuel depots placed along the coast. Searches by
helicopter focused on Northeastern and Northern
Greenland (between 77° and 83°N) (Figure 1). Dur-
ing the field studies, a total of 18 polar bears were
captured and seven satellite radio collars were de-
ployed on adult females.
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During these searches conducted out of Dan-
markshavn in April 2018, an interesting new aspect
of polar bear ecology in the region was discovered.
Some adult female polar bears are digging their
maternity dens in snow drifts around icebergs
grounded on the sea floor and/or frozen in the an-
nual and multi-year fast ice (Figure 2, see also
Laidre and Stirling 2020). This behavior had never
before been reported in the scientific literature. In
total, five polar bear maternity dens were con-
firmed, and a probable sixth one noted, approxi-
mately 1 to 10 km offshore dug into snowdrifts
around the stranded icebergs. This type of poten-
tial maternity denning habitat is limited in distri-
bution and is only possible in heavily glaciated re-
gions of the Arctic where calving of marine-termi-
nating glaciers calves icebergs large enough to drift
away, become grounded offshore, and remain in
place for months or years.

Northeast Greenland has long been known to be an
important maternity denning region for the East
Greenland polar bear population (Born et al. 1997;
Laidre et al. 2015), yet the possible importance of
grounded icebergs for maternity denning habitat
had not been previously reported. In contrast
throughout the rest of the Arctic, polar bear mater-
nity dens have primarily been reported in snow-
drifts on terrestrial sites. The continued decline of
sea ice throughout the Arctic as a consequence of
continued climate warming may eventually have a
negative influence on the stability of grounded ice-
bergs if break-up expands into new areas or occurs
earlier. This will be an important subject to monitor
in future years.

Citations

Born EW, Wiig @, Thomassen ] (1997) Seasonal and
annual movements of radio-collared polar bears
(Ursus maritimus) in Northeast Greenland. ] of Ma-
rine Systems 10: 67-77



Laidre, KL and I Stirling (2020) Grounded icebergs
as maternity denning habitat for polar bears (Ursus
maritimus) in North and Northeast Greenland. Po-
lar Biology 43(7), 937-943, 10.1007/s00300-020-
02695-2

Laidre KL, Northey A, Ugarte F (2018) Traditional

knowledge about polar bears (Ursus maritimus) in
East Greenland: Changes in the catch and climate
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Laidre KL, Born EW, Heagerty P, Wiig &, Dietz R,
Stern H, Aars ], Andersen M (2015) Shifts in habitat
use by female polar bears (Ursus maritimus) in East
Greenland. Polar Biol 38: 879-893. doi:
10.1007/s00300-015-1648-5
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Figure 1.1. Map of polar bear maternity dens found in or around grounded icebergs in offshore North and Northeast Greenland
based on searches in April and May 2018 and 2019 (work was conducted in 2019 from the Villum Research Station). Observa-
tions or physical captures of family groups (adult females with n=1 or 2 cubs of the year [COYs]) are also shown (black dots)

with helicopter search tracks (gray lines) flown.



Figure 1.2. Images of maternity dens build in icebergs grounded in the fast ice. Arrows show the lo-cation of the den opening on
or at the base of the iceberg. In Figure 2D the adult female is visible at the den opening.



2 Effect of ikaite precipitation on phosphate removal in seaice

By Yu-Bin Hu (Institute of Marine Science and Technology, Shandong University, China) and Feiyue Wang
(Centre for Earth Observation Science, University of Manitoba, Canada).

Ikaite (CaCOs 6H:0), a metastable form of calcium
carbonate mineral, was predicted to occur in sea ice
some 60 years ago (Assur 1958), yet was not di-
rectly confirmed until 2008 (Dieckmann et al. 2008).
Since then, ikaite has been ubiquitously identified
in both Antarctic and Arctic sea ice, and its role in
CO: exchange between the atmosphere and ocean
has caught much interest (Rysgaard et al. 2013). A
laboratory study also revealed that phosphate
could be strongly co-precipitated with ikaite; de-
pending on experimental conditions, about 42-
97 % of the phosphate could be removed from solu-
tions because of ikaite precipitation (Hu et al.
2015). If these laboratory-based results hold true
under natural sea-ice conditions, phosphate could
be preserved in ikaite during wintertime, and re-
leased again when ikaite dissolves in spring at the
same time as the ice melts, which could boost bio-
logical activity in the underlying seawater.

To test the hypothesis of phosphate removal by
ikaite precipitation in natural sea ice, we went to
the Villum Research Station (VRS) in April 2015
during its inaugural year. When we set foot on the
frozen Wandel Sea, we were amazed by how thick
the snowpack was: at least 1 m of snow every-
where. This is quite unusual with Arctic sea ice
where the overlying snow depth rarely exceeds 50
cm. As snow acts as a good insulation layer, even
though the air temperature was as low as -20 °C,
the underlying sea ice was quite warm, always
above -5 °C. The salinity of the bulk ice was also
very low, averaging around 1-2. Those conditions
meant that the ikaite concentration in the sea ice
was fairly low, as ikaite formation is favored at low
temperatures and high salinities. Nevertheless, af-
ter the hard work of shoveling off the thick snow,
we were able to collect enough surface ice, which
is expected to have the highest concentration of
ikaite.

Indeed, we found ikaite in the surface ice samples,
but as suspected the concentration was not very
high (~13.8 pmol kg-1). Contrary to our hypothesis,
we did not see a change in the phosphate concen-
tration before and after ikaite dissolution, which

meant the formation of ikaite did not remove phos-
phate from the brine (Hu and Wang 2020).

So why is the result of the field work different from
that of the laboratory study?

First of all, the ikaite concentrations used in the la-
boratory study were more than two order of mag-
nitude larger than those detected in sea ice from
the Wandel Sea. Is this the reason why no phos-
phate removal was observed in natural sea ice? As
revealed by the laboratory study, phosphate re-
moval due to ikaite precipitation mainly occurs at
the ikaite nucleation stage; further growth of ikaite
crystals does not have a significant impact on phos-
phate removal, suggesting that phosphate removal
is not related to the amount of ikaite precipitated.
The laboratory study further indicates that a larger
amount of phosphate is co-precipitated with ikaite
at a higher solution saturation level with respect to
ikaite. Therefore, the fact that no or negligible
phosphate was removed by ikaite precipitation in
the natural sea ice seems to suggest that ikaite
might have precipitated at a rather low solution
saturation level.

It is a bit frustrating that the result from the field
study does not support our hypothesis, but that is
often how science works. We never know what the
truth is until we explore it deeply. So, for that, we
owe our thanks to the VRS!

References

Assur, A. 1958. Composition of sea ice and its
tensile strength, p. 106-138. Arctic Sea Ice
Conference Proceedings, NAS-NCR Publ. 598.
National Academy of Science, Washington, D.C.

Dieckmann, G. S. and others 2008. Calcium
carbonate as ikaite crystals in Antarctic sea ice.
Geophys. Res. Lett. 35: L08501.

Hu, Y.-B.,, and F. Wang. 2020. Effect of ikaite
precipitation on phosphate removal in sea ice.
Polar Res. 39: 3413.



Hu, Y.-B., M. Wolthers, D. A. Wolf-Gladrow, and Rysgaard, S. and others 2013. Ikaite crystal

G. Nehrke. 2015. Effect of pH and phosphate on distribution in winter sea ice and implications for
calcium carbonate polymorphs precipitated at CO; system dynamics. Cryosphere 7: 707-718.
near-freezing temperature. Cryst. Growth Des. 15:

1596-1601.

Figure 2.1. Ice coring in a snowing day (photo: Yu-Bin Hu).

Figure 2.2. Ice core (photo: Yu-Bin Hu).
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Figure 2.3. Ikaite crystals under the microscope (photo: Yu-Bin Hu)

Figure 2.4. BBQ party at the VRS (photo: Feiyue Wang)



3 Clouds and the depth of the aerosol layer

By Sven-Erik Gryning'!, Ekaterina Batchvarova'?, Rogier Floors!, Christoph Miinkel3, Henrik Skov* & Lise-

Lotte Serensen*

IDTU Wind Energy, Technical University of Denmark, Roskilde, Denmark.

2Climate, Atmosphere and Water Research Institute at Bulgarian Academy of Sciences (CAWRI-BAS) 66, Blvd

Tzarigradsko chaussee, 1784 Sofia, Bulgaria
3Vaisala GmbH, Hamburg, Germany

4Climate, Arctic Research Center, Depart. of Env. Sci. Aarhus University, Denmark

The Arctic amplification of climate warming is at-
tributed to several factors where clouds are
known to be a major contributor. However, the
features and persistence of clouds are not well
captured in numerical models, which contributes
to the large spread among climate models. It is
also evident that information on the depth of the
aerosol layer near the ground and the cases where
a depth cannot be estimated might be helpful for
understanding the chemical observations and
origin of the greenhouse gases at the Villum Re-
search Station in northern Greenland.
Furthermore, the Arctic cloud seasonality is com-
plex with different processes and atmospheric
conditions operating in different temporal scales.
This has spurred interest in measurements based
on remote sensing instruments of the aerosol pro-
files near the ground and cloud measurements in
the Arctic but such measurements are very diffi-
cult due to the harsh conditions for the instru-
ments.

We operated a remote sensing instrument, a so-
called ceilometer, since 2011 at Villum Research
Station. A ceilometer is an active fully automatic
continuous operational remote sensing instru-
ment. The instrument transmits very short (110
ns) pulses of light, vertically or near vertically,
corresponding to an effective pulse length of
about 16 m. The light beam is backscattered as it
impacts on aerosols and clouds. It was mounted
on the roof of a monitoring hut (Flygers Hut, see
Figure 1). Contrary to the aerosols in the clear air,
backscatter from clouds is very strong and easily
detected. Figure 2 shows a backscatter signal
where cloud layers are seen at both around 3 km
as well as 5 km. A contemporary photo of the sky
nicely illustrates the actual conditions with a bro-
ken cloud cover is seen in Figure 3. Because the
ceilometer is transmitting a very narrow pulse, it
detects either cloud or no cloud conditions as the
clouds are advected over the ceilometer beam.
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These cloud/no cloud observations are used to
derive the fraction of the cloud cover.

Annual and seasonal cloud cover variation is de-
rived. The cloud cover is larger during the au-
tumn and winter as compared to summer and
spring. The cloud cover exhibits a substantial vari-
ation from year to year without a clear trend. This
is opposite to the expected and modelled changes
due to global warming over the Arctic Ocean. The
cloud cover during the autumn of 2016 is lowest
compared to the other years and it has not yet
been possible to come up with an explanation of
this phenomena. It seems, at least, not to be con-
nected to changes in the El Nino or the North At-
lantic Oscillation.

As shown in Figure 4, the hourly cloud cover
turned out to follow a U-shaped rather than a
Gaussian-like distribution. When working with
cloud climatology it should be emphasized, that a
universally accepted definition of a cloud is still
lacking. Cloud statistics are often studied using
observations of cloud amount and type made by
human observers, or by the ability of a sensor to
detect some minimum concentration of a given
particle size, or a signature in the cloud. There-
fore, the understanding of what a cloud is, de-
pends entirely on the objectives of the study and
the instrument for observations that are used to
estimate the clouds. Any cloud is therefore spe-
cific to the instruments and methodology that are
used to observe it. A comparison of cloud cover
observed by different types of remote sensing in-
struments and output from meteorological mod-
els with the cloud amount that is estimated by hu-
man observers following the WMO (World Mete-
orological Organization) standard could be very
helpful.

We also looked at the aerosol backscatter under
conditions of a clear sky or below the clouds
where the backscatter is much less and the analy-
sis is therefore more demanding. Despite the



enormous changes in the meteorology due to the
long dark winter and summer with the sun up all
time, typically an aerosol layer of a depth of 250 m
was observed during both summer and winter
but in such a way that the variation in depth was
larger during the winter. It should be noted how-
ever, that for about 25% of the backscatter profiles
there was no well defined depth of the aerosol
layer either because the backscatter profiles were

Ceilometer
—

irregular or, as quite often was the case, the aero-
sol concentration (attenuated backscatter) was in-
creasing with height. This nicely illustrated the
complexity of the meteorology in the Arctic being
a mix of processes operating on different spatial
and temporal scales.

Figure 3.1. Flygers Hut with the ceilometer mounted on the roof.
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Figure 3.1. Profile of attenuated backscatter measured at the same time as the photo of the broken clouds (Figure 3). Clouds
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Figure 3.2. Photo of the sky with broken clouds taken concurrent with the attenuated backscatter profile.
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Figure 3.4. Distribution of the cloud cover at the Villum Research Station. It can been see that the predominant conditions cor-
respond to fully overcast or clear sky.

Figure 3.5. Histogram of the depth of the aerosol layer representing a full year of observations. It can be seen that the most
common depth of the aerosol layer is around 250 m.



4 Changes in anthropogenic aerosols and their implications for

the Arctic environment

By Jakob Boyd Pernov, Daniel Charles Thomas, Jacob Kleng Ngjgaard, and Andreas Massling, Department of

Environmental Science, Aarhus University

Introduction

The Arctic has undergone significant changes in
the past few decades, characterized by rising tem-
peratures, reduced sea ice, and changing atmos-
pheric composition of gases and aerosols. In fact,
the temperature in the Arctic is rising faster than
anywhere else on Earth, in a phenomenon known
as Arctic amplification. Aerosols are one of the
most important constituents in the Arctic atmos-
phere and affect the radiative balance in two ways:
directly, through the scattering and absorption of
incoming light, and indirectly, through the modifi-
cation of cloud properties. When aerosols scatter
sunlight in the atmosphere, less of the light reaches
the Earth’s surface, resulting in cooling. Con-
versely, when aerosols absorb sunlight, they tend
to re-emit the energy and cause atmospheric
warming. The radiative forcing effects of aerosols
depend on their particle size, composition and
abundance, as well as the underlying surface prop-
erties and meteorological conditions, thus their
contribution to climate forcing is associated with a
large uncertainty —especially in the Arctic.

There are strong seasonal variations in Arctic aero-
sol concentration, size, and chemical composition.
In winter and spring, we see increased levels of an-
thropogenic pollution arriving via long-range
transport from the mid-latitudes. This is com-
monly referred to as Arctic Haze, and consists of
sulfate and black carbon among other compounds
(Heidam et al., 2004). It can be seen with the naked
eye, shown in Fig. 1 as the haze layer above the
horizon. In the summer and autumn, biogenic
emissions consisting of sulfate, organics, and acids
originate from more local or regional sources and
become the predominant source of aerosols (Willis
et al., 2018).

To further our understanding of the role of aerosols
in Arctic climate change, we investigated long-
term trends of environmental parameters such as
sea ice extent and air temperature, as well as con-
centrations of sulfate and elemental carbon (EC).
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Methods & Materials

All measurements were collected at Villum Re-
search Station (Villum), located at Station Nord in
Northeastern Greenland. Using a custom-built fil-
ter pack sampler (FPS, Figure 2), weekly filter pack
samples were collected from 2007 onwards. Sulfate
(5O42-) was measured by Ion Chromatography
(IC) from 2007. EC was collected onto quartz fiber
filters using a High-Volume Sampler (HVS) and
measured via the Thermal/Optical Method, from
2009 onwards. Air temperature measurements
from 2007 until 2014 were collected by the Danish
Meteorological Institute (DMI) at Station Nord,
and from 2014 they were recorded at the Air Ob-
servatory at Villum. Daily sea ice extent (2007-
2019) and monthly sea ice concentration (March &
September 1989 and 2019) were obtained from the
National Snow and Ice Data Center (NSIDC,
https:/ /nsidc.org/data). Sea ice edges for March
and September 1989 were obtained from DMI
(http:/ /ocean.dmi.dk). Trends were analyzed us-
ing the Mann-Kendall test and the associated Theil
Sen’s slope on yearly medians. Relative trends
were calculated by dividing the absolute slope by
the median for the entire period.

Results

Significant decreases in sea ice extent have oc-
curred year-round from 1989 to 2019, as seen in Fig.
3, for the yearly maximum (March) and minimum
(September). The black line indicates sea ice edge
in 1989 for reference. From Fig. 3, it is evident that
sea ice shrinkage is greatest during September.
Since 2007, sea ice extent in the Arctic has been sig-
nificantly decreasing at a rate of -0.5 % yr-1 (abso-
lute rate of -0.056 106 km2 yr-1, Fig. 4). Interest-
ingly, there are several locations where sea ice con-
centration has increased. One such location is lo-
cated directly south of Villum, making this site an
ideal location to study the complexity of climate
change in the Arctic.

Aerosols are predicted to play an important role in
the changing Arctic climate and associated sea ice



loss. For example, sulfate aerosols are highly scat-
tering and therefore lead to cooling, whereas EC is
highly absorbing, leading to atmospheric warm-
ing. Aerosols can also play a role in feedback mech-
anisms. An example is that when EC is deposited
onto snow or ice, the surface albedo is reduced, re-
sulting in greater absorption of light by the surface.
This will cause snow and ice loss, and the exposed
land or open water underneath will be much
darker, further decreasing its albedo and warming
the surface.

Air temperatures were found to have increased at
arate of 1 % yr-1 (absolute rate of 0.27 °C yr-1, Fig.
4) at Villum since 2007. While concentrations of
sulfate and EC have both been significantly de-
creasing at a rate of -7.8 % yr-1 since 2007, the ab-
solute decrease in sulfate is an order of magnitude
higher than EC (Fig. 4), -17 vs -1.4 ng m-3 yr-1, re-
spectively. Modeling studies indicate that this de-
crease in highly scattering aerosols from anthropo-
genic sources is a major contributor to the observed
temperature increase in recent years, outweighing
reductions in EC over the same period (Breider et
al., 2017). Thus, future reductions in sulfate will
likely lead to rising air temperatures and sea ice
loss.

Outlook

These changes also have implications for more lo-
cal emissions of natural/biogenic aerosols in the
Arctic. The opening of the Arctic waters has in-
creased sea spray emissions and microbial activ-
ity —a significant source of biogenic aerosol pre-
cursors. Freshly formed aerosols can, after aging
processes, be involved in cloud formation and im-
pact cloud properties, which thus influences the
Arctic climate. Additionally, although local an-
thropogenic emissions in the Arctic (i.e., ship traf-
fic, transportation, and resource extraction) are
presently minor, they are becoming more im-
portant, especially in the context of future sea ice
loss (Law et al., 2017). These processes need further
investigation and require an extended measure-
ment program focusing on biogenic aerosol pre-
cursors and aerosol microphysical properties, in
addition to the traditional chemical characteriza-
tion that previously has focused predominantly on
anthropogenic pollutants. How these changing lo-
cal anthropogenic emissions and natural biogenic
emissions will affect the Arctic climate remains an

open question.

Figure 4.1. Photograph displaying the Arctic Haze phenomenon as seen by the layer of haze above the horizon. The photo-

_—

graph was taken outside of Flyger's Hut in March 2020. Photo: Jakob Boyd Pernov.



Figure 4.2. Sampling inlet for the filter pack sampler on the roof of the Air Observatory. Photo: Jakob Boyd Pernov.
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Figure 4.3. Differences between sea ice surface area concentration for (left) March and (right) September 2019 and 1989. The
sea ice edge for the respective month during 1989 is shown in black. Maximum (minimum) sea ice area extent and concentra-
tion occur in March (September).
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listed. Note the different y-axes used. Trends in sea ice extent, temperature, and EC are statistically significant on the 90th %
confidence level (CL), while sulfate is only statistically significant on the 85th % CL.
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5 Greenland: a cool wonderland for phototrophic bacteria

By Yonghui Zeng. Department of Plant and Environmental Sciences. University of Copenhagen

The glaciers and soils in Greenland have been
known teeming with microbes, both above- and
under-ground, that have direct impact on global
changes, e.g., accelerating surface glacial melt or
releasing greenhouse gases from permafrost. How
these microbes have evolutionarily adapted to the
cold, nutrient-poor terrestrial environments in
Greenland (Figure 1) has long fascinated me. Over
the past years, my research focus has been placed
on phototrophic bacteria that can harvest sunlight
as an energy source. These tiny colourful microbes
are present everywhere on the Earth’s surface for
more than three billion years, representing fantas-
tic models for studying the co-evolution of mi-
crobes and the Earth’s surface environments.
Greenland can be a cool wonderland for photo-
trophic bacteria given that the light-harvesting ca-
pability can be particularly useful for surviving the
harsh environments in Greenland. The questions I
ask are whether the unique environmental condi-
tions in Greenland have fostered unique photo-
trophic bacterial species and how their genomes
have been evolving with respect to their photosyn-
thesis function. I hope my recent research results
can attract more interest into this topic.

Thanks to the support from two Villum Experi-
ment grants (2017-2021), I was able to visit the Vil-
lum Research Station (VRS) in the summer of 2018
to carry out the fieldwork and use the excellent fa-
cilities at VRS for my microbiology research. To-
gether with Jorgen Skafte, we digged a 2-m deep
snow pit at the “Lille Firn” glacier (81.566° N,
16.363° W) in the Knuths Fjeld area, 5.6 km away
from VRS (Figure 2). From the pit, we sampled
about 100 kg of the surface ice that formed during
the previous season. The melt water was used for
bacterial isolation in the VRS lab (Figure 3) and for
later community DNA extraction and direct DNA
sequencing back in Denmark.

In addition to hundreds of phototrophic bacterial
isolates obtained, an enormous amount of sequenc-
ing data was generated from this work. From these
datasets, one particularly exciting finding was that
some glacial bacteria appear to be capable of per-
forming two types of phototrophy simultaneously,
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opening a new research avenue into how bacteria
maximize their energy gain from solar radiation
(ref. 1). There are only two general biological sys-
tems that have evolved in bacteria for net energy
conservation via light harvesting: one is based on
the pigment of (bacterio-)chlorophyll and the other
is based on proton-pumping rhodopsin proteins.
There is emerging genomic evidence that these two
rather different systems can co-exist in a single bac-
terium to take advantage of their contrasting char-
acteristics in the number of genes involved, biosyn-
thesis cost, ease of expression control, and effi-
ciency of energy production and thus to enhance
the capability of exploiting solar energy. I isolated
four bacterial strains from the “Lille Firn” glacier
ice, the genomes of which were sequenced and
closed. Their genomes provide the first clear-cut
evidence that such “dual phototrophy”, a new
term I proposed, potentially exists in glacial bacte-
ria. Further public genome mining and another
published work done at my collaborator’s group in
Czech Republic (ref. 2) suggest that this understud-
ied dual phototrophic mechanism is possibly more
common than our data alone suggested. I hope
these findings can provide a strong case support-
ing that glacier can be an invaluable system for
study bacterial genome evolution.

The other reason why I hold a strong belief that
Greenland is a wonderland for phototrophic bacte-
ria is the finding of a member of the highly sought
group of phototrophic bacteria called Gemmatimo-
nadetes, which is a bacterial phylum with very few
phototrophic representatives so far. Gemmatimo-
nadetes is an important but yet understudied
group in natural microbial communities. The isola-
tion of the only phototrophic member of this phy-
lum, Gemmatimonas phototrophica, was reported
in 2014 (ref. 3), which expanded the list of known
bacterial phyla capable of performing (bacterio-
)chlorophyll-based photosynthesis. Since then, no
new phototrophic member of this phylum has been
isolated. By applying a novel isolation strategy that
combines mass spectroscopy-based high-through-
put profiling and rapid screening for phototrophic
bacterial colonies, I successfully isolated the sec-



ond phototrophic member of this phylum - Gem-
matimonas groenlandica (ref. 4) - from a stream in
northeast Greenland, close to the Zackenberg Re-
search Station. It is my honor to name this species
after Groenland (Greenland in Danish). Its discov-
ery confirms the widespread presence of photo-
trophic Gemmatimonadetes bacteria in natural en-
vironments and raises an intriguing question on
the evolutionary history of phototrophy in this
phylum. I strongly believe there are many more
unknown, evolutionarily exciting phototrophic
microorganisms in Greenland awaiting discovery.

= = , BN : 5 N
Figure 5.1. The landscape of coastal northeast Greenland photographed from the transport aircraft flying from Longyearbyen,
Svalbard to the Villum Research Station. Photo by Yonghui Zeng on 30 June, 2018.
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Figure 5.2. Sampling of the surface ice at the “Lille Firn” glacier for microbiology studies. See more details in the ref. 1.

Figure 5.3. Author’s selfie working at the VRS lab in the summer of 2018.
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6 Crossing the Greenland icecap on a tailwind

By Morten Frederiksen. Department of Ecoscience, Aarhus University

In the summer of 2018, we tagged 18 ivory gulls
with GPS transmitters near Station Nord (see 2018
Annual Report). The main aim of this study was to
improve our understanding of the foraging ecol-
ogy of this high-Arctic specialist seabird, including
mapping the most important foraging areas during
the breeding season. However, when our radio
download device was set up at the station in July
2019, we were lucky enough to obtain year-round
tracking data from two individuals.

In rough terms, the annual cycle of the ivory gull is
quite well known. Ivory gulls are tightly linked to
ice edge habitats all year, and the main wintering
area for the population breeding in Northeast
Greenland is in the Davis Strait between Southwest
Greenland and Canada (although some birds mi-
grate to the Bering Sea). However, this is the first
time that individuals have been followed through-
out the annual cycle using high-precision tech-
niques.

The two birds initially followed very similar
routes: after leaving the colony in August, they first
spent some weeks north of Svalbard and then
moved south along the east coast of Greenland,
around Cape Farewell and into the Davis Strait.
Here they remained for several months, moving a
bit north and south along the ice edge. One bird left
the ice edge in mid-March, crossed to the Green-
land coast and followed the same route south of
Greenland back to the breeding area. The other
bird did something very different. It remained in
the wintering area until mid-May, and then fol-
lowed the ice edge north into the Baffin Bay. On 30
May late in the evening, it left its final staging site
at 71.5° N (north of Uummannaq) and crossed the
Greenland icecap, arriving in a small polynya off
the east coast after covering 1345 km in 29 hours.

In itself, such a crossing was impressive, but sev-
eral other aspects were noteworthy. The bird made
six shorter and longer stops on the way, with a total
duration of six hours. The total flight time was thus
23 hours, and the mean ground speed more than 58
km/h. To achieve this, the bird made use of a tail-
wind of on average 11.5 km/h. Most of the way,

the bird appeared to fly close to the surface of the
icecap, but over the ice-free parts of West and East
Greenland it increased its altitude substantially to
more than 2000 m above the ground, or more than
4000 m above sea level in East Greenland.

This anecdotal observation raises several very in-
teresting questions. Firstly, why did the second
bird choose to cross the icecap rather than take the
detour south of Greenland? Most seabirds rarely
cross major terrestrial barriers during migration,
preferring to remain over the sea. Perhaps the bird
was aware that it had strayed so far north that the
southern route would have been very much longer,
and that the season had progressed so far that it
was time to get back to the breeding site. The very
direct track during the crossing - only 3% longer
than the shortest possible track - indicates good
navigation skills. Secondly, why did the bird fly so
high over the ice-free parts of Greenland? This may
have been to achieve more favourable wind condi-
tions, and indeed the tailwind was stronger at
flight altitude than at ground level in West Green-
land - but not in East Greenland. It may also have
been to avoid predation by falcons, or to be able to
see far ahead and plan a route to the nearest open
water. Thirdly, why did the bird stop along the
way? There’s no food on the icecap, but the bird
may have eaten snow to rehydrate. Or perhaps it
just needed a rest - unlike some other migratory
birds, gulls are not known for very long non-stop
flights. Clearly, there is still a lot to learn about bird
migration - the more detailed data we obtain, the
more specific question we can ask!
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Figure 6.1. The solar-powered GPS device has just been mounted on the back of this ivory gull — just about to be released to
collect data! Photo: Henrik Haaning Nielsen.
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Figure 6.2. Tracks of the two ivory gulls from 1 January 2019 until arrival in the breeding colony near Station Nord. The autumn

migration is not shown, but followed roughly the same route as the blue bird did in spring. Positions are at approximately 60-
minute intervals during January-April, and 5-minute intervals during May-June.
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Figure 6.3. The track of the ivory gull which crossed the Greenland ice cap 31 May 2019, shown in red. The dashed line shows
the shortest possible track between the staging sites in Baffin Bay and the Greenland Sea. The black asterisks mark the
locations of the stops made by the bird during the crossing, with larger symbols indicating longer stops. The background is a
composite satellite image from the same day.
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7 Permafrost thermal dynamics and cryostratigraphy at Villum

Research Station

By Hanne H. Christiansen!, Sarah M. Strand'? and Graham L. Gilbert!?

Department of Arctic Geology, The University Centre in Svalbard, Longyearbyen, Norway.

2Department of Geosciences, University of Oslo, Oslo, Norway.

3Natural Hazards Market Area, Norwegian Geotechnical Institute, Oslo, Norway

Introduction

Permafrost is widespread in the periglacial terres-
trial Arctic. The thermal state of permafrost and ac-
tive layer thickness (ALT) are key indicators for
monitoring permafrost as an essential climate var-
iable, designated by the Global Climate Observing
System. Evaluating permafrost change is im-
portant given present and predicted Arctic warm-
ing, and the central role of permafrost in Arctic ter-
restrial environments. The permafrost thermal re-
gime is dependent on climate, substrate, specifi-
cally lithology and ground ice content, and surface
conditions including snow cover, hydrology, and
vegetation.

Field measurements are necessary to characterize
the ground thermal regime, and detailed field
studies are required to develop a process-based
understanding of the ground thermal regime de-
velopment and its dynamics. In the high Arctic,
permafrost direct field measurements are sparse;
in all of northern Greenland, only three sites are in-
strumented to monitor permafrost conditions:
Zackenberg (74° N), Thule Airbase (76° N), and
Station Nord (81° N) (Fig. 1). Given the absence of
measurement sites, little is known about ground
thermal regime and its variability in northern
Greenland, which includes the northernmost land
on Earth.

Two 20 m deep boreholes were drilled in August
2014 in collaboration with the University Centre in
Svalbard, UNIS, establishing Villum Research Sta-
tion (VRS) permafrost monitoring. The permafrost
borehole temperature measurements are a perma-
nent component of VRS’s climate monitoring pro-
gram. Through INTERACT funding a field visit
was secured in 2017, and thanks to good collabora-
tion with the VRS staff, further data downloading

was performed during December 2021. This allows
for analyses of a 7-year (2014-2021) dataseries of
the ground thermal regime and the sedimentary
stratigraphy of the two 20 m deep boreholes (SN1
and SN2) at VRS, providing the northernmost anal-
ysis of ground thermal regime in Greenland, and
the second northernmost worldwide.

Results

The mean annual permafrost temperature at 20 m
depth in the borehole SN1 increased from -8.1°C to
-7.7°C over the 7-year period, while in the borehole
SN2 it increased from -7.3°C to -7.0°C over the
same period (Fig. 2 and 3). The two permafrost
monitoring boreholes are located ca. 100 m west of
the VRS atmospheric observatory. They are both
drilled into raised beach ridges and are 70 m apart.
SN1 is located on the flat top of a beach ridge at 36
m asl, while SN2 is located downslope in a shallow
depression at 27 m asl. This topographical differ-
ence controls the difference in ground thermal
state, as more snow accumulates over the SN2 site.
Generally, more than one meter of snow accumu-
lates at the VRS station site, which clearly increases
the permafrost ground temperature given the nor-
therly location.

The active layer thickness varied from 0.8 to 1 m at
the SN1 site, and from 0.5m to 1.2m at the SN2 site
over the 7-year observation time (Fig. 3). There was
no trend in these changes, again most likely due to
the large snow dynamics control on ALT.

When drilling the boreholes cores were collected
were possible down through the two boreholes.
Generally, the cores only had sediment pore-filling
ice, called pore ice present, where ice is limited to
the spaces between sediment grains. This ice type
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is formed by the freezing of pore water. The ab-
sence of visible ice was corroborated by the consist-
ently low moisture content: 90% of the samples had
a gravimetric moisture content less than 20%.
Three stratigraphic units were identified from the
collected cores and borehole material.

Conclusion

The interplay between snow dynamics, specifically
snow timing and depth, and seasonal air tempera-
tures is the most important element controlling
ground thermal regime at this location. Air tem-
peratures during autumn and mid-winter, the fast-
est warming seasons, clearly influence the ground
thermal regime despite a snowpack that exceeds 1
m. This is possible due to the gradual increase in
snow depth throughout the snow season and the
density of the snowpack arising from the domi-
nance of wind-redistributed snow. We anticipate
continued permafrost warming on the Prinsesse
Ingeborg Halvg, in line with the area’s air temper-
ature increase. Land surface change will be limited
due to the absence of excess ice. Increased precipi-
tation is predicted for northeast Greenland and the
Arctic overall; the effect of this on snow depth and
permafrost conditions on the Prinsesse Ingeborg
Halve will depend on sea ice extent and conditions
for wind-redistributed snow, along with the sea-
sonal precipitation distribution and the length of
the snow cover period.

Read more

If you like to read more about the details of this
study, please check out Journal of Geophysical Re-
search, in which the following manus has been ac-
cepted for publication: Strand, S.M., Christiansen,
H.H. & Gilbert, G.L. Permafrost thermal dynamics
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and cryostratigraphy at Villum Research Station,
Station Nord, eastern North Greenland (81° N),
Journal of Geophysical Research, Earth Surface.
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Figure 7.1. Overview map (base map by Jakobsson et al., 2012) with a black circle designating Kronprins Christian Land and
parts of the Independence-Danmark Fjord system in eastern North Greenland. Other permafrost borehole locations this far
north is also marked. B) Terra/MODIS corrected reflectance (true color) satellite image from 30 July 2019 showing Kronprins
Christian Land and neighboring regions with typical late-summer sea ice conditions (image acquired through NASA Worldview,
https://worldview.earthdata.nasa.gov/). The black box marks the Prinsesse Ingeborg Halvg. C) Geological Survey of Denmark
and Greenland (GEUS) topographic map of the Prinsesse Ingeborg Halvg (map available at http://www.greenmin.gl/). D)
Oblique aerial photo of the study area on northern tip of the Prinsesse Ingeborg Halvg in August 2014, looking north. E)
Borehole one, SN1. F) Borehole two, SN2.
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8 Trends and seasonadlity in tropospheric ozone at a High Arctic

research facility

By Henrik Skov, Jens Hjorth, Jakob Boyd Pernov and Claus Nordstrem. Department of Environmental Science,

Aarhus University

In the public, ozone is best known from the strato-
sphere, where it protects life on Earth against de-
structive ultraviolet radiations from the sun. In the
lower part of the atmosphere - the troposphere -
ozone is also important. It is formed by photo-
chemical reactions in the atmosphere involving
NOx together with methane and other volatile or-
ganic compounds or carbon monoxide. In the trop-
osphere, ozone absorbs incoming sunlight and out-
going radiation from the Earth and thus it is an im-
portant greenhouse gas. Finally, ozone is the
source for OH radicals that is the main tropo-
spheric oxidant.
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We have studied ozone at Villum research Station
in the framework of the “Arctic Monitoring and
Assessment Program” since 1996 with a break be-
tween June 2002 and June 2007 (see Figure 1) to get
deeper insight into the general chemistry in the
Arctic atmosphere.

—— Ozone at Villum

I

1994 1999 2004

2009 2014 2019

Year

Figure 8.1. Time series of ozone mixing ratio at Villum Research Station.

A distinct seasonal pattern is evident. A maxi-
mum ozone concentration is observed during
winter, in spring a highly perturbed period where
ozone is depleted during ozone deletion episodes
(ODEs), thereafter a local maximum is seen in
June and another minimum in July and August.

This seasonality is demonstrated more clearly in
Figure 2, where the monthly medians of all the
years are shown together with the quartiles.
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Figure 8.2. Average monthly concentrations at Villum for the years 2007-2019.

The spring minimum is due to the depletion of
ozone that is observed at Arctic coastal stations
(AMAP 2021) and is connected to the depletion of
mercury (Skov et al. 2020). It is now proven that the
occurrence of ODE is due to catalytic degradation
of ozone by reaction with Br (Wang et al., 2019):

O3 + Br —» BrO + O

2BrO — Brz + Oz

Brz + hv — 2Br

The source for bromine is more open for discus-
sion. The most common believe is that Br2 is re-
leased to the atmosphere by heterogeneous reac-
tions from refreezing leads or produced from

windblown snow containing marine salt (Yang et
al., 2020; Wang et al., 2019).
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Heterogeneous reactions

Br- + O3 — BrO- + Oz

BrO- + Brag + 2H*aq — Brot + H2O

or

HOBr = HOBryq

HOBr + Brag + H*aqg — Br2T + HO

HOBr is produced in the atmosphere from e.g.
BrO + OOH — BrOH + O

Currently we are working on the analysis of long
time series of measurements of atmospheric BrO to
get a deeper understanding of the chemistry of Br
species and of ozone. Trends are analyzed by the
non-parametric Mann-Kendall regression analysis
method.

Ozone itself does not show a significant trend look-
ing at all data from 1997 until today, but from 2007
and until today there is a significant increase, espe-
cially in the winter months (see Figure 3).
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Figure 8.3. Seasonal Sen slopes of ozone monthly median concentrations calculated by de-seasoned Mann-Kendall test for
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The increase in the ozone mixing ratio is significant
for all months but April and May, where the ODE’s
occur. In the spring, the special halogen chemistry
might be the reason for this lack of increase. The
increase in ozone has previously been explained by
decreasing emission of NOx because this reduces
the removal of ozone by reaction with NO. In the
summer (June, July and August), the lower in-
crease might be explained by the retreating sea ice
and greening of the Arctic that lads to faster depo-
sition of ozone.

The results from Villum will be integrated in a sci-
entific paper together with results from other Arc-
tic Stations {Law et al., 2021) and we are planning
another one, where we compare measured and
modelled data for Villum.
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Publications 2015 -2021

Below you find an overview of the numbers oof publications based on activities at Villum Research Station
2015-2021.
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2020 18 2 1
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34






Publications 2020

Adamczyk M, Perez-Mon C, Gunz S, Frey B.
Strong shifts in microbial community structure are
associated with increased litter input rather than
temperature in High Arctic soils. Soil Biol Biochem.
2020;151.

Creamean JM, Hill TCJ, DeMott PJ], Uetake ],
Kreidenweis S, Douglas TA. Thawing permafrost:
an overlooked source of seeds for Arctic cloud for-
mation. Environ Res Lett. 2020;15(8).

Dall'Osto M, Park ], Kim JH, Kang SH, Park K,
Beddows DCS, et al. Arctic ship-based evidence of
new particle formation events in the Chukchi and
East Siberian Seas. Atmos Environ. 2020;223.

Hansen KM, Fauser P, Vorkamp K, Christensen JH.
Global emissions of Dechlorane Plus. Science of the
Total Environment. 2020;742.

Hartmann M, Adachi K, Eppers O, Haas C, Herber
A, Holzinger R, et al. Wintertime Airborne Meas-
urements of Ice Nucleating Particles in the High
Arctic: A Hint to a Marine, Biogenic Source for Ice
Nucleating Particles. Geophysical Research Let-
ters. 2020;47(13).

Hu YB, Wang FY. Effect of ikaite precipitation on
phosphate removal in sea ice. Polar Res. 2020;39.

Laidre KL, Stirling I. Grounded icebergs as mater-
nity denning habitat for polar bears (Ursus mariti-
mus) in North and Northeast Greenland. Polar
Biol. 2020;43(7):937-43.

Larsen NK, Sondergaard AS, Levy LB, Olsen ],
Strunk A, Bjork AA, et al. Contrasting modes of de-
glaciation between fjords and inter-fjord areas in
eastern North Greenland. Boreas. 2020;49(4):905-
19.

Nakoudi K, Ritter C, Bockmann C, Kunkel D, Ep-
pers O, Rozanov V, et al. Does the Intra-Arctic
Modification of Long-Range Transported Aerosol
Affect the Local Radiative Budget? (A Case Study).
Remote Sens-Basel. 2020;12(13).

34

Petaja T, Duplissy EM, Tabakova K, Schmale J, Alt-
stadter B, Ancellet G, et al. Overview: Integrative
and Comprehensive Understanding on Polar Envi-
ronments (iCUPE) - concept and initial results. At-
mospheric Chemistry and Physics.
2020;20(14):8551-92.

Porter GCE, Sikora SNF, Adams MP, Proske U,
Harrison AD, Tarn MD, et al. Resolving the size of
ice-nucleating particles with a balloon deployable
aerosol sampler: the SHARK. Atmospheric Meas-
urement Techniques. 2020;13(6):2905-21.

Pound RJ, Sherwen T, Helmig D, Carpenter L], Ev-
ans MJ. Influences of oceanic ozone deposition on
tropospheric photochemistry. Atmospheric Chem-
istry and Physics. 2020,20(7):4227-39.

Ruthi J, Bolsterli D, Pardi-Comensoli L, Brunner I,
Frey B. The "Plastisphere" of Biodegradable Plas-
tics Is Characterized by Specific Microbial Taxa of
Alpine and Arctic Soils. Front Env Sci-Switz.
2020;8.

Skov H, Hjorth J, Nordstrom C, Jensen B, Christof-
fersen C, Poulsen MB, et al. Variability in gaseous
elemental mercury at Villum Research Station, Sta-
tion Nord, in North Greenland from 1999 to 2017.
Atmospheric Chemistry and Physics.
2020,20(21):13253-65.

Tignat-Perrier R, Dommergue A, Thollot A, Ma-
gand O, Vogel TM, Larose C. Microbial functional
signature in the atmospheric boundary layer. Bio-
geosciences. 2020;17(23):6081-95.

Van Nieuwenhove N, Limoges A, Norgaard-
Pedersen N, Seidenkrantz MS, Ribeiro S. Episodic
Atlantic Water Inflow Into the Independence Fjord
System (Eastern North Greenland) During the Hol-
ocene and Last Glacial Period. Front Earth Sc-
Switz. 2020;8.

Yang X, Blechschmidt AM, Bognar K, McClure-
Begley A, Morris S, Petropavlovskikh I, et al. Pan-
Arctic surface ozone: modelling vs. measurements.
Atmospheric Chemistry and Physics.
2020;20(24):15937-67.



Zeng YH, Chen XH, Madsen AM, Zervas A, Niel-
sen TK, Andrei AS, et al. Potential Rhodopsin- and
Bacteriochlorophyll-Based Dual Phototrophy in a
High Arctic Glacier. Mbio. 2020;11(6).

Book
Arctic Sea Ice Ecology.

Seasonal Dynamics in Algal and Bacterial Produc-
tivity

Chapter 1 The Book, and Ecology of Sea Ice

Lars Chresten Lund-Hansen, Dorte Haubjerg
Segaard, Brian Keith Sorrell, Rolf Gradinger, Klaus
Martin Meiners

Chapter 3 Winter, Cold and Mature Sea Ice

Lars Chresten Lund-Hansen, Dorte Haubjerg
Segaard, Brian Keith Sorrell, Rolf Gradinger, Klaus
Martin Meiners

Report

The importance of Villum Research Station for the
Danish atmospheric AMAP contributions. Danish
Contribution to AMAP atmospheric part. Tech-
nical Report from DCE-Danish Centre for Environ-
ment and Energy, No 165

Skov, H., Bossi, R., Christensen, J., Vorkamp, K,

Massling, A., Ngjgaard, ] K., Kaj Mantzius Hansen,
Im, U. & Sgrensen, L.L.

35


https://link.springer.com/chapter/10.1007/978-3-030-37472-3_1
https://link.springer.com/chapter/10.1007/978-3-030-37472-3_3

Publications 2021

Adachi, K., N. Oshima, S. Ohata, A. Yoshida, N.
Moteki, and M. Koike. 2021. "Compositions and
mixing states of aerosol particles by aircraft obser-
vations in the Arctic springtime, 2018." Atmos-
pheric Chemistry and Physics 21 (5):3607-3626. doi:
10.5194/ acp-21-3607-2021.

Baccarini, A.,J. Dommen, K. Lehtipalo, S. Henning,
R. L. Modini, M. Gysel-Beer, U. Baltensperger, and
J. Schmale. 2021. "Low-Volatility Vapors and New
Particle Formation Over the Southern Ocean Dur-
ing the Antarctic Circumnavigation Expedition."
Journal of Geophysical Research-Atmospheres 126
(22). doi: 10.1029/2021jd035126.

Barten, J. G. M., L. N. Ganzeveld, G. J. Steeneveld,
and M. C. Krol. 2021. "Role of oceanic ozone depo-
sition in explaining temporal variability in surface
ozone at High Arctic sites." Atmospheric Chemis-
try and Physics 21 (13):10229-10248. doi:
10.5194/ acp-21-10229-2021.

Beck, L. J., N. Sarnela, H. Junninen, C. J. M. Hoppe,
O. Garmash, F. Bianchi, M. Riva, C. Rose, O. Pe-
rakyla, D. Wimmer, O. Kausiala, T. Jokinen, L.
Ahonen, J. Mikkila, J. Hakala, X. C. He, J.
Kontkanen, K. K. E. Wolf, D. Cappelletti, M. Maz-
zola, R. Traversi, C. Petroselli, A. P. Viola, V. Vitale,
R. Lange, A. Massling, J. K. Nojgaard, R. Krejci, L.
Karlsson, P. Zieger, S. Jang, K. Lee, V. Vakkari, J.
Lampilahti, R. C. Thakur, K. Leino, ]. Kan-
gasluoma, E. M. Duplissy, E. Siivola, M. Marbouti,
Y. J. Tham, A. Saiz-Lopez, T. Petaja, M. Ehn, D. R.
Worsnop, H. Skov, M. Kulmala, V. M. Kerminen,
and M. Sipila. 2021. "Differing Mechanisms of New
Particle Formation at Two Arctic Sites." Geophysi-
cal Research Letters 48 (4). doi: 10.1029/-
2020g1091334.

Frederiksen, M., O. Gilg, and G. Yannic. 2021.
"Cross-icecap spring migration confirmed in a
high-Arctic seabird, the Ivory Gull Pagophila ebur-
nea." Ibis 163 (2):706-713. doi: 10.1111/ibi.12903.

34

Geilfus, Nicolas-Xavier, Kathleen Munson, Marcos
Lemes, Feiyue Wang, Jean-Louis Tison, and Sgren
Rysgaard. 2021. "Meteoric water contribution to
sea ice formation and its control of the surface wa-
ter carbonate cycle on the Wandel Sea shelf, north-
eastern Greenland." Elementa: Science of the An-
thropocene 9 (1). doi: 10.1525/ ele-
menta.2021.00004.

Griesche, H. J., K. Ohneiser, P. Seifert, M. Radenz,
R. Engelmann, and A. Ansmann. 2021. "Con-
trasting ice formation in Arctic clouds: surface-cou-
pled vs. surface-decoupled clouds." Atmospheric
Chemistry and Physics 21 (13):10357-10374. doi:
10.5194/acp-21-10357-2021.

Gryning, S. E., E. Batchvarova, R. Floors, C. Mun-
kel, H. Skov, and L. L. Sorensen. 2021. "Observed
and modelled cloud cover up to 6 km height at Sta-
tion Nord in the high Arctic." International Journal
of  Climatology 41  (3):1584-1598.  doi:
10.1002/joc.6894.

Hartmann, M., K. Adachi, O. Eppers, C. Haas, A.
Herber, R. Holzinger, A. Hunerbein, E. Jakel, C.
Jentzsch, M. van Pinxteren, H. Wex, S. Willmes,
and F. Stratmann. 2020. "Wintertime Airborne
Measurements of Ice Nucleating Particles in the
High Arctic: A Hint to a Marine, Biogenic Source
for Ice Nucleating Particles." Geophysical Research
Letters 47 (13). doi: ARTN
€2020GL08777010.1029/2020GL087770.

Im, U,, K. Tsigaridis, G. Faluvegi, P. L. Langen, J. P.
French, R. Mahmood, M. A. Thomas, K. von
Salzen, D. C. Thomas, C. H. Whaley, Z. Klimont, H.
Skov, and J. Brandt. 2021. "Present and future aer-
osol impacts on Arctic climate change in the GISS-
E2.1 Earth system model." Atmospheric Chemistry
and Physics 21 (13):10413-10438. doi: 10.5194/acp-
21-10413-2021.

Koike, M., K. Goto-Azuma, Y. Kondo, H. Matsui,
T. Mori, N. Moteki, S. Ohata, H. Okamoto, N.
Oshima, K. Sato, T. Takano, Y. Tobo, J. Ukita, and
A. Yoshida. 2021. "Studies on Arctic aerosols and
clouds during the ArCS project." Polar Science 27.
doi: 10.1016/j.polar.2020.100621.



Kwiezinski, C., C. Weller, D. van Pinxteren, M.
Bruggemann, S. Mertes, F. Stratmann, and H.
Herrmann. 2021. "Determination of highly polar
compounds in atmospheric aerosol particles at ul-
tra-trace levels using ion chromatography Orbitrap
mass spectrometry." Journal of Separation Science
44 (12):2343-2357. doi: 10.1002/jssc.202001048.

Lamkaddam, H., ]. Dommen, A. Ranjithkumar, H.
Gordon, G. Wehrle, J. Krechmer, F. Majluf, D.
Salionov, J. Schmale, S. Bjelic, K. S. Carslaw, 1. El
Haddad, and U. Baltensperger. 2021. "Large contri-
bution to secondary organic aerosol from isoprene
cloud chemistry." Science Advances 7 (13). doi:
10.1126/sciadv.abe2952.

Landwehr, S., M. Volpi, F. A. Haumann, C. M. Rob-
inson, I. Thurnherr, V. Ferracci, A. Baccarini, J.
Thomas, I. Gorodetskaya, C. Tatzelt, S. Henning, R.
L. Modini, H.J. Forrer, Y. J. Lin, N. Cassar, R. Simo,
C. Hassler, A. Moallemi, S. E. Fawcett, N. Harris, R.
Airs, M. H. Derkani, A. Alberello, A. Toffoli, G.
Chen, P. Rodriguez-Ros, M. Zamanillo, P. Cortes-
Greus, L. Xue, C. G. Bolas, K. C. Leonard, F. Perez-
Cruz, D. Walton, and J. Schmale. 2021. "Exploring
the coupled ocean and atmosphere system with a
data science approach applied to observations
from the Antarctic Circumnavigation Expedition."
Earth System Dynamics 12 (4):1295-1369. doi:
10.5194/esd-12-1295-2021.

Lawler, M. ], E. S. Saltzman, L. Karlsson, P. Zieger,
M. Salter, A. Baccarini, J. Schmale, and C. Leck.
2021. "New Insights Into the Composition and Or-
igins of Ultrafine Aerosol in the Summertime High
Arctic." Geophysical Research Letters 48 (21). doi:
10.1029/2021g1094395.

Li Y, S. C. Kang, X. L. Zhang, J. Z. Chen, J.
Schmale, X. F. Li, Y. L. Zhang, H. W. Niu, Z. Q. Lj,
X. Qin, X. B. He, W. Yang, G. S. Zhang, S. ]. Wang,
L. L. Shao, and L. D. Tian. 2021. "Black carbon and
dust in the Third Pole glaciers: Revaluated concen-
trations, mass absorption cross-sections and contri-
butions to glacier ablation." Science of the Total En-
vironment 789. doi: 10.1016/j.sci-
totenv.2021.147746.

Mei, L. L., V. Rozanov, E. Jakel, X. Cheng, M.
Vountas, and J. P. Burrows. 2021. "The retrieval of
snow properties from SLSTR Sentinel-3-Part 2: Re-
sults and validation." Cryosphere 15 (6):2781-2802.
doi: 10.5194/ tc-15-2781-2021.

Moallemi, A., S. Landwehr, C. Robinson, R. Simo,
M. Zamanillo, G. Chen, A. Baccarini, M. Schnaiter,
S. Henning, R. L. Modini, M. Gysel-Beer, and J.
Schmale. 2021. "Sources, Occurrence and Charac-
teristics of Fluorescent Biological Aerosol Particles
Measured Over the Pristine Southern Ocean."
Journal of Geophysical Research-Atmospheres 126
(11). doi: 10.1029/2021jd034811.

Ohata, S., M. Koike, A. Yoshida, N. Moteki, K.
Adachi, N. Oshima, H. Matsui, O. Eppers, H. Bo-
zem, M. Zanatta, and A. B. Herber. 2021. "Arctic
black carbon during PAMARCMIP 2018 and previ-
ous aircraft experiments in spring." Atmospheric
Chemistry and Physics 21 (20):15861-15881. doi:
10.5194/ acp-21-15861-2021.

Pernov, J. B, R. Bossi, T. Lebourgeois, J. K.
Nojgaard, R. Holzinger, J. L. Hjorth, and H. Skov.
2021. "Atmospheric VOC measurements at a High
Arctic site: characteristics and source apportion-
ment." Atmospheric Chemistry and Physics 21
(4):2895-2916. doi: 10.5194/acp-21-2895-2021.

Pernov, J. B., B. Jensen, A. Massling, D. C. Thomas,
and H. Skov. 2021. "Dynamics of gaseous oxidized
mercury at Villum Research Station during the
High Arctic summer." Atmospheric Chemistry and
Physics 21 (17):13287-13309. doi: 10.5194/acp-21-
13287-2021.

Schmale, J., and A. Baccarini. 2021. "Progress in Un-
raveling Atmospheric New Particle Formation and
Growth Across the Arctic." Geophysical Research
Letters 48 (14). doi: 10.1029/2021g1094198.

Schmale, J., P. Zieger, and A. M. L. Ekman. 2021.
"Aerosols in current and future Arctic climate."
Nature Climate Change 11 (2):95-105. doi:
10.1038 /s41558-020-00969-5.

Song, C. B., M. Dall'Osto, A. Lupi, M. Mazzola, R.
Traversi, S. Becagli, S. Gilardoni, S. Vratolis, K. E.
Yttri, D. C. S. Beddows, J. Schmale, ]J. Brean, A. G.
Kramawijaya, R. M. Harrison, and Z. B. Shi. 2021.
"Differentiation of coarse-mode anthropogenic,
marine and dust particles in the High Arctic is-
lands of Svalbard." Atmospheric Chemistry and
Physics 21 (14):11317-11335. doi: 10.5194/acp-21-
11317-2021.

35



Tesche, M., P. Achtert, and M. C. Pitts. 2021. "On
the best locations for ground-based polar strato-
spheric cloud (PSC) observations." Atmospheric
Chemistry and Physics 21 (1):505-516. doi:
10.5194/ acp-21-505-2021.

von Albedyll, L., C. Haas, and W. Dierking. 2021.
"Linking sea ice deformation to ice thickness redis-
tribution using high-resolution satellite and air-
borne observations." Cryosphere 15 (5):2167-2186.
doi: 10.5194/tc-15-2167-2021.

Wagner, A., Y. Bennouna, A. M. Blechschmidt, G.
Brasseur, S. Chabrillat, Y. Christophe, Q. Errera, H.
Eskes, J. Flemming, K. M. Hansen, A. Inness, ].
Kapsomenakis, B. Langerock, A. Richter, N. Sudar-
chikova, V. Thouret, and C. Zerefos. 2021. "Com-
prehensive evaluation of the Copernicus Atmos-
phere Monitoring Service (CAMS) reanalysis
against independent observations: Reactive gases."
Elementa-Science of the Anthropocene 9 (1). doi:
10.1525/ elementa.2020.00171.

Wang, D. Y. S, C. P. Lee, J. E. Krechmer, F. Majluf,
Y. D. Tong, M. R. Canagaratna, J. Schmale, A. S. H.
Prevot, U. Baltensperger, ]. Dommen, I. El Haddad,
J. G. Slowik, and D. M. Bell. 2021. "Constraining the
response factors of an extractive electrospray ioni-
zation mass spectrometer for near-molecular aero-
sol speciation." Atmospheric Measurement Tech-
niques 14 (11):6955-6972. doi: 10.5194/amt-14-
6955-2021.

36

Wong, F., H. Hung, H. Dryfhout-Clark, W. Aas, P.
Bohlin-Nizzetto, K. Breivik, M. N. Mastromonaco,
E. B. Lunden, K. Olafsdottir, A. Sigurdsson, K. Vor-
kamp, R. Bossi, H. Skov, H. Hakola, E. Barresi, E.
Sverko, P. Fellin, H. Li, A. Vlasenko, M. Zapevalov,
D. Samsonov, and S. Wilson. 2021. "Time trends of
persistent organic pollutants (POPs) and Chemi-
cals of Emerging Arctic Concern (CEAC) in Arctic
air from 25 years of monitoring." Science of the To-
tal Environment 775. doi:0.1016/j.sci-
totenv.2021.145109.

Zeng, Y. H., Nupur, N. C. Wu, A. M. Madsen, X. H.
Chen, A. T. Gardiner, and M. Koblizek. 2021.
"Gemmatimonas groenlandica sp. nov. Is an Aero-
bic Anoxygenic Phototroph in the Phylum Gem-

matimonadetes." Frontiers in Microbiology 11. doi:
10.3389/fmicb.2020.606612.






Vi

RESEARCH STR©




	VILLUMRESEARCH STATION,Station Nord2020 AND 2021 ANNUAL REPORT
	Titlepage
	Data sheet
	Content
	Introduction
	1 Polar bear population studies in NE Greenland
	2 Effect of ikaite precipitation on phosphate removal in sea ice
	3 Clouds and the depth of the aerosol layer
	4 Changes in anthropogenic aerosols and their implications for the Arctic environment
	5 Greenland: a cool wonderland for phototrophic bacteria
	6 Crossing the Greenland icecap on a tailwind
	7 Permafrost thermal dynamics and cryostratigraphy at Villum Research Station
	8 Trends and seasonality in tropospheric ozone at a High Arctic research facility
	Publications 2015 -2021
	Publications 2020
	Publications 2021
	Backpage



