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SUMMARY

PS122-1 (or Leg 1) was the first leg of the International Multidisciplinary drifting Observatory
for the Study of Arctic Climate (MOSAIC). From September 20 to October 4, it started with
about two weeks of transit of RV Polarstern to the start area of the transpolar drift in the
northern Laptev Sea and the search for an ice floe as the basis for the year-long drift
expedition. This was followed by the setup of a network of autonomous stations and buoys in
the wider area (mostly by partner vessel Akademik Fedorov) and a central research camp on
the ice next to RV Polarstern. During Leg 1 RV Polarstern drifted with the transpolar ice drift
system toward the North Pole until mid-December 2019 when the arrival of the MOSAIC
partner vessel Kapitan Dranitsyn marked the transition into MOSAIC Leg 2. During the drift of
the Polarstern a comprehensive, interdisciplinary measurement program of atmosphere, ice,
ocean, and ecosystem properties and processes was started above, in, and under the ice. The
unprecedented observational program was very successful and reached the goals of the
expedition. Together with the continued measurements during all other legs these
observations will lay the foundation for adequately improving climate models to pave the way
for a better understanding and prediction of Arctic and global climate change.

ZUSAMMENFASSUNG

PS122-1 (oder Leg 1) war die erste Etappe des internationalen multidisziplinaren driftenden
Observatoriums zur Erforschung des arktischen Klimas (MOSAIC). Vom 20. September bis
zum 4. Oktober begann sie mit einem etwa zweiwdchigen Transit von RV Polarstern zum
Startgebiet der transpolaren Drift in der nérdlichen Laptewsee und der Suche nach einer
Eisscholle als Basis fur die einjahrige Drift-Expedition. Es folgte der Aufbau eines Netzes von
autonomen Stationen und Bojen in der weiteren Umgebung (hauptsachlich durch das
Partnerschiff Akademik Fedorov) und eines zentralen Forschungscamp auf dem Eis neben RV
Polarstern. Wahrend Leg 1 driftete RV Polarstern mit dem transpolaren Eisdrift-System bis
Mitte Dezember 2019 in Richtung Nordpol, als die Ankunft des MOSAIC-Partnerschiffs Kapitan
Dranitsyn den Ubergang zu MOSAIC Leg 2 markierte. Wahrend der Drift der Polarstern wurde
ein umfassendes, interdisziplinares Messprogramm der Eigenschaften und Prozesse in
Atmosphare, Eis, Ozean, Biogeochemie und (")kosystem Uber, im und unter dem Eis gestartet.
Das beispiellose Beobachtungsprogramm war sehr erfolgreich und hat die Ziele der Expedition
voll erreicht. Zusammen mit den fortgesetzten Messungen wahrend aller anderen
Fahrtabschnitte werden diese Beobachtungen die Grundlage fir eine angemessene
Verbesserung der Klimamodelle bilden, um den Weg fir ein besseres Verstandnis und eine
bessere Vorhersage des arktischen und globalen Klimawandels zu ebnen.





1 INTRODUCTION
Markus Rex!' and Marcel Nicolaus' 'DE.AWI

1.1 MOSAIC introduction and objectives

The Multidisciplinary drifting Observatory for the Study of Arctic Climate (MOSAIC) is an
international Arctic Research initiative that is broadly motivated by the dramatic changes in the
Arctic climate system over the last few decades, highlighted by significant losses of sea ice,
and generally deficient model representations of the important processes responsible for, and
responding to, these changes. The ultimate goal of the initiative is to enhance understanding
of central Arctic coupled atmosphere-ice-ocean-ecosystem processes to improve numerical
models for sea ice forecasting, extended-range weather forecasting, climate projections, and
climate change assessment. This goal is achieved by carrying out the most comprehensive,
most accurate, most continuous, and most systematic interdisciplinary in-situ and airborne
observations in the Arctic Ocean to date, and by obtaining these over a full seasonal cycle
including the winter freezing and summer melting seasons.

At the core of MOSAIC the German research icebreaker Polarstern was frozen into the ice for
a full year, during which it drifted passively with the natural drift of the sea ice. MOSAIC took
place in five Legs (PS122-1 to PS122-5), which are each summarized in separate cruise
reports, the current document representing the report for Leg 1 (PS122-1).

The MOSAIC expedition started on September 20, 2019 in Tromso, Norway. After the transit
through the Barents and the Kara Sea to the drift starting area an in the northern Laptev Sea
Polarstern drifted with the Transpolar Drift during Legs 1 to 4 (PS122-1 to PS122-4) until
reaching the ice edge in the Fram Strait End of July 2020. After relocating Polarstern to a new
position close the the North Pole a second drift section started during Leg 5 (PS122-5).
Throughout the expedition Polarstern served as a high-tech, comfortable research base from
which the surrounding ice, water, and air was explored. Only with such a base the demanding
scientific activities could be realized, in contrast to, e.g., ice camps which provide less capable
infrastructure and which can only support somewhat limited research agendas.

The general timeline of Leg 1 of the expedition (PS122-1) is summarized in table 1.1.

Tab.1.1: Key dates of the expedition PS122/1

Date Description
20 Sep 2019 Departure in Tromsg, Start of PS122/1A1
02 to 04 Oct 2019 | First exchange with Akademik Fedorov, Start of PS122/1A2
04 Oct 2019 Arrival at floe and start of drift
17 Oct 2019 Second exchange with Akademik Fedorov, Start of PS122/1B
13 Dec 2019 Arrival of Kapitan Dranitsyn at ice floe
15 Dec 2019 End of PS122/1 and start of PS122/2
18 Dec 2019 Departure of Kapitan Dranitsyn from ice floe
Arrival of Kapitan Dranitsyn in Tromsg
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Fig.1.1: a) Over all cruise track of PS122/1, including the transit of Kapitan Dranitsyn to/from the floe
from/to Tromsg. b) drift track of PS122/1. The track of Akademik Fedorov is shown in the cruise report
Krumpen, T. and Sokolov, V., 2020

1.2 Leg 1A: Transit from Tromsg to Ice Camp

During the first four weeks of PS122-1 Polarstern was supported by the operations of
Akademik Fedorov, which helped selecting a suitable ice floe, setting up the distributed
network of autonomous research sites and provided fuel to Polarstern at the beginning of the
passive drift phase, replacing the consumption during transit. The activities of Akademik
Fedorov are summarized in a separate cruise report.

Polarstern left Tromso at 20:00 on September 20, 2019 and started its transit to the Laptev
Sea. Akademik Fedorov left Tromso one day later to wait for the late arrival of key expedition
equipment. Both vessels proceeded independently toward the starting area of the drift.
Progress along the North East Passage was quick in the ice-free Barents and Kara Seas. The
ice edge was met just east of the Severnaya Zemlya. From there Polarstern first went to the
area of the Gackel Deep to retrieve four Ocean Bottom Seismometers, which had been
deployed there during previous cruises. The retrieval of these instruments was successfully
completed during 27 and 28 September and Polarstern transited through thin ice towards the
area 135degE / 85degN.

After a thorough selection of the most suitable ice floe Polarstern took over fuel from Akademik
Fedorov, proceeded to its final position in the selected floe and shut down the main engines
on October 4. Immediately the setup of the central research camp next to Polarstern and of
the distributed network up to several dozends of kilometres away started. The central research
camp is introduced in section 1.4 and described in detail in section 4 of this document.
Additionally, in the distributed network 125 buoys where set up in the wider area, which served
as autonomous monitoring systems and transmitted their data directly by satellite, have been
deployed, most of them during Leg 1A from Akademik Fedorov (c.f. Krumpen, T. and Sokolov,
V., 2020). These buoys included 70 Position buoys, 8 mainly atmospheric buoys (O-buoys)
plus different automatic weather stations, 35 snow and ice buoys (12xSnow, 16x Thermistor





stings, 4x S-IMB, 3x multi-sensor buoys), 14 ocean buoys (4x flux, 5x DTOP, 3x ITP, 2x
Uptempo).

1.3 General ice conditions and drift of the floe

The main ice floe consisted of 3 different ice regimes (Areas) at the start of the drift in early
October:

. Area 1:

The northernmost part consisted of new sea ice that formed during the previous
weeks and had thicknesses around 0.40 m. It was comparably flat and smooth ice.

) Area 2:

The so called ‘Fortress’ was the solid and strong core of the floe. This feature was
tracked in satellite images through the entire last summer and survived the melt
period. It was strongly deformed with thicknesses often well beyond 3 meters, but also
including re-frozen melt ponds of only 0.3 to 0.4 m thickness.

. Area 3:

The southern part consisted of a honeycomb structure of sea ice that survived the last
summer and some new ice forming in between. The ice was level with thickness of
1.0 to 1.5 m for the older and 0.3 to 0.4 m for the younger ice.

At the beginning of the drift, the floe had no major cracks or broken pieces and new ice formed
in the deformation zones around it. A larger area of new ice was at the port side of Polarstern
only some 0.1 m thick. The first cracks appeared at the bow and the port side of Polarstern on
8 October. They developed into a major lead with new ice formation until 15 October. On 16
and 17 October this new ice was piled up into pressure ridges of several meters height as a
result of divergent ice movements. Afterwards, the ice of the MOSAIC floe was comparably
stable and grew thermodynamically as a function of air temperatures. The surrounding
remained quite dynamic (see Chapter 4).

Between 16 and 19 November, a low-pressure system (see Chapter 2) passed the ice camp
and caused major changes in the snow and ice conditions. The resulting cracks, leads, and
pressure ridges were part of a deformation zone that stretched tens of kilometres across the
entire area. A deformation zone of 100 to 200 m width stretched though the ice camp off the
bow of Polarstern. As a result, the ice floe lost most of its level parts and became much more
deformed and rougher. Snow accumulated around the pressure ridges and all deformation
zones. On 17 November, a main shear event (see below) split the floe into two parts with a
strong deformation zone. At this time also the core part of the floe (the Fortress) got separated
into two parts, but remained stable otherwise.

Over the period of PS122/1, the snow and sea ice conditions changed in a way that

o The thickness of new (first year) ice increased from 0.30 to 0.75 m. This holds for
most regions of Area 1, but also other places with thin new ice at the beginning of the
drift

o The thickness of thicker level (second year) ice increased from 0.50 to 0.90 m, while
results for the more deformed and previously thicker ice are not yet available

. The snow depth of level ice was rather constant, while the deformed ice areas

accumulated significant amounts of additional snow. Details are not yet available.

For more details, please find the sea ice mass balance measurements and transect data in
chapter 4.3 and 4.4.





On 3 December, a massive ridge piled up in front of the bow of Polarstern, deforming the very
dynamic zone ahead of the vessel once more. More smaller ridges build from former cracks in
the Met City and Remote Sensing parts of the floe. Airborne surveys and radar images showed
a lot of wider leads in within the distributed Network, indicating ice divergence.

During the 70 days of drift, the ice moved a distance of 400 nm (720 km) along the track (based
on 1h positions, Figure 1.1). Average speed was 0.23 kn, mostly ranging between 0.1 and 0.5
kn. The highest drift speed of 0.8 kn was reached on 16 November 2019. On this single day,
the ship drifted more than 12 nm (20 km). The net distance between the starting position (04
October 13:50 UTC, 85.08°N, 134.41°E) and the end position (13 December 10:00 UTC,
86.59°N 119.20°E) was 120 nm (216 km) and brought us 1.5 degrees (165 km) closer to the
North Pole.

During the first 12 days, the net drift direction was south with the southernmost point at
84.752°N on 17 October. Afterwards, a phase with rather persistent drift to the north-west
followed until 07 November. The following 4 weeks, until 06 December, were characterized by
repeated circles across the 86°N latitude with a northernmost point at 86.196°N on 15
November. The last week of this leg brought the Ice Camp norward with steadily increasing
latitudes until 13 December.

1.4 Ice Camp set up and evolution

All installations and sites on the ice on the main floe around Polarstern are called the ‘Ice
Camp’. By the end of Leg 1, the ice camp consisted of 5 Cities, 15 larger sampling and
measurement sites and some 150 individual instruments and installations. These elements
were connected through a network of flagged walkways and roads, including approx. 5 km of
power and data cables on tripods. All off road areas were considered ‘no go’ zones, except the
logistics and common leisure area with a diameter of roughly 200 m right next to Polarstern.

The original setup of the ice camp (early November) is shown in Figure 1.2 and the final setup
in (mid December) in Figure 1.3. The central observatory (CO) with the main fraction of sites
was installed to the bow and starboard side of Polarstern and extended some 500 m to these
sides. Parts of the CO were secured by a trip wire installation against polar bears, but due to
the ongoing changes in the ice conditions, this was only completed to some 50% at its
maximum extent (see Chapter 8.1). The main installation of the power/network lines along the
main road connected Polarstern with Ocean City, Balloon Town, Remote Sensing Site, and
Met City. This was called the ‘spine’. The spine went along an old ridge (the ‘outer wall’)
surrounding the Fortress. As such it was the most stable part of the Ice Camp and provided
most safety and reliability to the installations. Also skidoos, sleds and all main logistics
components were parked and stored along the spine, when on the ice. The ROV Oasis was
installed straight ahead of Polarstern and connected with an individual road.

By the end of Leg 1, the ice camp consisted of

o Five main cities:
o Met City (MET) with >20 installations for mostly atmospheric observations
(Chapter 3.X)

o Ocean City (OC) with a tent covering a 1.2 m diameter hole to access the ocean
under the sea ice (Chapter 5.X)





o Remote Sensing (RS) with >10 installations of remote sensing instruments
observing snow and ice properties (Chapter 4.9)

o Balloon Town (BT) with two tents to perform measurements with a tethered
balloon (Chapter 3.1)

o ROV Oasis (ROV) with installations to operate a Remotely Operated Vehicle
under the sea ice (Chapter 4.7)

o Sampling plots for
o lce coring on different ice types (Chapters 4.5 and 8.4)
o Snow measurements and sampling on different ice types (Chapter 4.2)
o Distributed installations for
o Ice and snow mass balance measurements (Chapter 4.3)
o Seaice dynamics (Chapter 4.6)
o Seismological measurements (Chapter 4.6)
o Other autonomous measurement devices / buoys (Chapter 4.3)
o Routes for measurements along transects over the ice (Chapter 4.4)
Please find more detailed descriptions of all sites and installations in the according chapters.
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Fig.1.2: Ice camp map as realized by 11 November 2019. The background image shows surface
elevations derived from the airborne laser scanner (flight on 20 October 2019, see Section 4.X). The
grid shows mesh sizes of 500 x 500 m.

The layout of the ice camp changed over time as a result of the very dynamic ice conditions.
After anchoring to the floe, a first design of the Ice Camp was decided and stepwise
implemented. Over the first month, the Ice Camp grew to the status as shown in Figure 1.2.
Already during this phase, the ROV Oasis had to be relocated once, after a main fraction of
the floe shifted in front of the bow towards port side by approx. 600 m. The ROV recovered
from its first location between 19 and 26 October and set up on the site as shown in Figure 1.2
afterwards again (see Chapter 4.X). Until early November several small cracks appeared on
the floe, including one through the logistics area on 23 October, extending to up to 2 m.
Otherwise the ice conditions were stable enough not to affect the Ice Camp installations until
16 November, except some relocation of power lines in response to cracks or smaller ridges.

On 17 November, large parts of the ice camp (including ROV Oasis, Remote Sensing Site and
Met City) broke off the floe part to which also Polarstern was anchored. The ice became mobile
and broke into various smaller floes, which moved up to 600m to the side and later some 150m





back. At that time, also the power connections to the sites had to be interrupted. Ocean City
and Balloon Town were also temporarily disconnected from the power and data lines, although
their installations were not directly affected by the ice dynamics. Besides the shift of the floes,
the ice of RS broke into many small pieces such that all instruments and the hut had to be
recovered on 16 November. After conditions stabilized, the RS site was set up at its new
location during the first week of December (Figure 1.3). Also OC was affected by the large
shear event. Although it remained on the stable side of the facture zone, a pressure ridge
formed right next to the tent and also impacted the ice hole. Hence OC was relocated some
100 m away from the ridge between 20 and 25 November.

Beyond these main re-locations, various individual installations suffered from cracks and new
ridges. Most obvious was the fall of the 30m high tower (the ‘noodle’) on XXX, which could
only be re-installed on XXX some 100m away from the original position (see Chapter XXX).
Many smaller installations, such as thermistor strings or ablation stakes, ended in pressure
ridges or leads and could not be recovered. Also, the road and cable network had to be re-
configured several times and maintained regularly over the 10 weeks of drift.
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Fig.1.3: Ice camp map as handed over to PS122/2 on 13 December 2019. Note that this map is
missing the northernmost part, as shown in Figure 1.2. The background image shows surface
elevations derived from the airborne laser scanner (flight on 06 December 2019, see Section 4.8).
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2. WEATHER CONDITIONS DURING PS122/1 (MOASIC LEG1)
Jens Kieser! 'DE.DWD

Friday 20" September — Tuesday 24" September 2019

In the evening of the 20" September Polarstern started from Tromsg to the research cruise
PS122, titted MOSAIC. Calm weather accompanied Polarstern through the fjords and the
northern Norwegian Sea. We passed the Barents Sea and the Kara Sea free of ice. In the late
24" September Polarstern approached to the northern tip of the archipelago of Severnaya
Zemlya. During those first few days of the cruise we sailed on the edge of intense low pressure
areas over northwestern Siberia. Increasing winds veered from south to easterly directions.
From the late 22" September average winds at 6 to 7 Bft were measured, for a short time
even 8 Bft. The temperatures dropped from 5°C to 1°C. Cloudy conditions with some drizzle
or snow dominated during the entire period. At first good visibilities were observed apart from
precipitation, later often moderate visibilities occurred. On the 23™ and 24" September in
response to strong to gale force winds the significant wave height increased temporarily up to
4 m.

Wednesday 25" September — Saturday 28" September 2019

Initially Polarstern passed the sea area close north of the archipelago of Severnaya Zemlya
and arrived at the northern portions of the Laptev Sea. From now on we temporarily cruised
through the sea ice. In the vicinity of the position of 80° north, 120° east we stayed for about
two days for OBS recovery. The cruising area was situated between a low pressure system
over northwestern Siberia and an anticyclone centered over the East Siberian Sea. Initially
fresh to strong winds (5 to 6 Bft) blew from east to southeast, later moderate to fresh winds (4
to 5 Bft) from southeast to south. The air temperature dropped slightly from 0°C to -4°C. Cloudy
conditions dominated. Occasionally light showers of snow or freezing drizzle hit Polarstern.
Temporarily mist or fog patches appeared.

Sunday 29" September — Sunday 06" October 2019

During those days Polarstern cruised in the vicinity of 85° north and between 130° and 140°
east. Relatively calm conditions with light to moderate winds (1 to 4 Bft) from northeasterly
directions prevailed, but temporarily fresh to strong winds (5 to 6 Bft) were observed. The
temperature range was from -4°C to -9°C. On the 5" October temperatures dropped to -13°C.
Mist or fog patches with visibilities about 500 m appeared from time to time. Apart from fog or
mist patches very good visibilities predominated.

Monday 07" October — Friday 11*" October 2019

The working area at the floe and Polarstern were situated around 85° north, 135° east. Weather
was influenced by a cyclonic system located north of the Queen Elisabeth Islands. At first
westerly winds blew. The maximum average wind speed at 7 Bft was measured on the 8™
October. After that decreasing winds turned to easterly directions for a while. On the 8"
October temperatures reached -2°C. Later they dropped to -17°C. That time period was
characterized by low level clouds, occasionally by light snowfall, and mist or fog patches. Apart
from mist, fog or precipitation good visibilities were measured.





Saturday 12" October — Wednesday 17" October 2019

The influences of low pressure areas and weak high pressure ridges alternated. The working
area was located close south of the 85" degree of northern latitude and between 130° and
140° east. Winds blew mostly at around 4 Bft and turned back from westerly to northerly
directions. The air cooled further down. The temperature minimum of about -25°C was
measured on 13" of October. Dominating good visibilities were briefly disturbed by mist or fog
patches. Occasionally light snowfall was observed.

Thursday 18" October — Thursday 24" October 2019

An intense low pressure system developed southwest of the expedition area. On the 20™
October the low pressure area was centered (< 985 hPa) over the northern Kara Sea. At the
northern flank of the low pressure system a substantial pressure gradient established over the
expedition area that was drifting near 85° north and between 135° and 130° east. In
consequence of the pressure differences southerly to easterly winds blew at 6 or 7 Bft for a
while. A temporary increase of the air temperatures brought a maximum of -7°C on the 22"
October. Low level clouds dominated accompanied with light snowfall. Mist or fog patches
appeared at times.

Friday 25" October — Tuesday 29" October 2019

During those days Polarstern and the MOSAIC floe drifted northwestward between 85° and
86° north and 130° and 125° east, while a stable and intense high established over the central
Arctic. The expedition area was situated on the edge of the high where moderate or fresh
southeasterly to easterly winds (4 or 5 Bft) blew. Low level clouds and light snowfall or
precipitating ice crystals were often observed. The sky cleared up temporarily. Short foggy
periods occurred. Under cloudy conditions relatively high temperatures were measured. In the
morning of the 29" October temperatures reached -12°C, the maximum in that time period.
About -26°C was the minimum observed in the afternoon of the 27" October.

Wednesday 30" October — Thursday 07" November 2019

The working are was situated on the edge of the stable central Arctic anticyclone further on.
Polarstern and the floe drifted close south of 86° north and between 125° and 116° east. Winds
were blowing mostly moderate or fresh (4 to 5 Bft) from easterly directions. During clear sky
phases temperatures dropped to values between -24°C and -27°C, while under clouds often -
15°C to -20°C were measured. Longer periods with light snowfall or precipitation of ice crystals
were noticed. Good visibilities dominated. Fog with visibilities lower than 1 km was observed
for short times.

Friday 08" November — Thursday 14" November 2019

The weather conditions in our region (close to 86° north, 116° to 118° east) became more
unsettled during that time period, as the center of the high pressure area shifted from the
central Arctic towards Alaska. From the 8" to the 11" November a low moved from the New
Siberian Islands to the Queen Elisabeth Islands. The MOSAIC working field was temporarily
influenced by that low. Later a new intense anticyclone built over the eastern portions of the
Laptev Sea. It shifted across the East Siberian Sea to the Beaufort Sea. Wind direction turned
back from east to north. From the 11" November southerly winds established. Mostly 4 or 5
Bft were observed. On the 111" and 12" of November 6 to 7 Bft occurred for a longer period.
At first the temperature range was -20°C to -30°C. At the end of the time temperatures climbed
up to -13°C. Changes of cloudy periods and clear sky phases were noted. Precipitation of
snow or ice crystals was often observed. In the presence of precipitation temporarily poor





visibilities occurred. In the morning of the 08" November fog with visibilities about 500 m
appeared in the presence of an air temperature of -26°C.

Friday 15" November — Monday 18" November 2019

In those days the expedition area was situated close to 86° north, 120° east. It was affected
by an intense low. It moved from northern Greenland across the North Pole to the Laptev Sea.
Winds increased significantly. In the evening of the 15" November fresh winds (5 Bft) were
observed. About 24 hours later measurements showed gale force winds (8 to 9 Bft). At first
winds blew from west or southwest. On the 17" November the wind direction turned to north.
After a temporary decrease, in the night and the morning of the 18" November wind speed
reached a second maximum at 8 to 9 Bft. Temperatures changed rapidly. The maximum at -
5°C was measured shortly after midnight in the 17" of November. A few hours later the
minimum of -20°C was recorded. Frequently light snowfall associated with poor visibilities
occurred. For a short time freezing fog appeared.

Tuesday 19" November — Friday 22" November 2019

Polarstern and the MOSAIC floe still drifted in the vicinity of 86° north, 120° east. From the
area of Greenland a further cyclone moved across the Pole to the region of Severnaya Zemlya.
That low was less intense as its predecessor. Winds veered from westerly to northerly
directions. In the night of the 20" November the maximum average wind speed was observed.
It came to 6 Bft. Later gentle or moderate winds (3 or 4 Bft) blew often. In front of the low a
new wave of relatively mild air was advected into the expedition area. On the 19" of November
a maximum of -6°C was measured. Later temperatures between -15°C and -23°C were
observed. The weather was characterized by the presence of clouds. Temporarily light
snowfall and fog patches caused visibilities lower than 5 km, for short periods lower than 1 km.

Saturday 23 November — Tuesday 26" November 2019

A new intense low moved from the region of Svalbard to the northeast. Before it arrived at the
MOSAIC area it turned to the south towards the Kara Sea. The expedition area was situated
close to 86° north, 120° east. After a short calm period in the morning of the 23 of November
southerly winds increased significantly. In the following night wind speed at 7 Bft was
measured. Later decreasing winds turned back to easterly directions. The temperature range
was -15°C to -28°C, with the lowest values measured at the end of the period. Precipitation
of snow or ice crystals was often observed. Temporarily poor visibilities lower than 5 km
appeared.

Wednesday 27" November — Saturday 30" November 2019

The expedition area was situated close to 86° north and between 118° and 112° east. The
large scale weather situation was characterized on the one hand by a low pressure zone
extended from the Beaufort Sea to the Laptev Sea and on the other hand by a high that drifted
from the area north of the Canadian Arctic Island to the east. Between those pressure systems
weak troughs and ridges propagated across the expedition area and caused slightly unsettled
weather. At first moderate (4 Bft) later fresh to strong (5 to 6 Bft) winds blew. They turned back
from southeast to northwest. Air temperatures between -21°C and -32°C were measured. The
minimum appeared in the early 28" November, the maximum in the evening of the same day.
Weather alternated between longer clear periods and cloudy episodes with light precipitation.
Short-term phases with poor visibilities occurred.





Sunday 015t December — Thursday 05" December 2019

The expedition area was influenced by an intense high pressure zone extending from Siberia
to the East Siberian Sea. A new high pressure center formed in the vicinity of the New Siberian
Islands. The pressure difference between the high pressure zone and a cyclonic area
stretching from Greenland to the Barents Sea was remarkable. It resulted in a strong
southwesterly airflow over the MOSAIC floe. Temporarily a relatively mild air was carried into
the expedition area. At first temperatures at about -27°C were measured. They rose upto -
15°C observed on the 4™ December. Winds turned back from northwest to southwest. They
increased significantly. On the 3™ December average wind speed reached 7 to 8 Bft. During
the next two days winds at 6 or 7 Bft were often measured. Longer lasting snowfall or blowing
snow with poor visibilities occurred. Temporarily visibilities lower than 300 m were observed.

Friday 06" December — Friday 13" December 2019

An anticyclone shifted from the area north of the New Siberian Islands to the Beaufort Sea.
Initially the MOSAIC expedition area was situated on the edge of an associated high pressure
ridge that extended across the North Pole to East Greenland. Later from the Laptev Sea a new
ridge approached to the MOSAIC expedition area. The counterpart of the high pressure was a
low pressure zone extending from North Europe to Northwest Siberia and to the adjacent sea
areas. At times a trough spread to the Pole and influenced the MOSAIC working area.
Polarstern and the floe were situated in the vicinity of 120° east and close north of 86° north
during those days. After a calm period on the 6" and 7" of December a southerly to
southeasterly airflow freshened up. From the night of the 8" December often fresh or strong
winds (5 to 6 Bft) were measured. At the end of the 11" of December winds calmed down. On
the following day moderate northeasterly winds established. The typical temperature range
was -27°C to -20°C. Maxima at -18°C were detected on 7" and 10" of December. Good
visibilities dominated. On the 12" of December due to mist and fog patches at times visibilities
deteriorate significantly. A minimum visibility about 100 m was measured. Light precipitation
of ice crystals was often observed. On the 13" of December at noon Leg1 of MOSAIC ended.





		2. Weather conditions during PS122/1 (MOASiC Leg1)

		Friday 20th September – Tuesday 24th September 2019

		Wednesday 25th September – Saturday 28th September 2019

		Sunday 29th September – Sunday 06th October 2019

		Monday 07th October – Friday 11th October 2019

		Saturday 12th October – Wednesday 17th October 2019

		Thursday 18th October – Thursday 24th October 2019

		Friday 25th October – Tuesday 29th October 2019

		Wednesday 30th October – Thursday 07th November 2019

		Friday 08th November – Thursday 14th November 2019

		Friday 15th November – Monday 18th November 2019

		Tuesday 19th November – Friday 22nd November 2019

		Saturday 23rd November – Tuesday 26th November 2019

		Wednesday 27th November – Saturday 30th November 2019

		Sunday 01st December – Thursday 05th December 2019

		Friday 06th December – Friday 13th December 2019






3. ATMOSPHERIC MEASURMENTS

Markus Rex'2, Jirgen Graeser!, Sandro 'DE.AWI
Dahlke'?, Matthew Shupe®#, Vagner Castro®, 2DE.UNI-Potsdam
Steele GiriffithsS, David Chu%¢, Paul Ortega®?, SEDU.CU
Dean Greenamyer®, Jody Ellis®, Janek Uin57, )
Misha Krassowski®®, Matt Boyer5’, Todd “GOV.NOAA
Houchens®®,  Jessie = Creamean'®, Ola 5GOV.ARM
Persson®4, Ronny Engelmann'®, David Costa®4, 6GOV.LANL
lan Brooks'®, Andreas Preufier?®, Byron GOV BNL
Blomquist3#, Steve Archer?4, Jacques Hueber?, '
Lauriane Quéléver?®, Amelie Kirchgéassner3! 8GOV.ORNL
SGOV.SANDIA
(not on board:) Marion Maturilli', Alexander "EDU.CSU
Schulz!, Heath Powers58, Jim Mather5®, Kerri MEDU.UMICH
Pratt', Gijs de Boer®4, Klaus Dethloff!, 12EDU.NPS
Elizabeth Hunke?®, Wieslaw Maslowski'2, Allison 15SE S.U
McComiskey’, David Randall'®, Michael :
Tjernstrom®™,  David  Turner,  Johannes “EDU.PSU
Verlinde', Hannes  Griesche's, Martin 15DE.TROPOS

Radenz'5, Julian Hofer'®, Dietrich Althausen®s,
Holger Baars', Patric Seifert'®, Albert
Ansmann'®, Andreas Macke'®, Mario Mech'S,
Bernhard Pospichal'®, Kerstin Ebell'®, Susanne

8DE.UNI-KOELN
"FR.UNIV-LILLE
8UK.UNI-LEEDS

8reiwetl)l1176, C_BI_ﬁéI DuboAis”, L_u%ElareI”h, Phél)ipp:a 19EDU.ORSU
oloub'”, Thomas Ayers?, ristopher Cox*, 20

Christopher Fairall*, Michael Gallagher3#, 21EDU'DARTMOUTH
Daniel Gottas*, Jesse Leach*, Sara Morris*, EDU.NPS
Jackson Osborn3+4, Sergio Pezoa*, Taneil Uttal*, 22F|.FMI

Jennifer Hutchings'®, Don Perovich?°, Timothy
Stanton?!, Roberta Pirazzini?2, Ryan Neely I8,
Barbara Brooks'8, Glinther Heinemann?3,

2DE.UNITRIER
2*ORG.BIGELOW

Detlev Helmig®, Laurens Ganzeveld?®, Dean #NL.WUR
Howard?, Ludovich Bariteau®#, Kevin Posman?4, 2FR.UGA
Hans-Werner Jacobi?, Héléne Angot3, Sjoerd 27UK.AC.UEA
Barten?s, William Sturges?’, Lucy Carpenter?, 28
Julia Schmale®, Mikko Sipila??, Ivo Beck™, Tiia UK.AC.YORK
Laurila??, Tuija Jokinen?®, Zoé Brasseur?, #F1.UNI-Helsinki
Markus Frey3', Manuela van Pinxteren's, S0CH.EPFL
Thomas Lachlan-Cope?!, Xin Yang3', Alice IIYK.BAS

31 32 10
Jones3', Leon Clarke3?, Paul DeMott'?, Thomas 2UK AC.MMU

Hill"°

Grant-No. AWI_PS122_00

A comprehensive summary of the atmospheric measurements during all 5 cruise legs can be
found in Shupe et al., 2022.
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3.1 From the surface to the stratosphere: characterization of the
atmospheric column

Markus Rex'2, Jirgen Graeser!, Sandro 'DE.AWI
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Objectives

a) Characterization of the planetary boundary layer over sea ice

The Planetary Boundary Layer (PBL) is the lowermost atmospheric layer, connecting the
surface and the free atmosphere. In the Arctic, and especially during polar night and under
high pressure influence, the Arctic PBL is typically a stable and persistent feature. In the case
of stable conditions, exchange with the surface is strongly inhibited, and marked temperature
inversions of the order of several Kelvin are common features. In case of neutral conditions,
both synoptic and radiative forcing can quickly change turbulence characteristics. The
turbulent fluxes of momentum, energy and chemical compounds, as well as surface-based
temperature inversions in the Arctic PBL are known to be crucial players in Arctic Warming
and sea ice retreat, but are generally poorly resolved in state of the art climate models (Boé et
al., 2009, Pavelsky et al., 2012, Holtslag et al. 2013,). This is in parts due to insufficient
parameterizations of sub-grid scale processes (Pithan et al., 2014) that have been developed
on the basis of only a few dedicated campaigns, such as, for instance, AIDJEX (Andreas et
al., 1979), LEADEX (Ruffieux et al., 1995), SHEBA (Uttal et al., 2002) or STABLE (Tetzlaff et
al., 2015). Other than during these campaigns, the extraordinary opportunity during MOSAIC
is to measure characteristics of the Arctic PBL over sea ice during the course of a whole year,
including a variety of different surface characteristics. Monitoring the thermal structure of the
PBL is enabled by a state of the art in-situ sensor for capturing high frequency temperature
fluctuations along a fibre cable (Distributed Temperature Sensor, DTS), with 25 cm physical
resolution and 10 seconds sampling interval. Using a tethered balloon (TB) as a carrier
platform for the DTS, vertical time series of the thermodynamic structure of the PBL will be
retrieved, and the potential impact of nearby open leads (open water), ridges (high obstacles)
or changing large-scale synoptic forcing will be investigated. This is the first time ever the DTS
technology is combined with a TB for such investigations over the central Arctic sea ice. A
suite of additional sensors from other partners and institutes will be occasionally deployed with
the TB throughout the course of the year, giving additional insights into the dynamical,
thermodynamical and chemical characteristics of the PBL onsite the TB launch platform. These
include, e.g. an optical particle sonde, an aerosol particle filter package, an ozone profiler, and
a turbulence sensor package. The combined measurements assure the close link to other
projects and foster the joint analysis of other atmospheric topics.
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b) Characterization of the free troposphere and lower stratosphere

An extensive balloon program will operate from board Polarstern, reaching from upgraded
weather balloons to sophisticated research sondes. The profiles obtained by radiosondes
launched four times daily will directly support the on-site weather forecast during the
expedition, while they further contribute to numerical weather forecast as observational input
for data assimilation. Additional Arctic radiosondes are known to positively impact the
performance of forecast systems (Yamazaki et al., 2015; Inoue et al., 2015) even in regions
far from the Arctic (Sato et al., 2016; 2018). The atmospheric thermodynamic structure over
sea ice was recorded by radiosondes during earlier campaigns like e.g. SHEBA (Uttal et al.,
2002) or N-ICE2015 (Kayser et al., 2017) for other regions of the Arctic. Now, the atmospheric
structure, moisture content, stability, ABL height, tropopause height and other features in the
vertically resolved atmospheric column will be monitored in the Central Arctic for a complete
annual cycle. Events of heat and moisture transport into the Arctic by intrusions or atmospheric
rivers (Woods and Caballero, 2016; Nash et al., 2018) will be identified, and their impact on
the local atmospheric structure analyzed. The combination with projects that focus on the
observation of clouds and radiation will allow to focus on the transitions between radiatively
clear and cloudy states (Stramler et al., 2011; Graham et al., 2017) and how these transitions
impact the vertical stability and coupling within the atmospheric column. The radiosonde
profiles retrieved during MOSAIC will be set into context with similar measurements at pan-
Arctic land based stations (e.g. Ny-Alesund, Utgiagvik/Barrow, and other IASOA stations) for
studies of the advective connection between the inner and outer Arctic, and the role of the
Arctic dome in these exchange processes.

Weekly ozone sonde profiles will characterize the ozone distribution in the tropo- and the
stratosphere throughout the year. In winter and spring, they will be part of a potential pan-
Arctic ozone sonde campaign (Match) with coordinated soundings at all Arctic ozone sonde
stations (e.g. von der Gathen et al., 1995; Rex et al., 1997, 2004; Manney et al., 2011). The
aim is to determine the ozone loss inside the polar vortex. We expect new Arctic record ozone
losses due to record low temperature regimes in single winters within the future 10 to 20 years
(e.g. Rex et al., 2006).

Water vapor is a chemically, physically, and radiatively active trace gas, and its distribution in
the stratosphere determines significant climatic implications. The water vapor distribution in
the Arctic stratosphere bares evidence for dynamical aspects on different scales, including

the large scale descending motion inside the polar vortex as well as filamentary structures at
the vortex edge linked to Rossby wave activity (Maturilli et al., 2006). In the presence of very
low temperatures, the sedimentation of polar stratospheric cloud (PSC) ice particles can lead
to dehydration events (Maturilli and Dornbrack, 2006; Khaykin et al., 2013). With our monthly
balloon-borne cryogenic frostpoint hygrometer (CFH) measurements during MOSAIC we
contribute to the assessment of the water vapour distribution in the Arctic stratosphere. The
dual soundings with the Compact Optical Backscatter and AerosoL Detector (COBALD) during
polar night will allow to identify PSC layers related to dehydration.

Work onboard Polarstern

Throughout Leg 1, 286 weather balloons have been started from the Heli deck onboard
Polarstern in a 6-hourly rhythm. The launch times were chosen after the synoptical hours, i.e.
05UTC, 11UTC, 17UTC and 23UTC. In addition to these standard meteorological radiosondes,
joint launches with ozone sensors were conducted roughly on a weekly basis. A list of all ozone
soundings during leg 1 is given in Table 3.1.1.

Tab.3.1.1: List of all ozone soundings during leg 1, with device operation (left) and
date (right).





PS122/1_2-115 12.10.2019 11UTC
PS122/1_2-142 16.10.2019 11UTC
PS122/1_2-191 23.10.2019 11UTC
PS122/1_5-23 30.10.2019 11UTC
PS122/1_6-27 06.11.2019 11UTC
PS122/1_8-14 19.11.2019 11UTC
PS122/1_9-21 26.11.2019 11UTC
PS122/1_10-31 04.12.2019 11UTC
PS122/1_11-33 11.12.2019 17UTC

The sounding PS122/1_8-14 furthermore incorporates a launch of the CFH and COBALD.

Work on the ice

For the operation of the tethered balloon (TB), a dedicated launch site, called Balloon Town
(BT), has been installed in the Central Observatory, close to Ocean City, at approximately 400
m distance to Polarstern. The location of BT was chosen by taking into account a long enough
“emergency take down” pathway by skidoo for the TB, and a sufficient distance to the Heli
Deck on Polarstern.

Fig.3.1.1: Balloon Town

BT consists of 2 tents and 2 launch platforms (see Figure 3.1.1). The first tent is a large,
unheated one, that provides shelter for the 9 m® TB and its operational and scientific
equipment, whenever it is not in operation. The 2 launch platforms have been mounted





approximately 4 m east and west of this tent, such that the most suitable one for each launch
could be chosen according to the wind direction during the TB operation.

The second tent is a smaller, heated tent that allows storage and operation of frost-sensitive
items, such as laptops, and provides more comfortable conditions for working over longer
times.

Upon finishing the construction of the site, balloon launches followed according to the wind
conditions. Launches were only conducted when the surface winds were less than 6 m/s, and
the wind speed in the vicinity of the low-level jet in some hundred m height did not exceed
10m/s.

The TB has a payload of 4-5 kg and was operated via a winch up to 1500 m altitude. During
leg 1, an overall number of 7 TB launches was conducted, and 3 different sensors were
deployed during those flights, including a tethersonde for standard meteorology, the turbulence
sensor package, and the DTS. A list of all TB launches and deployed sensors is given in Table
3.1.2.

Tab.3.1.2: List of all TB operations during leg 1.

Device Sensor Start time UTC End time UTC Max. altitude
operation
PS122/1_8-84 | Tethersonde |21.11.201910:15 | 21.11.2019 10:55 | 1040 m
Turbulence 21.11.201910:15 | 21.11.201910:55 | 1040 m
PS122/1_8-99 | Tethersonde | 22.11.2019 08:53 22.11.201909:40 | 925 m
Turbulence 22.11.2019 08:53 22.11.201909:40 | 925 m
PS122/1_10-90 | Tethersonde | 06.12.2019 12:17 06.12.2019 12:37 | 1322 m
Turbulence 06.12.2019 12:17 06.12.201912:37 | 1322 m
PS122/1_10-91 | Tethersonde | 06.12.2019 18:15 | 06.12.2019 19:18 | 1553 m
Turbulence 06.12.2019 18:15 | 06.12.2019 19:18 | 1553 m
PS122/1_10-92 | Tethersonde | 07.12.2019 06:05 | 07.12.2019 06:24 | 568 m
Turbulence 07.12.2019 06:05 | 07.12.2019 06:24 | 568 m
PS122/1_11-34 | Tethersonde | 11.12.2019 12:58 11.12.2019 13:50
Turbulence 11.12.2019 12:58 11.12.2019 13:50
PS122/1_11-47 | Tethersonde | 12.12.2019 07:41 12.12.2019 13:46 | 362 m
Turbulence 12.12.2019 07:41 12.12.2019 09:55 | 362 m
DTS 12.12.2019 08:21 12.12.2019 12:48 | 362 m

Preliminary results

The comprehensive record of radiosondes gives insight into the temporal evolution of
meteorological key parameters over the atmospheric column from the near surface layers up
to the stratosphere, and provides a linkage to larger-scale processes in the atmosphere.
Measured parameters include temperature, relative humidity, wind speed and direction. Figure
3.1.2 shows a sequence of temperatures and wind speeds as deduced from the soundings of
leg 1. On average, soundings reached altitudes of 25-30 km. Temperature fluctuations are
evident in both troposphere and stratosphere. Using the detection criterion of a reversing
vertical temperature gradient, the tropopause is in many cases well established around 10 km
height.
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Fig.3.1.2: time-height sections of temperature (fop) and absolute wind speed (bottom) from leg 1
soundings.

Wind profiles illustrate the buildup of the stratospheric polar vortex throughout the course of
leg 1, given the steadily increasing winds in the upper few kilometers of the sounding profiles.
In the troposphere and partially extending vertically towards the surface, evidence is provided
for the passage of cyclones and the associated strong winds events, that occurred on 16-18
November and 2-4 December and that had lead to noteworthy deformations of the Central
Observatory.

Towards the end of leg 1, a marked drop in upper stratospheric temperatures down to -87°C
is detected, that goes along with a pronounced decrease in wind speeds. This may indicate
that the corresponding soundings profiled the inner vortex.

Figure 3.1.3 shows time series of ozone partial pressure as deduced from the leg 1 ozone
soundings. A generally increasing tendency is apparent, resembling the buildup of the Arctic
ozone layer between 15-20 km height, which is consistent with the cooling trend in the
stratosphere and with the strengthening of the polar vortex throughout leg 1. The sounding on
11 December, however, reveals reduced ozone values, particularly between 15-19 km altitude.
Comparison with the wind profiles from Figure 3.1.2 indicates that the layer of reduced ozone
concentrations was subject to strong winds and strong vertical wind shear. This may point
towards the close proximity to the edge of the polar vortex, and the hence less ozone-rich air.
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Fig.3.1.3: Time-height section of ozone soundings during leg 1.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All radiosonde data have been transmitted to the GTS in near real-time to
assure their availability for numerical weather forecast. All sounding data (radiosonde, ozone
sonde, CFH, COBALD) and according auxiliary measurements are stored in the MCS. Upon
the end of leg 1, the preliminary sounding data will be processed at the GRUAN Lead Centre
in Lindenberg, Germany. The final sounding data will be made available via the PANGAEA
data repository according to the MOSAIC Data Policy.

The DTS light backscatter profiles (incl. preliminary temperature profiles were also stored in
the MCS after each measurement period. The final data processing of the DTS temperature
profiles will be conducted at the Alfred Wegener Institute in Potsdam, Germany (contact:
Alexander Schulz, alexander.schulz@awi.de). Final data products will be stored at the
PANGAEA data repository (World Data Center PANGAEA Data Publisher for Earth &
Environmental Science (www.pangaea.de)).
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Objectives

To understand the changing Arctic sea ice at a fundamental level requires a detailed
accounting of energy flow through the sea ice system. While it is clear that atmospheric energy
fluxes are critically important for the sea ice energy budget, many processes controlling these
fluxes, and their interactions, are poorly understood and represented in numerical models. This
project aims to observe specific processes that control the flow of energy through the Arctic
atmospheric system and thereby to address pressing science questions under four broad
topics.

(a) Surface Energy Budget: What is the annual evolution of the surface energy budget over
young sea ice? What are the key process interactions determining the surface energy budget
and specifically variability in surface radiation?

(b) Clouds and Precipitation: What factors determine Arctic cloud phase partitioning? What
role do clouds and precipitation play in determining low-level atmospheric structure? How does
surface inhomogeneity influence the spatial structure of cloud-precipitation systems?

(c) Aerosols: How do aerosol physical, chemical, and optical properties over sea ice vary
seasonally? What sources and transport patterns are responsible for variability in Arctic
aerosol? What are the radiative and cloud-nucleating properties of Arctic aerosol?





(d) Boundary Layer Structure: What are the properties and effects of stably stratified turbulence
in the Arctic boundary layer? What are the effects of a thinned ice cover on boundary layer
stability and heat fluxes? How do surface- and cloud-driven dynamics impact the boundary
layer structure?

Work at sea

To provide the diverse and detailed atmospheric measurements needed to address the
primary scientific objectives of the project, the US Department of Energy’s Atmospheric
Radiation Measurement (ARM) Program (www.arm.gov) has deployed its second ARM Mobile
Facility (AMF-2) onboard and nearby Polarstern during MOSAIC. This extensive suite of
instruments is operated in a collection of six laboratory sea-containers installed on the bow of
Polarstern, one laboratory container installed on the Polarstern P-deck, as well as various
instruments installed at Met City out on the sea ice of the Central Observatory. ARM has also
provided funding support for one half of the meteorological radiosonde program led by AWI
during MOSAIC, as well as personnel support for launching some of these soundings. The
AMF-2 facility can be described via five instrument collections, which are captured in Table
3.2.1.

Tab.3.2.1. All instruments installed and operated by the DOE ARM program, including
the measurement objectives, installation location, and start date for observations.

Instrument Measurement Objectives | Installation Start of
Location Observations
Meteorology and Winds
Radiosonde Program Profiles of temperature and | Helideck 20 Sept
(support for ¥z of humidity
equipment)
Present Weather Visibility (1) P-deck port 17 Oct
Detector (PWD) side; (2) Met City
Beam-steerable radar Wind profiles KAZR lab (C3) 5 Oct
wind profiler (BSRWP)
Doppler lidar (DL) Wind profiles, turbulence Top OPS lab 7 Oct
(C4)
Cloud Properties and Processes
2-channel microwave Liquid water path and Lower P-deck 16 Oct
radiometer (MWR2C) precipitable water vapor port side
3-channel microwave Liquid water path and Lower P-deck 8 Oct
radiometer (MWR3C) precipitable water vapor port side
Ka-Band ARM Zenith Cloud occurrence and KAZR lab (C3) 5 Oct
Radar (KAZR) properties
Marine W-Band ARM Cloud occurrence and Top of OPS lab 16 Oct
Cloud Radar (MWACR) | properties (C4)
High Spectral Cloud & aerosol properties | OPS lab (C4) 10 Oct
Resolution Lidar
(HSRL)
Micropulse Lidar (MPL) | Cloud & aerosol properties | OPS lab (C4) 5 Oct
Ceilometer (CEIL) Cloud base height Lower P-deck 8 Oct
port side
Total Sky Imager (TSI) | Hemispheric sky views P-deck Not installed






Precipitation

Ka-Band Scanning
ARM Cloud Radar (Ka-
SACR)

Cloud and precipitation
spatial distribution

P-deck,
starboard side

5 Oct

Parsivel2 Laser
Disdrometer (LDIS)

Fall velocity and
precipitation rate of

(1)P-deck port
side; (2)Met City

(1) 30 Oct, (2)
14 Nov

precipitation double Altar
shield

Pluvio2 Weighing Precipitation mass Met City in 30 Oct
Bucket Rain Gauge double Altar
(WBRG) shield
Siphon Rain Gauge Precipitation mass P-deck port side | 30 Oct
(SRG)
Radiation
Marine Atmospheric Spectral infrared radiation, | Lower P-deck 9 Oct
Emitted Radiance both downwelling and port side, view to
Interferometer (MAERI) | upwelling port side ice
Cimel Sunphotometer Atmospheric transmission P-deck Not yet
(CSPHOT) & scattering during daylight installed
Fast Rotating Direct and diffuse P-deck 14 Oct
Shadowband components of downward
Radiometer (FRSR) solar flux
Ground Radiometer Upwelling shortwave and Met City 14 Oct
System (GNDRAD) — longwave radiation “swingset”
PIR, PSP
Ground Infrared Ground temperature with Met City 30 Oct
Thermometer (IRT) wide field-of-view “swingset”
Multifilter Radiometer 3- | Reflected radiative flux in Met City 14 Oct
meter (MRF3M) narrow bands “swingset”
Ice Radiometer System | Downwelling shortwave Met City 14 Oct

(ICERAD) - PIR, PSP,
SPN1

and longwave radiation,
with shortwave direct and
diffuse

Shipboard Radiometer
System (SHIPRAD) —

Downwelling shortwave
and longwave radiation,

(1) P-deck port
side; (2) P-deck

PIR, PSP, SPN1 with shortwave direct and starboard side
diffuse
Sky Infrared Sky temperature with Met City 14 Oct
Thermometer (IRT) narrow field-of-view “swingset”
Aerosols and Gases
Automated Weather Pressure, temperature, AOS inlet on 9 Oct
Station (AOSMET) relative humidity, winds AQOS lab (C5)
Trace Gas Monitors Concentrations: carbon AQOS lab (C5) 9 Oct
monoxide, nitrous oxide,
water vapor
Ozone Monitor Concentration of ozone AQOS lab (C5) 9 Oct






Aerosol Chemical Bulk chemical composition | AOS lab (C5) 8 Nov
Speciation Monitor
(ACSM)
Condensation  Particle | Total particle concentration | AOS lab (C5) 8 Oct
Counter (CPC) for sizes >10nm
Ultrafine Condensation | Total particle concentration | AOS lab (C5) 8 Oct
Particle Counter | for sizes >3nm
(UCPC)
Cloud Condensation | Concentration of cloud | AOS lab (C5) 8 Nov
Nuclei Counter (CCN) condensation nuclei
Scanning Mobility | Aerosol size distribution ACS lab (C5) 9 Oct
Particle Sizer (SMPS)
Ultra-High  Sensitivity | Aerosol size distribution AOCS lab (C5) 7 Oct
Aerosol  Spectrometer
(UHSAS)
Humidified Tandem | Aerosol size distribution | AOS lab (C5) 28 Sept
Differential Mobility | exposed to different
Analyzer (HTDMA) moisture levels
Single Particle Soot | Soot mass of aerosol | AOS lab (C5) 15 Oct
Photometer (SP2) particles
Particle Soot Absorption | Bulk aerosol absorption AOS lab (C5) 8 Oct
Photometer (PSAP)
Nephelometer (NEPH) | Total aerosol scattering at | AOS lab (C5) 8 Oct
450, 550, and 700 nm
wavelengths

In addition to the core AMF-2 instruments, ARM has agreed via a proposal process to host
and operate instrumentation for two collaborating scientists, Drs. Jessie Creamean and Kerri
Pratt. These guest instruments complement the core ARM measurements by the addition of
ice nucleus filters, drum samplers, and impactors, all sampling off of the Aerosol Observing
System’s inlet (see section 3.9 for more details).

The ARM facility was supported on MOSAIC Leg 1 by 3 on-site technicians (Castro, Viegas,
Griffiths), along with 8 additional deployment personnel for Leg 1a. With a diverse collection of
talents and skills, these personnel were essential for setting up such a large suite of
instrumentation, and also played a key role in the overall set up of the ice camp and ship
scientific instrumentation. The DOE Atmospheric System Research (ASR) Program supported
the participation of principle investigator Shupe during Leg 1 to support ARM and other
coordination/installation activities. Participation of Creamean and Pratt is also supported by
the ASR Program (although Creamean’s participation on Leg 1 was supported by a distinct
project).

Installation for Leg 1 started several weeks prior to the departure of Polarstern from Tromso.
ARM personnel implemented a nearly full installation of the AMF-2 equipment on the dockside
in Tromso to address any final implementation details and to ensure proper operation of
equipment. The equipment was then uninstalled to the point that it could be transported to,
and loaded on, Polarstern, where some final installations were accomplished in Tromso port.
All equipment was then secured for safe transport across the Arctic Ocean and into the ice
pack. Equipment was not operated during the journey into the ice pack, although once
Polarstern was traveling within the ice pack (i.e., minimal pitch and roll), full installations on
many systems were completed. Instruments were generally not started until Polarstern was
parked at its final resting location, primarily because the ARM data system as not started until





that point. Most onboard installations were thus turned on and started collecting measurements
during the week of 7 October 2019. ARM radiation and precipitation equipment installed on the
sea ice at Met City became operational during the week of 14 October 2019.

Operations during Leg 1 were generally robust, with the following issues.

o The X-band Scanning ARM Cloud Radar (X-SACR) system never operated robustly
in spite of many attempts to replace, fix, or modify different components; thus, the
only scanning radar system available is the Ka-band component of the SACR.

o The Ka-SACR has been operational for all of Leg 1. Initially it performed a set of
scan patterns including full azimuthal scans (PPI) from -90 to +180 degrees (with O
degrees being defined as forward on Polarstern) at 18 different elevation angles
ranging from near O to 60 degrees; the -90 to -180 degree sector was not included
due to ship infrastructure including the Crow’s Nest and smokestack. In addition, the
radar was scanned from elevation angles of 0 to 90 degrees (RHI) at a set of
specific azimuth angles, including 0, 30, 60, 90, 210 degrees relative to forward. The
210 degree RHI was directly between the Crow’s Nest and smokestack, but was
eventually removed from the strategy due to concerns about interference with ship’s
equipment. Additionally, near the end of Leg 1, the scan strategy was modified such
that the PPI scans at elevation angles less than 10 degrees would be blanked
between the azimuth angles of -10 to +20 degrees to limit any direct illumination of
the ship’s spotlight that was almost directly forward of the radar.

o During the week of 16 November, ARM’s equipment at Met City had temporary
outages as all equipment at Met City was operated on short-term generators during
this period when the power line from the ship was disconnected.

o The AOS system samples air through an inlet and has a special design to minimize
sampling of ship’s exhaust; this includes monitoring parameters like carbon
monoxide to trigger a back flow through the stack during periods of pollution. Thus,
for certain periods, typically determined by wind direction, aerosol sampling was not
possible.

o Other short-term issues with ARM instrumentation include temporary interruptions to
operations of the MWR2C, MAERI, BSRWP to address or change components or
systems. Otherwise, all systems operated rather robustly for the duration of Leg 1.

Preliminary (expected) results

Primary results from the AMF-2 deployment at MOSAIC will be an extensive collection of high-
quality data sets from the AMF-2 instrumentation that are as continuous as possible for the full
year. These data sets will be quality assured by a large team of instrument mentors and facility
managers that will not participate in the field at MOSAIC. Based on these data sets, a suite of
value-added products will also be derived to provide information on geophysical parameters
related to the atmospheric state, clouds, aerosols, vertical atmospheric structure, and others.
These data sets are intended to support a great deal of process-based research in support of
advancing knowledge, assessing models, and developing improved models for representing
climate processes.

Selected example results from MOSAIC Leg 1 include the following. A comprehensive set of
radiation measurements were obtained at multiple locations on the ship and sea ice. An
example two weeks of broadband longwave radiation measurements are shown in Figure
3.2.1, where the downwelling radiation is shown in orange and the upwelling radiation is shown
in blue. Upwelling longwave radiation is proportional to the surface temperature and varies
accordingly, with generally warmer temperatures when clouds are present and colder
temperatures when the skies are clear. The downwelling radiation varies between two different





states; generally lower fluxes from clear skies and relatively higher fluxes from cloudy skies.
The difference between these curves is the net surface longwave radiation, which, in winter,
is the primary radiative influence on the surface energy budget.
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Fig.3.2.1: Timeseries of downwelling (orange) and upwelling (blue) broadband longwave radiative flux

as measured by surface based radiometers installed at Met City during MOSAIC Leg 1.

The Ka-band ARM Zenith Radar (KAZR) has observed a consistent record of tropospheric
clouds that have advected over the MOSAIC observatory during Leg 1. A timeseries of
reflectivity observations is shown in Figure 3.2.2, where the dates for each panel have been
provided, and the vertical extent of each panel is from the surface up to approximately 8 km.
Reflectivities greater than 0 dBZ are given in yellow and orange colors and represent periods
when appreciable snowfall occurs. This timeseries of clouds shows the frequent occurrence of
mixed-phase clouds, or clouds that consist of supercooled liquid water in combination with ice
crystals.
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Fig.3.2.2: Timeseries of KAZR cloud refiectivities during Leg 1 of MOSAIC. The vertical extent of the
panels is 0-8 km.

Arctic aerosol properties are not well understood in terms of their number concentrations,
sources, composition, or cloud activity. One week of observations of particle number
concentrations from four distinct measurement systems, each with a unique observational
approach, are summarized in Figure 3.2.3. While, subtle differences among the instruments
for total number concentration are expected based on the distinct observational approaches,
the instrument generally agree on the total aerosol concentrations. This example timeseries
shows some interesting aspects of the Leg1 aerosol. First, the large peaks on 2 and 4
November are likely due to ship exhaust, causing very large total number concentrations that
are not representative of the Arctic environment. On the other hand, the rest of this timeseries
shows the type of variability that is more representative, with values often around 100 cm,
On 2 November total number concentrations dipped below 1 cm, which is remarkably clean;
the central Arctic is one of the only locations on Earth that can experience such clean air.
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Fig.3.2.3: Timeseries of total aerosol number concentration derived from the CPC, UCPC, SMPS, and
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Data management

All data produced by the ARM Program during MOSAIC Leg 1 has been automatically ingested
and stored on ARM'’s onboard “site data system,” which performs many operational tasks
involved with data management, initial data ingesting and formatting, data quality checks, and
the production of quicklook plots of the data. Quicklooks are available via a web page to other
scientists onboard Polarstern (https://192.168.3.33:8443) and to the general public (https://dg-
amfc2.amf.arm.gov). With nearly 20 TB of data produced during Leg 1, it has been agreed that
this data will not initially be uploaded to the MOSAIC Central Server, however, MOSAIC
scientists can get access to the raw data through a free account on ARM’s site data system
(192.168.3.33:22) by obtaining credentials from the ARM data manager (see ARM technicians
onsite). After MOSAIC Leg 1, and all subsequent legs, the full set of collected data are
physically transported to the ARM data management facility and promptly ingested into a full
set of processed data files that will then be publicly available via the ARM Data Archive
(www.archive.arm.gov). Raw data will be available within a couple of weeks of its arrival at the
data management facility. Based on this raw data, a suite of value-added products will also be
developed in the following months, with these products also being served at the ARM Archive.
Appropriate meta-data sharing and cross-linking will occur via the MOSAIC Central Storage
and with PANGAEA (World Data Center PANGAEA Data Publisher for Earth & Environmental
Science (www.pangaea.de)) according to the protocol agreed upon between these two
archives.
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Objectives

Measurements of the atmospheric state in the Arctic are extremely rare and of great interest
for climate research in this unique and changing environment. The mobile facility OCEANET
is an ongoing observational initiative of TROPOS for aerosol and cloud profiling as well as
radiation budget measurements in maritime environments onboard research vessels since
2007 (Kanitz et al., 2013, Bohimann et al., 2018). During MOSAIC PS122/1 the majority of
these state-of-the-art en-route measurements were implemented on Polarstern in order to
establish a full Arctic annual aerosol, cloud, and radiation data record. One of the key focusses
for TROPOS lies on heterogeneous ice formation processes in different areas of the world
(e.g., Kanitz et al, 2011) and their radiative impact.

The following research question are addressed within this project:

o How do aerosol- and cloud properties influence the annual cycle of short-wave and
long-wave radiation under different meteorological conditions in the Arctic?





. How often does ice formation in warm (T > —10 °C) stratus clouds occur and what
are possible freezing mechanisms under clean Arctic conditions?

. Can we observe different ice-formation rates in the presence of local and long-range
transported ice nucleating particles?
o Will Arctic clouds increase or suppress the currently observed Arctic warming?

An additional focus is on ESA’s Aeolus wind mission. OCEANET data will also support the
CAL/VAL activities of this lidar satellite within the EVAA project. Since it is a polar-orbiting
satellite, a large number of overpasses in the close vicinity of Polarstern occurred during
PS122/1.

Work at sea

The OCEANET container of TROPOS was installed on the bow of Polarstern at the container
location C8, already during the harbor time in Tromsd. Power, heating, and LAN were
connected. However, the installation of instruments on the container’s roof was not performed
because of the danger of sea-water and waves damaging the instruments at the bow. The
setup of all instruments was started at arrival in the sea ice but no en-route measurements
were possible at that time because of Polarstern’s location in the EEZ of Russia. After that,
first measurements started on 28 September 2019 already on the way to the ice floe.

Since then continuous measurements with the

o the multi-wavelength Raman depolarization lidar Polly-XT (Engelmann et al., 2016),
. the microwave radiometers HATPRO and LHUMPRO,

o the CIMEL sun/sky/lunar photometer (Yin et al., 2019),

. two disdrometers, Parsivel? and 2DVD,

o a total-sky imager,

o a pyranometer and a pyrgeometer,

. and a basic DWD weather station (T,p,r.h.) were performed.

During the cruise all instruments had to be monitored for operation and several maintenance
and calibration tasks were performed. For example, the laser of Polly-XT, needed a flash lamp
replacement and an optics cleaning and replacement procedure which resulted in a technical
downtime of about 8 hours for the lidar in total. Additional periods with no lidar operation were
mainly caused by crane operations above the OCEANET container. The OCEANET platform
was installed opposite to the ARM radar container at the bow of Polarstern after final
installation of all instruments at the top of the container as seen in Figure 3.3.4.
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Fig.3.3.1: Location of the OC

EANET container (right) and the ARM Radar Container (opposite left) at
the bow of Polarstern.

At the beginning of the measurements and during the changeover to Leg 2 the microwave
radiometers were calibrated with liquid nitrogen. It was known, that the LN2 generated on
board would contain a certain percentage of oxygen and thus the boiling temperature would
be different depending on the purity. Hence, the temperature of the LN2 was determined with
a designated thermometer. Instead of 77.14 K of pure LN2 a temperature of 77.89 K was
determined and used for the calibration procedure.

The sun/sky/lunar CIMEL photometer could only operate as soon as the moon was above the
horizon, visible for the photometer from its location on the foredeck container, and the sky was
free of clouds. Unfortunately, these measurements were only possible for a 3-4 days in total
during Leg 1.

The pyranometer and pyrgeometer were installed on the bow-crane. This location seemed the
most favorable to avoid shading by the ships superstructure.

In addition to the technical setup and maintenance of the OCEANET instrumentation an
automatic profile retrieval algorithm for Polly-XT (Picasso) was operated to observe online data
and aerosol profiles. This automatic dataset will be reanalyzed later according to PollyNET
standards (Baars et al., 2016).

One of the main goals of this project is to link the aerosol information to cloud structure and
radiative effects. For this purpose, we could make use of the preliminary data from the ARM
KAZR cloud radar, the regular radiosoundings on board, and from the OCEANET lidar and
microwave radiometer data and implement the Cloudnet algorithms (lllingworth et al., 2007).
In this way, synergistic products could already be derived shortly after the measurements
which can be accessed online within Polarstern’s internal network.

Preliminary (expected) results

During PS122/1 several faint aerosol layers up to heights of 14 km were observed with the
multi-wavelength Raman Lidar Polly-XT. For example, Figure 3.3.2 shows the 1064-nm range-
corrected lidar signal during one of the first cloud-free observation periods. Besides
backscattering from aerosols closer to the ground up to 2 km height there were several





stratified layers visible especially at 4-6 and 11-13 km height. The uppermost layer was visible
in all cloud-free profiles during the entire Leg 1. Further in-depth analysis of the optical
properties is required, but from first analysis it can be stated, that these are most likely highly
absorbing pollution aerosols either from the long-ongoing Arctic fires in 2019 or from mid-
latitude continental sources.
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Fig.3.3.2: Range-corrected lidar signal at 1064 nm on 5 October. The signal attenuation right after
0600 UTC was caused by low-level fog or blowing ice crystals near the surface.

The lidar Polly-XT is also equipped with a Raman channel for the detection of water vapor. In
a combination with the temperature profiles from the regular Polarstern radiosoundings it was
possible to derive profiles of relative humidity on a few-minutes resolution on the assumption
that the variability of the water vapor drives the relative humidity while the temperature profiles
in greater altitudes changes much slower (Guangyao et al., 2018). Such profiles like presented
in Figure 3.3.3 for early 2 December 2019 will be a good additional source for in-depth cloud
analysis later on.
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Fig.3.3.3: Relative humidity derived from Polly-XT with the assumption of a constant temperature
profile from the 6-h radiosonde.

Additional to the lidar, the OCEANET platform also operated two microwave radiometers, one
HATPRO from TROPOS and one LHUMPRO from the University of Cologne. The latter one
measures at higher frequencies at which the water-vapor absorption coefficients are stronger,
so that it can give better estimates for integrated water vapor and liquid-water path for thin
Arctic stratus clouds. For denser cloud systems however, the signals will saturate quickly.
Therefore, we employed the combination of both systems to be able to give a full time series
of IVW and LWP.

For the first time in the Central Arctic winter we operated a shipborne AERONET sun/sky/lunar
Cimel Photometer from the University of Lille. Figure 3.3.4 shows the very first analysis of the
Aerosol Optical Depth (AOD) on 11 November at eight different wavelengths.
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Fig.3.3.4: First preliminary data from the shipborne Lunar Photometer at the Central Arctic. Aerosol
Optical Depth vs. time on 11 November 2019.





For MOSAIC we implemented the Cloudnet software package at the server system of the
OCEANET platform and integrated the preliminary ARM KAZR data (section 3.2), together
with the regular 6h radiosounding program (section 3.1), and the Polly-XT lidar to derive
synergistic products. Figure 3.3.5 shows an example of the target classification product, and
the ice-particle effective radius from this integrated dataset.

During Leg 1 we often observed either pure ice clouds which occasionally contained liquid-
water patches or liquid stratus (e.g. from 16 — 18 UTC in Figure 3.3.5) that immediately started
nucleation of ice particles and formed ice-particle virgae. The purpose of this early stage of
synergistic retrieval was to be able to lively track the current atmospheric observations. Careful
post- and reprocessing of these datasets are however needed, once the data went through
their individual QA/QC and publication routines.
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Fig.3.3.5: Some selected Cloudnet products (target classification, detection status, and effective
radius of ice particles) automatically generated during Leg 1 on 23 November 2019.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). The raw data from the OCEANET platform are stored in the MCS following
the MOSAIC data policy. The Polly-XT lidar data and quicklooks will be processed and made
available through PollyNET (http://polly.tropos.de). After final processing the other individual
datasets will be published within the PANGAEA data repository (World Data Center PANGAEA
Data Publisher for Earth & Environmental Science ( ).
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Objectives

This project aims to examine in detail the interplay of sea-ice thermodynamic and dynamic
processes and how these control the state of the ice over a full year, with specific focus here
on the atmospheric contributions. In support of this overall goal, project objectives include:

(a) Build comprehensive sea ice energy, upper ocean heat, and sea-ice momentum budgets;
examine how these co-vary in space and time over all seasons of the year; and develop
temporally-evolving process relationships among multiple key parameters.

(b) Use detailed field observations and a coupled regional model to examine how energy
transfer processes (thermodynamics) are influenced by sea-ice deformation (dynamics) on
sub-seasonal to seasonal time scales.

(c) Assess sea-ice predictability related to dynamic and thermodynamic process relationships,
using a full year of quasi-operational, 10-day sea-ice forecasts.

In support of the broad project goals, the key objective for MOSAIC Leg 1 was to deploy surface
flux measurement systems in a way that will enable robust collection of data for a full annual
cycle. The parent project includes activities falling within the MOSAIC ATMOS, OCEAN, and
ICE teams, and is interdisciplinary in nature. The ATMOS components will be primarily
described here, with reference to the other components for context. Further information on
OCEAN and ICE components is available in the sections describing the work from those teams
at MOSAIC. Links to other ATMOS projects during Leg 1 are also highlighted where
appropriate. For example, there are strong links to the ARM, Brooks, Blomquist, and Frey
projects (sections 3.2, 3.5, 3.6, 3.8, respectively). Lastly, this report serves as the only
summary of the Pirazzini-FMI activity, with a goal of measuring all components of the surface
radiation budget over representative ice cover. The atmospheric flux team has worked to
support this project while project participants will not be involved in MOSAIC until later legs.





This project is funded by the US National Science Foundation and the US National Oceanic
and Atmospheric Administration.

Work at sea

Work during MOSAIC Leg 1 focused on installation of key equipment for measuring surface
fluxes of heat and momentum at the atmosphere-ice interface both within the Central
Observatory and across the Distributed Network.

Central Observatory. The centerpiece of the installation is the suite of interdisciplinary
instruments deployed at Met City, which was initially about 500m distant from Polarstern. One
primary consideration for the installation of Met City and the heat and momentum flux
measurements was to have these as the furthest installation from Polarstern with most other
activities in the MOSAIC Central Observatory being installed in an approximately linear
arrangement back in the direction of Polarstern. This installation plan was conceived to
minimize the wind sector that would be adversely impacted by other installations and to have
a measurement footprint that is as representative as possible of the regional ice conditions. To
achieve this objective, the installation was made near the outer wall of the Fortress, capitalizing
on the thick, ridged ice in that area for stability, but with many of the specific installations
reaching out into the relatively thinner ice just outside the heavily ridged area.

The primary Met City installations for this project include an 11-m meteorological tower
(provided by the University of Colorado) and a 30-m meteorological mast (provided by the
University of Leeds) to measure key terms related to surface heat and momentum fluxes. Both
towers were installed within about 75m of the Met Hut on ice that was not formerly a melt pond,
and typically around 1m in thickness. Both tower installations were, however, generally
surrounded by regions of ~30cm ice that were former melt ponds. Collectively these two towers
have 4 primary measurement levels, allowing observations through the surface layer and into
the atmospheric boundary layer. Vaisala T/RH sensors and Metek heated sonic anemometers
were installed at nominally 2-, 6-, and 11-m on the tower and at 30-m on the mast. Along with
these sensors, a Licor fast water vapor and carbon dioxide sampler was installed adjacent to
the 2-m sonic, and an infrared (surface) thermometer, sonic snow depth device, and GPS
system were also installed at the 2m height. Two surface flux plates were installed at the ice-
snow interface adjacent to the tower, one being underneath the surface temperature and snow
depth measurement location. Additional tower-based measurements include, a CLASP, for
measuring aerosol size distributions was installed at about 3m height, while two snow particle
counters (SPCs) were installed at about 0.5 and 10-m heights (both are part of the Frey
project). Data from all of these instruments is logged locally at the base of the 11-m tower and
data is transferred automatically to central servers on Polarstern via the fiber optic network
connection to Met City.

Other key collaborative measurements at Met City include broadband up- and down-welling
shortwave and longwave radiation measured by the ARM program (see section 3.2), wind-
profiling lidar and sodar (see section 3.5), routine measurements of gas fluxes from an inlet on
the 11-m tower (see section 3.6), a Seasonal Ice Mass Balance buoy (SIMB, D. Perovich,
Darthmouth University) and an Autonomous Ocean Flux Buoy (AOFB) and pycnocline spar (T.
Stanton, San Jose State University). Additionally, this project was responsible for installing a
set of broadband up- and downwelling shortwave and longwave radiation measurements from
a project led by the Finnish Meteorological Institution (R. Pirazzini) whos participants will not
be at MOSAIC until later Legs.

Data collection from the flux tower was started while it was laying down, providing an
intercomparison data set between all instruments at the same height from approximately 15
October until they were lifted up to their installed height on 24 October. Data loss for most
systems was limited to primarily the times of line power loss from Polarstern due to ice
movements on 17-28 November. Tower data recovery during this time period was about 70%
due to operations on generators. During the rest of the period, data recovery was about 98%,





leading to an overall recovery of 91% of data from the 11-m tower during Leg 1. The 30-m
mast was installed at its full height on 26 October, but collapsed due to ice movements on 18
November. It was thereafter re-installed at a nominal height of 23m on 9 December. Due to
the long period of no operations on this mast, data recovery during Leg 1 was only about 53%.

Regarding the wind sectors, the measurement angles from about 40-110 degrees are
potentially affected by artificial surface roughness elements such as the Remote Sensing City
(RS), Ocean City (OC), Balloon Town (TB), and the Polarstern itself. Wind directions from W-
NW through NE come from the rough ice inside the Fortress, with complex ridges up to 4m
height. While sampling sites also exist in this area, they likely do not significantly alter the
turbulent fluxes from these wind directions because of the naturally rough ice in the area. From
the W-NW through S to E-SE wind directions, the ice in the first month of the drift was fairly
smooth and relatively thin (30-50cm). During the week of 16-22 November, episodic rapid ice
movement changed the configuration of the Central Observatory, moving Met City towards the
forward of Polarstern at a range of about 400m (Figure 3.4.1). This change increased the size
of the wind sector that includes potential artificial roughness elements. After this transition, the
ship occupied the 0-50 degree wind sector.
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Fig.3.4.6: a) Distance and b) angle (blue) between the ship GPS and the Met City tower GPS as a
function of time during Leg 1. In b) the heading given by the Met City tower GPS (red) shows only
slight rotation of the tower floe during Leg 1 despite significant movements.

Distributed Network. To understand the variability of surface heat and momentum fluxes over
a broader domain and including more local conditions, similar measurements to those
described above were made within the MOSAIC Distributed Network. These distributed
observations also allow for the possibility to calculate atmospheric stress divergence which





can be linked to ice divergence across the MOSAIC network. Installation of Atmospheric
Surface Flux Stations (ASFS) at the three L sites in the first two weeks of October was done
via the Akademik Fedorov cruise as part of MOSAIC Leg 1a and is documented in the
appropriate cruise report for that activity. In short, the L sites were installed in an approximate
triangular shape around Polarstern with distances to the individual sites ranging from 12 to 23
km. The ASFS are similar to the meteorological tower and other installations made at Met City,
although with a single level of measurements. Instruments include one sonic anemometer,
Vaisala temperature, pressure, and relative humidity measurements, a Licor sensor for
measuring fast water vapor (which was not always turned on), a sonic snow depth sensor, an
infrared (surface) thermometer, a GPS system, two cameras, and a set of up- and down-
welling longwave and shortwave radiometers. This full suite of observations is supported for
semi-autonomous operations by a methanol fuel cell with battery power storage and dual
communication with Polarstern using line-of-site radio and Iridium communications. Adjacent
to the ASFS at the three L sites were installations of the SIMB and AOFB that were also
installed at the Central Observatory. Additionally, a full network of GPS position buoys was
installed by a key project collaborator (J. Hutchings, Oregon State University) across the
MOSAIC distributed network to allow for explicit linkages between the thermodynamic and
dynamic influences on sea ice.

During Leg 1 the ASFS stations at the L-sites were visited via helicopter at least once per
month for basic station maintenance, including cleaning instruments, resupplying the fuel, and
extracting the full-resolution data. Table 3.4.1 shows the specific site visits and provides a
brief summary of site activities during those visits. The ASFS had a couple of significant issues
during Leg 1. The power system on the L1 station failed and had to be replaced on 10
November. Later on that same day, the L2 station was damaged by a polar bear, requiring a
major rebuilding effort that was completed on 30 November. All other visits have been for
routine maintenance or minor adjustments to operations.

Tab.3.4.1: L-site visit Summary

Site Date Summary of Activities

L1 —ASFS40 5 Oct Site installation

(12 km @ 220°) 15 Oct Maintenance, Remove Licor from operation
10 Nov Maintenance, Change power system
7 Dec Maintenance

L2 — ASFS30 7 Oct Site installation

(13.2km @ 128°) | 16 Oct Maintenance, Remove Licor from operation
6 Nov Maintenance, Fix radiometer ventilator

14 Nov Assessment of damage, Remove power system
22 Nov Remove additional damage equipment, Install new sonic

30 Nov Install power system, Install other instrument fixes
6 Dec Final instrument fixes

L3 — ASFS50 10 Oct Site installation

(23 km @ 357°) 14 Nov Maintenance
6 Dec Maintenance, Change meteorological instrument

Preliminary (expected) results

Measurements made as part of this project have provided up to 2 months of high-quality
estimates of atmospheric surface heat and momentum fluxes at four locations across the
MOSAIC domain, as well as detailed lower atmospheric structure at the MOSAIC ice camp.





These fluxes will be combined with project partner measurements of ocean heat fluxes, sea
ice thermodynamic state and thickness, and regional-scale sea-ice movement and deformation
to understand the dynamic and thermodynamic drivers of the sea-ice life cycle.

During Leg 1, heat loss was observed from the snow/ice surface to the atmosphere during this
autumn time period. The conductive heat loss within the ice from the ocean to the atmosphere
includes a contribution of turbulent heat flux from the ocean to the ice bottom and the heat loss
given off during the freezing of sea water forming new ice at the ice bottom. The combined
net radiative and turbulent heat flux at the air-snow interface represents the transfer of this
heat to the atmosphere. The combined atmospheric and ocean heat fluxes will be calculated
from the flux tower, ARM radiation, and AOFB data acquired at Met City. The conductive flux
within the snow near the ice/snow interface and from the bottom of the ice is, to a first order,
represented by the measurements from the two flux plates near the flux tower (Figure 3.4.2c),
and should be consistent with the temperature structure observed through the ice by the
collocated SIMB system. These values are positive most of the time, with observed values up
to 50 W m2, though they can become negative during warm-air advection events, as during
the pre-storm low-level jet on 16 November. The conductive flux is dependent on thickness of
the ice and snow cover and on the near-surface air temperature. Two of these three
dependencies can be seen in Figure 3.4.2 at the flux tower. The sign of the atmosphere-
surface turbulent heat fluxes depends on the vertical gradient of surface-layer temperature,
with a negative gradient producing surface heat loss to the atmosphere while a positive
gradient (temperature inversion) means that the atmospheric turbulent fluxes are warming the
surface. Vertical gradients across the tower show that both signs occur, though in the mean a
temperature inversion exists. Hence, turbulent heat fluxes have generally warmed the ice
during Leg 1. The primary mechanism for the loss of the heat conducted from the ocean
through the ice and snow to the atmosphere is expected to be through longwave radiation. The
measurements for the direct calculations of the turbulent and radiative heat fluxes were
obtained at Met City during Leg 1 and will continue.
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Fig.3.4.7: Timeseries of a) SR50 snow depth above Flux Plate B near the Met City tower, b) the 2-m
temperature, and c) the conductive flux as measured by Flux plates A (red) and B (blue). Flux plate A
was initially positioned over relatively thin ice (~40 cm) while Flux B was over thicker ice (~ 1 m). The
snow-cover evolution in a) is primarily driven by movement of a snow drift and hence mainly relevant
for Flux plate B, which was co-located. The snow thickness curve requires editing, as many of the
spikes are likely effects of blowing snow or power outages.

We also expect that atmospheric features passing over the distributed network site reveal their
motion characteristics (e.g., phase velocities) and spatial impact variations. Since ice
conditions are different at the different L sites (and Met City), we expect quantitatively different
balances between the various components of the surface energy budget depending on the ice
and snow characteristics at each site (e.g., Figure 3.4.3a). Understanding this type of variability
across the MOSAIC domain will be important for any attempts to "upscale" and generalize the
MOSAIC results. Spatial variations in winds and radiation (e.g., Figures 3.4.3b, c) will support
the diagnosis of frontal features, such as atmospheric divergence or deformation, and
movements of cloud boundaries. Spatio-temporal variations in high-frequency pressure
measurements may even allow for the diagnosis of gravity wave features that may be common
in this generally stable atmospheric boundary layer, and may impact turbulent heat and
momentum fluxes and even boundary-layer clouds.
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Fig.3.4.8: Example time series of a) conductive heat flux, b) wind speed, and c) net radiation from the
sites L1 (ASFS40, blue), L2 (ASFS30, red) and L3 (ASFS50, green) on 7 November 2019. Data for
sites L1 and L2 are 1-min averages, while that for L3 is 10-min averages.

In the future, the data produced during Leg 1 will be widely used for research examining
surface energy budget processes, atmospheric stability, turbulent exchange of various
parameters, and other topics. Relationships among different components of the atmospheric
surface energy budget, as well as the energy budgets of the ice and upper ocean, will be
developed and explored. The data will also be used to assess quasi-operational 10-day model
forecasts from the regional Coupled Arctic Forecast System (CAFS) to evaluate the processes
responsible for forecast skill for short versus medium-range forecasts.

Data management

Data produced at the Met City installation are archived locally in Met City and duplicated in the
flux laboratory container onboard Polarstern. Data produced at the remote ASFS sites are
archived locally on the remote systems; some sub-set of this data is transferred to Polarstern
via a combination of radio or Iridium modems. The full set of ASFS site data is transferred to
Polarstern after routine site visits. All data is redundantly archived on the server in the flux
laboratory container onboard Polarstern. Additionally, a copy of all raw data has been uploaded
to the MOSAIC Central Storage onboard Polarstern; this data has not yet undergone detailed
quality assurance and calibration. Long term archival of quality-controlled data will be done on
PANGAEA (World Data Center PANGAEA Data Publisher for Earth & Environmental Science
(www.pangaea.de)) and/or on the Arctic Data Center archive, according to the protocol agreed
upon between these two archives. All data are handled, documented, archived and published
following the MOSAIC data policy. Exceptions will to be documented in written agreements
between the data provider and the MOSAIC Project Board and data manager.
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3.5 Boundary Layer Dynamics
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Objectives

The overarching goal is to develop a new understanding of the physical processes governing
atmospheric boundary layer structure, turbulent mixing, and the interactions with both the
surface and cloud in the central Arctic.

Our specific objectives are to:

o Characterize the turbulent dynamics of the Arctic atmospheric boundary layer and
the physical processes controlling it over a full annual cycle. BL mixing directly
affects the surface heat flux and both influences cloud properties and is influenced
by in-cloud processes, and thus impacts the radiative fluxes and surface energy
budget, contributing to ice formation/melt.

o Determine the interactions of Arctic boundary layer structure with the surface
turbulent fluxes of momentum and heat. Surface fluxes are a controlling influence on
lower BL structure. Elevated sources of turbulence, e.g. wind speed jets and
radiative cooling at cloud top, dominate the control of upper BL structure and can
impact surface fluxes where surface forcing of turbulence is weak, and thus the
surface energy budget and ice evolution.

o Identify and describe the significant processes controlling coupling/decoupling of BL
cloud to the surface. Decoupling isolates BL cloud from surface sources of moisture
and aerosol; this may affect cloud properties (iii) and thus the surface radiation
budget.

Work at sea

The boundary-layer dynamics measurements were obtained via active remote sensing using:
3 Doppler lidars and a phased array Doppler sodar.

Two lidars were installed on board Polarstern on P-deck: A Halo Photonics Streamline lidar
from the University of Trier, and a Galion G4000 wind profiling lidar. A second Halo Streamline
lidar was installed at the Met City site on the pack ice along with a Scintec MFAS sodar. The
lidars all operate at near infrared wavelengths, and rely on reflected light from particles in the
atmosphere (aerosols, cloud droplets, and ice crystals) to make a measurement. The Halo
lidars provide measurements of backscatter intensity and along-beam Doppler velocity while
the Galion provides only Doppler velocity as an output.

The Galion lidar was configured to make continuous VAD (Velocity Azimuth Display) scans
from which vertical profiles of wind speed and direction can be derived with a time resolution
of approximately 2.5 minutes and a vertical resolution of 20m.

The Halo lidars were initially configured to work in a synchronized mode to make
measurements of the same volume of air from two different directions in a ‘virtual tower’. This
allows the air motion to be resolved in 2-dimensions. The virtual tower also provides 2
intersecting RHI (range height indicator) scans which can be used to derive estimates of
turbulent velocity variances and turbulent kinetic energy profiles (Banta et al. 2006). In order
to calculate the scan configurations for each lidar required for the synchronized measurements
accurate relative positions and orientations of the two instruments is required. During the
course of leg 1, repeated movement of the ice made it difficult to maintain the synchronized
scans and it was clear that the instrument caretakers for legs 2,4,5, and 6, where no one from
Leeds or Trier was on board would be unable to do so. The decision was made late in the leg





to configure the two systems to operate independently, each conducting a set of RHI scans at
multiple azimuth angles, maximizing the information on boundary layer turbulent structure
while minimizing the effort required by the instrument caretakers.

The sodar uses acoustic backscatter to make its measurement. A sequence of audible
acoustic pulses is transmitted. Echoes are returned from density gradients in the atmosphere
— these arise primarily at gradients in temperature, either large scale gradients such as
temperature inversions, or small scale gradients resulting from turbulence. The intensity of the
acoustic backscatter provides some information on the turbulent and thermodynamic structure
of the lower atmosphere. The Doppler shift of the echo provides a measurement of air motion.
The acoustic beam can be steered off the vertical, allowing measurements of horizontal wind
components to be made giving another measurement of the wind profile. The sodar vertical
resolution is 10m, with a range from 40-1000m (though the upper limit is strongly dependent
upon conditions and rarely reaches this absolute maximum). Wind profiles are obtained at 10
minute intervals and vertical backscatter profiles every 5 minutes.

Preliminary (expected) results

Figure 3.5.1 is an example raw acoustic backscatter signal from the sodar on 12 December
2019, showing a deepening mixing layer from about 16:00 onwards. Calibration of the
backscatter with the surface sensible heat flux will allow for a temperature structure function
to be calculated. This provides a good measure of the extent of the well mixed layer above the
surface.
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Fig.3.5.1: Sodar backscatter from 12 December 2019.

Figure 3.5.2 shows an example wind speed time-height section from the Galion lidar installed
onboard Polarstern. A broad low-level wind-speed jet is visible from 09:00-15:00 at around 300
m.
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Fig.3.5.2: Profile of wind speeds derived from the Gallion lidar installed on the Polarstern P-deck.
Winds can only be estimated where there is enough backscattered atmospheric signal.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Raw data, including instrument quality control flags, is archived daily on the
MOSAIC central Storage system and on a RAID belonging to Leeds. Final data products will
be stored at the PANGAEA data repository (World Data Center PANGAEA Data Publisher for
Earth & Environmental Science (www.pangaea.de)).
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Objectives

The MOSAIC trace gas flux group encompasses a wide range of scientific interests and
specializations, with a focus on the air-sea exchange of four primary climate-active trace gases
— carbon dioxide (CO2), methane (CH4), dimethyl sulfide (DMS) and ozone (Os3) — and a
broader interest in the transport, reactivity, surface exchange and chemical atmospheric
budgets of volatile organic carbon compounds (VOCs), chlorofluorocarbons (CFCs) and
elemental mercury (Hg°).



http://www.pangaea.de/



There were three measurement objectives for Leg 1: continuous eddy correlation (EC) flux
measurements of the four primary gases; continuous mean concentration measurements of
an expanded list of trace gases including VOCs, CFCs, nitrogen oxides (NO/NO.) and Hg®
and dynamic chamber flux measurements of the primary gases over undisturbed snow and
ice, at smaller spatial and temporal scales compared to the eddy correlation fluxes.

Longer term modeling objectives include the development of a physical gas transfer
parameterization suitable for the sea ice environment, 1D modeling of the atmospheric surface
exchange, vertical transport and reactivity of these gases, and 3D modeling to assess the
significance of Central Arctic air-sea transfer in regional and global atmospheric trace gas
budgets.

Work at sea

Table 3.6.1 provides a list of the measurement systems deployed for Leg 1 with their location,
sampling frequency and SensorWeb short name. These systems are briefly described below.

Tab.3.6.1: Measurement Systems Deployed for Leg 1

Measurement System Sampling | Sample Rate SensorWeb ‘Short Name’
Location

DMS API Mass ship bow 10 Hz continuous | dms_apims_ship_bow

Spectrometer tower

Picarro G2311-f CRDS | ship bow 10 Hz continuous | crds_ghg_ship_bow

tower
Chemiluminescent ship bow 10 Hz continuous | ozone fast_ship_bow
Ozone tower
Metek uSonic-3 ship bow 10 Hz continuous | sonic_anemometer_3D_ship
Anemometer tower _bow
Licor 7500DS ship bow 10 Hz continuous | licor_7500ds_ship_bow
tower

RM Young 86004 Sonic | ship bow 1 Hz continuous | sonic_anemometer 2D_ship

Anemometer tower __bow
Chemiluminescent ship bow 10 per minute nox_ship_bow
NO/NO2 crane

TEI model 49C ozone ship bow 1 per minute ozone_slow_ship _bow
analyzer crane

Tekran 2537B mercury | ship bow 1 per 5-15 minute | hg_ship_bow
analyzer crane

Agilent GC Mass ship bow |~15-18 perday |gcms_ship_bow
Spectrometer crane

Picarro G2311-f CRDS | met city 10 Hz continuous | crds_ghg_ice_station_tower
10m tower






Measurement System Sampling | Sample Rate SensorWeb ‘Short Name’
Location

CO2/CH4 Flux Chamber | various 1-2 per co2_ch4 _chamber_portable
deployment

Ozone Flux Chamber various 1-2 per ozone_chamber_portable
deployment

Michell S8000 ship bow | ~1 per minute t rh_ship_bow

hygrometer tower

Ship EC Fluxes: A Metek uSonic3 USA-1 sonic anemometer is mounted to the top of the met
mast on the Polarstern bow crane for mean wind and turbulence measurements (Figure
3.6.1a), a Li-COR 7500DS fast CO; and water vapor sensor is mounted about 1m below the
USA-1 sonic head, and an RM Young model 86004 2D sonic anemometer is ~1m below the
LI-COR. Inlet tubes (1/2” teflon) for three fast trace gas analyzers are located just at the base
of the Metek sonic, extending down to a laboratory container in the E-deck hold, at position E-
10. Inlet tubes are ~42m in length and are insulated and heated to 15-20 °C.

In the E-10 lab van, a Picarro model G2311-f cavity ring-down spectrometer (CRDS) is used
for 10 Hz CO2, CH4 and water vapor measurements. The Picarro inlet flow rate was set to ~
50 LPM and the analyzer subsampled from this inlet at ~5 LPM. This type of analyzer has
been previously used for CO- flux measurements at sea with a sample air dryer (Blomquist et
al. 2014). A dryer was installed for MOSAIC but not used since ambient humidity for Leg 1
was very low, with frost points generally less than -20 °C. A fast chemiluminescent ozone
analyzer (Bariteau et al. 2010) is used for ozone flux, and an Atmospheric Pressure lonization
Mass Spectrometer (APIMS) for DMS flux (Blomquist et al. 2010). Inlet flow for the APIMS
was comparable to the CRDS. The ozone inlet flow was 30 LPM.
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Fig.3.-6. 1: a) Polarstern bow”c'féne and met tower. b) Site map showing ship, Met City and flux
chamber sampling sites during leg 1.






Met City EC Fluxes: Trace gas flux measurements at Met City were conducted in cooperation
with the Univ. Colorado CIRES / NOAA flux group (section 3.4) using their 11m flux tower. A
heated, insulated air sampling inlet is installed at the top of the tower near the 11m sonic
anemometer (Metek uSonic 3). A Picarro model G2311-f CRDS for fast CO2/CH4/HO
measurements, identical to the ship system, is located in the met hut approximately 20m from
the tower. Serial data from this analyzer is logged on the CIRES/NOAA acquisition system at
the base of the tower. Inlet flow rate and other sampling details were similar to the ship system.

Other Shipboard Trace Gas Measurements: In addition to the flux systems mentioned above,
the E-10 lab van contains an Agilent GC Mass Spectrometer (GCMS) system for ambient air
VOC and CFC measurements. GCMS sampling is continuous, at about 15-18 samples per
day. Table 3.6.2 lists the target compounds for the GCMS analysis. Other instruments in the
E-10 van include a chemiluminescent NO/NO- analyzer, TElI model 49C ozone analyzer,
Michell S8000 chilled-mirror hygrometer, and Tekran 2537B gaseous mercury analyzer.
Dedicated sampling lines for these instruments extend up to the ship bow crane near the base
of the met tower. These are all fitted with teflon inlet filters (5 uM).

Tab.3.6.2: Target Compounds for GCMS Analysis

Hydrocarbons Halogenated Cmpds Other
Ethane HFC-125 SFe
Propane HFC-134a OCs
Propyne HFC-152a CS:
Acetaldehyde HFC-22 Dimethylsulfide
iso-Butane Methyl Chloride
n-Butane CFC-12
Acetone HCFC-142b
iso-Pentane Methyl Bromide
Isoprene HCFC-124
n-Pentane H-1211
Benzene CFC-114
Toluene CH2Cl2
Methyl lodide
HCFC-141b
CFC-11
CFC-113
chloroform
CH2BrClI






Hydrocarbons Halogenated Cmpds Other

CHzBI’z
CCl4

Perchloroethylene

CHBrCl2

CHBI’3

NOAA/GMD Sample Flasks: In addition to the in-situ trace gas measurements described
above, we collected weekly air samples for greenhouse gas analysis by the NOAA Global
Monitoring Division. These will be shipped to the NOAA facility in Boulder, Colorado at the
end of the cruise leg for analysis.

COz/ CH4 Flux Chamber Measurements: A dynamic chamber system incorporating two high
precision gas analyzers (LI-COR LI-7810 CO2/CH4/H20O and LICOR LI-7815 CO2/H20) was
deployed several times at a variety of locations during Leg 1 (Figure 3.6.2). This system
measures direct emission or deposition of gases at the snow or ice surface with a small
footprint (0.343 m?) over short timescales (<1 hr) and with minimal surface disruption. The
intent is to obtain a surface flux measurement that complements the EC fluxes and facilitates
an assessment of spatial variability in sea ice gas transfer, closely linking the observed fluxes
to environmental controls and physical/biogeochemical factors. A collaborative sampling
strategy with ICE, ECO and BGC teams is necessary to achieve this goal.

=

Fig.3.6.2: CO/CH4 dynamic chamber f/u system. a) analyzer box. b) flux chamber.

Sampling Site Locations: Figure 3.6.1b shows the relative locations and orientation of Met City
and the various chamber flux sites with respect to the ship. We anticipate footprints for EC
flux measurements from the ship bow and Met City towers will cover an area including chamber
sampling sites #1, #2 and BGC3 when southeasterly to southerly winds prevail.





Preliminary (expected) results

For the ship, valid gas concentration measurements are only possible over a limited ‘clean
sector’ in the relative wind direction. During Leg 1 this is defined as +/- 130° from the bow. In
addition, a wind speed lower limit of 1 m/s is applied. To avoid inlet contamination, air sample
flow is shut down and the gas inlets are back-flushed with clean air when wind conditions are
‘out-of-sector’.

Several gas analyzers are routinely put in standby mode during ‘out of sector’ conditions,
including the Picarro, APIMS, GCMS and mercury analyzers. Thus, there are no data from
these systems during ‘out-of-sector’ wind conditions. Other systems, such as the ozone and
NO/NO; analyzers, remain running when the inlets are in back flush mode, but only measure
laboratory clean air at this time and the data are therefore not useful.

Figure 3.6.3 shows the number of hours of ‘good wind’ conditions at the ship tower for each
day of Leg 1 (top panel). Over 1368 hours of sampling during Leg 1 we have 1004 hours that
meet the criteria for good wind conditions defined above. Of these not all will be suitable for
turbulent flux measurements, but concentration data should be good, with minimal interference
from ship contamination. Other panels in Figures 3.6.3 and 3.6.4 show the number of hours
of operation or the number of samples per day for each analyzer.





Ship Bow Tower Measurements: Hours operation per day
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Fig.3.6.3: Ship flux system operations during Leg 1. Top panel: Hours per day when the relative wind
direction and speed are “in sector.” Second panel: Picarro CRDS flux analyser, daily hours of
operation. Third panel: Fast ozone analyser, daily hours of operation. Fourth panel: DMS APIMS,
daily hours of operations. Fifth panel: Met City Picarro CRDS fox analyser, daily hours of operation.
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The ship CRDS analyzer and GCMS were operating most of the time when wind conditions
were suitable. The mercury, NO/NO. and fast and slow ozone systems ran more or less
continuously. The DMS APIMS was operating during good wind conditions up to day 322 (18
November), when a DC power supply failed and this could not be repaired. We expect the
APIMS will be repaired and running again for Leg 4.

The LI-COR 7500DS on the ship bow tower did not operate reliably during Leg 1. The upper
optical element in the analyzer is not heated and was frost covered for almost the entire leg.





Data from this system are mostly useless. When frost conditions ease on later legs we expect
usable water vapor flux measurements from this instrument.

Operation of the Met City flux system is not subject to wind sector control. The Met City site
was not fully established until day 302. Starting from day 303 the Picarro CRDS ran
continuously except for a 12 day period (days 321-332) when ice movement and power failure
kept most of the instrumentation at Met City off-line.

The CO2/CH4 dynamic chamber flux system was deployed 18 times during Leg 1 and trials of
the ozone flux chamber were conducted 6 times, as detailed on Table 3.6.3. Figure 3.6.5 is a
time series plot illustrating CO; results for a chamber measurement; gas sampling alternates
between ambient (inlet) air and air which has circulated through the conical chamber in contact
with the surface. After detrending for minor variability in CO2 concentration in the ambient air,
the mean increase or decrease in gas concentration is determined from the repeated
measurements. Figure 3.6.2 shows the analyzer box and flux chamber in action.
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Fig.3.6.5: Example of results from a CO2»/CH4 dynamic flux chamber deployment. The right panel
shows the CO2 mixing ratio measured in the air entering the chamber (inlet: blue) and air exiting the
chamber (chamber: red). Loess fits have been applied to the different sets of data to illustrate the
concentration trends. The right panel shows data detrended in relation to the ambient or inlet air. In
this case, a significant difference between sequences of inlet and chamber measurements is apparent
(T-test, P = <2.2e"%) and equates to an emission of CO from the snow/ice to atmosphere of ~ 25
umol m2 d-'.

Tab.3.6.3: Chamber Flux Deployments during Leg 1

Date DOY Deployment Location name
9-Oct-19 282 CO2/CH4 Chamber L3_T1
10-Oct-19 283 CO./CH4 Chamber L3 T2
27-Oct-19 300 CO2/CH4 Chamber on deck - PS

28-Oct-19 301 CO2/CH4 Chamber Logistics area





Date DOY Deployment Location name
30-Oct-19 303 CO,/CH4 Chamber Met City
3-Nov-19 307 CO2/CH4 Chamber Met City
7-Nov-19 311 CO./CH4 Chamber BGC_1
11-Nov-19 315 CO2/CH4 Chamber Ice Transect - South
13-Nov-19 317 CO2/CH4 Chamber BGC 3
15-Nov-19 319 CO2/CH4 Chamber Ice Transect - South
20-Nov-19 324 CO./CH4 Chamber BGC_2
23-Nov-19 327 CO2/CH4 Chamber Dark Site
26-Nov-19 330 CO2/CH4 Chamber Dark Site
27-Nov-19 331 O3 Flux Chamber Logistics area
28-Nov-19 332 O3 Flux Chamber Logistics area
30-Nov-19 334 CO2/CH4 Chamber Ice Transect - South
1-Dec-19 335 O3 Chamber on deck - PS
2-Dec-19 336 O3 Chamber Logistics area
2-Dec-19 336 CO2/CH4 Chamber Ice Transect - South
5-Dec-19 339 O3 Chamber Logistics area
6-Dec-19 340 CO2/CH4 Chamber BGC 3
7-Dec-19 341 O3 Chamber Logistics area
10-Dec-19 344 CO2/CH4 Chamber Ice Transect - South
12-Dec-19 346 CO2/CH4 Chamber Between RS and OC
16-Dec-19 350 CO2/CH4 Chamber Between RS and OC

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Data will be stored at the Arctic Data Centre following the agreement
between ADC and the MOSAIC Project lead. DOIs will be communicated to PANGAEA for
later access via the future MOSAIC Data Portal.
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Objectives

Changes in the arctic sea ice - involving enhancements of its loss rate, mobility, lead opening,
or melting pounds — perturb the formation of aerosol, thus clouds, and further impact the
climate. The present knowledge about the arctic environment is very limited due to drastic
modifications of the polar landscape. Origins as well as chemical and physical mechanisms
involved in the formation of aerosol and its later behavior are yet to be resolved. In order to
improve the understanding of the changing arctic climate, continuous measurements of
aerosol and precursor vapors are performed for a whole annual cycle in the sea ice, herein we
present an overview of our measurement deployment for the first phase of the campaign:
MOSAIC Leg 1.

Being a collaboration between the Paul Scherrer Institute (PSI) and the Institute for
Atmospheric and Earth System research (INAR), this joint project focuses on understanding
linkages between (1) sea ice dynamics and thermodynamics, (2) surface and ice
characteristics, (3) marine aerosol precursor concentrations and emissions, (4) atmospheric
boundary layer dynamics and cloud formation, and finally (5) how all these components vary
from polar night (without any radiation from the sun) to arctic summer with all day long solar
radiation, thus with an intense and active photochemical potential.

We focus on improving the process level understanding of local aerosol particle formation
(sources of trace gases, oxidizing agents) in the polar atmosphere linked to the ecosystem, as
well as developing a comprehensive microphysical and chemical characterization of high Arctic
aerosol. This results in assessing aerosol transformation mechanisms in the atmosphere and
the ability to form both cloud condensation nuclei and ice nuclei.

At the same time, the work identifies periods where the atmosphere exhibits a preindustrial-
like aerosol regime as opposed to conditions in which pollution from lower latitudes prevail.
Finding the pristine aerosol benchmark in the Arctic will further inform anthropogenic radiative
forcing contributions through aerosol-cloud interactions, which rely on the preindustrial state
of the atmosphere as reference.





Main questions are:

1.

2.
3.

7.
8.

9.

What are the distinctions between pre-industrial pristine Arctic air masses versus
those impacted by pollution?

What are the roles of different precursors on initial aerosol formation?

What is the molecular composition of fresh aerosol particles and how is it affected
by precursor emissions?

What are the contributions of new particle formation versus long-range transported
aerosol to CCN concentrations and what vapors are responsible for the growth to
CCN, thus climate relevant sizes?

What are the key processes governing the annual cycle of aerosols during
different seasons as concerns local sources, long-range transport and scavenging.

In which form are lodine and Sulphur-containing compounds, well known aerosol
precursors, emitted from the Arctic Ocean and sea ice, and how do the emissions
vary with season or ice characteristics?

How is precursor production affected by cosmic rays and photochemistry?

How does sea ice as a source of aerosol precursors, secondary aerosol and CCN
compare to open polar waters?

Does marine and ice biological activity provide different sources of precursors?

10. How do cloud radiative properties depend on the CCN concentration?

Work at sea

Our atmospheric measurements on aerosol and precursor gases was deployed within a
laboratory container from the Paul Scherrer Institute operated at the bow of Polarstern, at the

second

container level, forward, starboard side in position C10 (Figure 3.7.1). Several

additional filter sampling measurements were made, in the adjacent laboratory container from
the British Antarctic Survey (position C9), also supporting filter measurement from TROPOS.
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Fig.3.7.1: Location of the C10 container on the Polarstern





Online measurements at the C10 container were performed through three inlets (new particle
formation - NPF, interstitial, and total) mounted on the top of the container bringing ambient air
into the online instrumentation inside the mobile laboratory. Sampling was continuous with
monitoring for local pollution events, via the vessel weather station information (i.e., wind
direction and wind speed) from which the data will be segregated during post processing. The
collection of instruments includes: various particle counters, size selective particle and ion
counters and spectrometers, mass spectrometers, trace gas monitors, filter samplers. An
extensive list of the C10 and C9 containers can be found in Table 3.7.1 below.

Tab.3.7.1: Instrumentation deployed during MOSAIC- Leg 1

Id
CPC 3776

CPC 3025

CPC 3010

PSM A11-1 &
A11-2

CPC A11-1 &
A11-2

NAIS

SMPS

APS

CCNC

Wibs

Instrument
Condensation particle
counter

Condensation particle
counter

Condensation particle
counter

Particle size magnifier

Condensation particle
counter

Neutral cluster and air
ion spectrometer

Scanning mobility
particle sizer

Aerodynamic particle
spectrometer

Cloud condensation
nuclei counter

Wibs

Location - Inlet
C10 — Total

C10 - Interstitial

C10 — Interstitial
& Total

C10 - NPF

C10 - NPF

C10 — NPF

C10 — Interstitial
& Total

C10 - Total

C10 — Interstitial
& Total

C10 - Total

Application
Aerosol concentration of the total
particle population

Aerosol concentration of the
ultrafine particle population (i.e.
diameter <1 ym)

Aerosol concentration of the size
selected particle. Used for
scanning mobility particle sizer
measurement and aerosol mass
spectrometer calibration

Size distribution of the smallest
aerosol particles from 1.5 to 3 nm

Two identical instruments are run
in parallel for scanning and
stepping mode inter-comparison

Used for detection of particle size
magnifier setups A11-1 & A11-2

Size distribution of both neutral
and naturally charged cluster
population for electrical mobility
equivalent diameter ranging from 2
to 40 nm

Size distribution of the aerosol
population for electrical mobility
equivalent diameter ranging from
10 to 1000 nm

Size distribution of the large
aerosol population for
aerodynamic equivalent diameter
ranging

from 0.5 to 20 ym

Aerosol concentration for potential
growth cloud condensation nuclei

at several supersaturation ratio on
hourly cycle

Measurement of fluorescently
active aerosol for biological
speciation





Aethalometer Aethalometer

Aerosol mass

AMS
spectrometer
Nitrate-based
chemical ionization

CI-APi-TOF atmospheric pressure
interface time of flight
mass spectrometer
atmospheric pressure

APi-TOF interface time of flight
mass spectrometer

03 Ozone monitor

S02 S0O2 monitor

Picarro Picarro Analyzer

RH/T1&2 Hygrometer

V1 Valve switch

HiVol* High volume filter
sampler

LoVol* Low volume filter
sampler

Grimm OPC* Optical particle
counter

Filter . .

Tropos** Filter sampling

C10 — Interstitial
& Total

C10 — Interstitial
& Total

C10 - NPF

C9 - roof

C10 - Interstitial
C10 - Interstitial

C10 - Interstitial

C10 — Interstitial
& Total

C10 — Interstitial
& Total

C9 - roof
C9 — roof
C9 — roof
C9 — roof

Measurement of black carbon

Chemical compotion of aerosol
particle

(e.g. sulfate, nitrate, organic,
ammonium, chloride, ...)

Measurement of the chemical
composition of gas-phase
compound and highly oxidized
molecules, precursors of aerosols

(e.g. Sulfuric acid, iodic acid, ...)

Measurement of the chemical
composition of gas-phase naturally
charged ions, precursors of
aerosols

(e.g. Sulfuric acid, ammonia
clusters, ...)

Ozone concentration
Sulfur dioxide concentration

Gas-phase concentration of
Methane, Carbon monoxide,
Carbon dioxide, water vapor

Relative Humidity and temperature
sensor for both Interstitial and
Total inlet

Hourly bases inlet sample switch
for AMS, CCNC, Aethalometer,
SMPS

High volume aerosol filter
(Borosilicate, pore 2 1.6 um 800
Lpm) sampling weekly

High volume aerosol filter
(Polycarbonate, pore 2 0.2 uym //
20-25 Lpm) automated 48 h cycle
sampling

Aerosol concentration of big
particles

Aerosol filter (Polycarbonate, pore
2 0.8 uym) sampling weekly

* Support measurement for the British Antarctic Survey (see section 3.8)

** Support measurement for Tropos

One person from the collaborative team participated in the first leg of MOSAIC. Work at sea
primarily entailed maintenance and surveillance of online instrumentation to support
continuous and proper operation. Daily checks background measurement and calibrations of
each instrument were conducted throughout the first leg of the MOSAIC campaign.





Preliminary (expected) results

Results focus on distinguishing local versus long-range aerosol processes for impacting the
measured aerosol population. These include unique measurements through different inlets
that serve to distinguish aerosol populations, its precursor, properties, and behavior in terms
of cloud activity. The suite includes first time measurements of aerosol precursors and nano-
sized aerosol particle number concentrations and size distributions from the Arctic Ocean,
including concentrations of sulfuric acid, iodic acid, methane sulfonic acid and possible other
(highly) oxidized organic compounds (both as naturally charged ions and neutral molecular
clusters).

Marking the setup phase of the MOSAIC campaign, and besides the expected pollution events
from the ship exhaust fumes, the leg 1 was particularly challenging in term of finding and
measuring pristine air masses due to the intense logistic activity preparing the central
observatory around the ship. Time series of the total aerosol concentration sampled from both
the interstitial inlet (ultrafine particles < 1um) and the total inlet, from 27 September to 1
December are shown in Figure 3.7.2. In essence, measurements from both particle counters
agree (observations validated by the correlation plot in the right panel), which indicate a good
reliability of our data but also show a slightly higher concentration of particles from the total
inlet at high particle numbers, likely as a result of pollution events, showing that more of the
biggest aerosol particles are present in cases of contamination. During the second half of the
Leg1, periods of lower particle concentration were seen to occur more often.

CPCsinter. vs total

min

C. .- 10min

Fig.3.7.2: Left panel: Time series of the total aerosol concentration from 27 September to 1 December
measured from the total inlet (dark blue cross) and for the below 1 um ultrafine particle population
from the interstitial inlet (light blue cross). Right panel: Correlation plot between the measurement
aerosol concentration between the total inlet and the interstitial inlet. For both plots, the data were

averaged on a 10-min time stamp.

During the processing of the data, we will combine the meteorological parameters from the
ship weather station (i.e., wind speed, wind direction) cross cut with the logistic operation log
(e.g., helicopter flight route) in order to sort the data from pristine measurement conditions from
the anthropogenic influence of the MOSAIC deployment that inevitably impact atmospheric
measurements. From this starting point the aerosol concentration, properties, composition and
also precursor vapors will be thoroughly examined to identify markers of various atmospheric
processes.





Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Data were collected on measurement instrument computers and backed up
to several external hard disks and uploaded weekly on the MOSAIC central server (MCS). The
data are delivered and uploaded to the respective institute servers on land after the MOSAIC
leg 1. Some data were automatically processed on board (near real time visualization) and
some were saved for post campaign processing and analysis. The final data products will be
saved and shared publicly after the campaign via PANGAEA (World Data Center PANGAEA
Data Publisher for Earth & Environmental Science (www.pangaea.de)).
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Objectives

Sea salt aerosol (SSA) influences regional climate directly through scattering of radiation or
indirectly via its role as a cloud-forming particle. While it is well known that SSA can be cloud
condensation nuclei (CCN) forming cloud droplets, it has been shown only recently that SSA
can be also a source of ice nucleating particles (INP) forming ice crystals (DeMott et al., 2016),
depending on its chemical composition and surface shape. Aerosol processes and interactions
with clouds are very complex (Browse et al., 2014) and Arctic clouds are poorly represented
in climate models, which is partly due to a lack of understanding of source and nucleating
capability of natural aerosol in the high Arctic. Aerosol models for example do currently not
capture aerosol maxima in the Arctic winter/spring observed at high latitudes (e.g. Huang et
al., 2017). A recent Antarctic sea ice cruise provided first direct evidence of a source of SSA
from salty blowing snow (BSn) above sea ice (Frey et al., 2019), which had been hypothesized
previously (Yang et al., 2008): during storms, salty snow gets lofted into the air and then
undergoes sublimation to generate SSA. Additional but minor SSA sea ice sources are frost
flowers and open leads. Taking into account the blowing snow source of SSA improves model
predictions significantly (Yang et al.,, 2019; Huang et al., 2017). However, the impact on
radiation and clouds of SSA from this new sea ice source is not known. And a quantitative
understanding of natural aerosol processes and climate interactions is needed to provide a
baseline against which to assess anthropogenic pollution reaching the Arctic and evaluate the
success of mitigation measures (e.g. AMAP 2015).

This project the SSA source strength is to be determined as well as fate and potential impact
on Arctic climate associated with blowing snow above sea ice and other sea ice sources. A
particular focus is on quantifying the contribution of ice nucleating particles (INP) from sources
related to Arctic snow and sea ice. Participation in the year-long MOSAIC expedition provides
the unique opportunity to observe key aerosol processes and properties in the central Arctic
Ocean throughout all seasons of the year.





The first objective is to quantify SSA variability above sea ice and relative contributions from
local sources (blowing snow, frost flowers and open leads) throughout the year. This will be
achieved through (a) in-situ measurements of particle size distribution and concentration,
covering all relevant sizes ranging from the sub-micron scale to the scale of airborne snow
particles at various levels within the atmospheric boundary layer and in the free troposphere
using a tethered balloon platform. And (b) through chemically fingerprinting the local snow and
sea ice source using major ion ratios and sulfur isotopes, and compare these to the chemical
composition of aerosol to constrain its contribution to Arctic SSA.

The second objective is to quantify the contribution of SSA above sea ice to cloud forming
particles. This will be achieved through (a) measurement of ice nucleating particles (INP) in
the air above the sea ice to evaluate their variability associated with SSA concentrations and
events (blowing snow, opening of leads). And (b) through testing for the presence of INP in
sSnow on sea ice, brine, frost flowers and link to ambient INP.

The third objective is to determine the climate sensitivity to SSA from the sea ice source
(blowing snow, frost flowers, open leads) in the Arctic through numerical modeling based on
existing and new MOSAIC observations. This will be achieved through (a) quantification of the
direct radiative effect of SSA and (b) quantification of the indirect radiative effect of SSA via its
contributions to INP/CCN and their impact on cloud fraction.

Work at sea

Activities were conducted at multiple locations across the MOSAIC observatory and generally
supported by other groups (see sections 3.4 and 3.7). At Met City, the CLASP instrument was
installed at about 3m height on the 11m mast and data is being logged with the University of
Colorado flux team data (see section 3.4). Additionally, two snow particle counters (SPCs)
were installed on the 11-m tower, sampling at a height near the surface and at about 10m to
observe blowing snow particle concentrations. Near Met City, rocket traps were set up to
capture blowing snow for physical sample analysis of blowing snow. Onboard, the BAS lab
container was installed at position C9 on the bow of Polarstern. This container served as the
base of operations for filter and particle counter samples that were supported by the INAR
team (see section 3.7). These included a high volume filter (borosilicate, pore size of 1.6 mm,
800 L/min, with weekly sampling), and a low volume filter (polycarbonate, pore size of 0.2 mm,
20-25 L/min, automated 48h sampling), which will be used to support laboratory analyses of
ice nucleating particle concentrations and particle chemical composition. In addition, an online
Grimm optical particle counter for tracking the concentration of large aerosols.

Preliminary (expected) results

No direct results have been obtained yet, although data sets and samples are ready for future
analyses. The datasets of SSA and INP above sea ice, as well as chemical source signature
of snow and sea ice from the Central Arctic Ocean will provide important insights into Arctic
sea ice as a particle source. They will lead to improved model parameterisations of the SSA
blowing snow source as a function of sea ice properties, as well as a better understanding of
the potential impact on Arctic clouds. And finally, SSA is also a potential sea ice proxy
measured in polar ice cores (Abram, et al., 2013) and quantifying the SSA sea ice source will
constrain reconstructions of past Arctic sea ice conditions (e.g. Rhodes et al., 2017).

Data management

Online measurements will be available soon after completion of the MOSAIC cruise in 2020,
whereas data from the off-line chemical analysis of aerosol filter, snow and ice samples will
become available after completion of lab analysis in the UK by mid 2021. All SSAASI-CLIM
data will be made available within the MOSAIC data management framework and will





eventually be archived at the British Polar Data Centre and DOls communicated to PANGAEA
for later access via the future MOSAIC Data Portal, according to the protocol agreed upon
between these two archives. All data are further handled, documented, archived and published
following the MOSAIC data policy. Exceptions are documented in written agreements between
the data provider and the MOSAIC Project Board and data manager.
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3.9 Evaluation of ice nucleating particles and their sources in
the central arctic during MOSAIC

Jessie Creamean’ 1EDU.CSU
(not on board:) Paul DeMott!, Thomas Hill*

Objectives

The accelerated rate of warming in the Arctic is of great concern due to potential impacts that
include release of greenhouse gases from permafrost, melting glacial ice contributing to sea
level rise, and declining sea ice cover exposing the darker ocean surface. These processes
induce positive feedbacks and contribute to further warming that affects climate globally.
Clouds play a crucial role in regulating the energy reaching the sea ice and snow surfaces, but
the magnitude of their effects on surface temperature is not well constrained in the Arctic.
Aerosols are also an important contributor by serving as seeds for cloud particle formation, but
even less is known about their overall impact and origin, especially aerosols that factilitate
cloud ice formation (called ice nucleating particles or INPs).

The overarching goal of this project is to achieve unprecedented characterization of INP
abundance and sources (including biological) to evaluate their capacity to modulate cloud ice





formation over the central Arctic. Specifically, the work is organized under three main
objectives:

Objective 1: Process size-resolved and total aerosol samples collected during MOSAIC for
quantitative INP measurements and aerosol microbiological characterization to produce a
high-quality dataset to be made available to the scientific community.

Objective 2: Coordinate collection of seawater, surface microlayer (SML), snow, and sea ice
samples for assessment of local INP sources to leverage complimentary aerosol INP
measurements (see section 6 of this cruise report for details).

Objective 3: Address a set of targeted scientific research questions based on current gaps in
the understanding of INPs in the central Arctic:

o How do seasonal changes in sea ice and air mass transport influence INP
abundance and sources in the central Arctic?

o Are marine and sea ice biological processes a significant source of atmospheric
INPs as compared to terrestrial sources?

o Are open water environments such as leads and melt ponds viable sources of INPs
over the sea ice and do such environments exchange INPs with the atmosphere?

This project is funded by the US Department of Energy Atmospheric System Research and
Atmospheric Radiation Measurement Programs.

Work at sea

The aerosol sampling activities during Leg 1 involved deployment of: 1) a size-resolved DRUM
(DRUMAIr™) and 2) two disposable sterile filter units (Nalgene™) per 72-hour sampling
period, both for continuous collection of time-resolved aerosol samples during MOSAIC. These
samplers were integrated into and outside of the second ARM Mobile Facility (AMF2)
container. The DRUM collects aerosol particles at four size ranges (i.e., from 0.15 to > 12 ym
in diameter with size cuts at 2.96, 1.21, and 0.34 ym). This size range covers a wide array of
aerosols—particularly those that serve as INPs. Aerosols were impacted on clean
perfluoroalkoxy substrate strips coated with petrolatum, a material tested by Pl Creamean
containing very few artifacts that interfere with INP analysis. The substrate strips were adhered
to discs in each size chamber that rotate slowly over time, developing a “smear” of aerosol
loading. After 24 hours, the discs rotated an additional 2 mm quickly, leaving a blank spot in
between each daily sample. The DRUM continuously collected 24-hour samples for
approximately 25 days without changing the substrates. The two filter units for multi-day
integration of aerosols were comprised of a vacuum pump pulling air through polycarbonate
filters (0.2 and 0.4 pm) fitted within sterile filter units covered by precipitation shields.

Aerosol filter and substrate samples collected during Leg 1 were stored frozen at —20 °C on
Polarstern and transferred frozen to Colorado State University (CSU) where they will be stored
frozen until analysis.

Additional sampling activities included collection of seawater, sea ice, and snow to assess the
local sources of INPs (i.e., called “source” samples) and are described in detail in section 6.

Preliminary (expected) results

Preliminary INP data are not available because all sample processing will be conducted offline
at CSU. Table 3.9.1 describes the sampling statistics for aerosol INPs for leg 1.

Tab.3.9.1:






DRUM aerosol 24-hour 53
Filter unit aerosol | 72-hour 34
TOTAL: 87

In the upcoming months, samples will be subject to processing for INPs using two established
immersion freezing ice nucleation techniques—the DRUM and filter samples will be processed
with the CSU drop freezing cold plate (CP) and CSU ice spectrometer (IS), respectively. A
subset of the DRUM samples will be processed for time- and size-resolved INPs using the CP
to manifest a semi-continuous time series of INPs during the annual cycle. One of the filter
units will be processed for offline immersion INPs using the IS and one for DNA sequencing
(i.e., amplification of select regions of the 16S and 18S genes) to assess the total INP time
series and presence of possible biological ice nucleators. A further subset of samples from the
first filter unit will be subject to heat and peroxide treatments to afford information on
proteinaceous and organic INPs, respectively.

Immersion freezing—whereby an INP is immersed in a water droplet via activation of CCN
followed by droplet freezing at subzero temperatures—is the most relevant to AMPC formation.
Drop freezing assays are a widely-used technique for immersion mode ice nucleation
measurements. Once ready for processing, DRUM substrate strips will be carefully cut into
segments to yield daily samples, as done during previous field deployments. A subset of these
samples will be analyzed, while the remainder will be stored frozen in sterile Whirl-Pak® bags.
The substrate segments for immediate processing will be added to 2 mL of ultrapure water in
sterilized 50-mL beakers, then mixed using a vortex mixer for at least 1 hour at 500 rpm to
resuspend particles from the petrolatum into the solution. Following sample preparation, 100
2.5-uL aliquots will be created on a 3-inch diameter copper plate and covered to prevent
contamination. The plate is cooled at approximately 1 — 10 °C min™' from room temperature
until all drops freeze on the plate or until the CP limit of approximately —35 °C. Drop freezing
is detected and recorded through monitoring software to provide the freezing temperature and
cooling rate for each drop. Each sample will be tested three times (i.e., a new set of 100 drops
created for each test).

The IS is an immersion freezing measurement device with well-established, documented
experimental protocols. For processing, the 0.2-um filter from each sampling set is placed in
50-mL sterile polypropylene tubes with 8 mL of 0.1-um filtered deionized water and shaken at
200 rpm for 20 min to resuspend particles. The IS consists two 96-well aluminum blocks
designed for incubations of PCR (polymerase chain reaction) plates placed end-to-end and
encased, on their sides and base, by cold plates. Aliquots of the aerosol suspension are
dispensed into PCR trays (under a laminar flow clean hood), the trays are placed in the blocks,
the device is covered with a plexiglass window, and the headspace purged with N». Frozen
aliquots of 50 L are counted at 0.5 °C intervals as temperature is lowered at ~0.33 °C min""
to —27 °C. Serial dilutions in deionized water are used to count INPs active at the lowest
temperatures. Three IS instruments, semi-automated for aliquot freezing through interface with
a CCD camera system and control with LabVIEW (NI, Inc.), are available for use. We propose
to further characterize portions of suspensions of aerosol samples using treatments to isolate
biological and organic versus inorganic INPs. This is the special advantage of performing IS
processing in addition to DRUM-CP processing. The stability (or lack thereof) of INPs to these
treatments provides an indication of composition. To assess the fractional contribution of heat
labile (i.e., biological) entities, such as proteinaceous INPs, a 1.5-mL aliquot of suspension is
re-tested after heating to 95 °C for 20 min. To remove all organic INPs (marine and terrestrial),
0.75 mL of 30% H»0: is added to a 1.5-mL aliquot of suspension and the mixture heated to 95
°C for 20 min while illuminated with UVB fluorescent bulbs to generate hydroxyl radicals





(residual H2O, is removed using catalase), and the INPs are again assessed in the IS.
Remaining INPs are likely to be mineral.

From the fraction of drops frozen and the known total volume of air/water per sample for both
techniques, we can calculate the estimated INP concentration with a universally-used equation
by Vali:

In (1 - f) x Vsuspension

K(®) (L) =
Vdrop Vair

where f is the proportion of droplets frozen, Vo is the volume of each drop, Vsuspension is the
volume of the suspension, and V. is the volume of air per sample. Additionally, since we will
have size-resolved INPs and surface area (from sizing instruments), we can calculate the
number of ice nucleation active sites (ns), which has been more recently used to describe ice
nucleation efficiency of particles. Procedural controls of the sampling substrates will provide
quantitative information on the signal to noise ratio to correct for background artifacts.

Data management

All data from this project will be treated and archived according to the DOE ARM protocols
outlined in section 3.2.
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4. SEA ICE AND SNOW MEASUREMENTS
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A comprehensive summary of the sea ice and snow measurements during all 5 cruise legs
can be found in Nicolaus et al., 2022.
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Objectives

In order to support the main tasks of the team ICE work of MOSAIC, several additional
observations and activities started and will be continued during the following legs. Their
common aim is to document the general snow and ice conditions and to support data
interpretation afterwards. Also, most mapping activities of single measurements, installations,
and operations on the ice were organized and documented in this task. In particular these
activities include regular time laps photos of the surrounding of the vessel with a panorama
camera and standardized sea ice observations from the bridge.

Work at sea

The panorama camera (Panomax) was mounted above the crow’s nest since departure in
Tromsa, Norway, in September 2019. The camera worked without interruptions intervals. Each
photo consists of 15680x2048 pixels. The recording of a single panorama took, depending on
light conditions, up to 18 minutes. Therefore, the recording interval was set constant at 20
minutes (72 photos per day). Photographs were also taken during darkness.

Ice observations are done hourly from the bridge of RV Polarstern while the vessel was moving
through ice. During the drift, observations were taken daily measurements. The aim of these
observations is to describe the surrounding conditions over a 10-minute period within a radius
of 1.5 nautical miles around the vessel. The list of conditions that are recorded is
comprehensive, and includes for example ice concentration, floe size, fraction of ridged ice,
ice thickness. In addition, several parameters describing the weather conditions and
macrofauna present are also included as part of the procedure. Due to the subjective nature
of the observations, new observers were initially paired with people with more experience in
order to ensure consistency throughout the MOSAIC drift.

Data Management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ):

4.2 Snow
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Objectives

The overarching goal of the snow measurements is to characterize this spatially variable and
changeable porous medium in support of all MOSAIC inquiries from ATMOS, BGC and ECO.
These include snow-focused activities as well as support for measurements and models from
other tasks. The dataset will, for example, support investigations into (1) thermal conductivity
of snow on sea ice and thermal transfer across the ice-atmosphere boundary; (2) surface
albedo and radiative transfer at the ice surface and into the upper ocean; (3) retrievals of ice
thickness from sea ice altimetry methods; (4) calculating freshwater budgets; (5) investigation
of other remote signatures.



http://www.pangaea.de/



A special challenge compared to other field campaigns is the long duration of the
measurements at one site. This requires a more careful management of undisturbed snow
located at the sites than in short-term campaigns. Interactions between structures (containers,
tents) and ice coring (flooding) must be carefully considered in the sampling design. Since
disturbance of snow greatly alters microstructure and internal snow properties, particularly
thermal properties, snow disturbance by foot and snowmobile traffic must be localized. As the
snow surface closer to ship will be likely affected by black carbon and therefore have a different
albedo, a “clean site” at a sufficient distance is necessary for the optical measurements. The
extended duration of the experiment will require a shift in mentality from the typical effort in a
short-term experiment to spread impacts out spatially, to an approach which involves fixed
disturbed areas that are used to access relatively undisturbed areas.

Work at sea
Conducted snow work can be distributed in the following sub-tasks:
1. Snow pits
2. Snow sampling
3. Terrestrial Laser Scanning (TLS) of the snow surface
4. Snow lab work

Snow pits

We established 4 main snow measurement and sampling sites, these are three plots of
originally roughly 200 x 200 m named as Snow1, Snow2 and Snow3 as well as along the RS
transect line/Northern Transect (Figure 4.2.1). However, compared to the date of
establishment, the plots were shifted several hundred meters relative to the ship due to ice
dynamics and they were partially compressed horizontally due to ridge formation, that means
they shrank. The reason for establishing so many snow measurement sites was that we
needed several ice types as underground but we also needed backup-area for the case of
drifting away of the plots and/or ridge and lead formation within - which was proven to be the
right choice after experiencing so many major ice deformation events.

In total, we dug 75 snow pits, of which 15 were A-Pits,18 B-Pits and 39 C-Pits. For the
conducted types of measurements for each snow pit type see Table 4.2.1. For a list of dug
snow pits related to DSHIP device operation IDs see Table 4.2.2. In the following, a short
overview of established snow plots and A-Pit sites is given.

. Snow1: this is the mainly used plot, and was the first we established. It is within the
CO and close to the former RS site as well as close to MET city. Here we started
four A pits, of which 3 we maintained until handover with Leg 2. One of these is on
SYI close to MET City, one is on a frozen melt pond and one is on lead just frozen in
beginning of November 2019.

o Snow2: the second plot we established, former out of the CO but due to ice
movements after the storm in mid of November it is, like Snow1, now about 500 m
further south-west. There, we dug in total 2 A-Pits on frozen melt ponds.

o Snow3: The plot furthest away from the ship, now about 1-1.4 km south of
Polarstern. Here we dug and maintain one A-Pit, on a frozen lead.
o RS/Northern Transect: Weekly (Thursdays) measurements with Cb-Pits:

SnowMicroPen (SMP), Snow-Water Equivalent (SWE) and at some locations
salinity sampling.
The A-Pits at each location, were dug, if possible at all, 2-weekly. In addition, and if possible,
we dug B-Pits in the weeks between the A pits as well as before and after drifting and blowing
snow events.





We also dug one A-Pit at the FYI Coring/Dark site where we wanted to continue to measure,
but eventually the pit and the flags were consumed by a ridge.

Each Monday, Cc-Pits were conducted at the FYI and the SYI coring site each.

Once after a wind event, we also conducted several simple Ca-Pits (SMP) along the former
ROV road which we planned to continue, however due to major ice deformation and drifting, it
was not possible at all to conduct further measurements.

The many ice events were in general a major issue for snow measurements, as sometimes it
did not allow us to continue the work at a specific site. Also the safety and time constraints
made it more difficult to fulfil the plan.

Apart from that, we experienced well working snow pit devices including SMP and NIR, even
at temperatures down to -30 °C.

Snow Sampling

Each week, at an A-Pit location, we conducted several sampling tasks. Due to time, personnel
and weather/ice constraints we could not fulfil all requests as listed. Furthermore, some
sampling was requested only for e.g. 2-weekly, monthly ore only after snowfall. However, we
took snow samples for the following purposes

o Black Carbon (AWI/Daniela Krampe)

o Halocarbons (BGC/Katarina Abrahamsson)

o Ice Nucleating Particles (INPs) (Jessie Creamean)
o lodide (Uni Grenoble/Hans-Werner Jacobi)

o 18-O (BGC/Dorothea Bauch)

o Major lons (AWI Glaciology/Maria Hoérhold)

. Major lons, Bromide, INPs, 34S (SO4), Salinity, S-Isotopes (BAS/Markus Frey)
o Major Organic Compounds (PSl/Julia Schmale)

o Methane (BGC/Josefa Verdugo)

o Microplastics (AWI/SLF)

o Salinity (ICE/Gunnar Spreen)

o Sugars (TROPOQOS)

Beryllium sampling (contact: David Kadko) has been conducted by the BGC group by Dorothea
Bauch.

In addition to the snow sampling at the snow surface and in the snow profile, part of the snow
task was also to empty the rocket traps at MET city for BAS/Markus Frey. These three traps
were mounted on a small mast at three different heights to collect blowing snow. Thus, they
only had to be emptied after a blowing snow event. However, they did not work properly in the
beginning as we found always a lot of surface hoar on its openings preventing blowing snow
flowing into the cylinders of the traps. Later during leg 1, we were able to empty the traps into
vials two times containing a significant amount of snow.

Samples which not already had a label have been labelled (or pre-labelled) by us and for each
sample the corresponding snow pit and location within the profile has been documented.

After sampling, the bags and vials were stored either in the -20°C freezer in the F-Deck or in
the -20° AWI sea ice physics freezer at the bow - either in prepared boxes by the institutes
who conducted the sampling requests or in one of our own brought styrofoam boxes.

Terrestrial LIDAR Surveys (TLS)

We used terrestrial LIDAR to map snow cover on the floe at a scale of ~800x800m, and with a
vertical precision of ~1cm and horizontal resolution of ~5cm. The TLS campaign focuses on





snow surface morphology through time, especially redistribution and accumulation due to
storm events. The TLS data is additionally useful for site selection for snow measurements
and sampling, as well as small scale ice deformation.

To face working temperatures of below -15 °C we installed the brought heater cover which
worked well keeping the scanner working properly over the whole measuring period. We
conducted LiDAR surveys weekly at two sites, depending on weather and ice conditions. Each
scan position captures a scan area with an approximately 300m radius around the scanner. In
order to cover the entire scan area, and to eliminate shadows from ridges, etc., we scanned at
7-9 scan positions in each scan area. We then registered all of the scans into one contiguous
scan image using fixed reference points. These reference points are reflectors of a known size
and shape that we installed at various points throughout the scan areas. Ideally these points
should remain constant throughout the year, allowing us to easily compare weekly scans. Of
course, due to ice deformation, many of the points have shifted or been destroyed. Of the 35+
installed points, 20 are intact. We are hopeful that scans can be compared using some
combination of the remaining points and other registration methods.

Snow Lab

Part of the snow lab was

o Processing snow taken with the Micro-Computer Tomograph (CT) sample holder in
the field

o Processing snow out of whole snow blocks taken in the field

o Snow casting with Diethylphthalate (DEP)

o Salinity measurements

Most of the lab work was conducted in the freezer lab container (T = -15 °C) at the aft, which
we shared with a colleague who processed ice cores inside. Only the work for which
temperatures > 0 °C are required were conducted in the dry lab 3 and the wet lab 2 (salinity
measurements, sample labeling, refilling DEP, rinsing of salinity samplers).

If the samples were taken with the micro-CT sample holder in the field, we directly scanned
them with the micro-CT which was also installed in the freezer lab container. The CT was
running without major problems over leg 1 though sometimes we experienced missing stacks
in the scans. This is probably an image reconstruction problem on which we work on to solve
it. If the snow was too fragile to sample it directly in the field, we took whole blocks, which we
cut out with a saw, into the lab. There we cut out directly the microCT sample or/and we casted
the snow with Diethylphthalate (DEP) by means of a heated casting box.

Expected results

Although Leg 1 required more logistical work than was planned, most of the work planned
could be conducted.

Key devices for measurements of snow on the ground such as SMP, NIR, micro-CT and TLS
all worked without major issues even at experienced temperatures down to -30 °C. Thus, we
can already expect a unique dataset of snow on central arctic sea ice for leg 1.

A major constraint was the limited availability of TLS, which hindered the full implementation
of a stratigraphy-based directed sampling. However, a broad coverage of different stratigraphic
sequences could be achieved.

We would also like to highlight the first tomographic measurements of snow on sea ice, which
provides unprecedented insight into the geometry of the snow.





Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All device operations were logged in the AWI sensorweb portal and all
sensor raw data files are stored in platform section of MCS. Final geophysical parameters will
be made available via the workspace section of MCS. Final data products will be stored at the
PANGAEA data repository (World Data Center PANGAEA Data Publisher for Earth &
Environmental Science ( ))-

Tab.4.2.1: Overview on all measured parameters for the three defined snow pit types.

Type A: Parent snow pit
Every other week

Type B: Children snow pit
Weeks between Type A

Type C: SnowMicroPen
Sub-Types: Ca, Cb, Cc
Daily

Complete sampling of
physical, chemical and
microbiological properties

“quick pit”

Super quick measurements

All Type B measurements
MicroCT

Density (volumetric,
dielectric)

Temperature

Snow wetness (Denoth
probe)

Salinity
Sampling/Casting of
snow/ice interface for
MicroCT

Sampling BC at surface
Sampling (BC profile,
impurities)
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Fig.4.2.1: Floe map (state 11.12.2019) with locations of the maintained snow pits and the date first
dug.

Tab.4.2.2: Overview for device operations of snowpits

Date Device Pit location | Plot location Pit Samples Taken
Operation ID Type
PS122/1_4- ION, PLA, BCA,
25.10.2019 |+ A1 Snow1 A BAB. BAS profile
INP, PLA. ORG.
28.10.2019 | PS122/1 5-5 | A1 Snow1 A ION, BAB, BAS
- profile, BAS
surface, CAR
31.10.2019 551 225 | pa Transect North | Cb
31102019 | P25 T Transect North | Cb
01.11.2019 558122’ 15 | a3 Snow1 A
04112019 | PS1221 65 | Ad RS city A BCA, ORG






CAR, ION, BAS

04.11.2019 | PS122/1_ 6-6 | A5 Snow1 A profile, BC profile
06.11.2019 55122/ 1.6- 1. ROV Road Ca
06.11.2019 558122’ 1.6- 1. ROV Road Ca
06.11.2019 5631 2211._6- | _ ROV road Ca
06.11.2019 573 12211.6- | p3 Snow1 Ca
06.11.2019 588122/ 1.6- 1. Snow1 Ca
06.11.2019 55122/ 16- 1. Snow1/Transect | Ca
06.11.2019 5(?122/ 1.6- ). Snow1 Ca
06.11.2019 5081 2211_6- A6 Snow3 A INP
PS122/1_6- Transect
07.11.2019 41 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 42 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 43 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 44 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 47 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 46 North Transect North | Cb
PS122/1_6- Transect
07.11.2019 45 North Transect North | Cb
08.11.2019 558122/1—6- A7 Dark site Coring | B
11.11.2019 | PS122/1_7-5 | A7 Dark site Coring | Cc
11.11.2019 | PS122/1_7-8 | - Dark site Coring | Cc
INP, ORG, BAB,
PS122/1_7- BAS surface, BAS
11.11.2019 12 A3 Snow1 A profile, PLA. ION,
IDA, BCA, CAR
13.11.2019 528122’ 7= | A1 Snow1 B
13112019 | PS12211_7- | 54 Snow1 B

33






PS122/1_7-

13112019 | 5. A2 Snow2 B
13.11.2019 558122/ 17 | a8 Snow?2 B
13.11.2019 568122”—7' i Snow?2 B
13.11.2019 '1323; 221_7- | (pe) Snow3 B
13.11.2019 578122/ 7= | pe Snow3 B
13.11.2019 588122”—7' i Snow3 B
14412019 | £12211-7- | Transeet  rransect North | Cb
14.11.2019 551 221_7- nanseet | Transect North | Cb
14112019 | D122 Nanseet | Transect North | Cb
14.11.2019 | FS12217- | Transect  rransect North | Cb
14.11.2019 538 12211_7- nanseet | Transect North | Cb
14112019 | D>1221T- Nanseet | Transect North | Cb
15112019 | £21221-T s Snow A
15.11.2019 §§122/ 17 a2 Snow2 A BC profile
18.11.2019 | PS122/1_8-1 | A7 Dark site Coring | Cc
20.11.2019 | P11 | Snow2 B
20.11.2019 | PS122M18 Snow2 B
20.11.2019 §§122/ 18- | Snow?2 B
20.11.2019 | ES12218 BGC1 B
20.11.2019 | 2122181 pp Snow2 B
20.11.2019 ?'?28122/ 18- | Ocean city B
21112019 | g>1221-8 | ransecl f iansect North | Cb






PS122/1_8-

Transect

21.11.2019 69 North Transect North | Cb
PS122/1_8- Transect
21.11.2019 70 North Transect North | Cb
22.11.2019 588122/1—8- A8 Snow?2 A PLA
INP, ORG, BAB,
22.11.2019 598122/1—8- A7 Dark site Coring | A BAS profile, SUG,
ION, BCA
25.11.2019 | PS122/1_9-3 | A7 Dark site Coring | Cc
25.11.2019 '13(?122/ 19| Dark site Coring | Cc
26.11.2019 PS122/1_9- A1 Snow1 B BAS Rpcket Trap
23 emptying
26.11.2019 | Po122M1-9 | as Snow1 B
PS122/1_9- Transect
28.11.2019 71 North Transect North | Cb
PS122/1_9- Transect
28.11.2019 111 North Transect North | Cb
PS122/1_9- Transect
28.11.2019 79 North Transect North | Cb
PS122/1_9- Transect
28.11.2019 73 North Transect North | Cb
PS122/1_9- Transect
28.11.2019 74 North Transect North | Cb
29.11.2019 '13(?71 221.9- | pg Snow3 Block
29.11.2019 I:(?81 221_9- A5 Snow1 Block
20112019 | o129 Iag Snow1 Block
29.11.2019 '131801 22M1_9- | a1 Snow1 Block
02.12.2019 '1388122/ 1.10- 1 a7 Dark site Coring | Cc
02.12.2019 | Fo122M1-10- 1 Dark site Coring | Cc
CAR, ION, BAS
02.12.2019 |} o122M1-10- 1 ag Snow1 A profile, INP, ORG,
BCA, BAB, PLA
PS122/1_10- | Transect
05.12.2019 50 North Transect North | Cb






PS122/1_10- | Transect
05.12.2019 58 North Transect North | Cb
06.12.2019 ;’5122”—10' A2 Snow2 A
06.12.2019 ;’18122”—10' A3 Snow1 A
06.12.2019 ;’23122”—10' AG Snow3 A
BAS Rocket
PS122/1_11- Traps, INP, BAS
11.12.2019 23 A1 Snow1 B profile, ION, BCA,
SUG, IDA, BAB
References
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Objectives

Sea ice outflow from the Central Arctic to the Greenland Sea via the Transpolar Drift Stream
(TDS) plays a significant role in the long-term changes of Arctic sea ice. Numerous sea ice
mass balance buoys (IMBs) have been deployed in the Central Arctic, with the bulk of the
measurements obtained from late spring to early winter along the TDS (Perovich et al., 2014).
Nevertheless measurements encompassing an entire ice growth season are rare (e.g., Lei et
al., 2018). The loss of Arctic summer sea ice increases the solar energy absorbed by the ocean
and enhancing the oceanic heat flux under the ice available into winter. The quantification of
this feedback within the TDS region, however, remains unresolved because of the lack of
observations compared with other regions, e.g., the Beaufort Gyre. As the thinning of Arctic
sea ice, more snow over the ice would be metamorphosed into ice and give contributions to
the mass balance of sea ice because of the potential negative freeboard.

At the MOSAIC Central Observatory (CO), three types of IMBs, including the Snow and Ice
Mass Balance Array (SIMBA), the CRREL Seasonal IMB (SIMB), and the Digital Thermistor
Chain (DTC), have been deployed to measure snow and sea ice mass balance. In addition,
80 hot-wire thickness stakes have been deployed in six typical areas to measure snow and ice
thicknesses. The aims for the deployments of IMBs and thickness stakes are to obtain the
annual cycle of snow and sea ice mass balance, to identify the importance of the various
processes that affect the seasonal evolution of ice mass balance, and to characterize the role
of summer heat storage in the upper ocean and snow over the ice on sea ice mass balance.
Important changes in the seasonal evolution of an ice cover can be detected, such as surface
flooding, snow ice formation, melt onset, melt pond formation and -refreezing, as well as
internal melt and -refreezing.

By combined the deployments at the L and M sites, we can then explore the point to point
difference of the accumulation and melt of snow, as well as the growth and decay of sea ice





within the MOSAIC Distributed Network (DN) region. The influence of initial snow and ice
thicknesses on the seasonality of snow and ice mass balance can be characterized. By
comparing with the historic data (e.g., Perovich et al., 2014 and Lei et al., 2018), we can obtain
the interannual variations of sea ice mass balance from the Central Arctic to the Fram Strait,
and its responses to the changes in atmospheric circulation.

Work at sea
Deployment of SIMBA buoys

We deploy three Snow and Ice Mass Balance Array (SIMBA) buoys at the MOSAIC CO. The
SIMBA measures the air-snow-ice—ocean temperature profile at a high vertical resolution of
0.02 m (Jackson et al., 2013). There is a pulsing heating energy given to each sensor daily.
Using the measurements of the vertical temperature profile of air-snow-ice-ocean and the
measurements of temperatures before and after the pulsing heating, we can obtain the
interfaces among air, snow, sea ice and ocean, sequentially the mass balance of snow and
sea ice. In total, we deployed 16 SIMBA buoys during the Leg 1 over the whole MOSAIC DN.
By the end of Leg 1, we lost three SIMBA at the M sites because of the sea ice dynamic
processes, and there are still 13 SIMBA buoys working well.

At the MOSAIC CO, we deployed the SIMBA buoys at the second-year and first-year coring
sites on 29 October, and at the site to the southwest with distance of about 2 km from the
Polarstern on 2 November. The measurements at the coring site can be combined with the
core-based measurement, and then we can obtain the detail thermodynamic process of sea
ice and snow. The initial ice thicknesses at two coring sites are 82 and 40 cm, respectively.
The deployment to the SW direction was combined with the deployment of ice stress buoy.

The deployment information of the SIMBA buoy from the Akademik Fedorov can be referenced
to the cruise report of Leg 1a. Table 4.3.1 gives the deployment information for the buoys
deployed at the CO.

Tab.4.3.1 Deployment information of SIMBA buoys at the CO

Deployment | Buoy num. | H_i H_s Sensor at Description of the
time /short name | (M) (m) snow deployment site
surface

29 Oct. PRIC 09-01 | 0.82 0.16 40 Second-year ice coring

00:45 /2019T62 site

29 Oct. 1:45 | PRIC 09-05 | 0.40 0.10 41 First-year ice coring site
12019766

2 Nov. 1:44 | FMI 05-06 | 0.44 0.14 35 Combined with the
/2019T56 deployment of one ice

stress buoy
Deployment of SIMB

One Seasonal Ice Mass balance Buoy (SIMB) was deployed at the Met City of CO on 21
October 2019. Thus, there were four SIMB deployed during the Leg 1, with three at the L sites.
The SIMB measures (a) the elevations of the snow (or ice) surface and the ice base using
acoustic sounders, (b) vertical temperature profile from ~1.0 m above the initial snow surface
to ~2.0 m below the initial ice bottom using a thermistor string with an interval of 0.1 m.

The deployment information of the SIMB4 at the Met City as following:
Dship short name: 201914,
IMEI number: 300434063382860,





Install date: 21 Oct.19,
Turned on time (UTC): 00:25,
Install Lat/Lon: 84.986°N, 132.710°E.

Deployment of DTC network

In total, 23 DTC buoys have been deployed at the CO (Figure 4.3.1), covering near all the
types of ice. Similar with the SIMBA buoy, the DTC has the ability to record air, snow, ice and
ocean temperatures and record the temperature rise after a period of active heating. In
addition, there is one acoustic sounder using to measure the snow depth for each DTC buoy.
The DTC is powered by regular lead batteries and controlled by an affordable, commercially
available microcontroller, the units will send their temperature and heating profiles in fixed
intervals (e.g. 1 h) or on request to a central receiving unit on the ship via a direct
communication link. As shown in Table 4.3.2, the deployment sites include:

. Dark site: 3 units,

. Transect line at the front of Polarstern bow: 3 units,
. Stakes along the ROV road: 3 units,

. Stakes 2: 2 units,

. Remote sensing site 1.0: 5 units,

o Remote sensing site 2.0: 2 units,

. Transect North: 4 units,

. Stress panes: 1 units.

However, several DTC buoys have been destroyed by ice deformation. By the end of Leg 1,
ten units are still alive.

Tab.4.3.2 Deployment information of DTC at the CO

Buoy Buoy Deployment Deployment site Ice Snow Status by the
DSHIP number date thickness  depth end of Leg 1
number /em /em

DTCO01_256 RS034 8 Nov Dark site, FYI area 45 10 unclear
DTC02_256 RS033 8 Nov Dark site, FYI area 68 10 unclear
DTCO03_256 RS035 10 Nov Transect Polarstern bow 47 9 dead
DTCO04_256 RS037 10 Nov Transect Polarstern bow 51 4 dead
DTC05_256 RS012 11 Nov Stakes (close to ROV) 62 5 alive
DTCO06_256 RS013 11 Nov Stakes (close to ROV) 65 11 alive

Stakes 2 (Southern
Transect Loop)

Transect close to the
DTC11_416 RS001 5 Nov remote sensing site, 195 8.4 dead
North

Transect close to the

DTC12_416 RS002 5 Nov remote sensing site, 60 7 dead
middle
Transect close to the

DTC13 416 RS004 5 Nov remote sensing site, 57 12 dead
South
Remote sensing site

DTC14_416 RS003 7 Nov between the KuKa radar 55 11 dead
and the L-scatterometer

DTCO07_256 RS031 12 Nov 116 15 dead





Remote sensing site,

DTC15 416 RS009 7 Nov other side of the L- 193 12 alive
scatterometer
DTC16_416 RS010 7 Nov 3::255 panes close to 165 16 alive
DTC17_416 RS005 8 Nov Dark site, SYI area 167 18 dead
DTC18 416 RS006 10 Nov Transect Polarstern bow 230 26 dead
DTC19 416 RS007 11 Nov Stakes (close to ROV) 132 14 dead
DTC20 416 RS008 22 Nov Transect North 63 13 alive
DTC21 416 RS032 12 Nov ?:2‘;‘:20% (L%‘;‘:)t)hem 61 10 dead
Remote Sensing site 2,
DTC22_416 RS022 8 Dec behind the L-band 71 11 alive
scatterometer
Remote Sensing site 2, at
DTC23 416 RS023 10 Dec the end of road behind 154 18 alive
the X-band scatterometer
DTC31_512 RS027 22 Nov Transect North 309 48 alive
DTC32 512 RS029 22 Nov Transect North 205 28 alive
DTC33 512 RS028 22 Nov Transect North 61 15 alive

in the field (right).

Deployment and measurement of ice thickness stakes

The ‘Stakes’ sites consist of many hot-wire thickness gauges (used to measure ice thickness),
each paired with an ablation stake (used to measure ice surface and snow height). The stakes
are installed as transects or grids, and are used to measure ice mass balance and its spatial
and temporal variability. They provide a cost effective alternative to IMBs like the SIMB,
SIMBA, and thermistor chain buoys, allowing us to measure mass balance at much higher
spatial resolution.

We installed six stakes sites with a total of eighty individual stakes in order to capture the floe’s
diverse ice types, as well as take advantage of collocated measurements, e.g. the Transect,
ROV, and MET observations. Several stakes sites have been partially or fully destroyed by ice
deformation. We reestablished or moved most of the affected sites, and at the end of Leg 1
we had five operational sites with sixty individual stakes. The deployment information of the
stake site are:

o Stakes1: 8 stakes in FYI
o Stakes2: (Presumed dead)
o Stakes3: 15 stakes crossing a small ridge, in otherwise undeformed SYI

) Bow Stakes: 17 stakes in diverse area of undeformed, deformed, ponded SYI





o MET Stakes: 9 stakes crossing from ridged SYI to ponded SYI (partially intact)
o ROV Stakes: (Presumed dead)

Measurement of snow-temperature profilers

We additionally built and deployed twenty-eight snow-temperature profilers, distributed across
three of the stakes sites. The profilers have five thermistors that were arranged in two different
patterns depending on the snow depth. In shallow snowpack, we arranged the thermistors in
horizontal fans to measure snow-ice interface temperature. In deeper snowpack, we arranged
the thermistors in vertical arrays to measure the temperature profile from ice surface to snow
surface. Ten of the profilers also have ultrasonic snow-pingers, providing snow surface height.

Preliminary (expected) results

The measurements of stakes and IMBs can provide the seasonal evolution of sea ice and
snow mass balance for the diverse ice types. Based on the incoming data in combination with
high-resolution electromagnetic thickness surveys, a 3D temperature and thermal property
map of the ice floe and the surrounding atmosphere and ocean is generated at the MOSAIC
CO, which is then used to calculate sea ice thickness and snow depth in the covered area.
Complementing regular sea ice thickness and snow depth surveys by other methods, this
information is expected to be very valuable for many studies during MOSAIC.

The deployment of SIMBA in the DN region covers the scale of 50 km x 50 km (Figure 4.3.2).
Thus, the thermodynamic process of snow and sea ice measured by the SIMBA buoy was
highly representative. As shown in Figure 4.3.3, the vertical temperature gradient through the
snow was much higher than that within air and water.

The ice with different initial thickness have a large change in the ice growth rate. For example,
at the coring site of second-year ice, the ice thickness increased from 0.82 to 0.98 m from 29
Oct. to 3 Dec., with the average ice growth rate of 0.0046 m d-1; while at the coring site of first-
year ice, it increased from 0.40 to 0.70 m during the same period, with the average ice growth
rate of 0.0086 m d -1. At the M1 and M6, for the ice with the initial ice thickness larger than 1.7
m in mid Oct., the vertical cooling front only expanded to the bottom of ice cover by 3 Dec.,
where the onset of ice basal growth has not yet started.





Fig.4.3.2 The locations of SIMBA buoys at 12:00 3 December 2019.
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Fig.4.3.3 Temperature profile from air, through snow and ice cover, into the water measured by the
SIMBA buoys at 12:00 3 December 2019; also shown are the initial thicknesses of snow (Ths0) and
ice (Thi0).

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All the buoys have been added into the system of SENSOR.awi.de. The
data coordination Pls of SIMBA buoys are Ruibo Lei from the PRIC, and Bin Cheng from the
FMI. The coordination Pl of DTC is Mario Hoppmann and that of SIMB and stake is Don
Perovich from the DU. Final data products will be stored at the PANGAEA data repository
(World Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ))-
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Objectives

In contrast to stationary time series in the CO, measurements on the sea ice transect are
designated to characterize the spatial distribution and its evolution of geophysical parameters
of sea ice and its snow cover on the scale of kilometers. Among the parameters are the
thickness of the sea ice and snow layers, as well as the remote sensing signature of the ice
surface for active and passive microwave sensors. To understand the linkage between ice and
snow thickness and the remote sensing signature, detailed observations of snow properties
are necessary at selected locations that are representative for the different ice and snow
conditions found along the transect.

The transects observations on MOSAIC leg 1 are part of the yearly time series with the general
objectives to observe the changes of sea ice and snow properties in the CO. However, there
are specific research questions since the observation period covers the late freeze-up to early
winter:

How does the sea ice thickness distribution change in the early phase of the Arctic Winter
driven by thermodynamic and dynamic forces?

What are the radar backscatter characteristics at Ku and Ka-Band frequencies and how are
they influenced by changes in snow properties? What is the accuracy of observations of snow
depth from the dual-band radar altimeter?

How does the surface emissivity at L-Band vary for the range of ice thicknesses in early winter?
How does the emissivity depend on snow and ice temperature and salinity?

These objectives target local process studies, the general evaluation concept, however,
specifically includes upscaling of all observations to the basin scale using satellite remote
sensing.

Work at sea

The work for the transect task in response to the scientific objectives can be distributed into
three segments:

o Collocated observations of sea-ice thickness and snow depth on sea ice along
transect lines that are representative for ice conditions in the CO

o Towing of remote sensing sensors along segments of the transect lines with existing
sea-ice thickness and snow depth information

o Snow pits and collecting of snow samples in regular intervals along the remote

sensing segments of the transect lines

The transect lines themselves were established in the form or two main loops on different ice
types. The loops were named for the original location in the CO.

o Northern loop: Located on thick and deformed remnant ice

o Southern loop: Initially located in an area of undeformed remnant ice, which
however, was dominated by a large fraction of melted through and now refrozen
melt ponds with thin ice (i.e. similar to first-year ice). Experienced significant
deformation in the mid-November shear event.

The location of the two loops are illustrated in Figure 4.4.1. Observations were also made on
the connecting roads between the two loops staging from the remote sensing site situated in-
between. The northern loop was established first and followed by the southern loop. The latter
was significantly deformed in mid-November during the shear event and not accessible for two
weeks. According to the directive to observe changes in the sea-ice thickness distribution
caused by deformation events, the southern loop was reconstructed as good as possible from
the original markers and visible tracks on the ground.

The remote sensing (RS) segments of the transect was established on one side of the northern
transect loop with variable snow and ice conditions and a surface profile allowing for towing
larger sleds with sensor installations. In addition to this segment, a shorter RS transect line





was located near the remote sensing site on thinner level ice, which should be representative
for the dominant ice type along the southern loop and the southern part of the floe in general.

The list of sensors used for transect work is detailed in Table 4.4.1. The three categories of
transect work required three teams operating individually. The first teams consisted of sea-ice
thickness and snow measurements using a combination of a broadband electromagnetic
induction sensors (Geophex GEM-2) and a MagnaProbe. The GEM-2 was towed in a pulka
and measuring the total (ice + snow) thickness, while the MagnaProbe measures snow depth
by means of a sliding disc on a rod that stays on the top snow surface along a rod that is
pushed down to the snow/ice interface. The remote sensing work consisted of two sleds, one
with two pairs of radar transmitter/receiver antennas for the polarimetric Ku and Ka-Band
scatterometers in nadir configuration (see section 4.9) and the side-ward looking Balamis
ARIEL L-Band microwave radiometer (see section 4.9) configured for measurements at a 45-
degree incidence angle. The observations of snow properties included measurements with a
Snow Micro Penetrometer (SMP) to estimate the vertical profile of snow density and specific
surface area (SSA), as well as in-situ observations of snow water equivalent and taking
samples to measure snow salinity in the lab afterwards.

The transect lines and observation protocols were established over time and the loops were
not always accessible due to limitation in visibility and ice conditions. The weekly repeat
schedule for the transect work was however kept during the main observation period in leg 1,
only the availability of data for the main observation groups (ice + snow, remote sensing and
snow properties) varies. In total, there were 7 transect activities and the availability of data in
form of device operations is listed in the Tables 4.4.2, 4.4.3 and 4.4 4.

Tab.4.4.1: Overview of sensors used on sea ice transect

Sensor Description Device URN Geophysical
Parameter
GEM-2 Geophex GEM-2 pack_ice:ice_ps:gem2-556 Total (seaice +
Broadband snow) thickness
Electromagnetic
Induction Sensor
MagnaProbe | GPS snow depth pack_ice:ice_ps:magnaprobe- Snow depth on
probe kathrin sea ice
KuKa Radar | Dual-Band KuKa pack_ice:ice_ps:kuka_radar KuKa Band radar
scatterometer backscatter
Balamis Balamis L-Band pack_ice:ice_ps:BALAMIS_Rad | L-Band brightness
radiometer temperature
SMP Snow Micro pack_ice:snowpit:SN_SMP49, Snow density
Penetrometer pack_ice:snowpit:SN_SMP31 Specific Surface
Area
SWE Snow Water pack_ice:snowpit:SN_SWE Snow water
Equivalent Samples equivalent
Snow Snow Salinity pack_ice:snowpit:SN_SAMPLER | Snow salinity
Salinity Samples
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Fig.4.4.1: Location of the transect lines in the CO before (2019/11/07) and after (2019/12/05) the mid-
November shear event. Coordinate reference system is defined by Polarstern location and heading.

Tab.4.4.2: Overview of device operations of the mass balance work on the sea ice

transects

Transect Date Locations GEM-2 Magna-Probe
24.10.2019 Northern Loop PS122/1_4-2 PS122/1_4-1
(transect)
PS122/1_4-3 (cal)
31.10.2019 Northern Loop PS122/1_5-25 PS122/1_5-27
Southern Loop (transect)
PS122/1_6-26 (cal)
07.11.2019 Northern Loop PS122/1 6-48 PS122/1_6-50
Southern Loop (transect)
PS122/1_6-49 (cal)
14.11.2019 Northern Loop PS122/1_7-60 PS122/1_7-62
Southern Loop (transect)
PS122/1_7-61 (cal)
21.11.2019 Northern Loop PS122/1_8-55 PS122/1_8-58

(transect)
PS122/1_8-56 (cal
thin)






PS122/1_8-57 (cal

thick)

28.11.2019 Northern Loop PS122/1_9-52 PS122/1_9-54
(transect)
PS122/1_9-51 (cal)

05.12.2019 Northern Loop PS122/1_10-51 PS122-1_10-59

Remote Sensing
Southern Loop

(transect)
PS122/1_10-55 (cal)

Tab.4.4.3: Overview of device operations of the remote sensing work on the sea ice

transects

Transect Date Locations KuKa-Radar Balamis Radiometer

24.10.2019 N/A N/A N/A

31.10.2019 Northern Loop RS | N/A PS122/1_5-29

07.11.2019 Northern Loop RS | PS122-1_6-52 PS122-1_6-57
RS Site Segment

14.11.2019 Northern Loop RS | PS122/1_7-59 PS122/1_7-57
RS Site Segment

21.11.2019 N/A N/A N/A

28.11.2019 N/A N/A N/A

05.12.2019 N/A N/A N/A

Tab.4.4.4: Overview of device operations of the snow properties work on the sea ice

transects
Transect Date Locations Snow MicroPen | Snow Water Snow Salinity
Equivalent Samples
24.10.2019 N/A N/A N/A N/a
31.10.2019 N/A N/A N/A N/a
07.11.2019 Northern Loop | PS122-1_6-41, N/A PS122-1_6-
RS PS122-1_6-42, 41
PS122-1_6-43, PS122-1_6-
PS122-1_6-44, 47
PS122-1_6-45,
PS122-1_6-46
PS122-1_6-47
14.11.2019 Northern Loop | PS122-1_7-68, PS122-1_7-68, PS122-1_7-
RS PS122-1_7-69, PS122-1 7-69, 68, PS122-
RS Site PS122-1_7-70, PS122-1 7-70, 1.7-71,
Segment PS122-1_7-71, PS122-1_7-71, PS122-1_7-
PS122-1_7-72, PS122-1 7-72 72
PS122-1_7-73 - ’
PS122-1_7-73






21.11.2019 Northern Loop | PS122-1_8-68, |PS122-1_8-68, PS122-1_8-
RS PS122-1_8-69, PS122-1_8-69, 68
RS Site PS122-1_8-70 PS122-1 8-70
Segment -
28.11.2019 Northern Loop | PS122-1_9-71, | PS122-1_9-71, PS122-1_9-
RS PS122-1_9-111, | ps122-1 9-111, 71, PS122-
RS Site PS122-1 9-72, 1 o. 1.9-72,
Segment PS122-1 9-73, E:::;; :]]—g ;i’ PS122-1_9-
PS122-1_9-74 T 73
PS122-1_9-74
05.12.2019 Northern Loop | PS122-1_10-50, | PS122/1_10-50, PS122-1_10-
RS PS122-1_10-58 | PS122/1_10-58 50

Preliminary (expected) results

Quickview total (ice + snow) thickness from the GEM-2 results were produced after each
transect activity for the purpose of quality control and initial evaluation of ice conditions. An
exemplary quickview product at full sensor resolution is shown in Figure 4.4.2. The result is
not corrected for different walking speeds or periods of the sensor without moving. Further
processing steps for the ice and snow data is to project both the GEM-2 and MagnaProbe
results to the transect lines at an equidistant spacing. This step requires transforming the
geographical (time, longitude, latitude) coordinates to cartesian (x, y) coordinates of the
coordinate reference system (CRS) defined by the FloeNavi base stations. The collocated
GEM-2 and MagnaProbe data than will be used to convert the total ice thickness
measurements of the GEM-2 to sea-ice thickness, resulting in time series of the sea-ice
thickness and snow depth distribution in the CO for the entire drift of MOSAIC.

The remote sensing sensors provide (a) Ku/Ka-band radar backscatter and based on that the
range distance to the main scattering horizons in the snow and ice and (b) L-band microwave
brightness temperature, which are primarily related to the snow and ice microwave emissivity.
The data from the instruments will be referenced to the FloeNavi CRS together with the
locations of the snow pits. Analysis of the remote sensing data however requires extensive
data processing, which will be done at home in cooperation with the partner institutions that
have supplied the sensors.





In the context of the transect work, the snow pit data will mainly be used to interpret data from
the remote sensing sensors. The results are however integrated in the wider snow task and
will be used to characterize the evolution of the snow pack in the CO in general.
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Fig.4.4.2: Exemplary total (ice + snow) thickness from GEM-2 measurements (fransect activity of Nov.
14, 2019). Main figure shows geographical distribution of total thickness in the coordinate reference
system of the CO (FloeNavi coordinates). Inset figure in lower left show the histogram of total
thickness.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All device operations were logged in the AWI sensorweb portal and all
sensor raw data files are stored in platform section of MCS. Final geophysical parameters will
be made available via the workspace section of MCS. Final data products will be stored at the
PANGAEA data repository (World Data Center PANGAEA Data Publisher for Earth &
Environmental Science ( ))-
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Objectives

Within the general coring objectives (8.2 Objectives for General Coring.), the ICE team is
responsible for the ice physics properties analysis (salinity, density, microstructure).

Work at sea

Following the general coring event, upon return from the field, the CT samples are centrifuged,
and imaged using x-ray computed tomography (CT) technique within half a week. Cores for
archive, backup, plastic and the upper part of the CT core are sealed in plastic sleeves and
stored at -20 °C. Density is measured at -15 °C by densitometry in paraffin in the freezer lab
using a Kern EMB-V scale. Salinity is then measured on the melted samples with a conductivity
probe Voltcraft LWT-100 from team ICE. Within 1 day, melted salinity samples are bottled for
future isotope measurement, before bulk salinity is measured on the remaining water using a
conductivity probe YSI 30 from team ECO. Each week, one ice core, coming alternatively from
the FYI and SYI site, was processed into horizontal and vertical thin sections. Following
additional coring events, similar approach was used to process collected cores with respect to
its type.

Preliminary Results

At the FYI site, ice consists of an upper layer of granular ice, about 15 to 20 cm thick, with
columnar growth underneath (Figure F.SIP-IC2, top). Over 6 weeks, the ice grew from 40 to
70 cm. At the SYI, ice consists of a refrozen melt pond about 70 cm thick with a few centimeters
of new ice. During the leg, columnar ice grew from 75 to 95. Figure 4.5.2 below shows the
evolution of the salinity, temperature and density profiles acquired for leveled and undeformed
sea-ice for the FYI and SYI site. Brine volume fraction was computing using Cox and Weeks’
equation (1983), constrained with the density profiles when available. Growing FYI displays
the expected C-shape salinity profiles, while the salinity value for SYI profiles mirrors the
observed stratigraphy (Figure 4.5.1, bottom) with low salinity values (0-1 ppt) in the upper 70
cm, and high salinity values at the bottom (5 ppt) increase in the lowermost section (8 ppt).

Fig.4.5.1 — Vertical thin sections for FYI (top) and SYI (bottom) core collected at the end of leg 1 (1_10). The ice
surface is on the left. Scale bar is 10 cm. The stratigraphy of FYI consists of 17 cm of granular ice with columnar ice
underneath. The SYI consists of 70 cm of refrozen melt pond with columnar growth underneath.
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Fig.4.5.2 — Evolution of salinity, temperature and density profiles over a 6-week period for first-year ice
and second-year ice. The upper panel display core data aligned at the ice surface, while the bottom
panel display the same data aligned at the ice/water interface. The coldest temperature profile for SYI is

associated with thinner snow.

Data Management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All data related to a coring event are collocated on the MCS within the folder
of the device operation corresponding to the deployment of the corer Kovacs Mark Il, 9cm. A
scanned copy of the field note and laboratory book will be uploaded. The exhaustive list
includes:

Primary data for each ICE and ECO core transcribes into a spreadsheet (section depths, ice
thickness, ice draft, weather, date and time...)

Salinity and density measured on board within 2 days of the coring
Vertical and horizontal thin sections photographed on board during the leg
Data of CTD cast in one of the corehole.

Tomographic imagery is available on the MCS within a separate subfolder contained in the
folder of the X-ray tomographer Scanco90.

Final data products will be stored at the PANGAEA data repository (World Data Center
PANGAEA Data Publisher for Earth & Environmental Science ( ).
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Objectives

On overall objective of ice dynamics research is to deepen understanding on how pack ice
moves and deforms over its first year of existence. In particular, we are examining spatial and
temporal scales of motion and deformation and how those vary regionally and seasonally. We
also aim to establish a relationship between deformation scales and physical characteristics
of packice.

Ice dynamics research is based on the local measurements at the Central Observatory, ice
drift observations from the Distributed Network and large scale satellite products. For a
collection data on local scale, we established a MOSAIC Small scale Ice Dynamics Observing
System (SIDOS) on the Central Observatory. The system includes following components:

o Laser strain array (DC)

. GNSS buoys (UHud)

o Seismic stations (AARI)
o Stress gauges (DC, FMI)
o Stress panels (HSVA)

o Ice radar (FMI)





Laser Strain Array

Seismometers
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One stress gauge 2.3 km away
Fig.4.6.1: Schematic figure of the MOSAIC Small scale Ice Dynamics Observing System (SIDOS).

Work at sea
Laser strain array

The Laser Strain Observatory provides high-precision plastic and elastic ice strain data. The
observatory is composed of an array of retroreflectors fixed very stably in the ice on metal
posts, and an autonomous laser theodolite that tracks the displacement of the reflectors over
time with precision on the order of 1-5mm. This displacement measurement can be used to
determine strain rate and to estimate stress.

The TM50 base station is installed next to MET City. We installed ~20 reflectors throughout
Leg 1, roughly in rings at ranges from 200m to 850m from the base station. After ice
deformation, some reflectors were no longer in line-of-sight to the base station and we
recovered them to the ship; others were lost or destroyed by ice deformation. 13 reflectors
were intact and measurable at the end of Leg 1.

The base station measures continuously, and since it is accessible via the Packlce WLAN
network, we could view data in real-time from Polarstern. During the mid-November
deformation event, we could see elastic deformation in the vertical axis during the compression
and following divergence of the floe. We also saw horizontal displacement preceding the brittle
shearing of the floe.

GNSS buoys

The GNSS buoys to measure ice motion on high precision were deployed to three sites at the
Central Observatory. The first one was deployed to the seismometers site close to the logistic
area on 22 November 2019. The second one on the remote sensing site on 30 November 2019
and the third on the ROV Oasis on 5th December 2019.

Seismic stations





Objectives of the seismic observations is to obtain data on waves on ice and fracturing of the
pack ice for a development of forecast methods for sea ice breaking. The seismic monitoring
method has been developed in the AARI.

For continuous measurements of waves in ice, three seismic stations (Alfa, Beta, Gamma)
were deployed close to the logistic area. The seismic stations have been operational since
24th October 2019. Each station includes seismometer CME 4311, tiltmeter NH-[03-360,
autonomous recorder “Baykal-8” for logging signals, GPS-antenna, antenna for signal
transmission to the base and battery for powering station. Initially all three stations were
deployed at one place, then at November 8th Alfa and Beta were redeployed on the distance
30m from Gamma and from each other. Alfa and Beta were supposed to be redeployed again
on the distance 600-800m from the vessel, but these works had been delayed for leg 2
because of unstable ice conditions and new large scale ice fractures.

Measurements were recorder to the “Baykal-8" datalogger with 100 Hz frequency. Data of the
seismic stations were also transmitted by the wireless connection to a laptop deployed onboard
the Polarstern for a continuous visual monitoring of seismic observations.

Seismic stations have been operationally most of the time. Together, three seismic stations
have been recorded 14,9 GByte of data (4,38 GByte from Alfa, 4,96 GByte from Beta, 5,59
GByte from Gamma) during 24th October 2019 to 15th December 2019.

Stakes Bow

Fig.4.6.2: Seismic stations deployed on the ice at 150 m from the Polarstern.

Stress gauges

For a measurements of an internal stress of pack ice we used Geocon 4350 bi-axial
stressmeters. These type of sensors have been used successfully in previous ice mechanics
studies (c.f. Richter-Menge, 2002, Lensu et al, 2013). Data of the sensors were stored on the
Campbell data loggers. Time interval of the Darthmount College units recordings were one
minute and the FMI ones 10 minutes.

Totally 13 stress sensors were deployed during the first leg. Locations of the deployments were
selected based on airborne laser scanning data and the ship radar images. At the first phase,





two sensors were deployed on the thick deformed remnant ice area (“Fortress”) and two other
on the thinner undeformed remnant ice between 26th October and 2nd November 2019. In the
next phase, four units were deployed inside the laser strain array measurement area on 9th -
10th November 2019. After these deployments, two cyclones passed the Central Observatory
and pack ice experienced considerable deformations. Third deployments took place on 11th
December when four sensors were deployed both on previous “Fortress” and “undeformed

SYI” regions.

All sensors were deployed on 32 centimeters depth, i.e. that the top of gauge was on the ice
surface. Hole on ice was made with a 5 cm ice auger. Due to the location near the North Pole,
sensors weren’t able to oriented to the north with a compass and thus the sensors were
oriented towards the Polarstern. After the placing devices on the ice, the hole was filled with
the water. In case of the FMI sensors, with ocean water and for the Dart mount College units
with fresh water.

The stress sensor sites have been visited for downloading of data around three weeks
intervals. For that, a Campbell software installed on the rugged laptop was used.

The Dart001 stress sensor unit was lost during the stormy period which occurred on 15th -
20th November 2019.

Fig.4.6.3: Photos of stress buoy deployment site close to the MET city on 19 November and 8

December 2019.

Tab.4.6.1 Stress gauge deployments

Sensor name

date

h_i

h_s

fb

Description of site

FMIO01

2 Nov 2019

47

2,5

25

Undeformed SYI about 2.3 km away from the
ship.

FMI002

26 Oct 2019

40

11

Helicopter landing site. Undeformed patch of
second year ice at the heavily deformed SYI
region, close to boundary of the deformed and
undeformed ice types.

FMIO03

28 Oct 2019

37

Met City. Undeformed second year ice at the
edge of the deformed ice region. Around 100
meters from Met City deployments towards to
Polarstern.

FMI004

26 Oct 2019

45

10,5

Transect North. Undeformed second year ice,
surrounded by heavily deformed second year
ice. Left side of the transect line around 100






meters ahead from the four thermistor string

buoys.

FMIO05 Stress panel at the logistic area. Thick SYI.

Dart001 9 Nov 2019 |56 8 2 Stakes2. Undeformed second year ice in large,
mostly undeformed SYI pan.

Dart002 10 Nov 2019 |51 6 2 Snow5. Undeformed second year ice in large,
mostly undeformed SYI pan.

Dart003 10 Nov 2019 |48 8 3 Snow1. Undeformed SYI on margin of
deformation zone.

Dart004 10 Nov 2019 |37 8 0,5 |FYlin newly refrozen lead (~2m wide).

zone from major deformation event in mid
October.

Surrounded by mostly undeformed SYI, in shear

Dart005 11 Dec 2019 |87 5 5 Southwest Snow2. Large pan of undeformed
SYI surrounded by major multi year and first
year deformation.

of undeformed multiyear ice. Hundreds of
meters from any variation in ice condition.

Dart006 11 Dec 2019 |77 8 4 Northwest corner of Snow3. Middle of large pan

Dart007 11 Dec 2019 |79 10 7 Between Snow2 and Helipad. 70m from newly
refrozen lead, in otherwise undeformed SYI
pan.

Dart008 11 Dec 2019 |91 12 4 Southwest corner of original Stakes2 plot on

ridging in otherwise undeformed SYI pan.

Southern Transect loop. 100m away from recent

Stress panels

Stress panels were deployed to the logistic area on 6th November 2019. Panel are located 31
meters distance from the starboard side of the hull in align with the void 92.

Sea ice in that location was deformed second year ice. It's thickness was 1.65 meters. Snow
thickness was 16 cm and freeboard 8 cm. Between the stress panels and hull of the ship there
was a few old cracks where ice thickness was 40-60 cm.

One thermistorstring buoy (sensor id DTC16_416) was deployed within 2 meters distance from
the panels on 7 November 2019. One stress buoy was deployed in the vicinity of the stress
panels too on ?? December 2019.

Ice radar

In order to obtain data of local ice dynamics in high temporal and spatial scale, we used a
system which digitizes the raw analogical ship radar data in a manner that echoes from the
sea ice features, which normally are considered as a noise in marine applications, are digitized
in high resolution. The radar signal digitizing unit, developed by the Imagesoft Itd., was
connected to the antenna of the WAMOS radar. The set-up of the system is similar than used
for the N-ICE2015 campaign (Oikkonen et al, 2017).





During the MOSAIC, processed images of every radar loop have been stored. Interval of those
images is about 2 seconds. Digitizing area covers 20 x 20 kilometers area with 8.3 meters
horizontal resolution. Continuous recordings begin on 25th October 2019.

Ice drifters

Ice drifters are part of the MOSAIC Distributed Network. Most of the drifters were deployed
from Akademik Fedorov. Detailed description of the DN network deployments is provided in
the Akademik Fedorov Cruise Report.

Additional 11 drifters were deployed from Polarstern during the Leg 1 (Table 4.6.2). Four Met-
Ocean ISVP buoys, provided by the PRIC, were deployed on the way from the marginal ice
zone to the region where the MOSAIC CO was established. Six Met-Ocean iSVP buoys,
provided by the PRIC, and one PacificGyre Universal Tracker, provided by the OSU, were
deployed within the regions with the scale of 2 km from the MOSAIC CO.

Tab.4.6.2 Deployment information of ice drifters from Polarstern during Leg 1

Buoy type Deployment Deployment Short IMEl number Comments
time (UTC) location name
Met-Ocean 26 Sep. 81.94°N, P150 300234068312210 Marginal ice zone
13:40 119.36°E
Met-Ocean 28 Sep. 82.57°N, P151 300234068312200 Marginal ice zone
8:15 122.37°E
Met-Ocean 29 Sep. 84 .64°N, P152 300234068218450 Pack ice zone
6:50 128.81°E
Met-Ocean 29 Sep. 84.17°N, P153 300234068316210 At the helicopter
1:40 129.14°E landing site on
MOSAIC floe,
recovered on 29
Oct.
Met-Ocean 30 Sep. 85.11°N, P155 300234068213470 Pack ice zone
8:53 137.62°E
Met-Ocean 9 Oct. 84.91°N, P156 300234068210190 Pack ice zone
5:45 135.86°E
Met-Ocean 21 Oct. 85.079°N, P157 300234068314190 2 km from the CO
5:30 132.91°E
Met-Ocean 21 Oct. 85.10°N, P158 300234068318250 2 km from the CO
5:45 132.53°E
Met-Ocean 21 Oct. 85.07°N, P159 300234068215980 2 km from the CO
5:10 132.71°E
Met-Ocean 21 Oct. 85.088°N, P161 300234068118580 At the first ROV
6:10 132.78°E city on MOSAIC
floe, recovered on
15 Nov.
PacificGyre 21 Oct. 85.105°N, P183 300234066253880 2 km from the CO
Universal 4:50 132.73°E
Tracker

Sea ice strength measurements





Aim of the ice streght measurements is to determine local strength of different ice types and
and their seasonal variations. Measurements of vertical and horizontal ice strength were
carried out according to a methodology developed in Ice Physics Laboratory of the AARI
(patent Ne2348018) and described in “Methodic manual for studying physical-mechanical
characteristics of ice formations as initial data for calculation of ice loading on shores, bottom
and sea constructions” (SPb, AARI, 2011, p. 179).

For these measurements, a 50 meters x 50 meters area named ,strength® was reserved. The
site contains level second-year ice and it's located around 300 meters distance away from the
Polarstern.

Local ice strength measurements were conducted with an automatic hydro complex “NnrkK 131-
01” borehole probe-indenter “J1IM1095.055.0050.002”.

Measurements were carried out in the following way. Firstly, point of measurements was
cleaned from snow and air, snow and ice surface temperatures were measured. Then at this
point a hole with diameter 250 mm is drilled throughout ice cover. After that the hole was
cleaned from brash ice and probe-intenter was deployed on a tripod over the hole. After testing
of the system, the probe-indenter was oriented to the seflected direction and lowered down
into hole on 30 cm depth and first measurement was made. For the second measurement
probe-indenter is lowered down to the 60 cm depth if the thickness of ice was larger than 75
cm.

Ice strength measurements in-situ were carried out on November 20th 2019. Four hole were
made for the measurements. Ice thickness in the holes was 60, 78, 80 and 87 cm.
Measurements at the 30 cm depth were made in all holes and at 60 cm depth in three holes.
An average local ice strength on 30 cm depth was 24,2 MPa and on 60 cm depth it was 23,3
MPa.

For a determination of ice temperature, salinity, density and texture, a ice core was taken close
to the strength measurement site.

Fig.4.6.4: Location of ice strength measurements.

Tab.4.6.3 Results of ice local strength measurements 20.11.2019
Point H_snow(cm) H_ice(cm) H_raft(cm) LocStr30(MPa) LocStr60(MPa)

t1 11 60 57 21,352 --
t2 10 80 74 28,737 25,251
t3 11 87 83 23,904 25,406

t4 12 78 74 23,081 19,403





Unaxial compressive strength measurements were conducted on December 5th 2019. The
measurements were carried in a following manner. After cleaning of the surface and
temperature measurements, ice cores for vertical ice strength measurements were taken with
the “Kovacs” 14 cm ice corer. For the horizontal strength measurements, first a block of ice
with dimension of ~ 40 cm x 50 cm x 66 cm were taken and then horizontal ice cores at 30 cm
depth was taken from that block.

Usually measurements are carried out in the field but because of the strong wind and blowing
snow measurements were made in ship. Ice cores were cut with the circular saw on 29-30 cm
length samples before compressive strength measurements.

Ice thickness in the measurement site was 66 cm. Horizontal strength measurements were
made from three samples. Two vertical strength measurements were made from surface layer
(1 to 30 cm) and two other from bottom layer (30 to 60 cm). The average horizontal
compressive ice strength at the surface was 3,2 MPa and 4,2 MPa at the bottom layer. The
average vertical ice strength was 4,3 MPa.

Additional ice cores were taken for temperature, salinity and texture analysis.

Preliminary results

The leg1 was characterized on dynamical ice conditions. The central floe experinced tens of
fracturing, shearing and ridging events which changed the icescape fundamentally (Figure
4.6.5). The most signicant deformations was caused by the two low pressure systems which
occurred between 15th and 20th November 2019. Maximum wind speed during the passing
of the first cyclone was ~ 20 m/s and maximum ice drift speed was ~0.4 m/s.

During the storm main floe experienced compression and shearing which resulted on cracking
and fracturing of the CO. One fracture was formed between Polarstern and the MET-city, the
Remote Sensing site and the ROV Oasis. It was well captured by seismic stations (Figure
4.6.6) The fracture was part of tens of kilometer long shearing zone. Shearing occurred in an
episodic manner. Most of the time, differential motion between the two parts of the main floe
was minimal but during some intensive 15-30 minutes periods shearing, opening, closing and
ridge building were easily seen from the bridge. As an end result of the shearing, the other part
of the CO was shifted around 600 meters.

Despite of rather cold weather conditions, deformation of the main floe has been continued
until mid December. Intensity of fracturing has been surprisingly high also in the “Fortress”
which consisted mainly thick ridged ice.

The MOSAIC ice dynamics program has been very successful. All the planned deployments
were conducted and new data has been collected. In addition to the major fracturing during
the storm on 16th - 17th November, more than 100 other ice deformation events were
recorded by the seismic stations. These observations together with the ice radar, laser strain
observatory, stress sensors, ice drifters and satellite data are forming an unique data set for
ice dynamics research.





Fig.4.6.5: Ice radar images on 1 November and 7 December 2019.
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Fig.4.6.6: Example of ,icequake* during formation of a crack on 16th November 2019.

The DN network provides unique data on intermediate scale ice motions but since additional
GPS drifters were deployed during the transit, the MOSAIC buoys provide also important
information on how kinematic characteristics are varying from the thinner marginal ice zone to
the thick pack ice region (Figure 4.6.77). By the end of Leg 1, only three GPS buoys have been
lost and position data of 72 floes are still obtained.

Size of the DN around the CO is about 100 km by 100 km (Figure. 4.6.x?). Large scale
deformation has been dominated by the shearing but overall shape and positions of individual
drifters of the DN has remained rather same.





Fig.4.6.7: The locations of the GPS buoys, deployed from Akademik Fedorov and Polarstern, at 12:00
3 December 2019.

Fig.4.6.8: Locations of the buoy array within the MOSAIC DN on 20 Oct. 11 Nov. and 3 Dec. 2019,
respectively.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Original ice radar, stress gauges, stress panels and seismic data have been
uploaded to the MOSAIC Central Data Storage. Other collected data will be provided to the
MCS later. Final processed data sets will made available via the workspace section of MCS.
Final data products will further be stored at the PANGAEA data repository (World Data Center
PANGAEA Data Publisher for Earth & Environmental Science ( ).
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4.7 Sea ice and water properties based on ROV surveys

llkka Matero', Marcel Nicolaus', Julia Regnery", 'DE.AWI
Nicole Hildebrandt!, Anders Svenson?, lan 2SE.SLU
Raphael?

(Not board) Christian Katlein!, Mart 3EDU.DARTMOUTH
ot on board: ristian Katlein', Martin 4

Schiller!, Philipp Anhaus', Mats Granskog?, NO.NPOLAR

Knut Vilhelm HeylandS, Hauke Flores', Barbara *NO.NTNU

Niehoff', Jutta Wollenburg'

Objectives

The research to be supported with the Remotely Operated Vehicle (ROV) as part of MOSAIC
can be split into four separate parts with individual objectives. Evaluating the length scales of
variability and temporal evolution of studied parameters through different seasons are common
for all four. Beyond studies of the widespread level first- and second year ice, a focus of the
ROV work will be on new ice, leads, and pressure ridges and their evolution through the
seasons.

1. The optics research aims to improve our understanding of the spatial and temporal
variability of light transmittance through the snow-covered sea ice. Another aim is
to quantify the contribution of snow and ice to light attenuation as distinct layers,
and as a function of depth, including contributions of different ice types and stages
of melt and freezing.

2. Surveys using an upward-looking bathymetric multibeam-sonar and a high precision
altimeter are used to monitor the evolution of the ice bottom topography, which in
combination with surface topography from terrestrial laser scans and aerial images
will allow for monitoring the evolution of co-located snow-air- and ice-ocean
interfaces.

3. Through lateral and vertical profiles, the ROV provides data on the spatio-temporal
variability of a variety of physical and biological parameters in the water column.

4. Towing nets under the sea ice will allow for evaluating the gypsum distribution and
the evolution of the zooplankton community structure at different depths.

On PS122/1, the foci of the ROV work was on objectives 2-4 and setting up the ROV site
installations. The under-ice optics measurements were of secondary importance due to limited
ambient light during polar night. Studies dedicated to the evolution of pressure ridges are to
commence on subsequent legs.

Work at sea

There were 10 ROV dive days during PS122-1, with scientific data collected on 4 multibeam
surveys, 12 zooplankton trawls and 2 gypsum net trawls. Timing and GPS positions of all ROV
dives can be found in Appendix A describing the device operations under vehicle id “BEAST".
In addition to the measuring and sampling dives, dive time was allocated for testing the ROV
system and improving the LBL (Long Baseline) positioning setup. The ROV team also assisted
other tasks by deploying a rope under ice to allow for an installation of a fishing net, and spent
one dive day gathering footage for documentation and outreach.
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Fig.4.7.1: (a) First ROV site setup. (b) Second ROV site setup. (c) View inside the ROV control hut,
with a controller using the control unit in the foreground and two of the screens with video feeds in the
background. (d) Schematic of the setup at the second ROV site overlaid on a topography map based
on airborne laser scanner (ALS) data. Grid marker locations are shown in green and labelled M0-M20,
while locations labelled R1-R5 indicate where markers were installed to help navigation between the
tent and the grid. The circled area shows a 100 m radius from the origin of the measurement grid, and

the skidoo track is shown in red. The yellow rectangles denote the locations of the tent, control hut and

power hub respectively from largest to smallest item. Photos and schematic by M. Nicolaus and I.

Mattero, ALS topography map produced by S. Hendricks.

The first ROV site (called ROV Oasis, Figure 4.7.1a) was set up approximately 300 meters in
front of bow of Polarstern, with the installations (Figure 4.7.1b) consisting of the ROV control
hut (Figure 4.7.1c), a tent over the ice hole, a power hub and a power line. The ice hole was
used to launch the vehicle (called ‘Beast’) and had a size of 1.5x1.5 m. The setup was finished
on 18 October, but a shear event on 19 October interrupted starting scientific operations at this
site. The part of the ice floe with the installations drifted approx. 600m towards to port side of
Polarstern and underwent extensive ridging and cracking. In order to avoid loss of equipment,
all the installations were retrieved after the dynamical phase ended and weather conditions
stabilized.

The second ROV site (Figure 4.7.1b) was set up on a part of the ice floe that did not undergo
deformation during the mid-October shear event, with the location approximately 250 m away
from Polarstern. In addition to the first ROV site installations, a measurement grid was set up
at this site after the installation of the infrastructure described in the previous paragraph. The
grid consisted of 26 co-located markers on top and under ice and three transponders for the
LBL positioning system. The grid installation (Figure 4.7.1d) consisted of two lines of markers
at a 90 -degree angle, with 10 m spacing between the markers. In addition to the 21 markers
that made up the measurement grid, 5 markers were installed between the ice hole and the
origin of the measurement grid in order to aid navigation between the ice hole and the grid. Ice
thickness, snow depth and freeboard measurements were done at the time of deployment at
all marker locations. A second shear event on 17 and 18 November resulted in the relocation





of the ice floe with the ROV site in relation to Polarstern, temporarily cutting the power from
the site and necessitating rebuilding the power line.

The ROV (Figure 4.7.2) is a purpose-built measurement platform based on the M500 model
(Ocean Modules) [1]. A set of two RAMSES-ACC-VIS (TriOs GmbH) spectroradiometers are
used for the optics measurements, with one of the sensors mounted on the ROV, and the other
one set up for synchronous measurement of apparent light above the surface. A DT101
multibeam sonar (Imagenex) and a PA500 altimeter (Tritech) are used for studying the
evolution of the under-ice topography. For a description of the tow nets (Figure 4.7.2b) see
Section 6.2. The ROV platform also includes 3 video cameras, a still camera and a suite of
sensors measuring the following parameters: radiance, conductivity, temperature, dissolved
Oxygen concentration, pH, Nitrate, Chlorophyll-a, CDOM and backscatter. A full description of
the measurement setup is available in Katlein et al., 2017.

L

Fig.4.7.2: The M500 ROV “Beast” (Ocean Modules) (a) over the ice hole of the first ROV site; (b) with
the gypsum and zooplankton nets attached. Photos by M. Nicolaus.

The ROV was operated with a team of 3 people. An additional person working as a polar bear
guard completed the team and brought the total number of people on these operations to 4.
During deployment and start of each dive, two team members were working in the tent, and
one person inside the hut. The scientists in the tent were responsible of inspecting the ROV
and e.g. potential adjustments to cameras or mounting the nets or CTD sensors. The person
inside the hut took care of setting up the software and verifying ROV controls and data/video
streams working as intended. During the dives one person took care of the tether inside the
tent, and the two people in the hut were responsible for controlling the vehicle and scientific
coordination of the dive. At the end of each dive the ROV was dived back to the ice hole, the
tether wound back on its drum and the ROV was left hanging underwater. This method of
storing the ROV in the water when not being operated was chosen to avoid big temperature
fluctuations, which could have compromised the underwater connectors and sensors.

In general the ROV work was carried out according to the plan, but few practical issues during
the leg resulted in a reduced total number of dive days. The highly dynamic sea ice proved to
be a major challenge due to separating the ROV sites from power and partially burying power
cables inside pressure ridges. This resulted in part of the planned dives having to be cancelled
due to the time being required for re-establishing the power connection to the site. Running
the ROV site is possible on generator power, and having a fixed power connection to
Polarstern was not a strict requirement for scientific operations. Two dive days were operated





on generator power, and while possible, running the site in this fashion was inconvenient
compared to the power being connected from the vessel. This was due to the need to refuel
the generators and the setup being less well-equipped for dealing with spikes in power
consumption. Environmental conditions were another challenge, with a total of 3 dive days
cancelled due to storms and poor visibility and one due to a polar bear entering the Central
Observatory.

Preliminary results

05.11.2019 08:05:05
Heading: 282.7 Depth: 1.4 b

05.14.2019 08:11:44
Heading: 116.7 Depth: 4.0

Fig.4.7.3: Dive footage from the HD video camera (panels a-c) and dive track (d) from 5 November.
The manipulator arm of the ROV is visible in the foreground of panels a-c. (a) 2-layer structure
commonly found on the floe that the second ROV site was set up on, with a rotten honeycomb -like ice
layer underlying a denser ice layer. (b) Rafted ice blocks showing the keel of a pressure ridge. (c)
Example of the fauna observed under ice, jellyfish with tentacles. (d) Dive track of a multibeam sonar
survey showing a “mow-the-lawn” -pattern covering an area of roughly 200x200 m. The track is
overlaid on a topography map based on Airborne Laser Scanner data by S. Hendricks, with the white
shaded object in the bottom left corner indicating the position of Polarstern.

This was the first time that the ROV was used with a separate control hut, tent and power line.
The hut provided a shelter for operations, allowed for more space in the tent and limited water
condensation on the electronics unit and screens due to being a separate space from the dive
hole. The electricity being sourced to a separate ROV site from Polarstern via the power line
for the first time proved to be convenient due to removing the need for refuelling generators
and providing a more stable power supply than the generators. The novel setup proved
effective and comfortable, and is recommended for future operations when possible.

Visibility under water was good due to low amount of suspended matter and biota in the water,
and individual markers with reflector tape were visible up to a distance of approx. 20 meters.
Of the biota, jellyfish (Figure 4.7.3c), Arctic Cod and zooplankton were the most commonly
identified specimen.

The LBL positioning system provided a reliable position when diving at depths greater than the
transponder depths. The transponders were installed at a depth of 5 m, and the positioning
worked up to a distance of approximately 150 m from the measurement grid. When diving in
the proximity of the ice bottom, the positioning system typically did not work due to keels of





pressure ridges obstructing the signal path between the ROV and the transponders. One
drawback experienced with the positioning system was that only a configuration of three
transponders worked on the dives. When adding additional transponders to the setup, the
software failed in providing positions, even though the number of transponders is supposedly
not limited to three.

Getting a stable heading from the compass of the ROV was problematic, which is a well-known
challenge when operating at latitudes close to the Magnetic Pole. This manifested as the
heading randomly jumping to a new value roughly in time intervals of minutes. The way to work
around this problem was to follow the changes in the position on the dive track, and using the
apparent heading for calibrating the heading value.

The ice floe of second ROV site mainly comprised of ice that had survived the summer melt
with other distinct ice types in reach. Two ridges were located inside the measurement grid
area and newly formed ice was within reach of the ROV in a refrozen lead (dark part off the
starboard side of the bow of Polarstern in Figure 4.7.3d). The old ice was observed to have a
two-layer honeycomb structure in multiple places, with old rotten ice underneath and a younger
ice layer on top (Figure 4.7.3a). The average initial ice thickness at the second ROV site was
53 cm with a standard deviation of 17 cm. This was measured at the marker locations at the
time of setup (Figure 4.7.1d), excluding pressure ridges and rafted ice. The ice floe
experienced deformation over time due to ice dynamics; particularly during the storm event on
16-18 November when also the part of the floe including the new ice area got deformed and
consolidated into a rubble field (Figure 4.7.3b).

The average initial snow depth in the measurement grid area was 6 cm with a standard
deviation of 3 cm (ridges excluded), as measured at the marker locations (Figure 4.7.1d).
Significant snow accumulation with high spatial variability was observed at the ROV site over
the measurement period, with an estimated increase of up to 50 cm in snow depth associated
with individual snow dunes, sastrugis and close vicinity of pressure ridges. Initial plan was to
use data from the terrestrial laser scanner (section 4.2) and stakes projects (section 4.3), but
quantitative data of the snow accumulation at the site is not available due to the high workload
related to installation and reinstallation of infrastructure limiting the availability of time for
monitoring the snow conditions. Near-weekly measurements of the snow properties were
however carried out approx. 200-400 m away at the nearby ‘Snow1’ site (REFERENCE TO
MAP), which provide the most representative data also for the ROV site (section 4.2) as the
‘Snow1’ and ROV sites was setup on same part of the ice floe.

The following addresses the objectives 2-4 outlined in the first part of this section. The ice
optics study (objective 1) is planned to commence towards the end of the polar night, when
ambient light levels approach detectable levels under ice.
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Fig.4.7.4: Altimeter -based ice draft distribution from two multibeam surveys done on (a) 12 November
and (b) 26 November 2019.





The multibeam sonar data is being processed at the time of writing this report, and the
preliminary results shown here (Figure 4.7.4) on the ice bottom topography evolution (objective
2) are based on altimeter data. The above histograms show ice draft (difference between ice
bottom and water level), which is used here as a proxy for ice thickness. The major event of
Leg 1, the mid-November storm, took place between the two dives shown here.

The data seems to indicate that the thermodynamic growth during this period would have had
a smaller contribution in altering the ice thickness than ice dynamics. The fraction of ice thicker
than 2 m is bigger after the dynamic event, which was an expected feature due to the ridging
and rafting observed on the surface. Considering the thermodynamical growth, the modal peak
is actually for thinner ice (20-30 cm) on 26 November than on 12 November (40-50 cm). This
is likely a result from the altimeter data from these two dives not being directly comparable,
and the ROV being under a thinner section of the floe for a larger fraction of the dive. The
sensor takes point measurements of the ice that is directly above the sensor, and the variability
of the dive track together with varying pitch, roll and dive velocity result in the measured points
not being the same between dives.

See Section 6.2 for preliminary results from the net trawls (Objective 4).

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Data recorded on the dives on PS122/1 is stored in the Mosaic Central
Storage in the “exdata” folder under the vehicle id “BEAST”. The dive data is stored in separate
folders for each device operation (Appendix A).

Final data products will be stored at the PANGAEA data repository (World Data Center
PANGAEA Data Publisher for Earth & Environmental Science ( ))-
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4.8 Airborne Sea Ice Surveys (HELI)
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Objectives

The primary objective of the airborne sea ice surveys (HELI task) is to connect the localized
observations of physical sea ice properties to the regional scale within the DN. The flights
serve the purposes of assessing the representativeness of observations at the CO, extend the
spatial coverage of comparable in-situ observation and to measure geophysical parameters
accessible only to airborne sensors. In addition, airborne surveys also deliver observations at
an intermediate scale between in-situ measurements and the spatial coverage and resolution
of satellite remote sensing. The helicopter observations are therefore providing ground-truth
at a higher spatial resolution than achieved by satellite remote sensing to assess the impact
of sub-footprint scale variability of the ice surface on the satellite retrievals. The main
geophysical parameters for the satellite ground-truth are snow freeboard, the height of the
air/snow surface above sea level, and the surface temperature of different ice types. At the
same time, these parameters are needed to assess the surface energy budget and moment
transfer in the atmosphere/ice/ocean system and relevant for corresponding process studies.
Lead and ridge distributions as well as ice type information can be retrieved from the combined
measurements.

Due to the fact that the main observation period of MOSAIC leg 1 is situated in polar winter
with night-flight conditions, complementing observations such as surface albedo and sea-ice
thickness have not been possible, except for a brief period in the beginning.

The main research questions can be summarized as:

1. What is the spatial distribution of snow freeboard and surface roughness within the
DN? How does these parameters evolve with the thermodynamic and dynamic
forcing in early winter?

2. What is the surface roughness downwind of the meteorological installation at the
CO?

3. How does the sea ice surface deform in response to storms and other dynamic
forcing?

4. How does snow precipitation and snow redistribution by wind change the snow
freeboard distribution?

5. How does the surface temperature of different ice classes (classified by their snow
freeboard) change during the early winter?

6. How does the lead distribution (open water and thin ice leads) change through
winter?

7. What is the initial ice thickness distribution inside the DN at the start of the
MOSAIC drift?

8. What is the distribution of surface albedo in the distributed network after the
summer melt and during onset of the freezing season?

Work at sea
Sensors

Airborne sea ice surveys on MOSAIC leg 1 were implemented as a specific mission type with
a fixed sensor installation in one (D-HARK) of the two helicopters onboard Polarstern. The
main installation consisting of an airborne laser scanner (ALS), nadir infrared camera,
distribution of power and network as well as the main data acquisition systems were located
in the rear baggage compartment (Figure 4.8.1). Further downward-looking sensors (wide-





angle camera, KT19 surface temperature sensor) were located in the belly of the helicopter.
All sensors were operated from the cabin with a single display and keyboard/mouse that could
connect to different industrial (ebox) PC’s in the baggage compartment. Two GoPros for
inflight-documentation were mounted on the forward section of the skit on both sides. An
overview of the sensors is provided in Table 4.8.1. All sensors were controlled by two operators
during flight.

Data acquisition with the nadir-looking camera was stopped with the onset of polar night after
Oct. 20, 2019. Similarly, the external GoPros were removed from the list of active sensors after
it became clear that the GoPro were unable to operate in polar winter even on external power
and heating. Tests of the general data acquisition system for scientific aircraft (DMS) were
completed in the beginning of leg 1 to verify system readiness for later legs. After successful
tests, the sensor setup for the polar winter surveys consisted of the ALS and IR-CAM only.
This implicitly includes the Applanix Inertial Navigation System (INS) that constated of a gyro
compass coupled with two GPS receivers of the helicopter and which was integrated into the
control unit of the ALS. Data from the INS/GPS was collected during each flight and logged as
specific sensor operation.

Mission Types

Two main mission modes emerged during leg 1 in response to the scientific and operational
requirements for sea ice surveys during polar night:

1. Grid surveys following a mow-the-lawn pattern centered over the CO with a target
side-length of 5 km.

2. Surveys using the three L-sites in the DN as waypoints including the sides and the
spokes (connection between Polarstern and L-Site) within three triangles.

The target schedule was set to one survey per week, alternating between the two mission
types. In practice, the grid surveys close to Polarstern were more common in response to
demand for up-to-date topographic maps of the CO and limitation of the helicopter range in
unstable flight conditions. The total amount of 10 flights (Table 4.8.2) in the period between
September 28 and December 6, 2019 is therefore distributed to 1 test flight during the transit
of Polarstern, 6 CO grid surveys and 3 L-site surveys.

Exemplary flight patterns are displayed in Figure 4.8.2. In practice, there was no possibility for
in-flight correction of ice drift and surveys were flown either with the visual reference of
Polarstern for the CO grid surveys, or by a mix of pre-defined waypoints from real-time buoy
data and activated landing site illumination in case of the L-Site surveys. All survey lines were
flown at an altitude above ground of 1000 ft due to restrictions for helicopter operations in the
polar night. In a few cases, landing lights were replaced at the L-Sites on the end of a sea ice
survey flight.

Preliminary (expected) results

A workflow for quick-view processing was implemented onboard for quality control of all data
sets and initial scientific analysis.

Airborne Laserscanner

In the case of the ALS this required a processing of the inertial navigation data. This step
usually includes differential GPS processing with the precise ephemerides of the GPS
satellites in question. But since there was no practicable way to facilitate a download request
from Polarstern, only a Kalman Filter was applied on the separate data of the INS and two
GPS receivers, resulting in a joint solution for position and attitude (pitch, roll and true heading)
of the aircraft. This information was used in the next step of the workflow to transform the ALS





range measurements into a point cloud of ellipsoidal surface elevations. These points clouds
were projected on a space-time grid with a resolution of 25 cm in segments of 30 segments.
These segments were correct with filters for biases in the GPS height of the joint INS/GPS
solution. In case of the CO grid surveys the segments were merged into a full spatial grid of
the entire flight delineating location of different ice types and high spatial resolution and
coverage. The result was made available in geotiff and netCDF formats as well as a plotted
map. Figure 4.8.3 show a subset of such a map, which has been used as a basis for selection
of measurement sites and general science planning in all stages of leg 1.

The processing workflow after the cruise will include final inertial processing and elevations
referenced to the instantaneous sea surface height. In case of the CO grids, sea ice drift
correction will be applied on a per-points basis and the coordinates will be transformed into the
ice coordinate system provided by the FloeNavi, yielding a time series of freeboard and
roughness in both global and local coordinate systems.

IR-Camera

The Infratec VarioCAM HD head 680 is set to record infrared brightness temperatures (7.5—
14 uym) at 2 Hz during the 1000 ft altitude survey flights. Raw data is recorded in camera
specific IRB files together with simple GPS positions. After the flights these files are converted
to one netCDF file per flight. Post-processing after the expedition will use the INS data to create
georeferenced and viewing-geometry corrected datasets. Finally, the dataset will be brought
in the same coordinate system as the ALS data to allow joint analysis of the two datasets.
Figure 4.8.4 shows an example for the flight on 30 November 2019 of the infrared data
converted to physical temperature assuming a constant emissivity. The images were stitched
together manually and are not fully geometrically corrected yet. The fresh crack in front of
Polarstern is visible as well as older cracks with thin ice in the surrounding. Mind that also
deformation features like ridges are identifiable by the change of snow surface temperature.

Nadir Camera

The raw images from the nadir camera will corrected for distortion and vignette and the geo-
referenced on a per-pixel basis. The frequency of image acquisitions allows to produce a swath
of overlapping photos along the helicopter ground track. An example is shown in Figure 4.8.5.
The accuracy of the resulting surface albedo information in the low-light conditions will be
evaluated after the expedition.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All device operations were logged in the AWI sensorweb portal and all
sensor raw data files are stored in platform section of MCS. Final geophysical parameters will
be made available via the workspace section of MCS. Final data products will further be stored
at the PANGAEA data repository (World Data Center PANGAEA Data Publisher for Earth &
Environmental Science ( ). Data from the data acquisition system of Polar
Research Aircraft (DMS) can be accessed after registration at
https://dship.awi.de/exportdisplay/.
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Fig.4.8.2: Example flight lines for the two main sea-ice mission types: (left) Grid survey of the CO
close to Polarstern and (right) L-Site survey in the DN. Square in right panel marks the spatial extent
of the panel on the left.
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Fig.4.8.3: Gridded surface elevations from CO grid survey of Oct. 20, 2019 at a resolution of 25 cm
from ALS quick-view products. The figure shows an area of 3.5km times 2km near Polarstern, which is
visible in lower right of it.

Fig.4.8.4: Sequence (down-sampled) of infrared temperature images acquired around Polarstern on
30 November 2019.





Fig.4.8.5: Example of aerial photography with wide-angle camera. Example shows Polarstern
overflight on Oct. 20, 2019 stitched from three consecutive acquisitions.

Tab.4.8.1: Overview of sensors used for the airborne sea-ice surveys

Sensor Description Device URN Geophysical Parameter
ALS Airborne Laserscanner aircraft:heli-ps:riegl-vq580- Surface elevation,
(Riegl VQ580) 9999057 freeboard and roughness
IR Variocam Nadir Infrared-Camera aircraft:heli- Surface temperature
HD head 680 ps:ir_variocam_02 distribution
KT19 Heitronics Pyrometer KT19 aircraft:heli- Surface temperature
ps:radtherm_kt19_heli
WA-CAM Wide-angle nadir camera aircraft:heli- Surface albedo
(EOS1DMKI 14mm) ps:rgbcam_wal_heli
GoPro left GoPro Hero 6 aircraft:heli-ps:goprolh_heli Documentation
GoPro right GoPro Hero 6 aircraft:heli-ps:goprorh_heli Documentation






Tab.4.8.2: Overview of all helicopter sea ice surveys from Polarstern during PS122/1.

(TO and LDG designate take-off and landing times in UTC respectively)

Flight ID Device TO LDG | Aircraft Sensors Mission Type
Operation

20190928_01 PS122/1_2-45 03:48 | 04:40 | D-HARK ALS, IR,}S_?}I\S, GoPro, Test Flight
20191002_01 PS122/1_2-57 05:45 | 06:57 | D-HARK ALS, IR,}S_?}I\S, GoPro, CO floe grid
20191020_01 PS122/1_2-167 | 01:02 | 02:20 | D-HARK ALS, IR,}S_?}I\S, GoPro, CO floe grid
20191029_01 PS122/1_5-9 02:02 | 03:32 | D-HARK ALS, IR L-Site survey
20191105_01 PS122/1_6-11 06:30 | 07:33 | D-HARK ALS, IR CO floe grid
20191112_01 PS122/1_7-24 07:57 | 09:29 | D-HARK ALS, IR L-Site survey
20191112_02 PS122/1_7-25 10:25 | 11:58 | D-HARK ALS, IR CO floe grid
20191119_01 PS122/1_8-23 04:00 | 05:20 | D-HARK ALS, IR CO floe grid
20191130_01 PS122/1_9-98 04:38 | 06:01 | D-HARK ALS, IR CO floe grid
20191206_01 PS122/1_10-78 | 06:56 | 08:29 | D-HARK ALS, IR L-Site survey
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Satellite remote sensing is the ideal tool to obtain Arctic-wide and long-term observation of the
sea ice cover, ocean, and the atmosphere above. Remote sensing datasets can be used to
extend the local MOSAIC observations to a larger scale and set them in context with preceding
environmental conditions, like the history of the ice floes MOSAIC will be established on.





MOSAIC provides ideal conditions for validation of satellite remote sensing observations: (a) it
is a rare case to observe the complete seasonal cycle. Especially winter observations from the
central Arctic are basically absent. (b) The MOSAIC concept to not only have one central
measurement site but a distributed grid of measurements that cover the typical satellite
footprint scales make meaningful comparisons feasible. (c) Furthermore, the combined
MOSAIC airborne campaigns will allow to bridge the gap between in situ and satellite
observations.

One scientific goal of MOSAIC for remote sensing is the ground validation of satellite products
and to develop new method to retrieve improved sea ice parameters from satellites. Research
questions for leg 1 are:

o How well do satellite algorithms perform in the Central Arctic for parameters such as
sea ice thickness distribution, snow depth, ice type, floe sizes, ice concentration,
and ice drift and deformation?

o Can co-located ground-based sea ice/snow and microwave measurements help to
develop improved satellite retrieval methods for ice area, thickness, type, and snow
depth?

o What is the prospect to retrieve additional physical parameters with satellite remote

sensing to expand the observational capability of processes at the ice/atmosphere
interface like surface roughness?

Most observed changes of the Arctic climate system are based on results from satellite remote
sensing, which is one of the most important and reliable tools for Arctic monitoring. However,
most satellites do not directly measure the geophysical parameters that are needed for
research and monitoring. Sea ice concentrations, for example, are typically derived from
passive microwave brightness temperatures or high-resolution radar images. Both methods
make use of the characteristic difference between surface properties of open water and sea
ice, which can be complicated by a variety of seasonal and conditional factors. Sea ice
thickness is derived from microwave brightness temperature (thin ice) or from altimeters.
Altimeters measure the ice or snow freeboard, which is then converted to ice thickness based
on critical assumptions on snow depth and snow/ice densities. Continuous development of
methods and algorithms to analyze satellite measurements is necessary to improve
observational capabilities, reduce uncertainties, and ensure consistency of satellite data sets.

Work at sea

Several remote sensing (RS) instruments were operated on the ice and from the ship in the
Central Observatory. Table 4.9.1 gives an overview about all instruments and the responsible
Pl on land and during leg 1. Many more people are involved with the measurements.

Measurements are used for satellite remote sensing validation and the development of new
remote sensing methods. All measurements will be taken either quasi-continuously or with at
least weekly repetition to fully cover the complete seasonal cycle from winter, spring, to
summer. Two remote sensing sites were established during leg 1. A log of all activities at the
two remote sensing sites can be found in Table 4.9.15 at the end of this section.

Tab.4.9.1: List of remote sensing instruments in the Central Observatory

Instrument Details Pl Institution Leg 1
responsible
On the ice
Ku/Ka-band Dual-frequency scanning radar: J. Stroeve U Manitoba S. Hendricks
radar 12-18 GHz (Ku) and 30-
40 GHz (Ka)






L-band 1.26 GHz scanning radar R. Scharien U. Victoria . Spreen
Scatterometer
C-band C-band (~5 GHz) scanning J. Yackel U Calgary . Spreen
Scatterometer radar
X-band 9.6 GHz scanning radar C. Duguay U Waterloo . Spreen
Scatterometer
MW Radiometer | Ultra-wideband 0.5 -2 GHz J. Johnson Ohio State . Demir
UWBRAD radiometer (P to L-band) University
MW Radiometer | 1.4 GHz (L-band) M. Schwank/ WSL/ESA . Spreen
ELBARA T. Casal
MW Radiometer | 19, 37, 89 GHz (K, Ka, W- J. Stroeve U Manitoba . Spreen
19-37-89-GHz band)
MW Radiometer | 1.4 GHz (L-band) C. Gabarro ICM-CSIC . Spreen
Balamis ARIEL
GNSS-R reflected GNSS signals from E. Cardellach/ ICE- . Spreen
show/ice T. Casal CSIC/ESA
Infrared Camera | Surface temperature G. Spreen U Bremen G. Spreen
Video Camera Visual overview of RS site G. Spreen U Bremen G. Spreen
On Polarstern
GNSS-R reflected GNSS signals from W. Wan Peking U. . Lei
show/ice
GNSS-R & reflected GNSS signals from M. Semmling GFz . Spreen
atmosphere snow/ice and GNSS for
atmospheric water vapor
GNSS lonospheric scintillations for F. Fohlmeister = DLR . Spreen
lonosphere GNSS measurements
MW Radiometer | 1.4 GHz (L-band) S. Savstrup DTU/ESA . Spreen
EMIRAD2 Kristensen/
T. Casal

Remote Sensing Site 1 (18.10. to 16.11.2019)

Measurements at Remote Sensing Site 1 started on 18 October 2019 with the installation of
the Ku/Ka radar. More and more instruments were then installed in the following days and
weeks. See the tables in the Instruments subsection for a list of measurement durations for
each instrument. Figure 4.9.1 shows the layout of the site on 10 November 2019 with the
surface topography from airborne laser scanning (ALS, Section 4.8) in the background. The
photos in Figure 4.9.2 give an overview of the RS1 site. All instruments look at a homogenous
ice area with similar properties typical for the southern part of the floe at that time: second year
(or remnant) ice with a dominant fraction (>60%) of melted-through melt ponds. The new ice
in the melt pond areas have in most cases first-year ice properties (subsection Ice Cores) and





will be referred to as FYI here. Typical ice thickness at the beginning of November for the
dominant level ice in the footprints of remote sensing instruments was 60+5 cm. However,
some thicker remnant ice could also be present. The thicker ridges/rafted areas, the
instruments were deployed on, had a thickness of about 2 m. Snow depth was 105 cm for the
level ice areas (all measurements from thermistor chain deployments). On 16 November 2019
cracks appeared at the site and parts of the ice got depressed. All measurements (beside
IR/web camera) stopped and instruments were retreated closer to the remote sensing hut. In
the following days more and more cracks appeared, which later partly ridged, and this part of
the floe got sheared away about 500 m towards the port side of Polarstern. The former
measurement area got first flooded and later completely destroyed. On 23 November
opportunistic ARIEL L-band radiometer, Ku/Ka-band radar, and IR camera measurements
were taken at one of the cracks covered with thin ice and frost flowers. On 26 November all
instruments and the hut were moved to the new Remote Sensing Site 2.

Layout of the Remote Sensing Site - 2019-11-10

RS A ARIEL™

£ L-band scatterometer, U Victoria & Ku/Ka-Radar, U Manitoba
& IR and visual cameras, U Bremen A GNSS-R, ICE-CSIC/IEEC
&, 19,37, 89-GHz Radiometer, U Manitoba &\ ELBARA L-band radiometer, WSL

A&\ X-band scatterometer, U Waterloo
A, UWBRAD 0.5-2 GHz Radiometer, Ohio State U [ ARIEL mobile L-band radiometer, CSIC

© Thermistor chains Transect line (south)

Fig.4.9.1: The map shows the status of the Remote Sensing Site 1 on 10 November 2019 with the
ALS surface topography map from 20 October 2019 as background.





Fig.4.9.2: Remote Sensing Site on 2. November 2019. Left image from left to right: a) ELBARA L-band
microwave radiometer (WSL), b) 19-37-89-GHz microwave radiometer (U Manitoba), c) GNSS-R (ICE-
CSIC/IEEC), Infrared and visual cameras (U Bremen), d) Ku/Ka-band radar (U Manitoba), e) L-band
scatterometer (U Victoria). The sled for the mobile ARIEL L-band radiometer can be seen on the right
side of the remote sensing hut. The right image shows the same instruments from the opposite point
of view. In the back the UWBRAD 0.5-2 GHz radiometer (Ohio State U) can be seen (photos: Stefan
Hendricks).

Remote Sensing Site 2 (start: 29.11.2019)

After the relocation of the RS hut and all instruments on 26 November and re-establishing
power on 28 November the first measurements at the Remote Sensing Site 2 started on 29
November. The full set of instruments (besides X-SCAT) was operational again on 10
December 2019. This includes now the UWBRAD radiometer in addition to the ELBARA, 19-
37-89 GHz, and ARIEL (for transects) radiometers, the L-band, C-band, and Ku/Ka-band
radars, the GNSS-R instrument and the IR/web cameras. Figure 4.9.3 shows a map of the site
on 12 December 2019 with the ALS surface topography from 6 December in the background,
the photo in Figure 4.9.4 gives an overview of the site layout.

The ice and snow properties at RS2 site are similar to the ones at RS1 site. Because of the
vicinity of more ridges the snow depth was slightly higher. The ice thickness of the level ice
was 70-80 cm at the beginning of December (from initial drillings and thermistor chain
deployments). Snow depth was about 915 cm for the level ice. However, increased snow fall
and wind in the first week of December caused snow dunes to build up behind some of the
instruments. They can be seen in Figure 4.9.3. Luckily the south-western wind deposited most
of the snow outside the measurement field. Still this event increased snow depth for the snow
dune areas while the snow depth on the level ice even slightly (~2 cm) decreased. This results
in a mean snow depth of 1819 cm along the RS instruments on 10 December 2019 (all from
ruler stick measurements and thermistor chain deployments).

On Friday the 13 December, the day of the arrival of Kapitan Dranitsyn, again cracks appeared
at the remote sensing site. By 14 December all instruments (besides the IR/web cameras)
were retreated to the RS hut and measurements stopped. On 15 December the site was
handed over to leg 2. By then the cracks started to freeze over and a small ridge build up at
one of them. If the situation stayed stable as this leg 2 personnel planned to continue the
measurements at Remote Sensing Site 2.





Fig.4.9.3: Map with the layout of the Remote Sensing Site 2 on 12 December 2019 with the ALS
topography map from 6 December 2019 in the background.

Fig.4.9.4: Overview of the Remote Sensing Site 2 on 8 December 2019. From left to right: X-SCAT,
GNSS-R, 19-37-89 GHz radiometer, IR/web cameras (in back), ELBARA, UWBRAD, L-SCAT, Ku/Ka
radar, C-SCAT (photo: Stefan Hendricks).

Onboard Polarstern

All instruments onboard Polarstern were installed on the port side of upper and lower Peil deck,
the highest deck of Polarstern. Figure 4.9.5 gives an overview of the installations. Processing
and data recording units were installed in the observation alley in front of the meteorologist’s
office.





GNSS scintillation
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Fig.4.9.5: Remote sensing installations on the port side of Peil deck onboard Polarstern.

Instruments and measurement periods

In total 14 different instruments were operated as part of the Remote Sensing task, 10 on the
ice and 4 onboard. Here we give a brief overview of the instruments and their measurement
periods during leg 1. A complete list of device operations can be found in Appendix XXX.

Radar Ku/Ka-band

List of measurement periods in Table 4.9.2
Ku- (12-18 GHz) and Ka-band (30—40 GHz) radar

Nadir view for altimetry application; elevation and azimuth scanning as
scatterometer

Has additional sledge to be towed along transect in nadir configuration
DSHIP/SensorWeb: Radar dual Ka- and Ku-band altimeter (KuKa_Radar)
University of Manitoba

Projects: U Manitoba internal, NERC MOSAIC funding, and ESA MOSAIC remote
sensing

Corresponding satellite observations: CryoSat-2, Sentinel-3, AltiKa, ERS-1/2,
Envisat, and future CRYSTAL altimeters; QuikSCAT, OSCAT, CFOSAT
scatterometers

The instrument was operated in a permanent scanning mode stationary at the RS sites (typical
1+45° azimuth, 0-50° elevation) with a break of 30 minutes between the scans. For the Transect
Task (Section 4.4) the two radars were mounted on a smaller and more lightweight sledge in
a nadir configuration.

Scientific Objectives:





1. Better understanding of radar interface and volume backscatter in the snow layer and
corresponding range biases as a function of seasonally varying snow pack properties;

2. Validation and algorithm development of satellite retrieval of snow depth on sea ice
with dual-band altimetry;

3. Better characterization of the uncertainty of freeboard retrieval in regions and periods
where no validation data is currently available.

Research questions:

1. What is the seasonal evolution of snow backscatter
at Ku/Ka-Band, especially in mid-Winter? What is
the impact of snow accumulation and changes of
snow properties?

2. What is the lateral variability of snow backscatter
within the footprint of a satellite radar altimeter?

a. Can potential changes in snow backscatter in
both bands be constrained by auxiliary
information (e.g. reanalysis data)?

b. What is the impact of salinity on Ku and Ka-band

backscatter?
Output from measurements:
o Co-located Ku- and Ka-band backscatter at cm-
scale range resolution
o Tracked range distance for primary scattering

horizon in nadir mode. Difference between Ku
(snow-ice interface) and Ka (air-snow interface)
frequency could be indicative for snow depth.

Fig.4.9.6: Ku/Ka-band radar (photo: Stefan Hendricks)

Tab.4.9.2: List of measurement periods of the Ku/Ka-band radar.

Activity - Device Operation Timestamp Action Comment

PS122/1_1-102 18.10.19 recording

KuKa_Radar 02:02 start

PS122/1_1-102 18.10.19 recording end time is approximated

KuKa_Radar 02:51 end

PS122/1_1-103 19.10.19 recording Target scan settings: azimuth: -45deg -
KuKa_Radar 04:53 start > 45deg; elevation: 0 deg -> 50 deg;

scan speed: 2 deg/sec sleep between
scans: 30 min

PS122/1_1-103 20.10.19 recording
KuKa_Radar 05:35 end
PS122/1_1-104 20.10.19 recording
KuKa_Radar 05:38 start
PS122/1_1-104 20.10.19 recording
KuKa_Radar 13:42 end
PS122/1_1-105 20.10.19 recording
KuKa_Radar 14:04 start
PS122/1_1-105 22.10.19 recording

KuKa_Radar 06:50 end






PS122/1_1-106 22.10.19 recording

KuKa_Radar 07:43 start

PS122/1_1-106 22.10.19 information Scan Settings: Az Begin: -45deg, Az

KuKa_Radar 07:46 End: -45deg, El Begin: 0deg, El End:
50deg, El Delta: 5deg, Scan Velocity 2
deg/sec

PS122/1_1-106 26.10.19 recording End time is approximated

KuKa_Radar 04:00 end

PS122/1_1-107 26.10.19 recording

KuKa_Radar 11:26 start

PS122/1_1-107 26.10.19 recording

KuKa_Radar 12:33 end

PS122/1_1-108 26.10.19 recording

KuKa_Radar 12:36 start

PS122/1_1-108 31.10.19 recording Device switched off for converting into

KuKa_Radar 06:07 end transect configuration

PS122/1_1-109 02.11.19 recording Restart with default scanning settings

KuKa_Radar 06:51 start

PS122/1_1-109 07.11.19 recording

KuKa_Radar 00:39 end

PS122/1_6-52 07.11.19 recording

KuKa_Radar - Transect 07:01 start

PS122/1_6-52 07.11.19 recording

KuKa_Radar - Transect 08:03 end

PS122/1_1-110 07.11.19 recording

KuKa_Radar 08:51 start

PS122/1_1-110 14.11.19 recording Stopped recording in preparation for

KuKa_Radar 01:22 end transect work

PS122/1_7-59 14.11.19 recording at start of northern RS transect line

KuKa_Radar - Transect 08:16 start

PS122/1_7-59 14.11.19 recording at end of northern RS transect close to

KuKa_Radar - Transect 08:27 end Balloon Town

PS122/1_7-59 14.11.19 recording at UWBRAD -> start of transect to

KuKa_Radar - Transect 08:58 start ROV road along RS site and snow1

PS122/1_7-59 14.11.19 recording end of transect (back at UWBRAD)

KuKa_Radar - Transect 09:18 end

PS122/1_1-131 14.11.19 profile start Restart of standard scan after transect

KuKa_Radar 09:58

PS122/1_1-131 16.11.19 information The last scan of this device operation

KuKa_Radar 02:00 have been made over slushy snow

PS122/1_1-131 16.11.19 recording Recording stopped due to instrument

KuKa_Radar 02:40 end evacuation from site

PS122/1_8-107 23.11.19 recording

KuKa_Radar - Thin Ice 10:03 end

PS122/1_8-107 23.11.19 recording not yet correct

KuKa_Radar - Thin Ice 10:07 start






PS122/1_1-245 29.11.19 recording Distance Ka-Antenna underside to top
KuKa_Radar 11:41 start snow surface: 151 cm, Snow Depth: 7

cm
(measured at sleeping position ->
45deg azimuth, Odeg elevation)

PS122/1_1-245 05.12.19 recording Switched off for transect task
KuKa_Radar 04:02 end

PS122/1_1-245 06.12.19 recording Scanning restarted after transect day
KuKa_Radar 10:43 start

PS122/1_1-245 10.12.19 information Distance of Ku-Antenna to snow
KuKa_Radar 15:00 surface: 1.47 m in sleeping position

(azimuth 45 deg). Ka-Antenna over
snow drift with significant topography

Scatterometer L-band

List of measurement periods in Table 4.9.3

L-band (1.26 GHz), full-polarimetric (HH, VV, HV, VH) scatterometer
Bandwidth: 500 MHz, range resolution 0.3 m

Antenna beamwidth: 14°

Transmit power: -13.5 dBm

DSHIP/SensorWeb: Scatterometer L-band (Scat-L)

University of Victoria

Project: CanScat supported by Canadian Space Agency and EUMETSAT

Corresponding satellite observations: L-band SAR: ALOS/PALSAR-1, -2, and -3;
SAOCOM; NISAR

The instrument was operated in a permanent scanning mode stationary at the RS sites (typical
180° azimuth scan, 15—66° elevation) with a break of 30 minutes between the scans.

Scientific Objectives:

Output from measurements:

Evaluation of current and future satellite missions with ground-based
measurements.

Investigation of the temporal evolution of radar
backscatter and its changes caused by
environmental conditions like snow accumulation
and metamorphism, temperature changes, ice
growth and melting, desalination, ice crusts and
wind-packed snow formation, etc. for an entire
annual sea ice cycle.

Improving forward models of radiative transfer in
snow and sea ice like the Snow Microwave
Radiative Transfer Model (SMRT) and Microwave
Emission Model of Layered Snow-packs (MEMLS)
with the goal to develop new satellite retrievals.

Calibrated polarimetric radar backscatter data at L-
band frequency

Fig.4.9.7: L-band scatterometer (photo: Gunnar Spreen)





Tab.4.9.3: List of measurement periods of the L-band scatterometer.

Activity - Device
Operation

Timestamp

Action

Comment

PS122/1_1-97
Scat-L

21.10.19 12:55

recording start

L-SCAT installed on 21.10.2019. Start of first
official scan. Azimuth -140 to 140, elevation 15° to
66°, elevation delta 3°, sleep 30 minutes, scan vel
5°/sec, with this azimuth and elevation other
instruments will be in the FOV.

PS122/1_1-97
Scat-L

23.10.19 06:12

recording end

PS122/1_1-98
Scat-L

23.10.19 07:10

recording start

scan setup 2: azimuth -50 deg till +140deg,
elevation 15deg - 66deg

PS122/1_1-98
Scat-L

15.11.19 19:55

recording end

L-SCAT measurements ended after RS site lost
power after the floe break up.

PS122/1_1-246
Scat-L RS site 2

30.11.19 22:46

recording start

Start of measurement at 2nd RS site.

Scatterometer C-band

o List of measurement periods in Table 4.9.4

o C-band, dual-polarisation (H+V) scatterometer

o Manufacturer: ProSensing

o Kipp & Zonen positioner

o build 2002

o DSHIP/SensorWeb: Scatterometer C-band (Scat-C)

. University of Calgary

o Project: CanScat supported by Canadian Space Agency and EUMETSAT

o Corresponding satellite observations: C-band SAR: Sentinel-1 a/b, Radarsat-1/2,

Radarsat Constellation Mission; ASCAT scatterometers
The C-SCAT offers azimuth and elevation scan but now

programing of scan times. Typically, scans with 90° azimuth
variation and changing elevation from 30° to 60° in 3° steps
were activated for periods of a few hours. In addition, longer
measurements at a fixed incidence angle of 45° were
performed. However,
radiometers C-SCAT was kept turned off for periods on a
regular basis. The data acquisition program “scatd” running
on the C-SCAT server stopped working and crashed after a
few hours on a regular basis. No data is lost. Measurements
had then to be restarted, which can be done via network also

from the ship.

Scientific Objectives:
. see under “Scatterometer L-band”
Output from measurements:

o Calibrated polarimetric radar backscatter data at C-

band frequency

to avoid potential

RFI

for the

Fig.4.9.8: C-band scatterometer (photo: Gunnar Spreen)





Tab.4.9.4: List of measurement periods of the C-band scatterometer.

Activity - Device
Operation

Timestamp

Action

Comment

PS122/1_10-133
Scat-C_stare45

07.12.19 16:25

recording start

first test measurement of C-
SCAT

PS122/1_10-133
Scat-C_stare45

07.12.19 21:47

recording end

PS122/1_10-131 Scat-C

08.12.19 11:24

recording start

PS122/1_10-131 Scat-C

08.12.19 12:15

recording end

stopped because scatd on C-
SCAT server crashed.

PS122/1_10-132 Scat-C

08.12.19 13:26

recording start

PS122/1_10-132 Scat-C

08.12.19 15:12

recording end

PS122/1_11-21 Scat-C

10.12.19 13:12

recording start

PS122/1_11-21 Scat-C

10.12.19 16:32

recording end

PS122/1_1-289 Scat-C

11.12.19 08:32

recording start

scan azimuth 60° to 150°,
elevation 30° to 60°, step 3°

PS122/1_1-289 Scat-C

11.12.19 11:25

recording end

end scan

PS122/1_1-289 Scat-C

11.12.19 11:31

recording start

stare measurement at azimuth
100° and elevation 45°

PS122/1_1-289 Scat-C

11.12.19 11:41

recording end

scatd crashed and
measurement ended

Scatterometer X-band

o X-band (9.6 GHz), dual-polarisation (H+V) scatterometer

o Bandwidth: 500 MHz, range resolution 0.3 m, sensitivity -50 dB m2/m2 at 15 m
range

o Antenna beamwidth: 4.3° (narrow) to 5.8° (flood)

o Transmitted power: -9.5 dBm (flood) to -11.8 dBm (narrow)

o Manufacturer: ProSensing

o Kipp & Zonen 2AP positioner

o DSHIP/SensorWeb: Scatterometer Ku- and X-band (Scat-Ku_X)

o University of Waterloo

o Project: CanScat supported by Canadian Space Agency and EUMETSAT

. Corresponding satellite observations: TerraSAR-X, PAZ, COSMO-Skymed





The X-SCAT was assembled and tested in wet lab 2. It was fully functional. It was deployed at
RS1 and RS2 sites on 10 November and 8 December 2019,
respectively. Connection to the instrument was established
but no backscatter was measured (flat signal). This likely
could be a cable connection problem. However, until the end
of leg 1 this never was resolved due to missing time and the
relocation of instruments between RS1 and RS2 sites. No
usable X-SCAT measurements were recorded.

Scientific Objectives:
o see under “Scatterometer L-band”
Output from measurements:

o Calibrated polarimetric radar backscatter data at
X-band frequency

Fig.4.9.9: X-band scatterometer (photo: Gunnar Spreen)

Microwave Radiometer UWBRAD

o List of measurement periods in Table 4.9.5

. 0.5 to 2 GHz in four channels (540, 900, 1380 and 1740 MHz)

o 125 MHz bandwidth resolved in 512 sub-channels per each of the four channel

o DSHIP/SensorWeb: Ultra-Wideband Software-defined Microwave Radiometer (0.5-
2GHZ) (UWBRAD)

. Ohio State University

. Project: “Ultra Wide Band Radiometer Measurements of Sea Ice” supported by NSF

. Corresponding satellite observations: SMOS, SMAP, Aquarius

The UWBRAD (Ultra-Wide Band Microwave Radiometer) is a novel instrument designed to
observe sea ice microwave emissions at four different channels (540, 900, 1380 and 1740
MHz) over the spectrum range 0.5-2 GHz in real-time. Each
channel occupies 125 MHz bandwidth resolved into 512 sub-
channels, and the medium rate data samples are generated
approximately every four seconds after integration over 100
ms acquisition. The lowest channel of UWBRAD is more
sensitive to the emissions from deeper layers of the ice
compared to the space-borne radiometers operating at L-
band, so it will contribute to the estimations of thicker ice floes.
In addition, its advanced sampling features allow the
instrument to detect the spectral and temporal changes of ice
properties with a high precision. The UWBRAD also performs
an advanced RFI mitigation algorithm over each channel to
clear the acquired data from unwanted signals which allows it
to operate at a large bandwidth.

Output from measurements:

. Integrated brightness magnitudes for both the ice
surface and the sky before the calibrations and RFI
mitigations.

Fig.4.9.10: UWBRAD microwave radiometer (photo: Gunnar Spreen)






Tab.4.9.5: List of measurement periods of the UWBRAD microwave radiometer.

Activity - Device Timestamp Action Comment
Operation
02.11.19 recording start RS1 site; 40° incidence angle; 2 m height
04.11.19 recording end
07.11.19 calibration RS1 site; calibration at 180° incidence angle; 2 m
height
10.11.19 recording start RS1 site; test measurement at 180° incidence
angle; 2 m height
15.11.19 recording end

PS122/1_1-265 04.12.19 07:57
UWBRAD

recording start

Setup at new Remote Sensing 2 Site; 45°
incidence angle; 2 m height

06.12.19 recording start RS2 site; 40° incidence angle; 3 m height
07.12.19 recording start RS2 site; 35° incidence angle; 4 m height
13.12.19 recording end

Microwave radiometer ELBARA
List of measurement periods in Table 4.9.6

L-band (1.4 GHz)

Swiss Federal Institute WSL
DSHIP/SensorWeb: Microwave Radiometer ELBARA L-band (ELBARA)

Project: ESA MOSAIC remote sensing

Corresponding satellite observations: SMOS, SMAP, Aquarius

ELBARA was operated continuously at a constant incidence of 40°. Once per week a sky
calibration at 130° incidence angle was performed.

Scientific Objectives:

The large penetration depth of electromagnetic waves at L-band provides good
sensitivity to thickness of ice up to approximately one meter.

The long observation wavelength allows to simplify
physical emission models of snow and sea ice by
neglecting e.g. volume scattering at snow grains,

brine inclusions and air bubbles.

Coincident measurements of L-band microwave
emission and in-situ sea ice profiles of e.g.
dielectric properties are used for the development
and improvement of sea ice microwave emission
models and corresponding retrieval schemes.

Better understanding of the emissivity for improved
satellite retrieval of sea ice parameters or
assimilation of brightness temperatures in ocean-

ice forecast models.

Output from measurements:

Calibrated microwave brightness temperature data

at L-band frequency






Fig.4.9.11: UWBRAD microwave radiometer (photo: Gunnar Spreen)

Tab.4.9.6: List of measurement periods of the ELBARA microwave radiometer.

Activity - Device Timestamp

Operation

Action

Comment

PS122/1_1-101
ELBARA

29.10.19 06:50

recording start

Measurement at 40° incidence angle (scale -
50°).

PS122/1_1-101
ELBARA

29.10.19 06:55

recording end

end of first measurement to do sky calibration.

PS122/1_1-101
ELBARA

29.10.19 07:06

calibration

Sky calibration at 130° (scale +40°)

PS122/1_1-101
ELBARA

29.10.19 07:15

recording start

restart measurement at 40° incidence angle
(scale -50) after sky measurement.

PS122/1_1-101
ELBARA

04.11.19 06:24

recording end

stop before sky calibration

PS122/1_1-101
ELBARA

04.11.19 06:40

calibration

sky calibration at 130° (+40 scale)

PS122/1_1-101
ELBARA

04.11.19 06:48

recording start

restarted measurements at 40° incidence
angle (scale -50)

PS122/1_1-101
ELBARA

10.11.19 08:00

information

Observed alarm at UPS. System was shut
down. While trying to get it started again the
UPS display broke of. This was repaired on
11.11. at 8-tish and measurement should be
available again.

PS122/1_1-101
ELBARA

11.11.19 09:02

recording end

stopped 40 degree incidence angle
measurement. However, the system shut
down for unknown reason and not all data
were recorded.

PS122/1_1-101
ELBARA

11.11.19 09:09

calibration

Sky calibration at 130 degree incidence angle
(+50).

PS122/1_1-101
ELBARA

11.11.19 09:14

recording start

Start of regular measurements at 40 degree
(-50) incidence angle

PS122/1_1-101
ELBARA

16.11.19 04:35

recording end

End of ELBARA measurements at Remote
Sensing Site 1 (after power loss and floe
break-up).

PS122/1_1-257
ELBARA

02.12.19 07:00

recording start

Continuous measurements at 40° incidence
angle (scale at 50).

PS122/1_1-257
ELBARA

08.12.19 12:14

recording end

stopped for calibration

PS122/1_1-257
ELBARA

08.12.19 12:18

calibration

Sky calibration at 130° elevation (scale 40)

PS122/1_1-257
ELBARA

08.12.19 12:23

recording start

restarted after sky calibration at 40° elevation
(scale -50)






Microwave radiometer 19-37-89-GHz

List of measurement periods in Table 4.9.7
Dual-polarization microwave radiometers

19 GHz, 1 GHz bandpass, 0.04 K sensitivity for 1 second delta T, direct detection
(AC1900)

37 GHz, 2 GHz bandpass, 0.03 K sensitivity for 1 second delta T, direct detection
(AC3700)

89 GHz, 4 GHz bandpass, 0.08 K sensitivity for 1 second delta T, double-sideband
downconvert (AC8900)

Manufacturer: Radiometrics Corporation
Kipp & Zonen 2AP positioner

DSHIP/SensorWeb: Microwave Radiometer 19, 37, 89 GHz (SSMI type)
(SSMI_radiometer_SN002)

University of Manitoba
Projects: U Manitoba internal and NERC MOSAIC funding
Corresponding satellite observations: AMSR-E/2, SSM/I, SSMIS, CIMR, MWR

Scans with the 19-37-89-GHz radiometer were obtained at least weekly for a duration of
several scan cycles. For the periods between the radiometer was set to a fixed incidence angle,
usually 45°, for continuous measurements. In addition to the three radiometers a visual camera
obtains pictures of the observed surface in regular time intervals. No calibrations were
performed during leg 1. This should be followed up during leg 2 and following legs.

Scientific Objectives:

Evaluation of satellite microwave radiometers with ground-based measurements.
While the point-measurements do not fully cover the footprint of the satellite
observations, they will allow investigation of the temporal evolution of signals
caused by environmental changes like snow accumulation and metamorphism,
temperature changes, ice growth and melting, desalination, ice crusts and wind-
packed snow formation, etc. These environmental changes are effective on a
satellite footprint scale, which will allow to compare the temporal evolution of the
ground-based and with current satellite radiometers like AMSR2 and SSMIS
measurements.





o Develop a better understanding of the electromagnetic wave interaction with snow
and sea-ice and thus the brightness temperature measured by satellite radiometers.
To develop retrieval methods of snow and ice properties from these measurements,
improved forward models of the radiative transfer in
the snow and sea ice are needed. To develop and
validate such models joint ground-based microwave
radiometer measurements with in-situ
measurements of all relevant variables are needed.

. The measurements at 19, 37, and 89 GHz will be
analyzed in conjunction with the lower frequency
microwave radiometer measurements by ELBARA,
EMIRADZ2, Balamis ARIEL, and UWBRAD.
Together the full frequency range from P to W-band
will be covered.

Output from measurements:

o Calibrated microwave brightness temperature data = .
at frequencies 19, 37, and 89 GHz. -
. Photographs of the field of view of the radiometers ,@*A 7 /oy S
F G{‘u{: ; »("

in regular intervals g
P 3

Fig.4.9.12: 19-37-89-GHz microwave radiometer (photo: Gunnar Spreen)

Tab.4.9.7: List of measurement periods of the 19-37-89-GHz microwave radiometer.

Activity - Device Operation Timestamp Action Comment

PS122/1_4-23 26.10.19 recording first measurement, 30° to 60°

SSMI_radiometer_SN002 08:00 start incidence angle, about 3
cycles (lat/lon is for end of
measurement)

PS122/1_4-23 26.10.19 recording end end of first measurement

SSMI_radiometer SN002 08:13

PS122/1_5-76 29.10.19 recording

SSMI_radiometer_SN002 07:39 start

PS122/1_5-76 29.10.19 recording end

SSMI_radiometer_SN002 07:57

PS122/1_5-77 29.10.19 recording

SSMI_radiometer_SN002 08:05 start

PS122/1_5-63 02.11.19 recording 20191102_scan: scan 30 to 60

SSMI_radiometer SN002 06:30 start

PS122/1_5-66 02.11.19 recording 20191102_stare45: continues

SSMI_radiometer_SN002 07:43 start measurements at 45

PS122/1_6-1 04.11.19 recording scan 30 to 60 degree

SSMI_radiometer_SN002 07:10 start incidence angle.

PS122/1_6-1 04.11.19 recording end

SSMI_radiometer_SN002 08:46






PS122/1_6-2 04.11.19 recording start constant stare

SSMI_radiometer_SN002 08:52 start measurement at 45 degree

PS122/1_6-2 07.11.19 recording end end of 45° stare measurement

SSMI_radiometer_SN002 08:10

PS122/1_6-127 07.11.19 recording

SSMI_radiometer SN002 08:31 start

PS122/1_6-127 07.11.19 recording end

SSMI_radiometer SN002 08:57

PS122/1_6-128 07.11.19 recording stare measurement at 45°

SSMI_radiometer SN002 08:58 start

PS122/1_6-128 10.11.19 recording end stare measurement at 45° end

SSMI_radiometer_SN002 09:38

PS122/1_7-1 11.11.19 recording

SSMI_radiometer_SN002 07:15 start

PS122/1_7-1 11.11.19 recording end

SSMI_radiometer SN002 09:32

PS122/1_7-7 11.11.19 recording

SSMI_radiometer SN002 09:42 start

PS122/1_7-7 13.11.19 information From the data file it looks like

SSMI_radiometer_SN002 05:43 only data from this date
onward was recorded. It also
indicates an incidence angle of
55° (instead of 45°).

PS122/1_7-7 14.11.19 recording end end of stare measurements at

SSMI_radiometer SN002 10:20 45°

PS122/1_10-79 06.12.19 recording time stamp some time after

SSMI_radiometer_SN002 12:54 start instrument was turned on but
from here on measurements
should be nominal. The lower
incidence angles could have
the sledge in the field of view.

PS122/1_10-79 07.12.19 recording end Stopped scan after about 24

SSMI_radiometer_SN002 11:20 hours

PS122/1_10-130 07.12.19 recording

SSMI_radiometer_SNO002_stare 12:03 start

PS122/1_10-130 08.12.19 recording end measurement stopped for

SSMI_radiometer_SN0O02_stare 08:14 unknown reason

PS122/1_1-303 12.12.19 recording continuous scan 30° to 60°

SSMI_radiometer_SN002 08:00 start elevation in 5° steps

Microwave radiometer Balamis ARIEL

. List of measurement periods in Table 4.9.8

o L-band (1.413 GHz), dual-polarisation (H+V)

o Bandwidth 20 MHz, 0.7 K radiometric accuracy at 1 Hz





Beamwidth: 37° (correct?)

Manufacturer: Balamis

Operated on a sledge to be pulled along transects; sledge parked at remote sensing
site

Institut de Ciéncies del Mar - CSIC

DSHIP/SensorWeb: BALAMIS_Radiometer (BALAMIS_Rad)

Project: “Improving emission models for sea ice low-frequency microwaves”
supported by Spanish MOSAIC funding (MINECO)

Corresponding satellite observations: SMOS, SMAP, Aquarius

The Balamis ARIEL radiometer was only operated during transects. See description in
Section 4.4.

Scientific Objectives:

Output from measurements:

Measurements of brightness temperatures at L-band frequencies for snow covered
ice across a long period of time under varying environmental conditions.

Spatial and temporal variability of 1.4 GHz brightness temperatures by combining
measurements from two radiometers, i.e. ARIEL and ELBARA, and comparison
against satellite measurements.

Validation of microwave emission models across
frequencies using collocated remote sensing and
in-situ measurements.

The data collected will be the basis for improved
sea ice emission / radiative transfer models, for
improved retrieval algorithms of key sea ice
parameters

Calibrated microwave brightness temperature data
at L-band frequency.

Fig.4.9.13: Balamis ARIEL microwave radiometer (photo: Gunnar Spreen)

Tab.4.9.8: List of measurement periods of the Balamis ARIEL microwave radiometer.

Activity - Device Timestamp Action Comment

Operation

PS122/1_2-198 23.10.19 calibration calibration: calibration with absorber at
BALAMIS Rad 07:32 remote sensing site; temperature: -8°C

absorber calibration start: 07:44:00
absorber calibration stop: 07:46

PS122/1_2-198 23.10.19 recording obs: test measurements over night at
BALAMIS Rad 08:01 start remote sensing site

file: data_20191023_075634.log
PS122/1_5-29 31.10.19 calibration calibration absorber until 06:52
BALAMIS Rad 06:47 temperature: -17°C

(warming up started at 06:10)

PS122/1_5-29 31.10.19 calibration calibration sky until 06:58
BALAMIS_Rad 06:54






PS122/1_5-29 31.10.19 recording remote sensing transect leg in northern

BALAMIS Rad 07:42 start transect loop. GEM and Magnaprobe
done shortly before. Some snow pits.

PS122/1_5-29 31.10.19 deployed transect1: t1

BALAMIS Rad 08:50 (recorded by floe navi; meaning not
clear anymore; time seems to be
strange)

PS122/1_6-57 07.11.19 calibration absorber calibration until 06:16:30

BALAMIS Rad transect 06:15 calibration was repeated because
Garmin GPS was laying on top of
radiometer -> possible RFI (?);
temperature: -19°C

PS122/1_6-57 07.11.19 calibration absorber calibration until 06:19:15

BALAMIS Rad transect 06:18 temperature: -19°C

PS122/1_6-57 07.11.19 calibration sky calibration until 06:21:50

BALAMIS Rad transect 06:20

PS122/1_6-57 07.11.19 recording start of northern transect with thicker ice

BALAMIS_Rad_transect 07:02 start

PS122/1_6-57 07.11.19 recording end of transect at Ballon Town (actual

BALAMIS_Rad_transect 07:23 end transect line ends a bit earlier).

PS122/1_6-57 07.11.19 recording start of southern transect line (RS site

BALAMIS Rad transect 07:51 start to ROV road)

PS122/1_6-57 07.11.19 recording end of southern RS transect line

BALAMIS Rad transect 08:00 end

PS122/1_7-103 14.11.19 information equalisation before calibration

BALAMIS Rad transect 07:00

PS122/1_7-103 14.11.19 calibration black body calibration

BALAMIS_Rad_transect 07:16

PS122/1_7-103 14.11.19 calibration sky calibration

BALAMIS_Rad_transect 07:21

PS122/1_7-103 14.11.19 recording start of northern RS transect line

BALAMIS Rad transect 08:14 start

PS122/1_7-103 14.11.19 recording end of northern RS transect line

BALAMIS_Rad_transect 08:26 end

PS122/1_7-103 14.11.19 recording Start at UWBRAD for southern RS

BALAMIS Rad transect 08:56 start transect line towards ROV road

PS122/1_7-103 14.11.19 recording end of southern RS transect line

BALAMIS_Rad_transect 09:14 end (walked forth and back)

PS122/1_8-104 23.11.19 calibration 20191123 b_cal: blackbody calibration

BALAMIS_Rad 09:20 until 9:27
Temperature -16°C

PS122/1_8-104 23.11.19 calibration sky cal: sky calibration until 09:31

BALAMIS_Rad 09:29






PS122/1_8-104 23.11.19 recording thin ice measurement: thin ice with frost
BALAMIS_Rad 09:47 start flowers at the crack until 10:26;
thin ice thickness 9 cm; salinity under
the ice: 31.6 psu

Microwave radiometer EMIRAD2 (ONBOARD)

o Picture in Figure 4.9.5

o List of measurement periods in Table 4.9.9

o Location: upper Peil deck, port side

o L-band (1.400-1427 GHz)

o Full polarimetric

o Retrieved geophysical variables: ice thickness up to 1 m

o Technical University of Denmark

. DSHIP/SensorWeb: Microwave Radiometer L-band EMIRAD2 (EMIRAD2)
o Project: ESA MOSAIC remote sensing

o Corresponding satellite observations: SMOS, SMAP, Aquarius

EMIRAD was operated continuously at 45° incidence angle from the time we left the Russian
EEZ. Twice per week a sky calibration at 150° and additional measurements at 35° and 55°
were performed. During the transit to the ice floe multiple different ice situations at the port
side of the ship were observed. After Polarstern anchored to the floe the ice situation on port
side stayed variable with several events of ice dynamics with cracks opening and refreezing
and ice shear. The PANOMAX 360-degree camera (Section 4.1) can provide some information
about the measured surface type and its changes. In addition, photographs were taken during
the twice weekly calibration measurements. However, no other in-situ data were obtained
close to the EMIRAD2 footprint during leg 1.

Scientific Objectives:

o see under “Microwave radiometer ELBARA”

Output from measurements:

o Calibrated microwave brightness temperature data at L-band frequency

Tab.4.9.9: List of measurement periods of the EMIRAD2 microwave radiometer.

Activity - Device Operation Timestamp Action Comment

PS122/1_1-19 EMIRAD2  22.09.19 06:00 recording start

PS122/1_1-19 EMIRAD2  22.09.19 13:00 recording end

PS122/1_1-27 EMIRAD2  27.09.19 00:00 recording start start of continuous EMIRAD
measurements

PS122/1_1-27 EMIRAD2  27.09.19 08:40 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.

PS122/1_1-27 EMIRAD2  05.10.19 01:04 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.

PS122/1_1-27 EMIRAD2  10.10.19 03:47 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.






PS122/1_1-27 EMIRAD2 13.10.19 10:25 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2 17.10.19 09:24 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  21.10.19 10:52 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  24.10.19 04:35 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  27.10.19 05:06 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  30.10.19 09:15 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  04.11.19 11:15 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  07.11.19 10:10 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  11.11.19 11:12 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2 15.11.19 11:11 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2 19.11.19 07:34 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  21.11.19 11:02 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  24.11.19 11:48 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  03.12.19 08:58 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
PS122/1_1-27 EMIRAD2  08.12.19 09:32 calibration calibration at 150°, measurement at
55° and 35° incidence angle for 3 min.
GNSS reflectometry on ice
o List of measurement periods in Table 4.9.10
o DSHIP/SensorWeb: GNSS Reflectometry equipment on MOSAIC Sea Ice Floe
(GNSS-R_IceFloe)
o Sub-device: GNSS Reflectometer at dual linear polarizations on MOSAIC sea ice

floe (GNSS-R_LinPol)





o Sub-device: GNSS Reflectometry receiver on the sea ice floe at two circular
polarizations (GNSS-R_CircPol)

o Instituto de Ciencias del Espacio (ICE-CSIC/IEEC)
o Project: ESA MOSAIC remote sensing
o Corresponding satellite observations: UK TDS-1,

future: ESA PRETTY, China FY-3E and Taiwan FS-

7R

The three GNSS antennas are installed on a tripod and are
controlled by the GNSS receivers and instrumentation in a
Zarges box located close by. The setup is quite mobile and
can be carried by two persons. The installation is meant for
continuous operation. However, the powering and recharging
of the internal battery did not work during leg 1. Therefore,
measurement periods were limited to the length the battery
could power the instrument (typically 1-2 days). The batteries
were exchanged during each visit to the RS sites.

Scientific Objectives:
o GNSS signals reflect off the sea ice

o The delay, amplitude and polarization of the reflected signals can provide
information about:

Sea Ice thickness
Sea Ice concentration

Snow layer on the Sea Ice
Sea Ice age

o

o

o

Fig.4.9.14: GNSS reflectometry instrument (photo: Gunnar Spreen)

Tab.4.9.10: List of measurement periods of the GNSS-R on ice instrument.

Activity - Device
Operation

Timestamp

Action

Comment

PS122/1_11-27
GNSS-R _IceFloe

12.12.19 12:30

recording end

The reset of charger was not successful.
The instrument stopped at an unknown
time before 12:30. Reason not known.

PS122/1_11-27
GNSS-R_IceFloe

12.12.19 07:00

recording start

restarted GNSS-R measurements by
restarting charger. Confirmed that battery
was charging and instruments recording.

PS122/1_11-27
GNSS-R_IceFloe

11.12.19 12:00

recording end

battery ran out and recording stopped.
Exact time not known.

PS122/1_11-27
GNSS-R_IceFloe

10.12.19 07:45

recording start

Start of measurements. The problem that
the battery is not recharged was not
resolved yet.

PS122/1_7-16
GNSS-R_IceFloe

15.11.19 20:03

recording end

stopped after battery ran out. The day after
the RS site got a crack and was retreated.

PS122/1_7-16
GNSS-R _IceFloe

14.11.19 06:50

recording start

restarted after battery exchange






PS122/1_7-16
GNSS-R_IceFloe

13.11.19 20:14

recording end

battery ran out

PS122/1_7-16
GNSS-R_IceFloe

11.11.19 06:37

recording start

PS122/1_6-51
GNSS-R _IceFloe

08.11.19 12:00

recording end

system ran out of power again (despite
plugging it in and out on 10.11.). Data
ends somewhen on 8.11.

PS122/1_6-51
GNSS-R _IceFloe

07.11.19 06:09

recording start

PS122/1_5-64
GNSS-R _IceFloe

04.11.19 12:00

recording end

exact time when recording ended not
known

PS122/1_5-64
GNSS-R_IceFloe

02.11.19 07:25

recording start

20191102: restarted instrument after
device shutdown

PS122/1_5-85
GNSS-R_IceFloe

01.11.19 12:00

recording end

exact time when recording stopped is not
known

PS122/1_5-85
GNSS-R_IceFloe

29.10.19 07:08

recording start

Restarted GNSS-R after device shutdown
on 25.10.2019. It looks like data was
recorded until 01.11.2019.

PS122/1_4-11
GNSS-R _IceFloe

24.10.19 08:06

deployed

20191024 _1:1st deployment next to IR
camera

PS122/1_4-11
GNSS-R _IceFloe

24.10.19 08:06

information

Data recording stopped on 25.10.2019 due
to empty battery.

GNSS sea ice reflectrometry (ONBOARD)

o Picture in Figure 4.9.5

o List of measurement periods in Table 4.9.11

o Location: upper Peil deck, port side

o Retrieved geophysical variables: snow depth, thin ice thickness

o Peking University

o Project: Chinese contribution to MOSAIC

o Corresponding satellite observations: UK TDS-1, future: ESA PRETTY, China FY-

3E and Taiwan FS-7R

This GNSS system is used to observe the reflected GNSS signals from the snow and ice. No
user interaction is needed. Only a regular daily check if the data is recorded was performed.
When the software is interrupted, we have to restart the software. There are some temporary
interruption (~several hours) for the recording program occurring on 28 Oct., 1 Nov., 7 Nov.,
16 Nov., 27 Nov., 1 Dec., and 13 Dec. By the end of Leg 1, this system is handed over to
Hailong Liu (Ocean Team).

Scientific Objectives:

o GNSS signals reflect off the sea ice

° The delay, amplitude and polarization of the reflected signals can provide
information about:

o Sea lce thickness of thin ice
o Snow depth





o Moisture of snow layer over the ice

Output from measurements:

Reflected GNSS data from the sea ice in four polarizations of LHCP, RHCP,
Vertical, and Horizontal.

Tab.4.9.11: List of measurement periods of the GNSS-R onboard instrument.

Activity - Device  Timestamp  Action Comment

Operation

PS122/1_1-60 18.10.19 recording start  Continuous measurements with some
GNSSR_FPOL 12:00 temporary interruptions

GNSS atmosphere and sea ice reflectrometry (ONBOARD)

Picture in Figure 4.9.5
List of measurement periods in Table 4.9.12
Location: upper Peil deck, port side

Retrieved geophysical variables: atmospheric water vapour, sea ice properties like
thin ice thickness

Helmholtz Centre Potsdam GFZ, German Research Centre for Geosciences
DSHIP/SensorWeb:
GNSS-receiver for multi-GNSS observations (GNSS-receiver-TINY)

GNSS-receiver for Occultation Reflectometry and Scatterometry measurements
(GNSS-receiver-GORS)

Corresponding satellite observations: UK TDS-1, future: ESA PRETTY, China FY-
3E and Taiwan FS-7R

The GNSS system to observe reflected GNSS signals from the snow and ice and measure
atmospheric water vapor from GNSS delay is a fully automatic system. No user interaction is
needed. Only a regular weekly check if the data is recorded was performed. The system daily
sends an email with a data report back to GFZ on land.

Scientific Objectives:

The refractive delay of GNSS signals can be measured to estimate atmospheric
parameters, for example, the atmospheric water vapor content.

Reflected GNSS signals can be used to sense surface parameters including, for
example, water or ice surface heights or the permittivity or amount of sea ice.

Collect data of GNSS reflections over the Arctic ocean and sea ice. Delay and
amplitude of these signals are used to investigate L-band reflectivity and penetration
depth for different sea ice conditions. Dependencies on sea ice thickness,
conductivity (brine content) and concentration will be in focus.

Output from measurements:

Precipitable water vapor with accuracy of about 1 mm
Reflected GNSS data from the sea ice

Tab.4.9.12: List of measurement periods of the onboard atmosphere and sea ice

GNSS.

Activity - Device Operation Timestamp Action Comment






PS122/1_1-21 GNSS-receiver-GORS

22.09.19 06:00

profile start

PS122/1_1-20 GNSS-receiver-TINY

22.09.19 06:00

profile start

PS122/1_1-21 GNSS-receiver-GORS

22.09.19 13:00

profile end

PS122/1_1-20 GNSS-receiver-TINY

22.09.19 13:00

profile end

PS122/1_1-29 GNSS-receiver-GORS

27.09.19 00:00

profile start

PS122/1_1-28 GNSS-receiver-TINY

27.09.19 00:00

profile start

GNSS ionospheric scintillation (ONBOARD)

o Picture in Figure 4.9.5

o List of measurement periods in Table 4.9.13

o Location antenna: lower Peil deck, port side

o Location processing unit: observation alley, in front of meteorologist's office
o Global Satellite Navigation Systems (GNSS) recording

. DLR, Germany

o DSHIP/SensorWeb:

. GNSS_NTlab_FE (GNSS_NTlab_FE)

o GNSS_navX_ MBANT (GNSS_navX_MBANT)

The GNSS ionospheric scintillation installation is an autonomous instrument that does not
require operator interaction. The operation and data acquisition were checked on a weekly
basis. Some instrument problems lead to small manual changes of the data processing and
acquisition software running on the instrument server, which was accomplished by the
instructions from. The system daily sends an email with a data report back to DLR on land.

Scientific Objectives:

o Different distortions can severely degrade the GNSS accuracy and availability. One
of these distortions are ionospheric scintillations, which occur mainly in equatorial
and polar regions.

o The goal of this research is to record pre- and post-correlation samples of polar
ionospheric scintillations to evaluate the impact of scintillations on GNSS and to

develop new signal processing algorithms to mitigate scintillation from the received
signal.

Tab.4.9.13: List of measurement periods of the ionospheric scintillation GNSS.

Activity - Device Operation Timestamp Action Comment

PS122/1_1-5 GNSS_NTlab_FE 22.09.19 06:00 profile start

PS122/1_1-4 GNSS_navX_MBANT 22.09.19 06:00 profile start

PS122/1_1-3 GNSS_JAVADd3 22.09.19 06:00 profile start

PS122/1_1-4 GNSS_navX_MBANT 22.09.19 13:00 profile end

PS122/1_1-5 GNSS_NTlab_FE 22.09.19 13:00 profile end

PS122/1_1-3 GNSS_JAVADd3 22.09.19 13:00 profile end






PS122/1_1-30 GNSS_JAVADd3 27.09.19 00:00 profile start

PS122/1_1-31 GNSS_navX_MBANT 27.09.19 00:00 profile start

PS122/1_1-32 GNSS_NTlab_FE 27.09.19 00:00 profile start

Infrared thermography system and visual camera

List of measurement periods in Table 4.9.14

VarioCAM HDx head 625

Manufacturer: Infratec

7.5-14 ym, 640x480 pixel

In addition to the IR camera a visual camera is installed for monitoring purposes
DSHIP/SensorWeb: Infrared VarioCAM HDx head 625 (IR_VarioCAM_01)
DSHIP/SensorWeb: Camera VIS_INFRALAN_01 (VIS_INFRALAN_01)
University of Bremen

Project: Satellite Remote Sensing — Germany and MOSAiICmicrowaveRS supported
by DFG

The infrared and visual cameras are installed together on one tripod, which is accompanied by
one Peli case with a battery and an ebox PC for operation. Thus the system is mobile and can
be moved to different sites. During leg 1 the system monitored the instruments field of view at
RS 1 and RS2 sites. The time between the break-up of the RS1 site and the repositioning at
RS2, the IR camera was setup at two different cracks with thin ice. Sampling was set to 10
minutes for the IR and 5 minutes for the visual camera.

Scientific Objectives:

Output from measurements:

Monitor the surface temperature of snow and thin sea ice in dependence of
environmental parameters like incoming
longwave radiation, air temperature, water
temperature, snow depth, and ice thickness.

Provide a support dataset for the microwave
radiometer and scatterometer measurements
about the surface temperature variability at the
remote sensing sites. The visual images will in
addition support the interpretation of the
microwave data.

Derive the thickness of thin ice at leads and
cracks from the surface temperature
measurements.

Time series of infrared brightness temperatures
(every 10 minutes) and visual images (every 5
minutes) of the RS sites and two cracks

Fig.4.9.15: Infrared and visual camera systems (photo: Gunnar Spreen)

Tab.4.9.14: List of measurement periods of the infrared camera system. The
measurement periods of the visual camera are similar.





Activity - Device
Operation

Timestamp

Action

Comment

PS122/1_1-99
IR_VarioCAM_01

20.10.19 07:57

recording start

First recording of IR camera at remote
sensing site.

incidence angle 40°; facing southerly (exact
heading to be determined); about 2.5m height
(exact height to be determined)

PS122/1_1-99
IR_VarioCAM_01

18.11.19 13:17

recording end

End of recording after battery ran out after ice
break-up on 16.11.

PS122/1_8-108
IR_VarioCAM_01

23.11.19 10:09

recording start

thin ice: thin ice at crack; 30° incidence angle;
height 225 cm; heading NNW

thin ice thickness 9 cm; salinity under the ice:
31.6 psu

PS122/1_8-108
IR_VarioCAM_01

25.11.19 09:10

recording end

end of 1. recording when battery ran out.

PS122/1_8-108
IR_VarioCAM_01

26.11.19 05:57

recording start

2nd recording at thin ice crack after battery
exchange.

PS122/1_8-108
IR_VarioCAM_01

27.11.19 12:16

recording end

End of 2nd recording after battery ran out

PS122/1_1-258
IR_VarioCAM_01

02.12.19 06:28

deployed

started recording for testing at lower height of
tripod

PS122/1_1-258
IR_VarioCAM_01

02.12.19 11:30

recording start

Start of regular measurements. Height of IR
camera: 230 cm; heading 295°; elevation
angle: 75° (15° on scale)

PS122/1_1-258
IR_VarioCAM_01

04.12.19 05:56

recording end

short break of measurements due to network
problems.

PS122/1_1-258
IR_VarioCAM_01

04.12.19 07:12

recording start

restart of measurements after network
problem

PS122/1_1-258
IR_VarioCAM_01

06.12.19 10:36

recording end

ebox PC shut down for unknown reason

PS122/1_1-258
IR_VarioCAM_01

10.12.19 11:56

recording start

restart after ebox PC failure; now with working
network connection

Supporting snow and ice measurements

The measurements listed in Table 4.9.1 will be combined with detailed measurements of the
snow and sea ice close to the remote sensing validation site (e.g., thickness, densities, SSA,
temperature, salinity, ice stratigraphy). Within the snow task (Section 4.2) “A” snow pits were
performed on comparable snow and ice conditions to RS1 and RS2 at the respective “snow1”
and “snow2” sampling sites. During the transects (Section 4.4) with the mobile Balamis ARIEL
radiometer and Ku/Ka-band radar systems, “C” snow pits with additional salinity
measurements were taken. For continues ice and snow thickness measurements at the RS1
site five thermistor chains (Section 4.3) were deployed at the locations indicated in
Figure 4.9.1. At RS2 site two thermistor chains were deployed. One of them was extended
with three snow temperature probes (Section 4.3) to form a transect over a snow dune. In
addition to these activities described in the respective task sections, snow depth
measurements were taken along the RS instruments. With the help of the BGC team salinity





ice cores with a higher vertical resolution of 3 cm in the upper part were taken at the BGC1
site. BGC1 neighbored the RS1 site and had similar ice properties. These ice properties should
also be representative for the RS2 site. In addition, the salinity cores (5 cm sections) from the
“dark site” can be used. The additional snow and ice measurements performed within the
remote sensing task are listed in Table 4.9.14. Many measurements from the ICE and other
teams are relevant for interpreting the RS measurements. Here a none exclusive list of
supplementary measurements:

Important supplementary measurements for the remote sensing program
o Meteorological data acquired on the ship and at MET city (Chapter 3)

o Helicopter (Section 4.8): laser scanning and thermal imaging for characterizing the
snow, ridge, lead, over-frozen melt pond, and thin ice distributions of the CO and for
regional upscaling for, e.g., comparison to satellite data.

o Terrestrial laser scanning (Section 4.2): snow distribution and redistribution by wind
for the RS sites and CO

o Snow (Section 4.2): snow depth, density, grain size, moisture, salinity, presence of
special structures (snow crust, superimposed ice), snow structure CT

o Ice cores (Section 4.5): density & salinity sections; thick, thin sections, and CT for air
bubble, brine channel distributions and ice structure

o Autonomous observation in the CO and DN (Section 4.3): snow and IMB buoys,
thermistor chains (CO), and snow temperature profilers (CO)

o Ice dynamics (Section 4.6): position data from all buoys of the distributed network;

ice stress measurements (direct and laser array)

Tab.4.9.14: List of additional snow and ice measurements taken in addition to the ones
described in Sections 4.2, 4.3, 4.4, 4.5.

Activity - Device Timestamp Comment

Operation

PS122/1_4-29 2019-10- Salinity ice core (3 cm sections) at
si_corer_9cm 24 BGC1 site

PS122/1_6-28 snow-stick  2019-11- Snow depth measurements along
04 instruments

PS122-1_7-57 snow-stick  2019-11- Snow depth measurements along

14 instruments
PS122-1_7-78 2019-11- Salinity ice core (3 cm sections) at
si_corer_9cm 14 BGC1 site
PS122/1_8-22 2019-11- Salinity ice core (3 cm sections) at
si_corer_9cm 19 BGC1 site
PS122-1_8-126 2019-11- Salinity measurements of thin ice and
sali_ubremen_1 23 frost flowers
PS122/1_8-132 2019-11- Ice thickness of thin ice

23
PS122/1_10-39 2019-12- Salinity ice core (3 cm sections) at
si_corer_9cm 04 BGC1 site
PS122/1_11-37 snow- 2019-12- Snow depth measurements along

stick 10 instruments






Preliminary (expected) results

All RS instruments (Table 4.9.1) will provide a time series of the seasonal development of their
measured parameters, i.e., microwave brightness temperature and backscatter at different
frequencies, reflected GNSS signals, infrared temperatures and visual images. Their variability
and changes will depend on the atmospheric conditions, e.g., temperature and snow
accumulation. The combination of on-ice remote sensing measurements together with the
comprehensive snow and ice measurements will allow to improve microwave emission and
scattering models of snow and ice, which in turn will lead to improved satellite remote sensing
datasets.

Data recorded and stored in the MCS during leg 1 are primarily raw, uncalibrated
measurements like backscatter power from the radars and voltages from the radiometers. We
here show a few exemplary early results.

19-37-89-GHz Radiometer

Figure 4.9.16 shows as an example the uncalibrated microwave brightness temperatures (TB)
measured by the 19-37-89-GHz radiometer on 2 November 2019 during an about one hour
period from 06:34 to 07:30 UTC. During that time period the radiometer was scanning in
elevation from 30° to 65° incidence angle. These scan cycles clearly can be seen in the time
series in the upper plot. The lower plot shows the TBs versus the incidence angle. A TB change
with incidence angle can be observed, however, not necessarily as expected with an increase
of TB. This likely is due to the at the moment missing calibration. In addition, for low incidence
angles at 30° the deviation might be due to the sled and the instrument itself come in the field
of view and thus altering the measurements.





Microwave Brightness Temperatures at Remote Sensing Site 1 on 2019-11-02; Scan 30° to 65°
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Fig.4.9.16: Exemplary, uncalibrated microwave brightness temperatures (TB) from the 19-37-89-GHz
radiometer measured during about one hour on 2 November 2019 at RS1 site. Top: time series during
several scan cycles from 30° to 65° incidence angle. Bottom: TB vs. incidence angle including
standard deviations (error bars) for that about one hour long scan.

UWBRAD

The UWBRAD processes raw data, and generates Level1 products every hour for preliminary
observations. The measured power from the entire spectrum for one hour of operation is
illustrated in Figure 4.9.17. All four channel powers drop significantly every 10 minutes due to
the sky calibrations. Some portions of the spectrogram are polluted with internal or external
RFI sources (the spots with extreme power levels, especially at channel 540 MHz). These will
be discarded during calibration and post-processing in order to derive the true brightness

temperatures of the monitored scene.
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Fig.4.9.17: Entire power spectrum for the four UWBRAD channels at 540, 900, 1380 and 1740 MHz
measured during one hour (y-axis). For this uncalibrated data the power has an arbitrary unit.

Infrared camera

The infrared thermography system measures the surface temperature at the remote sensing

site, which is influenced by the incoming longwave radiation, atmosphere and ocean

temperatures, and snow and ice thickness. Figure 4.9.18 shows to example images from the

IR camera looking at thin ice in a crack. The initially with frost flowers covered surface got

snowed over and sea water leaked in forming slush. Such measurements are available

continuously for both remote sensing sites.
il

Fig.4.9.18: Crack with thin ice and frost flowers observed by the infrared camera on 23 November
2019 (left image). The right image shows the same scene one day later, when snow covered parts of
the crack and frost flowers and sea water leaked in through a crack forming slush. Mind the different

temperature scales.

Salinity ice cores

The salinity ice cores (Table 4.9.14) taken at the BGC1 site show a typical C-shaped profile
for newly formed sea ice. This ice likely was formed in one of the melted through melt ponds,
which dominated the ice cover (>60%) in the southern part of the floe where BGC1 was located
before the deformation events or the BGC1, and thus should be representative for the two RS
sites, which were located on a similar ice cover.

Figure 4.9.19 shows the salinity profiles of the four extra cores taken at the BGC1 site with
higher vertical resolution (3 cm) for the top 15 cm. All profiles show high similarity with an
average salinity of 5£2 psu and the c-shaped profile indicative for newly grown ice within this





winter season. The top layer salinity decreases with time as can be expected when more brine
gets expulsed and wicked up by the snow on top. Only the much thicker core of 102 cm from
4 December show a slightly different behaviour and due to its thickness either is older (not
supported by the salinity) or got rafted.

Salinity cores were taken at many more occasions at the BGC1 site and can be used to further
constrain the salinity profile and evolution. However, they only have a vertical resolution of
10 cm. Salinity cores from the weekly ice coring at the “dark site” have a vertical resolution of
5cm.
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Fig.4.9.19: Salinity profiles of the four extra “remote sensing” cores taken at the BGC1 site. O is at the
ice top. For better visibility the 102 cm of the core from 4 December 2019 are not fully shown.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All final data of all on-ice and onboard remote sensing instruments will be
stored at the MOSAIC Central Storage (MCS) and at PANGAEA (World Data Center
PANGAEA Data Publisher for Earth & Environmental Science (www.pangaea.de)) after post-
processing and quality checks.

Tab.4.9.15: Log of the activities at the two remote sensing sites during leg1

Date Activity Device Operation
2019-10-12 | Remote sensing hut installed (using Argo)

2019-10-18 | Ku/Ka-radar installed and first test measurement PS122/1_1-102
2019-10-20 | IR and webcam installed and measurement start PS122/1_1-99

2019-10-21 | L-SCAT installed and measurement start PS122/1_1-97





2019-10-23
2019-10-23
2019-10-24
2019-10-24
2019-10-26
2019-10-28
2019-10-29
2019-10-29
2019-10-31
2019-11-01
2019-11-04
2019-11-05

2019-11-07

2019-11-07
2019-11-10
2019-11-11

2019-11-11

2019-11-11
2019-11-14

2019-11-14
2019-11-14
2019-11-14
2019-11-16

2019-11-17

2019-11-18

2019-11-19

2019-11-20

2019-11-21

2019-11-23

L-SCAT start of continuous measurements

ARIEL Balamis radiometer test

Ice core salinity at BGC1 site, i.e., close to RS (+BGC cores)
GNSS-R installed and measurement start

19, 37, 89 GHz radiometer installed and test measurement
ELBARA installed but no measurements

ELBARA measurement start

19, 37, 89 GHz radiometer start continuous measurements
Transect: GEM, MagnaProbe, ARIEL Balamis

UWBRAD deployed and first tests

Snow depth measurements

Thermistor chains deployed 3x

Thermistor chains deployed 2x

Transect: GEM, MagnaProbe, KuKa-radar, ARIEL Balamis
Deployed X-SCAT; on power but no measurements started

ELBARA (192.168.3.176) not responding to ping; last access
9.11.. Repaired display of UPS and restarted ELBARA, did sky
calibration; started measurement at 40°

Connection to X-SCAT established; backscatter looks okay; no
movement of the leveller -> no scan

Restarted GNSS-R measurement after battery ran out
RS transect with ARIEL and Ku/Ka-Radar (plus GEM, snow)

Snow depth measurements along instruments
Exchanged GNSS-R battery
Ice core salinity at BGC1 site, i.e., close to RS (+BGC cores)

Crack between RS site and OC; depression of parts of the RS
site; puddles with water in measurement area: retreat of all
instruments behind the hut closer to the ridge, only IR and web
camera kept out

Movement along crack during the night; loss of power at RS site
at about 14:00 on 1019-11-16; opening of crack in the morning

(10-20 m); power cable to RS site got disconnected and pulled in

to OC
Moved RS hut out of slush area; cleaned up site
Ice core salinity at BGC1 site, i.e., close to RS1 (+BGC cores)

The site has moved about 500 m to the port side of the ship.
More cracks in the RS area. Pulled the instruments and hut to
higher location on a ridge.

Not successful attempt to exchange battery for IR/webcam —
computer was not starting. Brough back on the ship.

Thin ice (9 cm) with frost flowers measurements close to 1st RS
site: Ku/Ka-Radar, ARIEL Balamis L-band radiometer,
Infrared/web camera; probing of thin ice and frost flowers/slush

PS122/1_1-98

PS122/1_4-29
PS122/1_4-11
PS122/1_4-23

PS122/1_1-101
PS122/1_5-77

PS122/1_6-28

PS122/1_6-19,
PS122/1_6-20,

PS122/1_6-21

PS122/1_6-39,
PS122/1_6-40

,PS122/1_6-57

PS122/1_1-101

PS122/1_7-16

PS122-1_7-103,
PS122-1_7-59

PS122-1_7-57

PS122-1_7-78

PS122/1_8-22

PS122/1_8-104,
PS122/1_8-107,
PS122/1_8-108,
PS122/1_8-126,
PS122/1_8-132





2019-11-26

2019-11-28

2019-11-29
2019-11-30

2019-12-02

2019-12-04

2019-12-04

2019-12-05

2019-12-06

2019-12-07

2019-12-08
2019-12-08
2019-12-10

2019-12-11

2019-12-12

2019-12-13

2019-12-14

2019-12-15

References

Relocation of RS instruments and hut to new site: Remote
Sensing 2; ~80 cm ice thickness

Build road and deploy power cable between RS hut and MET
city

Power back at RS2 site

Start of L-SCAT and Ku/Ka-radar measurements at RS2

Start of ELBARA and IR/web camera measurements at RS2.
Network connection back using radio LAN (~1 MB/s).

UWBRAD gets in operational measurement mode the first time.

Storm with a lot of snow caused snow dune to develop around
some instruments.

Ice core salinity at BGC1 site, i.e., close to old RS1 site (+BGC
cores). Decided to continue that ice core time series for RS
because ice at BGC1 is also most similar to the ice at RS2 site
(compared to BGC2 and BGC3).

Preparation for RS transect measurements with Ku/Ka-radar and

ARIEL radiometer — cancelled due to bad weather; just when
calibration of ARIEL was finished

U Manitoba 19, 37, 89 GHz radiometer starts measuring

C-SCAT installed and starts measuring

X-SCAT setup but not measuring yet — needs cable check
Thermistor chain for ice and snow thickness installed

GNSS-R starts measuring again; IR/Web-camera starts
measuring again; thermistor chain for ice and snow thickness
installed; 3 snow thermistors and pingers installed; snow depth
measurements by snow ruler

Changed C-SCAT to continuous science activity to keep
everything in one MCS directory

Restarted charging of dead GNSS-R battery; collected 19, 37,
89 GHz radiometer data and started new scan (30-60°) as
continuous device operation

Cracks in the ice at RS2 site. One under UWBRAD and one
under GNSS-R. All instruments but L-SCAT and IR camera
retreated close to the RS hut. Arrival of Kapitan Dranitsyn.

Handover at RS site to leg 2; retreat of L-SCAT because of more

cracks close to the instrument
Handover at RS site to leg 2

No references

PS122/1_9-49

PS122/1_1-246,
PS122/1_1-245

PS122/1_1-257,
PS122/1_1-258

PS122/1_1-265

PS122/1_10-39

PS122/1_10-79,
PS122/1_10-130

PS122/1_10-131,
PS122/1_10-132,
PS122/1_10-133,
PS122/1_11-21

PS122/1_1-268

PS122/1_11-27,
PS122/1_1-258,
PS122/1_1-301,
PS122/1_1-302,
PS122/1_11-37

PS122/1_1-289

PS122/1_11-27,
PS122/1_1-303
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5. PHYSICAL OCEANOGRAPHY AND ASSOCIATED TASKS
DURING MOSAIC LEG 1
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A comprehensive summary of the physical-oceanographic measurements during all 5 cruise
legs can be found in Rabe et al., 2022.

Background and Objectives
1. General physical oceanography of the central Arctic Ocean

The thinning of the Arctic sea ice in the Eurasian Basin makes the ocean underneath the ice
more prone to be influenced by the atmospheric forcing. This scenario causes enhanced
mixing and thus weakens the upper halocline and stratification. The ultimate result is the
shoaling of the Atlantic water (AW) layer, which stores heat that could reduce sea ice formation
even further. A conceptual model has recently been proposed that refers to this change as
“atlantification” (Figure 5.1, Polyakov et al., 2017).

Early 2000s Mid-2010s
PIRTR 47 R - f £ TR SR .

250

Fig.5.1: Conceptual model of the “atlantification” of the Eurasian Basin (from Polyakov et al., 2017).

Based on past hydrographic surveys, the AW is capped by a fresh and cold surface layer
separated by a sharp pycnocline in which salinity increases from <33 in the upper ~100 m to
around 34.5 at 150-300-m depth (e.g., Rudels et al., 2015). Frontal structures and the
accompanying interleaving and intruding features are universal in the central Arctic Ocean
(Rudels et al., 2013). This reflects that the coexisting water masses exchange their properties
with each other. The vertical stratification with a relatively warm and saline water mass in the
intermediate depths results in double-diffusive staircases, which are believed to be important
to transfer the AW heat toward the upper halocline (Polyakov et al., 2012). We will show later
that this feature is ubiquitous during Leg 1.





Although various efforts to monitor the ongoing changes in the Eurasian Basin have been
made in the past years/decades, direct observations by means of extensive hydrographic
surveys especially during winter are still limited. The remoteness and presence of heavier sea-
ice conditions in the Amundsen Basin also contribute to the fact that long-term oceanographic
observations are less there than those in the Nansen Basin and the surrounding continental
shelves. The core temperature of the AW layer in the Amundsen Basin is ~2—3°C lower than
that in the Nansen Basin, suggesting a heat loss as the AW spreads and distributes to the
ambient waters.

The Arctic Ocean circulation is historically argued being controlled by a thermohaline gradient
or wind-driven circulation. Proshutinsky & Johnson (1997) used a two-dimensional barotropic
model to show that there are two regimes of wind-forced circulations. The wind-forced
circulations alternate between cyclonic and anticyclone circulations, with each regime
persisting for 5-7 years. Their model results give convincing patterns of wind-driven
circulations, however, only climatological data sets were used to support the modeling results.
In-situ measurements of temperatures and salinities from Ice Tethered Profilers (ITPs) indicate
a change the wind-driven circulation (M.-L. Timmermans et al., 2011). Note that this conclusion
is also derived from a numerical model. A demand of in-situ measurements is thus necessary
to evaluate the wind-driven circulation.

Besides double diffusive staircases, dissipation of internal waves provide another means to
transfer the AW heat upward and carry fresh water downward. The thinning of the Arctic sea
ice coupled with atmospheric forcing raise the potential of near-surface mixing and generation
of internal waves. The generation of internal waves in the Arctic Ocean is believed to result
from winds and sea-ice motions (D’Asaro & Morehead, 1991). The internal wave energy in the
Arctic Ocean is also one to two orders of magnitudes lower than that in the open ocean. This
is because the sea ice effectively damps the wind-generated energy for internal wave
generation (e.g., Morison et al., 1985). Attempts had been done to determine whether the
background mixing increases in response to the diminishment of the Arctic sea ice (Guthrie et
al., 2013), however, there is still a clear bias that the measurements were mostly after
February. It is still not clear how internal waves evolve, and how related dissipation and
turbulence behave in winter.

Due to the existence of surface fresh water, the Arctic Ocean is a region full of filaments and
frontal structures. These features are related to frontal instabilities and restratification. In
response to these processes, (sub)mesoscale eddies are generated through the release of
potential energy. Submesoscale eddies are within a limit of the Rossby radius of O(10 km) and
have the ability to carry heat laterally and even trap sea ice out of the ice edge (Manucharyan
& Thompson, 2017). Their small scales hinder a proper modeling in general circulation models
and their roles among the sea ice-ocean interaction in the multiyear ice-covered central Arctic
Ocean still need further investigations.

Clearly, a year-round data set covering different seasons is crucial to determine the current
state of the Arctic Ocean in order to obtain a more clear picture to answer the above-mentioned
questions and challenges. The year-round data set also provides a means to evaluate the
impact of the global rise of the greenhouse gases to the Arctic Ocean. The MOSAIC expedition
aims to monitor an ice floe during the year-round drift through the Transpolar Drift, providing
us an unprecedented platform to study interactions between the atmosphere, sea ice, and
ocean. These efforts are complemented by a distributed network of autonomous platforms,
which allows us to study horizontal gradients of thermohaline and flow fields. We expect that
the data collected in MOSAIC will provide climate researchers a more comprehensive data set
to study the climate, fate, and dynamics of the Arctic Ocean.

2. Arctic Ocean mixing processes and vertical fluxes of energy and matter





The Arctic Ocean is a strongly stratified low-energy environment, where tides are weak and
the upper ocean is protected by a sea-ice cover during much of the year. Interior mixing
processes are dominated by double diffusion. The upper Arctic Ocean features a cold surface
mixed layer, which, separated by a sharp halocline, protects the sea ice from the warmer
underlying Atlantic- and Pacific-derived water masses. These water masses carry nutrients
that are important for the Arctic ecosystem. Hence vertical fluxes of heat, salt, and nutrients
are crucial components in understanding the Arctic ecosystem. Yet, direct flux measurements
are difficult to obtain and hence sparse.

During the MOSAIC expedition, we plan to obtain a time series of under-ice turbulence
microstructure measurements on the central ice floe in order to determine dissipation rates of
turbulent kinetic energy and fluxes of heat (and nutrients). We will operate an MSS90L profiler
(MSS), equipped with two shear sensors, as well as fast response temperature, conductivity,
acceleration, and turbidity sensors, in free-fall mode at a rate of 1,024 Hz. Due to the
patchiness of turbulence in the ocean, a statistically meaningful sampling strategy requires a
greater number of casts to average them into one profile. Mixing rates are further strongly
dependent on shear that may be forced by sea ice motion, wind-driven currents or tides, which
is why the goal is to resolve several full semidiurnal tidal cycles.

One particular project focused on turbulence in the upper Arctic Ocean is AROMA. Funded by
the Research Council of Norway, AROMA aims to collect high quality ocean microstructure
measurements (manual profiing and autonomous systems), as well as background
measurements of currents and stratification during MOSAIC, with the overall goal to advance
our understanding of the vertical mixing processes, their role for the heat and nutrients in the
Arctic Ocean and the associated feedbacks.

In order to address its objectives, AROMA supplies 3 on-ice installations (autonomous,
continuous recording systems, planned to be operative in all legs) and one vertical
microstructure profiler to be operated in coordination with the profiling from Ocean City (in all
legs). Dissipation measurements in the upper 80 m up to the ice-water interface using an
uprising vertical microstructure profiler will be crucial to resolve the under-ice boundary layer
and to better quantify the ocean heat fluxes in the upper water column. The background
currents in the upper 500 m will be measured using a RDI Workhorse 75kHz acoustic Doppler
current profiler (ADCP). These current measurements will supplement ship-board 150kHz
ADCP, and will also be closer to the profiling location from the Ocean City. Background current
measurements are paramount to describe the forcing conditions and weather-scale (eddies)
as well higher frequency (internal wave) variability. The internal wave field, and the background
temperature structure in the upper 200 m, will further be sampled using a thermistor string
(RBR). The thermistor string is supplemented with 4 (internal logging) CTD loggers. On the
same thermistor string, a Rockland Scientific MicroRider is attached (in a separate line) and
will collect temperature microstructure data at 60 m depth, continuously. The instrument is
enhanced to allow on-board data processing as well. The continuous microstructure time
series will supplement the profiling measurements, and will allow quantification of dissipation
rate of temperature variance, and estimation of turbulent heat fluxes in different forcing
conditions. The final system includes 3 clusters in frames installed at 25, 45, 70 m depth, with
each cluster sampling temperature, salinity, pressure, pCO2, and high-resolution velocity
profiles (10 m vertical range) with particular emphasis on resolving the vertical velocity
fluctuations. Using the 3-level pCO2 measurements (3-hourly intervals), we aim to resolve the
vertical gradient of pCO2 in the upper ocean. Combined with eddy diffusivity measurements,
we will obtain vertical fluxes of pCO2. All installations are sufficiently close to each other to be
interpreted as a system delivering data from forcing conditions to small scale mixing.

3. Water sampling for CFC/SF6, Helium & Tritium





Processes at the sea-ice edge are especially efficient to enhance the contact between the
mixed layer and the halocline by wind-induced upwelling. Processes in leads also enhance
strong sea-ice formation, which will trigger both brine-induced and momentum-induced vertical
convection. This will inevitably deepen the mixed layer. Leads might be the place of
pronounced horizontal gradients, that could restratify the upper ocean by submesoscale
processes. To estimate the role of the different processes (upwelling, entrainment, gas
exchange, melt and formation of sea ice, energy input through the wind field) we will measure
the noble gases °He, “He, and Ne as well as CFCs and SF6 in the mixed layer, the halocline,
and in the Atlantic Water, and combine them with the concurrent turbulence, current,
stratification and meteorological measurements carried out during MOSAIC. The different
isotopes and gases are necessary to separate the various processes as they act differently on
isotopic rations and concentrations. Buoys observing the near-surface layers within the
Distributed Network in a range of 5-25 km from the central observatory will deliver hourly high-
resolution (1-5 m) profiles of temperature and salinity between the surface and 100 m depth
throughout the drift. This will allow to identify the 3-dimensional structure of the mixed layer
and upper halocline year-round. These will be augmented by the essential ongoing
measurements of the upper water column by the ship-based CTD/rosette and autonomous
profilers up to 15 km away from the ship.

4. General preparations for sustained measurements of ocean properties during MOSAIC

In order to determine water mass properties and their seasonal evolution throughout the entire
MOSAIC campaign as described above, the operation of the ship’s CTD/Rosette system is of
crucial importance. It is the only means to obtain full-depth CTD/net profiles, and it also
significantly facilitates the sampling of water to measure a large suite of important variables
throughout all involved disciplines. However, the operation of this system is a significant
challenge in the extremely low temperatures of the Arctic autumn and winter, mainly due to
two reasons: First, frozen sensors due to remaining waters inside may change the sensor
reading or damage the sensors permanently when the sensors are exposed to low
temperatures for too long. Second, the sampling bottles may also get frozen thus hampering
the sampling process itself. These two challenges can lead to the loss of the ability to
accurately sample for certain substances. In order to mitigate this effect, a suite of measures
needed to be taken, and a procedure to safely operate the CTD/Rosette system in extremely
low temperatures has to be developed in order to protect the sensors and to maintain the ability
to sample water as planned.

Especially in case the main hydrohole that is necessary to utilize the ship’s CTD/Rosette
system cannot be created or maintained, a second hydrohole within a sheltered tent on the
main ice floe is of crucial importance. This installation is a prerequisite to deploy a smaller
CTD/Rosette system, and especially also to operate various other devices, most notably a
suite of microstructure probes in order to determine small scale turbulence in the upper water
column. However, especially in the autumn and winter months, Arctic sea ice is a highly
dynamic and variable regime. The establishment of a stable and sustainable ice camp that
would last throughout the entire duration of the MOSAIC drift is considered as one of the
biggest challenges of the entire project. Therefore, in addition to establish and maintain a large
enough hydrohole through which the ship’s CTD/Rosette and the different net systems can
safely be operated, a Weatherhaven shelter needs to be installed in a stable location in a safe
distance to the ship. This structure is hereafter referred to as Ocean City. Furthermore, the
Leg 1 team aimed to identify the safest, most efficient, and sustainable operations with respect
to oceanic measurements in order to lay the foundation for the work of all future Legs.

5. Digital Thermistor Chain (DTC) Network





Thermistor chains with the ability to record air, snow, ice, and ocean temperatures are widely
used on autonomous ice mass balance buoys (IMBs), which record the evolution of sea ice
thickness and snow depth at a fixed site. Recent developments also enable those thermistor
chains to also record the temperature rise after a period of active heating. Using this
technology, important changes in the seasonal evolution of an ice cover can be detected, such
as surface flooding, snow ice formation, melt onset, melt pond formation & -refreezing, as well
as internal melt & -refreezing.

In currently available IMBs, these thermistors chains are usually closely tied to a specific
electronic setup, making it impossible to operate them independently. However, recent
developments enable them to be operated on any platform equipped with an RS232 interface.
In combination with other improvements, such as increased resolution, sturdiness, and
reliability, it is now the right time to look for applications beyond their use in (expensive) IMBs.

During the MOSAIC drift, the prototype of a distributed network of such thermistor chains shall
be deployed on the ice floe where Polarstern is anchored. Powered by regular lead batteries
and controlled by an affordable, commercially available microcontroller, the units will send their
temperature and heating profiles in fixed intervals (e.g. 1 h) or on request to a central receiving
unit on the ship via a direct communication link. Based on the incoming data in combination
with high-resolution electromagnetic thickness surveys, a 3D temperature and thermal
property map of the ice floe and the surrounding atmosphere and ocean is generated, which
is then used to calculate sea ice thickness and snow depth in the covered area.
Complementing regular sea ice thickness and snow depth surveys by other methods, this
information is expected to be very valuable for many studies during MOSAIC.

6. Auxiliary work & installations

In addition to the planned work described above, it was the responsibility of Team Ocean to
deploy various sensors and installations for a number of associated projects in order to
augment the observational capacity related to sea ice and oceanography. Due to their variety,
we do not provide a scientific background here. To summarize, we deployed a biogeochemical
sensor suite at a FY| location at the dark site; we installed an acoustic recorder at a SY| location
at the dark site; we deployed a SIMBA-type thermistor chain ice mass balance buoy and a
snow buoy at a SYI location at the dark site; we deployed 2 UpTempo buoys within the
Distributed Network; we deployed 2 T-POP delayed ocean profilers and installed one more
thermistor chain ice mass balance buoy close to Ocean City 1.0. Finally, we contributed
different CTD sensors for operation on the Remotely Operated Vehicle (ROV). Deployment of
the VMP Upriser turbulence probe was not done due to a lack of space, time and personnel.

A detailed report of the installation of a large number of buoys of different types within the
Distributed Network onboard the Akademik Fedorov is given in a separate document.

Work at sea
Preparation of a large hydrohole close to the ship

One of the main challenges of MOSAIC with respect to measurements of ocean properties
was the possibility to regularly operate the main CTD/Rosette system through a hydrohole in
the ice close to the ship. This ability was also of particular importance with regard to the
extensive water sampling program planned for MOSAIC by Teams OCEAN, ECO and BGC,
and further enforced by their high demand of sample volume. The Ocean City CTD/Rosette
system is simply not large enough to accommodate such high water volumes, and the small
size of the weatherhaven tent couldn’t accommodate more than 3 scientists for water sampling
at once. Although a plan for creating a large hydrohole close to the ship was established early
on, we had to postpone the actual work a few times due to the dynamic nature of the ice close
to the ship. The relative movement of the ship and the ice floe itself was still significant,





especially during several storm systems in October and November. One consequence of these
storms were that the ice right at the ship’s hull became significantly deformed, reaching
thicknesses well over 4 m. There was no way of creating a hydrohole as large as 3 x 3 m
through such thick ice, with the additional danger of the hole being destroyed by additional ice
pressure, or big blocks of ice rafting under the hole. These conditions ruled out the regular
CTD operation right next to the ship, and a new plan had to be prepared. We finally came up
with the idea to operate the main CTD winch through a block attached to the large crane that
is usually used to lift cargo. Benefitting from the extended reach of the crane, we were able to
move the location of the CTD hole approximately 8-10 m away from the ship, where the ice
was only about 2 m thick.

Fig.5.2: Operation of the “Little Beaver” hydraulic drill close to the ship.

During an extended period of relatively stable weather and ice condition early November 2019,
the work on drilling the ice hole was started. We took this opportunity to test the newly acquired
Little Beaver hydraulic tower drill system, hereafter referred to as “Beaver” (Figure 5.2). The
Beaver was lifted on the ice using the crane, and the tower was fixed on the ice with ice screws.
It turned out that the system was very challenging to operate. The weight of the Beaver was
too heavy to be manually moved, and the friction of the drill was so high that the ice screws
could barely hold the tower with the drill. Even after we stabilized the tower using several auger
flights, it could still not be operated safely. An additional challenge (besides the low
temperatures dropped to -30°C) was also to install and remove the extension necessary to drill
through the 2 m thick ice. It took 2 experienced people about 2-3 hours to drill one hole of 60
cm diameter. After a re-assessment of our strategy, we abandoned the Beaver and used two
10-inch auger systems, one of which had an extension installed. Using the swiss-cheese
technique, we drilled a number of slightly overlapping holes along square outlines with side
lengths of around 1.2 m. We drilled holes through the middle of four ice blocks, and fed a
wooden stick through them that was attached to a rope. In this way, they could easily be lifted
out with the ship’s crane. This work took 3 people around 4 hours. This resulted in a hydrohole
of around 2.8 x 2.8 m, which could easily accommodate the CTD/Rosette system (see Figure
5.3). The edges of the hole were secured with wooden plates for safe operations. A rope
around the entire hydrohole was fixed on the ice with ice screws as an attachment point for
safety harnesses. This was necessary to mitigate the risk of falling into the hole during CTD





operations, or when cleaning ice in the hole. A submersible pump was used to mitigate ice
growth in the hole. A lid was constructed to cover the hydrohole when no CTD/net operations
took place.

— - gl ’
-

Fig.5.3: View from the working deck of the main hydrohole for operation of the main CTD/Rosette and
the different nets. Every other day, the hydrohole had to be cleared of newly-grown ice before CTD
operation. When no instruments were operated in the hole, it was covered by a wooden lid for isolation
and safety reasons (the wooden lid is in the lower central part of the figure).

Operation of the main CTD/Rosette system in very low temperatures

Due to the susceptibility of the CTD/Rosette system to low temperatures, a procedure was
developed to protect the sensors and prevent the samples from freezing while the
CTD/Rosette is transported from the hydrohole to the sampling room (Figures 5.4 and 5.5).
This procedure is summarized here:

Plastic curtains were installed in front of the sampling room in order to minimize the time of the
CTD/Rosette system was exposed to the cold. This area was permanently heated by two 15
kW heaters. A custom made metal cage with a thick plastic sheet was prepared to cover the
CTD/Rosette system while transported between the hydohole and the sampling room. This
construction is referred to as the “shelter”, which was additionally equipped with isolation
material, heating blankets, and two inlets for warm air supplied via tubes by a powerful heating
system based on the working deck. The entire procedure is described in great detail in a
separate document. There was no single case in which the sensors froze, although
temperatures were as low as -30 °C. Occasionally, the water outlets of the Niskins froze, which
could however be mitigated by pointing an additional heater towards the system during
transport to the sampling room
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Fig.5.4: Deployment of the CTD/Rosette in very low temperatures; A Position of pallet and shelter in
front of the CTD room. B Conus-shaped adapter piece that is mounted on the CTD wire in ordert o fix
the shelter. C Shelter with CTD/Rosette. D Simultaneous operation of crane and winch in order to
deploy the CTD in the hydrohole several meters from the ship. E Stabilization of the shelter using
hooks. F Positioning of the CTD/shelter combo on the hydrohole. G Removal of the winch wire from
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the shelter while the CTD is parked at 10 m depth. H Position of shelter next to the hydrohole while the
CTD is profiling.

Fig.5.5: Retrieval of the CTD/Rosette in low temperatures; A Installation of venting system to provide
warm air into the shelter. B Positioning of heater within the shelter while parked next tot he hydrohole.
C Pulling the shelter over the hydrohole. D Guiding the winch wire into the shelter. E Heaving of the





CTD/Rosette into the shelter. F Heaving of the CTD/shelter combo onto the deck. G Heating the
CTD/Rosette during removal of the shelter on the working deck. H Continuous application of warm air
during transport of the CTD/Rosette into the sampling room.

Summary of the ship-based CTD/Rosette work

The Polarstern CTD/Rosette has a 24-position layout with 24 12-liter OTE bottles. A standard
SeaBird 911 plus system was vertically attached to the rosette equipped with double sensors
for temperature, conductivity, and oxygen, and sensors for pressure, fluorescence for Chl.a
and CDOM, irradiance, beam transmission and nitrate (Table 5.1). The system was
additionally equipped with an Underwater Vision Profiler (UVP, see Team ECO chapter 6.2).
Finally, an altimeter was mounted to monitor the distance to the seafloor (and which started to
catch an echo at ~40 m above the bottom). Deep CTD casts were done to ~10 m above the
seafloor. The actual water depth matched the calculated and sound-speed corrected EK60
water depth with an uncertainty of 2 m.

Ship-based CTD casts were done regularly up to four times a week, and usually on Thursday
and Friday (and occasionally on Saturday). The water budget and sampling sequences of
different parameters was discussed among the different teams before each cast. During Leg
1, Team BGC only requested a minor amount of water samples from the ship-based
CTD/Rosette, while the majority of the water demand came from Team ECO. Team OCEAN
required water samples for CFC/SF6 and salinity calibrations during deep (>1000 m) casts, as
well as water samples for CFC/SF6, helium and tritium from shallow casts (< 500 m). Based
on the discussion, Team ECO prepared a draft water budget plan for the ship-based water
samplings. It was Team OCEAN’s responsibility to prepare and operate the CTD/Rosette
system, while TEAM ECQ'’s contribution was to keep the CTD hole clear of ice.

A shallow CTD cast was usually conducted first, followed by various net deployments. A deep
cast was performed in the afternoon. A full depth cast to 4400 m took about 4 hours. Overall,
19 CTDs were deployed from Polarstern, four of which were deep casts (see Table 5.7). Once
the water sampling was finished, the raw CTD data was pre-processed following the Seabird
procedures. The data was provided to the MCS, and quicklooks were made available (see
Preliminary Results section).

Tab.5.1: Sensor configuration of the Polarstern CTD/Rosette system. Sn = serial
number.

Temperature Conductivity | Oxygen sensor Pressure
sensor sensor sensor
Primary SBE3 SBE4 SBE43 sn #0321
sn #1338 sn #3173 sn #1834
Secondary SBE3 SBE4 SBE43 - -
sn #1374 sn #3590 sn #0467
Altimeter Transmissometer | Nitrate Chl-a PAR/Irradia | CDOM
sensor Fluorometer nce sensor Fluorometer
Sn 47768 WET Labs C-Star Satlantics WET Labs ECO- Biospherical/ | WET Labs
sn #1198 SUNA AFL/FL Licor ECO CDOM
sn #0732 sn #725 sn #70257 sn #4531

Ocean current measurements by shipboard ADCP

Polarstern is equipped with a shipboard ADCP (S-ADCP) to monitor underway ocean currents.
The installed ADCP model is a RDI 150 kHz Ocean Surveyor system. Due to potential
interferences between the S-ADCP and the various fish sounders used during MOSAIC, a K-





sync system was used to alternately triggered the different instruments. By using this system,
we expected to avoid potential conflicts and interferences between the acoustic devices, which
however came with the compromise of reduced data quality especially of the current
measurements. Upon the arrival of the Leg 1b Team OCEAN on 17 October, the S-ADCP and
fish sounder data quality was re-examined together with the ship IT and Team DATA
specialists. It was concluded that there was no apparent interference between the S-ADCP
and the fish sounders even when they were operated simultaneously. Moreover, the
acoustically backscattered energy level was much lower than for example in mid-latitude
oceans. A significant acoustic energy loss was found below ~250 m. We thus modified the
ADCP configuration file on 28 October, changing the bin size from 4 m to 8 m to have a higher
backscattered energy level. After a preliminary processing of the raw S-ADCP data, we
concluded that the vertical coverage of underway currents was within ~20-240 m, using a
long-term averaged interval of 20 min and a short-term averaged interval of 5 min. We
conclude that all data obtained before the change on 28 October is questionable in terms of
quality and recommend to treat this data cautiously

Installation of Ocean City 1.0

Preparation and initial installation of Ocean City was mainly done by the Leg 1 a Team, with
the support of many helpers from other teams. A hydrohole of 1.3 x 1.3 m was prepared in an
area of level ice of around 0.6 m. An array of floatable plastic pontoons was assembled above
the hydrohole (Figure 5.6), and a wooden floor was built on top of them. Two big and heavy
winch systems were planned to be used in Ocean City: an AWI custom-built system for the
CTD/Rosette, and a KC Denmark winch for net operations. Due to their size and weight, they
were placed on the platform before the actual tent was installed. The CTD/Rosette frame was
also placed on the wooden floor, after which the Weatherhaven tent was finally mounted
around them. The tent was fixed to the ice with 6 straps using ice screws. The sides were
covered by snow for insulation. The Ocean City power hub was installed at a distance of 10
m. Two separate power cables were installed between the hub and the tent, where they were
connected to two fuse boxes. A lid to cover the CTD hydrohole was constructed, but was later
replaced by a more convenient “bridge”. Two 3 kW heaters running on thermostats were
operated to keep the temperature above +5°C in order to protect the sensors from freezing. A
submersible propeller pump was used to keep the hole ice free. The hole anyways needed to
be cleared of ice forming at the edges every other day using a chisel and ice saw. Further
equipment, including the winch control boxes and CTD deck unit were arranged on tables. The
custom CTD winch broke down after an initial test due to being used in too low temperatures.
A temperature relais needed to be uninstalled to resume its operation.





Fig.5.6: Initial setup of Ocean City (photo: Julia Regnery)

The exchange of Team OCEAN personnel between Leg 1a and 1b took place on 17 October.
It turned out there was a big piece of rafted ice at 2 m depth below the hydrohole. This ice
could almost be cleared, but some remains to the side of the hydrohole hampered MSS
operations throughout the lifetime of Ocean City 1.0. Further configuration and final installation
of instruments and sensors inside Ocean City took until 22 October. After the modification of
the CTD winch, it worked generally well. However, the tent was slightly tilted, and the automatic
cable guidance system couldn’t work properly. As a result, the cable was damaged at some
point and it needed to be re-terminated. The KC Denmark winch, which was planned for the
operation of nets in Ocean City, was never used during Leg 1.

The first official MSS and CTD deployments in Ocean City were commenced on 22 and 24
October, respectively.

A strong wind event with peak wind speeds of ~20 m s struck the main ice floe between 16—
18 November, causing many cracks, leads, and newly-formed ridges, also with concurrent
power outages. A large fracture zone led to a separation of the main ice floe into two pieces.
The nearby Remote Sensing City and Met City drifted away from Ocean City and Balloon Town
on 17 November. A ~30-m wide lead was formed ~15 m away from Ocean City. This lead
eventually transformed into a growing ridge, which kept approaching Ocean City. On 20
November, the ridge had grown to ~5-m height, and was only a few meters away from Ocean
City. As a side effect, a big piece of rafted ice appeared below the Ocean City hydrohole. After
we tried to push it back under the ice away from the hole, it eventually rose up and blocked the
hole entirely. We decided at this point to maintain the hole, and tried to remove the ice block
by cutting it into several small pieces. After two more hours, several cracks appeared in the
surrounding area, with one widening crack even passing through the Ocean City hydrohole.
This was the moment when the decision was taken to disassemble Ocean City and move it to
a new location.





Fig.5.7: Relocation of Ocean City 1.0 (blue tent) on 20 November 2019 using an ARGO vehicle
(photo: Johannes KéB3bohrer). The decision was made due to a combination of several factors: a) a
number of cracks appeared in the closer surroundings; b) a significant ridge along the main floe’s
shear zone was approaching the site (distance at time of evacuation: ~15 m); c¢) the hydrohole was
blocked by a rafted piece of ice; and d) a crack was opening up through the hydrohole.

However, due to the size and weight of the gear inside the Weatherhaven, disassembly was
not straightforward. First, we evacuated the power hub and the sensitive equipment from the
tent. We then decided to try to move the entire tent, including the pontoons, with the Argo
vehicle, rather than unmounting the entire tent. Several big straps were spanned around the
pontoons to maximize the stability of the construction, and a Kevlar rope was used to attach
the tent to the Argo. It took several attempts to get it moving, also because the pontoons were
partly frozen to the ice surface. Due to the weight of the tent and its contents (probably almost
1.5 tons in total), the Argo was almost at its maximum pulling capacity. Due to the unclear ice
and storm situation, we decided to drag the tent towards safe ground in the logistics area
(Figure 5.7). Unfortunately, we had to cross the BGC coring area because of the limited
maneuverability. The evacuation went comparably smoothly, without any loss of equipment or
damage of sensors and installations.

Installation of Ocean City 2.0

After the storm had passed, surveys for a new site were started. A suitable location was
identified on 21 November 2019, about 50 m away from the fracture zone and 50 m from the
old location. A new hydrohole was prepared by chain saw on 22 November. The tent was
dragged back on the same track through the BGC coring area. We decided to let the
surroundings refreeze before placing the Weatherhaven atop it in order to avoid the freezing
of the pontoons to the ice. We placed the tent atop the new hydrohole on 23 November using
the Argo, and fine-tuned the alignment on the hole manually with 6 people. Further assembly
and final preparations of sensors were done one day later. Ocean City 2.0 was born and fully
operational on 25 November (see Figures. 5.8 and 5.10). Expecting that such a breakup could
happen any time again, the towing straps were left in place. This practice provided us a
valuable experience how to deal with evacuation of significant infrastructure, and showed the
importance to have constructions that are flexible and support short-term relocations.





Fig.5.8: The relocated Ocean City 2.0.

CTD/Rosette casts in Ocean City

The CTD/Rosette system in Ocean City is essentially a smaller version of the ship-based
CTD/Rosette. The rosette has a 12-position layout with 12 5-liter OTE bottles. In the lower part
of the frame, a standard SeaBird 911plus system is mounted, equipped with double sensors for
temperature, conductivity and oxygen, as well as sensors for pressure, Chl-a fluorescence,
irradiance, beam transmission, nitrate, and methane concentration/gas temperature (see
Table 5.2). The custom-built winch can support safe ascending/descending speeds of ~0.2—
0.5 m s, and has a cable length of 1500 m. A typical 1000-m profile normally takes about ~3
hours. Overall, 30 CTD deployments were done in Ocean City. Among these deployments,
water samples were taken primarily for Team BGC, which are interested in shallow depths
(~120 m). Water samples were also collected occasionally for salinity calibration and
CFC/Helium/Tritium samples. Similar to the ship-based CTD/Rosette data, post-processed
data were copied to the MCS, and quicklooks were prepared (see Preliminary Results).

Tab.5.2: Sensor configuration of the Ocean City CTD.

Temperature Conductivity Oxygen Pressure sensor
sensor sensor sensor
Primary SBE3 SBE4 SBE43 sn #0935
sn #4918 sn #3549 sn #1605
Secondary SBE3 SBE4 SBE43 - -
sn #5110 sn #3810 sn #0743
Altimeter Transmissometer | Nitrate sensor | Chl-a PAR/Irradiance Methane sensor
Fluorometer sensor
N/A WET Labs C-Star | Satlantics WET Labs Biospherical/Licor Franatech METS
sn #1220 SUNA ECO-AFL/FL sn #70241 sn #1917
sn #1318 sn #1346

Turbulence measurements in the upper water column

An MSS turbulence profiler (MSS90L, SEA & SUN Technology, Germany) was regularly
deployed from Ocean City to a depth of 400 m. A profile took around 20 min. If time allowed,
those profiles were combined with a 400-m CTD cast that also included the Satantics SUNA





nitrate sensor in order to later be able to calculate nitrate fluxes. Due to the statistical data
processing approach that is necessary to obtain vertical fluxes, we tried to always take at least
4 consecutive MSS profiles during a session. In total, 168 MSS profiles were recorded during
Leg 1 (see Figure 5.9 and Table 5.8).
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Fig.5.9: CTD (left) and MSS (right) measurements (squares) commenced after Ocean City is
operational. The ship track is color coded by day of the year.
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Fig.5.10: Interior view of the Ocean City 2.0 weatherhaven tent. The hydrohole is below the circle-
shaped hole next to the MSS winch, and was usually covered by a small bridge for easy passage.





Fig.5.11: Preparation of LISST on the icevho/e (left) and mounting the instrment underneath the
CTD/Rosette with four rope shackles (right).

Laser In-situ Scatter Transmission meter (LISST)

In addition to the standard CTD and MSS measurements, a Laser In-situ Scatter Transmission
meter (hereafter referred to as LISST) was used in order to measure underwater distribution
of particle sizes. Measurements from this instrument were taken within the framework of a
project of the Polar Research Institute of China (PRIC) in order to collect time series of particle
sizes in the upper 500-1000 m of the ocean throughout the entire MOSAIC drift. The
instrument frame was attached to the Ocean City CTD/Rosette using four rope shackles. The
frame was mounted perpendicular to the CTD sensor inlets. Regular CTD operation as well as
overall data quality of the Ocean City CTD was not affected by the addition of the LISST below
the CTD rosette, as long as it was mounted in a perpendicular way. On 23 November we tried
to mount the sensor onto the ship-based CTD/Rosette system, but the data quality was
significantly reduced. We attribute this to the CTD being vertically mounted, leading to the
intakes receiving the wake flow passing the LISST. Further LISST deployments from the
Polarstern CTD were not done. Whenever time permitted, the LISST was deployed along with
the Ocean City CTD twice a week and down to 500-1000 m. Mounting the LISST below the
CTD/Rosette was done using two wooden bars placed onto the hydrohole (Figure 5.11, left).
The LISST was placed nto the bars and the CTD/Rosette was lowered until the frame could
be attached by the rope shackles (Figure 5.11, right). Mounting and unmounting the instrument
took about 15 min. Due to the load limit of the CTD winch of about 200 kg, water samples were
not taken during a LISST deployment. The dry weight of the CTD rosette is ~130 kg, plus 60
kg for twelve full Niskin bottles. The dry weight of LISST is ~40 kg. A detailed description of
LISST operation is available in a separate document. Overall, 10 LISST profiles were obtained
during Leg 1, nine of which were obtained from Ocean City and one was based on the ship.
Date and related information are given in Tables 5.6 and 5.7. For more detailed information,
see Team ECO chapter.

Sampling for CFC/SF6, Helium & Tritium

Most CFC/SF6, helium, and tritium samples were taken during the ship-based CTD operations.
Ampoules for sampling CFC/SF6 were prepared one day prior to the planned CTD cast. Metal
accessories of the ampoules were examined, rinsed, and cleaned before sampling. The
sampling scheme for these samples was twofold, one was for deep-water casts and the other
was for shallow-water casts The deep-water samples below 1000 m were usually collected
during the regular Thursday CTD operation (after 9 November). Note that only CFC/SF6 were
sampled for CTD operations on Thursday. The shallow-water samples were usually performed





on Fridays after a ~500 m cast. For the shallow-water casts, CFC/SF6 and Helium were
sampled together, and tritium was sampled every 2-3 weeks. After several water budget
meetings on board with Teams ECO and BGC, it was agreed that CFC/SF6 (and helium) have
the first priorities for the designated bottles. The naming convention for each sampled ampoule
follows the D-Ship station id. For example, the samples taken on 9 November had the D-Ship
station id PS122/1_6-81. A sample taken from bottle #1 closed at 3000 m for example had a
label called PS122/1_6-81/1/3000. The same rules apply to sampled copper tubes and tritium
bottles. Flamed ampoules and sampled copper tubes and tritium bottles were dried and then
carefully stored in their original boxes. Information on CFC/Helium/(Tritium) samplings are
provided in Tables 5.6 and 5.7.

Fig.5.12: Preparation of CFC sampling (left) and flame-sealed CFC/SF6 ampoules (right).

Sampling for helium and tritium is relatively straightforward. Helium was sampled in copper
tubes. Tritum was sampled in plastic bottles. CFC/SF6 is sampled using specific fragile
ampoules, and is rather challenging (Figure 5.12). The procedure is summarized in a separate
document.

Sampling was also attempted in Ocean City, but turned out to be challenging. Among other
factors the constrained space and lower bottle pressure were the biggest problems. Several
ampoules broke during transport to Polarstern, resulting in a high sample loss ratio. These
experiences have been transferred to the Leg 2 team, which will hopefully come up with a
better sampling strategy in Ocean City.

Installation of AROMA turbulence moorings

In order to address its objectives, AROMA contributes 3 permanent installations on the main
ice floe. These autonomous, continuous recording systems are planned to be operative in all
legs. In addition, one vertical microstructure profiler is planned to be operated in coordination
with the profiling from the Ocean City during all legs. Dissipation measurements in the upper
80 m up to the ice-water interface using this uprising vertical microstructure profiler will be
crucial to resolve the under-ice boundary layer and to better quantify the ocean heat fluxes in
the upper water column.

ADCP Longranger mooring

A RDI Workhorse 75kHz acoustic Doppler current profiler (ADCP) was deployed 50 m from
Ocean City 2.0 in order to measure the background currents in the upper 500 m (Figure 5.13).
These current measurements are intended to supplement ship-board ADCP measurements,
and will complement the MSS turbulence measurements taken in Ocean City. Background





GPS current measurements are paramount to describe the
forcing conditions and weather-scale (eddies) as well

higher frequency (internal wave) variability.
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Ocean thermistor chain and Microrider mooring





A thermistor string with 24 thermistors at 8 m spacing (RBR, Halifax, Canada) was deployed
close to the snowmobile parking lot in the logistics area on 15 December 2019. The purpose
of this installation is to record the internal wave field as well as the background temperature
structure in the upper 200 m of the ocean. The temperature data is recorded every 30 seconds,
and is internally logged via a RBR concerto datalogger attached to the mooring chain at 3 m
depth. On the same mooring line, a Rockland Scientific MicroRider is attached on a separate
cable, which continuously collects temperature microstructure data at 50 m depth (Figure
5.14a, b). The instrument is enhanced to allow on-board data processing as well. The
continuous microstructure time series will supplement the profiling measurements, and will
allow quantification of dissipation rate of temperature variance, and estimation of turbulent heat
fluxes in different forcing conditions. Data of the RBR thermistor string and the Microrider are
also remotely accessible using an Ethernet connection via a RadioLAN link from the main
power hub.

The thermistor string is further supplemented with 4 internally logging only RBR CTD
recorders, which need to be retrieved at the end of the drift to gain access to the data.

RBR T-chain datalogger (3 m)

] RBR CTD (5 m)

>

RBR CTD (49 m)

Rockland Microrider (50 m)

] RBR CTD (100 m)

>

RBR CTD (200 m)
Bottom weight (25 kqg)

Fig.5.14a: Thermistor chain / Microrider mooring scheme.
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Fig.5.14b: Thermistor chain / Microrider deployment

Cluster mooring

The cluster mooring consists of three individual instrument clusters, each holding a SBE37
CTD, a Nortek S1000 ADCP and a SAMI PCO2 instrument as well as a subsurface
communication box (Figure 5.15, Table 5.3). The individual frames are installed at 25, 45 and
70 m depth. Three sets of instruments are mounted in a respective metal frame, and the three
frames are attached onto each other by Kevlar ropes (see Figure 5.16). The S1000 ADCP is
mounted on a foldable arm, looking downward. A weight of 25 kg is attached at the bottom of
the mooring. The total weight is around 200 kg in air. All instruments are connected to the
corresponding subsurface communication box, each of which contains a serial-to-ethernet
converter (Moxa NPort). A single ethernet communication cable goes from each cluster to the
surface unit. The surface unit is a pelicase embedded inside a blue buoyancy pallet. The
system is connected to a power hub via power and data cables. Through this setup, the
individual instruments can be connected to via the Polarstern network, and data can be
downloaded via the corresponding software on a regular basis.

Due to the general setup and weight of the system, the deployment was very challenging. We
attached the Kevlar ropes to snowmobiles rather than using a Tripod for the deployment, in
order to simplify and speed up the procedure. Since the SAMI pCO2 sensors are especially
sensitive to cold temperatures (>-4°C recommended, air temperature during deployment was
-28°C), one cluster was deployed at a time, and the pCO2 sensor was kept warm throughout
using an isolating blanket, a generator and a heat gun. The other clusters were stored in Ocean
City in the meantime. After one cluster was safely in the water, the next one was carried to the
deployment site, and put in the water as quickly as possible.





Fig.5.15: Assembled clusters

Each cluster samples temperature, salinity, pressure, pCO2 and high-resolution velocity
profiles (10 m vertical range) with particular emphasis on resolving the vertical velocity
fluctuations. Using the 3-level pCO2 measurements (3-houry intervals), we aim to resolve the
vertical gradient of pCO2 in the upper ocean. Combined with eddy diffusivity measurements,
we will obtain vertical fluxes of pCO2. All installations are sufficiently close to each other to be
interpreted as a system delivering data from forcing conditions to small scale mixing.
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Fig.5.16: Left: Scheme of cluster mooring. Right: deployment of the cluster mooring. Each of the three
individual components comprised a metal frame with a Nortek S1000 ADCP on a foldable arm, a
Seabird SB37 Microcat, a SAMI pCO2 sensor and a MOXA Nport network controller mounted into a
SubSeaTech housing.

Tab.5.3: Configuration of the cluster mooring

Shallow Cluster (top) Middle Cluster (middle) Deep Cluster (bottom):
IP 192.168.3.162 192.168.3.161 192.168.3.165
address
ADCP Nortek S1000: SN 105 Nortek S1000: SN 060 Nortek S1000: SN 154
(IP 192.168.3.197) (IP 192.168.3.198) (IP 192.168.3.199)
CTD SBE37 Microcat: SN 8972  SBE37 Microcat: SN SBE37 Microcat: SN 7224
8970

pCO2 SAMI pCO2: SN C0209 SAMI pCO2: SN C0210 SAMI pCO2: SN C0208
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Installation of other platforms

Thermistor chain buoy (PI: Y. Kawaguchi)

A thermistor chain of the type lceTC2/30 (Marlin-Yug, Russia),
consisting of a 2-m long cable with 17 integrated thermistors was
deployed close to Ocean City 1.0 on 11 November 2019 (see
Figures 5.17, 5.18). Near-real time temperature data of the ice
interior and upper water underneath the ice is reported back via
Iridium on a regular interval. The deployment is part of the project
“Measurement of lee waves and turbulent heat flux behind ice keels
in ice-ocean boundary layer” of the University of Tokyo.

Fig.5.18: Deployment of Ice TC2/30 buoy

T-POP deployment (PI: C. Heuze)

The T-POP is a football-sized autonomous temperature
sensor that sits at the bottom of the ocean for a pre-set time,
taking measurements every half hour. It then automatically
burns its anchoring link to float back to the surface and send
its data by satellite. Two out of a total of ~25 of such sensors
were deployed during Leg 1 immediately after two near- |
bottom CTD profiles on 14 November and 28 November

(see Figure 5.19). These sensors are part of the project

"Why is the deep Arctic Ocean Warming? (WAOW)” of the |
University of Gothenburg. The T-POP will quantify for the |
first time the high frequency, seasonal and interannual
variability of the deep Arctic Ocean temperature. This
variability quantification is required for putting into context
the MOSAIC and historical point measurements of the CTD. §
Team OCEAN had deployed two T-POPs.

Fig.5.19: Preparation of T-POP profiler before deployment.

Thermistor chain network (Pl: Mario Hoppmann)
Please see Team Ice chapter.

UpTempo buoys (PI: M. Steele)

On 26 October 2019, two UpTempo thermistor chain buoys (Marlin Yug, Russia) were
deployed via helicopter on sea-ice floes within the Distributed Network around 10nm west and
east of Polarstern, respectively (Table 5.4, Figure 5.20). They were deployed as far away from
each other as possible under the given circumstances, and also filling gaps within the DN with
respect to ocean observations. Due to a problem with the GPS time due to a rollover software
issue, a GPS drifter was deployed next to them.

Tab.5.4: Deployment info of UpTempo buoys
Deployment 1 Deployment 2
UpTempo 0930 (25m) 300234060320930 UpTempo 0940 (60m) 300234060320940






AWI-UTA-0012 (P105) 300234067707750  AWI-UTA-0009 (P102) 300234067705760
85°28.84'N 125°24.25'E 8:49 UTC 85°30.04'N 129°32.37'E 9:15UTC

Fig.5.20: Deployment of Up Tempo buoy and supplementary GPS buoy in the Distributed Network.

Snow Buoy (PI: M. Nicolaus)

On 29 October 2019, a standard Snow Buoy (MetOcean Telematics, Halifax, Canada) with the
ID 2019596 and IMEI 300234066083120 was deployed at a SYI location at the dark site. The
snow heights below the four ultrasonic pingers were 0.18 m, 0.17 m, 0.14 m and 0.17 m,
respectively. Deployment time and location were 1:45 UTC at 85° 38.798' N, 125° 28.241’E.
The buoy was co-deployed with the SIMBA-type ice mass balance buoy PRIC 09-01 (see
Team ICE chapter), and close to the deployment location of a sediment trap (see Team ECO
chapter).

Aural M2 autonomous underwater hydroacoustic recorder (Pl: O. Boebel)

On 29 October, an Aural M2 autonomous underwater hydroacoustic recorder (Multi
electronique, Quebec, Canada) was deployed through a hydrohole at a SYI location at the
dark site. The instrument was deployed at a depth of 50 m using a Kevlar rope, and was
attached to two surface floats in case of ice breakup. The data is only recorded internally, and
therefore a recovery before the end of the drift is mandatory.

Biogeochemical sensor package (Pl: S. Torres-Valdez)

A set of biogeochemical sensors was deployed at a FYI location at the so-called “dark site”,
appr. 1.3 km away from Polarstern, on 20 November 2019. Deployment time and location were
15:00 UTC at 85° 44.817' N, 120° 14.577’ E. The sensor module consisted of the following
sensors, measuring a set of 11 parameters:

Tab.5.5: Sensor suite of the biogeochemical package. * denotes the ability to
communicate with the respective sensor through a cable to the surface.

Sensor Parameter
Sunburst SAMI pH* pH






Sunburst SAMI pCO2* CO2

Satlantic ISUS V3 + battery pack* Nitrate

Wetlabs ECO PAR PAR

Wetlabs ECO Triplet-W CDOM, Chl-a, Backscatter

SeaBird SBE37-SMP-ODO* Conductivity, Temperature, Depth, Oxygen

The sensors were fixed onto a custom-built mount (Figure 5.21), and were deployed through
a hydrohole at 5.5 m depth using a Kevlar rope. Selected sensors (marked by an asterisk)
were connected to data cables to the surface in order to have the ability of a regular data
download. The data cables were fed through a thick rubber tube for additional protection. The
installation was attached to four flotations placed on the ice surface as an emergency float in
case the ice breaks up or melts. The data of most sensors is stored internally, and a recovery
before the end of the drift is mandatory.

Fig.5.21: Final assembly of biogeochemical sensor package.

On 15 December 2019, the iISVP buoy 2019P154 (MetOcean Telematics, Halifax, Canada,
IMEI 300234068210310, provided by PRIC) was placed next to the surface flotations as an
additional means to track the sensor package in case of an ice breakup.

Preliminary (expected) results
CTD data

Data collected from CTD operation were pre-processed by using SeaBird data processing
software. Different routines were used accordingly before 1 dB bin-averaged ASCII output .cnv
file and .btl (bottle) file are produced. These routines are DATCNV, WILDEDIT, BOTTLE
SUMMARY, SPLIT, TRANSLATE, CELL THERMAL MASS, LOOP EDIT, and BIN AVERAGE.
Only downcast profiles were used to produce ASCII .cnv files, which contain both original and
bin-averaged profiles. Team OCEAN submits bin-averaged .cnv files and bottle files to MCS.





Team OCEAN also provides raw .hex files and .xmlcon configuration files if participants want
to process raw data by themselves.
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Fig.5.22: A screentshot of the quicklooks page onboard. Team OCEAN provides figures and
processed data here for an overview of all CTD operations.

To facilitate overview and exchange of CTD data onboard, Team OCEAN collaborated with
Team DATA providing a simple figure of temperature and salinity profiles and pre-processed
.cnv and .btl files to the quicklooks service (sensor.fs-polarstern.de/quicklooks/, Figure 5.22).
We highly recommend this onboard service for colleagues in later Legs. Quicklooks not only
saves time tracking completed CTD profiles but also gives a convenient way to share
information for other teams.
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Fig.5.23: Typical CTD profile of temperature (left) and salinity (right).

Fig.5.24: Screenshot of double diffusive staircases (see 90—105 m) during the CTD operation on 6
December.

Our drifting area is within Amundsen Basin and is partially influenced by the main stream of
Atlantic waters passing Nansen Basin, which is characterized by core temperature of ~3°C
and salinity of ~34.98 with ~150—400 m (Rudels et al., 2015). In the measured CTD profiles,
the intrusion of Atlantic waters is usually found below ~150 m and above ~400 m (Figure 5.23).
Above this Atlantic layer, a sharp thermocline (and halocline) separates the upper near-
freezing (~-1.8°C) and relatively fresh (~32.7) waters. This stratification preconditions a water
column which temperature and salinity have opposite effects on density (Bebieva &
Timmermans, 2015) and the resultant feature is the existence of double diffusive staircases
(Figure 5.24). Another type of double diffusive staircases is also seen as temperature and
salinity both decrease with depths below the Atlantic layer (Figure 5.23). Sometimes they are
also referred to salt fingers (Bebieva & Timmermans, 2015).

A complete perspective of the water column relies on the Polarstern CTD. For a ~4400-m
profile (Figure 5.25), the effect of pressure becomes important below ~1000 m as the departure
between the in-situ temperature and potential temperature increases with depths. The
temperature profile is characterized by an intrusive Atlantic layer bounded by one upper
thermocline at ~200—400 m and one lower thermocline at ~600—2000 m. Temperature below
~2000 m is less changed. On the other hand, features in the salinity profile is less pronouncing
and the profile is likely a 2-layer structure with a sharp halocline at ~200 m.
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Fig.5.25: CTD profile of (a) temperature and (b) salinity taken from Polarstern on 21 November. Red
line in (a) is for potential temperature and blue is for in-situ temperature.

The near-daily CTD operations provide a perfect chance to establish time series of the water
column for the upper ocean. Data for the CTD profiles in November are shown together
(Figures 5.26, 5.27). Although a strong wind event occurred during 16—18 November, water
column below ~200 m seems to be unaffected. This is not the case, however, the upper
thermocline and surface mixed layer (based on salinity here) fluctuated substantially during
the course of November. The depth range of the surface mixed layer is from ~20 m to 50 m.
We find that double diffusive staircases existed within the upper thermocline absent (e.g., see
the profile on 19 November) after the passage of the strong wind event. Concurrently the
surface mixed layer is also found deepened (Figures 5.27, 5.28) after the winds subsided.
Features suggesting double diffusive staircases later reoccurred on 22 November, implying
that the atmospheric forcing could transfer momentum downward the upper thermocline. Note
that horizonal advection or submesoscale frontal instability could also destabilize the original
stratification (e.g., Timmermans et al., 2012).
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Fig.5.26: Temperature profiles made in November from both Ocean City and Polarstern CTD
operations. Number indicates date of November. Each profile is offset by ~0.5°C from the left-most
profile.
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Fig.5.27: Same as Figure 5.26, but for salinity. Each profile is offset by ~0.5 from the left-most profile.
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Fig.5.28: Depth-time contour of potential temperature, salinity and in-situ density from CTD profiles
during 7 November—-5 December. Gray lines indicate strong wind events on 17, 20, and 24 November.

Strong wind events and MSS data

There were various strong wind (>10 m s™) events in November (Figure 5.29), in which the
event during 16—18 November caused an influential footprint on the main ice floe. The high
wind (~20 m s') event was resulted from a low-pressure system passing the drifting area
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Fig.5.29: Time series of air pressure and wind direction (blue, upper and lower panels) and air
temperature and wind speeds (red, upper and lower panels). Note that wind directions follow
oceanographic convention that 0 degree indicates the winds blow to the north. Data are extracted from
the D-Ship system on Polarstern.

Open Lead

Fig.5.30: Ocean City 1.0 and the newly-opened lead on 17 November. The white box on the right is
the drifted-away Remote Sensing Hub.

beginning on 16 November. One day later a 20-m wide lead appeared nearby Ocean City and
caused power outage for the entire main ice floe (Figure 5.30). The CTD winch in Ocean City
can not be operated due to electricity shortage. Team OCEAN decided to use a generator to
commence MSS profiles when it was totally blackout on the ice. Raw MSS data were
preliminarily processed by using the MATLAB package developed by our turbulence team.
These MSS operations were continued during the course of the wind event and the reward is





the first-hand observations (Figure 5.31) of the ice-covered upper-ocean evolution under
strong winds and neighboring lead.
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Fig.5.31: Salinity profiles made by the MSS profiler when peak winds prevailed on 17 November. Each
profile is offset by ~0.5 from the left-most profile.
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Fig.5.32: Salinity profiles made by the MSS profiler when winds subsided on 18 November. Each
profile is offset by ~0.5 from the left-most profile.





It can be visualized that surface mixed layer was deepened with time on 17 November. A
shallow halocline appeared at ~25 m capping a ~5 m semi-homogenous layer above the upper
halocline (Figure 5.31). Note that the measurements were commenced nearby a lead which
opened for ~1 day. We suspect that the thin layer below ~25 m was the old surface mixed
layer that was pushed downward by the near-surface convective mixing. When we
commenced further MSS profiles on 18 November then the data shows that the surface mixed
layer indeed deepened for ~10 m (Figure 5.32). We believe these data would provide valuable
insights on the flux exchange between the atmosphere and upper ocean, and may be useful
for investigating parametrization of numerical models. Moreover, the lightweight and fast
operation of the MSS profiler emphasize its value under extreme environmental conditions. In
this report, we only briefly mention the collected MSS profiles during the strong wind event.
Further analyses regarding turbulence and dissipation will be commenced by our turbulence
research team.

Underway currents and S-ADCP data

Raw S-ADCP data is produced by the RDI vmDAS software. The raw data is synchronized
every 6 hours to the Team OCEAN’s public folder and is preliminarily processed by the CODAS
software (http://currents.soest.hawaii.edu/docs/adcp_doc/index.html) developed by the
University of Hawaii. Briefly, a virtual machine of fully configured Linux system with the CODAS
software from the official CODAS website is set up in a local laptop. For monitoring the data in
a daily basis, only .LTA files are processed. Further detailed post-processes regarding quality
control of single ping data ((N1R and .N2R files, ...etc.), are beyond the scope of on-board-
processing. The post-processing will be done using the SADCP software first developed at
GEOMAR Helmholtz Centre for Ocean Research Kiel with minor changes implemented at
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Fig.5.33: Depth-time plots of east-west (u, positive for eastward currents, upper panel) currents and
north-south (v, positive for northward currents, lower panel) currents derived from S-ADCP data. Note
that sporadic strong currents at ~80—100 m after 8 November indicate the interference from the
Polarstern CTD.
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Fig.5.35: Depth-integrated currents (blue vectors) and the winds (red vectors) extracted from

Polarstern in from 28 October to 1 December. Black line denotes the drifting trajectory. For clarity,
vectors are subsampled.

S-ADCP data indicates that the currents during the drift were typically O(<0.1 m s™), with
occasionally wind-resulted strong currents up to ~0.2 m s in the upper ~60 m (Figure 5.33).
Slanted stipes shown in the depth-time plots currents (see 12—-15 and 24-30 of November)
indicate the passage of surface-generated near-inertial waves (e.g., Alford et al., 2016; Halle
& Pinkel, 2003). However, strong currents seen on 6 November are not clear which processes
are related. A simple plot of the unit volume kinetic energy clearly shows that events and
features are concentrated for the upper ~80 m (Figure 5.34). This high energy signal also
coincides with the timing of the rise of strong winds (e.g., Figure 5.29), suggesting that high
winds and resultant ice movements provide sources of momentum to the upper ocean. Depth-
integrated currents along with the winds indicate that the upper ocean generally follow the
winds (Figure 5.35). Currents tend to turn to the right-hand side of the winds, consistent to the





Ekman dynamics. More analyses are needed to interpret other small-scale features such as
internal waves and (sub)mesoscale eddies.

For unknown reasons, the PC for running the vmDAS software on Polarstern is found that the
software will get frozen. Once the software got frozen, the data acquisition stopped. This is
unfortunately the case the data was not stored on 18 November so we lost an opportunity to
compare both Shipboard ADCP and MSS data when the strong wind event subsided. An
upgrade for the PC is recommended for future Legs.

Salinity calibrations

Water samples for salinity calibrations were proceeded for both the Ocean City and Polarstern
CTD. Due to limited time in Ocean City, we did not collect enough water samples for salinity
calibrations for the Ocean City CTD. This task will be left for later Legs.

An example of the salinity calibrations indicate that the Polarstern CTD has a higher reading
than that given by the OPS salinometer (Figure 5.36). Aggregate the water samples for salinity
calibrations for the Polarstern CTD, the overall mean bias (standard deviation) of the primary
conductivity sensor is 0.00500 (0.00106), showing slightly better performance than the
secondary conductivity sensor (Figure 5.37). Based on these results, we recommend to
subtract a mean salinity bias of ~0.005 from the salinity measurements of the primary and
secondary conductivity sensors, respectively. Overall, the root-mean-squared errors of the
measured salinites from the two  conductivity  sensors are  ~0.005.
Final calibration will be done according to the standard CTD-calibration performed at AWI.

CTD-PS122/1_8-46

LAT: 85.74°N LON: 120.95°E TIME: 2019-11-21 05:59:00

(a) CTD-1 (b) cTD-2
| IR IR I R R | IR B IR | L |
2000 +® L 2000 + e L
-2400 -2400
] + e ] +
2800 -] -2800 -
€ . + '@ . + ‘e
'~ -3200 -3200
] + e ] +
-3600 — -3600
-4000 + o -4000 + o
T T
34.900 34.910 34.920 34.930 34.940 34.950 34.960 34.900 34.910 34.920 34.930 34.940 34.950 34.960
S (psu) S (psu)

Fig.5.36: Salinity comparisons among OPS salinometer (red cross), downcast profile (gray line), and
collected water samplers (blue dots). Data is from the CTD operation on Polarstern on 21 November.
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OPS salinometer. Blue crosses indicate salinities before correction, while red crosses denote
corrected salinities by subtracting a mean bias. (a) is for the primary conductivity sensor and (b) is for
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SIT buoy data from M-sites in the Distributed Network

Since the first deployment of the M sites on 2 October, we are able to track those autonomous
Salinity Ice Tether (SIT, see the Distributed Network cruise report) buoys from Bremerhaven.
Unfortunately, three out of the eight buoys were likely failed after 13 November due to
deformed ice ridge or unknown technical issues. Based on the received trajectories it suggests
that the ice field around the main ice floe moves coherently with each other (Figure 5.38). Each
of the trajectories seems to follow the main ice floe but with an offset. This provides valuable
information regarding the stability and convergence/divergence of the ice field.

Examining the time series from one of the buoys, SIT #1, we find the data suggesting two
important features in the first half of November (Figure 5.39). First, the temperatures at ~50 m
can be decreased to the freezing temperatures, suggesting the deepening of the surface mixed
layer. Meanwhile the temperatures at ~100 m fluctuate significantly compared to the shallower
depths. We suspect there exists multiple internal wave packets by visual inspection of the time
series. Second, the stratification in terms of the vertical gradient of salinity is still very strong
(~0.04 m™), comparing with salinities from 20 and 50 m. This contradicts the scenario
suggested by the temperature time series, thus lateral advection of cold waters from elsewhere
could account for the observed signal. Interestingly we also observe the rise of salinities at ~20
m on 16—17 November, indicating ice formation during the lead event. This is consistent to the
MSS data and further support our argument that convective mixing is important during the
strong wind event.
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Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( )-
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A comprehensive summary of the ecosystem measurements during all 5 cruise legs will be
published in the Special Feature: The Multidisciplinary Drifting Observatory for the Study of
Arctic Climate (MOSAIC) of the scientific journal Elementa: Science of the Anthropocene (
https://online.ucpress.edu/elementa/collection/269/Special-Feature-The-Multidisciplinary-

Drifting)

Background

High-latitude ecosystems, which use sea ice as a substrate, habitat, and foraging ground, are
characterized by strong spatial heterogeneity and pronounced seasonal dynamics relative to
their physico-chemical environment. The coupled interactions between sea ice, biology, and
chemistry of the ocean-atmosphere system are, however, generally understudied. As a
consequence, biological and ecological impacts on the Arctic climate coupled system are not
well represented in regional and global climate models of the Arctic climate system. However,
biological activities drive transformations of organic matter and elements, and can control the
cycling of climate-active gases (i.e. CO2, CH4, N20, and dimethyl sulfide [DMS]) across
atmosphere-ice-ocean interfaces. Therefore, biological activities mediated by microbes and
small animals are important feedback mechanisms in the processing of key elements and
gases in the Arctic climate. With MOSAIC, a more complete accounting of inventories and
fluxes of essential elements and compounds (C, N, O, P, S) between the atmosphere, ice, and
ocean systems will be gained through a broad appraisal of ecosystem properties and
processes across sea ice and the underlying ocean.
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Rapid changes to sea ice and upper ocean properties will alter Arctic ecosystem functions. At
present, our knowledge of these alterations is primarily from Arctic shelf regions. We know little
about how shifts from a predominantly MY| seascape to seasonally driven FYI regime in the
CAO will affect the cascade of ecological processes associated with sea ice. Moreover, we
possess few field observations and scant experimental data from the CAO beyond the summer
season. Summertime snapshots have already alerted us to major changes in the CAO, and
the potential impact thinning ice may have on ecosystem processes. However, to better
evaluate future changes to the CAO, we require observations of and experimentation with
natural Arctic microbial and faunal communities over the annual cycle. These types of
measurements, geared towards elucidating mechanistic underpinnings of biological processes
and interactions, will foster significant advances in our knowledge of CAO ecosystem services
and functions, and how they may change in light of continued global warming.

MOSAIC offers the unique opportunity to study biogeochemistry and ecology in the framework
of processes thought to exert strong controls on Arctic biota and related carbon and nutrient
cycles. Critical processes to consider include sea ice formation and melting, lead dynamics,
melt pond formation, ocean mixed layer dynamics, and wind-induced upwelling of nutrients.
Improved understanding of the biologically-mediated fluxes of energy and materials between
ocean, sea ice, and atmosphere also requires the investigation of underlying ecosystem
dynamics in the context of these processes, at temporal scales not previously resolved.

Biological and biogeochemical processes are spatially heterogeneous due to patchiness in ice
structure, microbial communities, and biophysical interactions within the ocean. Moreover,
both the magnitude and direction of biogeochemical fluxes appear to evolve with season and
with the advance of ice age. Multiple, spatially distributed measurements will be made within
the local domain (<2 km) throughout the annual cycle to characterize the biology and
biogeochemistry of the ice-dominated CAO ecosystem.

Objectives
MOSAIC Ecosystem objectives are:

1. Quantify components of the inorganic and organic carbon system, primarily in sea
ice and the underlying ocean. Produce an annual mass budget of organic and
inorganic carbon and alkalinity from FYI and SYI. These measurements will address
recent and longstanding questions related to the net air-ice flux of CO; in addition to
the potential for organic carbon trapping and dark period respiration to CO..

2. Produce an annual mass balance of the cycling of macro and micronutrients across
the sea ice-water interface Characterize vertical fluxes of nutrients in combination
with nutrient tracer assays to understand carbon and nitrogen recycling pathways
by microbes in sea ice and seawater. We aim to measure the progressive
concentration of nutrients, including iron, in sea ice over the ice formation season.

3. Establish several semi-autonomous measurement nodes on the main floe to
measure oxygen and nitrate concentrations, and optical properties in the upper
ocean. Together these measurements could establish whether the sea ice zone is
a net producer of Oz (net autotrophy) or a net producer of CO; (net heterotrophy).
Sensor packages enable more highly time-resolved fluctuations in the proportion of
O_ versus CO; production from sea ice and the upper ocean over the annual cycle
than can be captured by discrete sample collections.

4. Quantify primary and bacterial production in sea ice and the upper ocean. Compare
estimates of net community production and net primary production from O2/Ar ratios

and "C-tracer assays to relate rates of organic matter fluxes to inventories of carbon
and nutrients.





5. Assess particle fluxes including optical imaging instruments, including a LISST,
UVP, and LOKI. Deploy a variety of sediment trap arrays to address different
temporal scales of particle flux over the annual cycle. Couple particle flux estimates
derived from imaging tools to discrete measurements of material fluxes generated
from suspended POM and sediment trap collections of sinking POM to identify
processes, which result in high flux events.

6. Measure the cycling of DOC and DOM, and characterize the composition of DOM
derived from sea ice and the upper ocean. Assess which biological activities
influence changes in the distribution and quality of DOC and POC.

7. Measure the temporal evolution of organismal distributions in sea ice and the ocean.
Measure the spatial distribution of sympagic and planktonic biomass (e.qg., ice algae,
phytoplankton, microbes, micro- and meso-zooplankton) and determine their
biodiversity.

8. Quantify biological rate processes that determine the inventories of elements and
compounds across different trophic levels. Organic matter remineralization,
microbial respiration, micro-zooplankton feeding and growth, and meso-zooplankton
feeding, respiration, growth, and reproduction will be measured.

9. Determine standing stocks and distributions of microorganisms and animals to
evaluate the physical-biological interactions that impact production, pelagic
retention and vertical export below the halocline.

10. Evaluate impact of behavioral (e.g. vertical depth preferences and diel or ontogenic
vertical migration) and life history (e.g. reproductive timing and overwintering
strategies) patterns on nutrient fluxes, organismal abundance, and biomass in the
ecosystem.

Work at sea

Ship-based and on-floe observations and activities were conducted to support core objectives
and provide essential information to project-specific goals. Ecological properties were mainly
derived from discrete physical sampling of the Arctic environment (air, snow, ice, and water).
We also supplemented discrete measurements with [semi]-autonomous measurement
packages, which provide higher temporal resolution of key properties from distinct positions
on the primary ice floe. A small number of sensor packages and hydrographic buoy systems
were deployed thru the ice to provide basic chemical and physical data at the atmosphere-ice-
water interface. Ecosystem discrete sampling of snow, ice, and seawater occurred within 1 -
2km of the Polarstern.

During leg 1, we established a time-series of ecological, biogeochemical, and biological
properties and processes using a coordinated effort across teams to capture a suite of
properties once per week from all components of the Arctic climate system. For nearly 7 weeks,
we conducted cooperative sampling with teams ICE and OCEAN to measure changes in
biological components with respect to the physical and geochemical properties of snow, ice,
and seawater. Core variables coordinated by Team ECO were primarily collected from the
CTD-rosette water sampler deployed from Polarstern thru an ice hole alongside the ship.
Additionally, we established two large ice coring sites, approximately 1.2 km from Polarstern,
to support repeat visits and coring activities of the year-long campaign. While there are finer
delineations of types of MYl and FYI within the CAO, the primary time-series was designed to
track major property differences between newly formed ice originating in autumn 2019 (FYI)
against ice that had survived summer melt (SYI). Common coring activities and approaches
are further described in Section 8.2.





Other activities include the operation of an underway membrane inlet mass spectrometer
(MIMS), deployment of visual camera systems, installation of a biogeochemical sensor
package, deployment of an ice-tethered sediment traps, and deployment of an assortment of
underwater nets for small animal capture. Camera systems are pre-programmed and deployed
for months-long durations. A HD video camera system was deployed Met City at 375 m depth
within the Central Observatory to monitor the presence of macrofauna in the mesopelagic.
More detailed information is provided in section 6.7.

Under-ice ROV net sampling and video recording. Visual inspections of under-ice topography
and associated flora and fauna will be possible using the ROV. We collected discrete samples
of animals and flora from the ROV, which will be complemented by its suite of sensor
measurements (i.e. light spectra, fluorescence, etc.). A summary of the ROV net casts is
described in section 6.2.

The MIMS was operated in continuous measurement mode throughout the duration of leg 1.
It is connected to the underway seawater intake system, which provides a continuous flow of
fresh seawater from ~ 11 m depth. The MIMS measures concentrations of dissolved oxygen
and argon in seawater, and the ratio of the two is used to determine the recent biological
activity in surface seawater. Oxygen is produced and utilized by organisms, while argon is not
involved in biological activities. Therefore, when measured in high temporal resolution, the
ratio of O2/Ar, and relative changes in this ratio can be used to determine changes in biological
activity. The MIMS was calibrated daily with reference gases of pure nitrogen (no oxygen, no
argon) and an artificial mixture of air (21% nitrogen, 1% argon).

A large McLane sediment trap was deployed at the SYI dark site at the beginning of the
scientific campaign by the SIO group. The sediment trap is suspended at 200 m depth and
programmed to collect sinking material at 2-4 week intervals over the course of the whole year.
Detailed descriptions of the sediment trap array can be found in section 6.6.

An under-ice biogeochemical sensor package supporting 6 different sensors will be installed
at the FYI dark remote site, with weekly manual downloads of data, and quarterly maintenance
checks. These sensors measure pCO;, nitrate concentrations, fluorescence, particle
backscatter, dissolved oxygen, and T/S. These data will provide higher temporal resolution
mapping of direct under-ice properties relative to coring activities and water column sampling
activities at Polarstern.

Water column discrete sampling

MOSAIC Ecosystem team coordinated properties were primarily collected from CTD-rosette
casts and net tows conducted from the Polarstern. For CTD-rosette water sampler casts and
information about the specific properties and quantities collected, refer to device operation IDs
for CTD_SBE9plus_321, and subdirectory folders in the MCS under
CTD_SBE9plus_321/exdata. A summary of the Ecosystem coordinated core variables are
summarized in Table 6.1.1 Ecosystem project-specific rate measurements are summarized in
Table 6.1.2. Additional project-specific variables collected during leg 1 are detailed in the
following sub-sections. The sampling of water column ecological properties in MOSAIC follows
protocols of international hydrographic programs, which routinely sample geochemical and
biological properties. The once per week sampling of the full complement of water column
properties is a joint effort between teams OCEAN, BGC, and ECO, thereby ensuring temporally
co-located measurements of the ocean.





In brief, discrete water column sampling from Polarstern on leg 1 occurred routinely from
Thursday to Saturday. We conducted 5 weeks of measurements using large gear deployed
from Polarstern. Please refer to the device operations IDs in Appendix x.x. for more specific
information. During the 3-day water column sampling period, we had a total of 11.5 hours of
wire time on Thursday, 7.5 hours of wire time on Friday, and 6 hours of wire time on Saturday.
Reduced wire time over a greater number of days than previously planned resulted in
reductions of throughput for certain parameters and/or measurements. At the time of writing,
Saturday sampling did not consume the full 6 hours of allotted wire time. Wire time will be
utilized as more project-specific work comes online throughout the campaign, including on Leg
2. Therefore, the wire time allotted is required to support the planned activities within the
Ecosystem work package.

A summary of the total number of unique samples and volume of seawater processed per cast
during leg 1 is summarized in Table 6.1.3. This summary includes volumes and samples
processed for both core variables and project-specific work.

While more than 80% of Ecosystem core variables were collected from the water column, there
are several outstanding variable and processes that we were unable to collect and/or process
from CTD casts. Primary production and bacterial production measurements were not
conducted during leg 1. The limitation was time of specific personnel to conduct the assays in
the radioisotope container. The second limitation was recurring issues with temperature control
within the radioisotope lab container (i.e. too warm). Primary and bacterial production
measurements were not limited by the water budget of the full depth cast. Additionally, DOM
solid phase extraction (SPE) procedures were not possible during leg 1. The laboratory setup
did not have all the necessary components to execute the assay, and we did not possess the
personnel time for processing. Setting up and running of the AUTO-FIM was also not possible
during leg 1. Onboard analysis of chlorophyll a and flow cytometry samples was also planned,
but not possible to execute during leg 1. We did not possess the personnel time and expertise
capacity to execute these onboard analyses within the weekly routine. Efforts to conduct these
measurements on leg 2 will be prioritized.

Tab.6.1.1: Ecosystem coordinated core variables.

Ecosystem | Environment | Method Location: Leg 1 Summary
Core s& Polarstern
Variables Resolution and coring
sites
Macronutrie | Water: 10 — 20 | SEAL AA3 | 1x per week; | Primarily collected from full
nts (nitrate, | depth horizons | Auto- additional water column depth casts
nitrite, Seaice: every | analyzer shallow on Thursdays (12-20
ammonium, | 5¢cm Onboard casts when | horizons per sampling
phosphate, Polarstern | time allows | event; from 4400 m to
silicic acid surface)
’ TN/TP
DON, DOP) (frozen
onshore
only)
Dissolved Water: 6 — 10 | Winkler 1x per week | Not collected because
Oxygen depth horizons | titration onboard Winkler titration
(DO) Sea ice: none system does not work
(sensor-
based)






Carbonate Water: 10 -16 | Coulometry | 1x per week | Primarily collected from full
chemistry depth horizons | & VINDTA water column depth casts
(TA, DIC) Sea ice: every on Thursdays (10-16
10 cm horizons per sampling
event; from 4400 m to
surface)
DOC/DOM Water: 6 - 10 | Solid phase | 1x per week | GF/F pre-filtered DOC
concentrati | depth horizons | extraction samples collected from full
on and Sea ice: 0-5 (onboard) depth cast; 0.2 micron PES
characteriza | 5.10, then ’ FT-ICR-MS pre-filtered DOC samples
tion; CDOM | every 10 cm collected from FYl and SYI
samples; DOM SPE not
conducted
Oceanic Water column | Optical - 1x per week | Activated on all CTD casts;
particle size | only; Sensor Underwater multiple profiles per week
spectra and | mounted on Vision from Thursday to Saturday
distribution | CTD-rosette Profiler
S; package (UVP):
Polarstern
rosette only
Sinking Single Depth In situ traps | HydroBios — | HydroBios Trap not
Particulate | horizon for C/N 1x month deployed; PIT traps not
carbon, HydroBios 6- | glemental PITs — 1x deployed; McLane trap
nitrogen cup trap, analyzer month leg 1; | deployed by SIO group
phosphorus | deployment | g/ ot | Ox leg 2, 2x | (refer to section 6.x for
, and duration 4-8 ometry month leg 3, | details)
biogenic weeks; 1x per week
silica (POC, | p|T traps Wet. legs 4-6
PON. POP de p ", alkaline 9
) ’ pth horizons
BSi) thd. method
Deployment
time 1-3 days
Chlorophyll | 6 depth Fluorometry | 1x per week | Collected, but unable to
a horizons; total | Onboard Daily process onboard during Leg
onto GF/F Polarstern 1; will attempt processing
filter on Leg 2 using bead-
1 horizon, beating method
size-
fractionated
Pigment 6 depth High 1x per week | Collected and stored;
Biomarkers | horizons; total | Performanc standard depths.
onto GF/F e Liquid
filter Chromatogr
aphy
(HPLC)
Prokaryotes | 8- 10 depth Flow 1x per week | FCM samples collected and
(Bacteria horiozons cytometry preserved; not run onboard
and 6 — 10 depth | (FCM) DNA and RNA samples
Archaea) horizons DNA/RNA collected from standard

sequencing

depths in upper 300 m and






Eco-Omics
suite

additional collections at 4
depths below 1000 m

Eukaryotic | 6 depth Flow 1x per week | FCM samples collected and
microbes horizons cytometry preserved; not run onboard
(protists) (FCM) DNA and RNA samples
DNA/RNA collected from standard
sequencing depths in upper 300 m and
Eco-Omics additional collections at 4
suite depths below 1000 m
Light
microscopy
Meiofauna / | Water: 6 Water 1x per week | Water column samples
Microzoopla | horizons sampling stored as light microscopy
nkton Ice: bottom 10 | DNA samples from 6 standard
cm section sequencing depth horizons in upper 200
only ROV Net m; Sea ice meiofauna
samples collected near
weekly from FYI and SYI
Meso/Macro | 5 horizons Multinet 1x per week | Refer to section 6.x for
zooplankton | pmultinet: Midi details
Fish (polar | [2000-1000- LOKI
cod) 500-200-50-0 | ROV Net
m]
Ring nets:
integrated O-
100m and O-
1000m
Primary Water: 6 depth | 14C- 1x per week | Not conducted during Leg 1
productivity | horizons bicarbonate
(NPP) Ice: 1 horizon, | tracer
Dark carbon | 2 ice types 24hr
fixation [bottom only] incubation
Net Seawater MIMS; Continuous | Continuous run throughout
community |intake ~10m | O2/Ar Leg 1
production | depth horizon | measureme
(NCP) nts
Bacterial Water: 10 3H-leucine | 1x per week | Not conducted
productivity | depth horizons | tracer
(BP) Ice: 4 horizons | 24 hr
incubation

Tab.6.1.2: Ecosystem project-specific proce

ss rate measurements.

Project-
specific rate
measureme
nts

Environment
s&

Resolution

Method

Location:
Polarstern
and coring
sites

Leg 1 Notes






rates/indice
(3

Nitrogen Water: 3 depth | 15N-Nxx 1x per week | Refer to section 6.x
assimilation | horizons tracer -
rates (alternating) nitrate,
measureme ammonium,
nts: N2, urea,
AAs
Community | Water: 6 depth | Optodes 1x per week | Refer to section 6.x
respiration | horizons (Presens);
Land D Ice: not 6-12 hr
incubations | conducted incubations
Respiration, | Water: tbd Grazing 1x per week | Refer to section 6.x
grazing, Ice: none rates, or 2x month
reproductiv reproductiv
e e indices

Tab.6.1.3: Summary of number of samples and seawater volumes processed per CTD-

rosette cast.

Date Cast depth (m) # samples Total volume of water
(L)
2019-11-08 1000 91 231
2019-11-09 500 37 172
2019-11-14 4400 117 189
2019-11-14 200 42 288
2019-11-15 500 25 178
2019-11-21 4400 137 153
2019-11-21 200 26 288
2019-11-22 500 36 161
2019-11-23 1000 23 158
2019-11-28 240 26 288
2019-11-28 4400 142 152
2019-11-29 500 47 173
2019-11-29 300 26 288
2019-11-30 1000 23 198
2019-12-05 300 26 288






2019-12-05 4400 124 148
2019-12-06 500 42 165
2019-12-06 1000 23 158
TOTAL: 1013 3676

Sea ice discrete sampling

The Central Floe Observatory within the direct vicinity of Polarstern is a light-polluted area.
Artificial light has strong effects on biological activities from single-celled organisms to fish.
Therefore, most ecological measurements from snow and sea ice were conducted in a dark
remote site located ~1.2 km from Polarstern. Upon initial surveying of the floe, we determined
that the only suitable FYI region of sufficient size and accessibility was a minimum of 1km from
Polarstern. In addition, we implemented precautions to prevent sampling within an artificially
light polluted area to reduce light impacts on the evolution of biological properties and
processes during the dark period. We used red-filtered light during our field collections and
sample handling to reduce the effect of white light on organisms and their physiologies during
polar night.

Within the dark remote region, to avoid disruption of nearby areas with repeat visits, each FYI
and SYI time-series coring site was flagged to be as large as possible, which for SYI was was
200 x 100 m, and 500 x 150 m for FYI. For each coring event, a small plot (5 x 5 m) at each
site was delineated and used to harvest the 25-30 cores. Within each 5 x 5 m plot, we
conducted near-weekly sampling of co-located physical, geochemical, and ecological
properties. Snow pit sampling occurred first upon arrival at each core plot. Following snow
sampling, the main coring activities for the suite of time-series properties coordinated by each
team commenced. This approach ensured that comprehensive information on snow and ice
properties were derived from the same coring site for a specific time point in the time-series.
Additionally, it allows us to link our measurements together across space and time. In addition
to these primary ice coring plots, we established 2-3 SYI clone sites within the near—field area
to support additional coring activities and to serve as backup sites should the primary SYI site
be compromised or loss. Diagrams of the FYIl and SYI sampling sites can be found in section
8.2 as Figures 8.2.x and 8.2.x.

Ecosystem coordinated variables collected from sea ice cores are summarized in Table 6.1.1.
Ice cores used for Ecosystem properties are sectioned from the top and bottom, with a zero
reference at the top. The bottom of the core is sectioned into 2 5cm sections, and then 10 cm
sections thereafter. From the top, sections of 10 cm length are sectioned. Working from both
ends, we create a variable length middle section in each of the cores. The variable length
section is positioned in the middle of the core. Individual sections are pooled across 4 or 3
cores into 2 sets of Eco cores to be processed for a suite of properties. This approach ignores
small spatial scale variability (cms) between cores, and averages properties over 1 — 2m of
horizontal space in a given coring plot.

Core sections are pooled to support the number of variables, which need to be derived from
each section. Onboard, 0.2 micron filtered surface seawater (FSW) was added to core sections
in Whirlpak bags. For every centimeter of ice, 50 ml of FSW was added. During leg 1, surface
seawater concentrations of nitrate were below 0.5 micromolar (see Figure 6.3.1), which was
significantly less nitrate than contained within the planned artificial saline solution stock to be
used for melting ice cores. Therefore, we determined that despite introductions of other





dissolved components from FSW, it was more important to limit the introduction of nitrate and
phosphate to melting cores over the melt period (40-48 hrs). The use of artificial saline solution
may be necessary for melting cores on following legs if we drift over waters with increased
surface concentrations of nitrate and phosphate. It is possible for us to regularly monitor sea
surface concentrations of macronutrients via onboard analyses of macronutrients.

The DIC core is processed differently. The DIC core is bagged in the field and processed
onboard into 10 cm sections from the top in the -15°C ice physics lab container. The 10 cm
sections are immediately placed within gas-tight bags and evacuated of ice using a small,
motorized pump. Processing of the DIC core in the ice physics lab container occurs under
white light. All core sections are melted onboard in the dark at room temperature (18 - 22°C)
until the last piece of ice disappears. The melting time varies, but on average was between 40
- 48 hours. Until processing, melted ice is held in the dark at 0°C in a lab container. All cores
and melted ice for ecosystem properties are processed in cold (0 — 4°C) and red light
conditions to reduce negative effects on organismal physiology. The number of samples
processed from sea ice for ecosystem properties is summarized in Table 6.1.4.

Tab.6.1.4: Summary of number of ecosystem coordinated samples collected from sea
ice per sampling event.

Date Number of samples | Number of nutrient | Totals
for Eco properties | samples
2019-10-28 104 36 140
2019-11-04 130 42 172
2019-11-11 168 44 212
2019-11-18 64 (FYI only) 20 84
2019-11-25 212 48 260
2019-12-02 202 48 250
2019-12-09 No sampling 0 0
conducted;

preparations for
transition between
Leg 1and 2

2019-12-16 No sampling 0 0
conducted; hand-
over procedures

Total 6 events 238 1118

Preliminary (expected) results

A majority of Ecosystem properties are physical samples, which require further processing at
shore-based laboratories. At present, physical samples are stored at respective temperature
until further analysis. Specific results per project can be found in the following sections.

Given the commencement of routine sampling on leg 1 of both the water column and sea ice,
we anticipate generating a number of data sets with temporal and spatial continuity during
MOSAIC. These properties should provide synoptic weekly and/or daily snapshots of the
physical and chemical environment, and provide insight into biological responses to these
conditions.





Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). All final data will be published in relevant public open access data
repositories. In general this is PANGAEA (World Data Center PANGAEA Data Publisher for
Earth & Environmental Science (www.pangaea.de)). If data is published in alternative data
repositories appropriate meta-data sharing and cross-linking will occur via the MOSAIC Central
Storage and with PANGAEA (World Data Center PANGAEA Data Publisher for Earth &
Environmental Science (www.pangaea.de)) according to the protocol agreed upon between
these two archives.

References
No references.

6.2 ECOSYSTEM SCIENCE: ZOOPLANKTON ECOLOGY AND
BIOLOGY

Objectives

1. Assess particle fluxes including optical imaging instruments, including a LISST,
UVP, and LOKI. Couple particle flux estimates derived from imaging tools to discrete
measurements of material fluxes generated from suspended POM and sediment
trap collections of sinking POM to identify processes which result in high flux events.

2. Measure the temporal evolution of organismal distributions in sea ice and the ocean.
Measure the spatial distribution of sympagic and planktonic biomass (e.g., ice algae,
phytoplankton, microbes, micro- and meso-zooplankton) and determine their
biodiversity.

3. Quantify biological rate processes that determine the inventories of elements and
compounds across different trophic levels. Organic matter remineralization,
microbial respiration, micro-zooplankton feeding and growth, and meso-zooplankton
feeding, respiration, growth, and reproduction will be measured.

4. Determine standing stocks and distributions of microorganisms and animals to
evaluate the physical-biological interactions that impact production, pelagic
retention and vertical export below the halocline.

5. Evaluate impact of behavioral (e.g. vertical depth preferences and diel or ontogenic
vertical migration) and life history (e.g. reproductive timing and overwintering
strategies) patterns on nutrient fluxes, organismal abundance, and biomass in the
ecosystem.

Work at sea
Zooplankton

Zooplankton work during leg 1 of MOSAIC started on October 28, with the first ice-coring event
at the dark site. From this day on, the bottom 10 cm of ice cores drilled in first-year and second-
year ice, respectively, were taken on a weekly basis, melted with the addition of filtered
seawater and filtered on a 10 ym sieve. The contents were then preserved in 4% formalin
(buffered with hexamethylenetetramine) to investigate the abundance and taxonomic
composition of meiofauna organisms living in brine channels in the sea ice.

The pelagic zooplankton community in the CAO was sampled using a variety of nets and
camera systems which were deployed through an ice hole on the starboard-side of Polarstern,
using the ship’s winch and crane (Figure 6.2.1). A submersible pump running inside the ice
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hole during the casts prevented slush formation at the sea surface. To keep the zooplankton
samples from freezing in the cold air, the cod ends of the nets were immediately pulled either
into a heated shelter (Figure 6.2.2) or in front of an electric heater standing next to the ice hole.
Here, the samples were transferred into beakers and carried back on board in an insulated
box.

Fig.6.2.2: Sampling the net catch in the heated shelter. Photo: Marcel Nicolaus (AWI)

Weekly routine sampling was performed on Thursdays, Fridays and Saturdays, starting on
November 7 and ending on December 7. Samples for analysing the large-scale distribution of
meso-, micro- and macrozooplankton were obtained with a Multinet Midi (5 nets, 150 ym mesh
size, 2000-1000-500-200-50-0 m water depth), a 60 cm ring net (53 ym, 200-0 m) and a 100
cm ring net (1000 uym, 1000-0 m), respectively (Table 6.2.1). All nets were operated at a speed
of 0.5 m sec™. The samples were preserved in 4% buffered formalin and will be analysed in





the home laboratories at AWI Bremerhaven. To investigate the small-scale distribution of
mesozooplankton in the upper 1000 m of the water column, the LOKI (Lightframe On-sight Key
species Investigation), an optical plankton recorder, was deployed on a weekly basis. The
LOKI was equipped with a 150 ym net and a high-resolution camera taking up to 19 pictures
sec'. The underwater computer unit of the LOKI system immediately detected zooplankton
organisms and particles in the pictures and saved clippings of these objects. In addition, a set
of sensors measured depth, water temperature, conductivity, oxygen and fluorescence, which
will allow us to relate the zooplankton distribution to the environmental conditions. A second
optical device, the UVP (Underwater Vision Profiler), was mounted to the AWI CTD Rosette.
During nine casts, including four deep casts to the sea floor (Table 6.2.1), the UVP took
pictures at a frequency of 20 Hz. In those pictures, objects >2px were automatically counted
and measured by the UVP system, while particles and organisms >80px were saved as
vignettes to be analysed taxonomically.

The under-ice zooplankton community was studied in cooperation with the ROV team of the
ICE group (see chapter 4). The ROV net consisted of a large 150 ym net bag and a small
phytoplankton/gypsum net (10 pm mesh size) (Figure 6.2.3). Plastic lamellas on top of the net
frame were used to scrape organisms off of the underside of the sea ice. Two ROVnet dive
operations were performed (Table 6.2.1). During the first dive operation (6-118), a 15 min dive
at 10 m depth was performed. Unfortunately, it turned out that the closing mechanism of the
ROVnet did not work under water, making it impossible to sample discrete features further
away from the ROV hole. During the second dive operation (10-113), we investigated
zooplankton abundances over a 24 h cycle to determine whether these organisms migrate
vertically even during the polar night. Every six hours, 15 min dives were performed at 0, 10
and 20 m water depth. All ROVnet samples were preserved in 4% buffered formalin for later
taxonomical analyses.

o -

Fig.6.2.3: (a) The ROVnet mounted to the ROV ,Beast”. (b) Sampling the ROVnet catch. Photos:
Marcel Nicolaus (AWI)

Samples for analyzing total mesozooplankton biomass were taken on three occasions with a
Multinet Midi (150 um, 2000-1000-500-200-50-0 m). The content of each of the five nets was
size-fractionated (>1000 pm, 1000-500 ym, <500 pm), filtered onto pre-weighted GFF filters
and frozen at -20°C. On one occasion, also size-fractionated community respiration was
measured. Zooplankton was incubated in glass bottles (0.5 to 2 L) for ~37 hours, while the
oxygen content was monitored with an oxygen optode.





To assess the biochemical state of the zooplankton organisms during the Arctic winter, we
performed additional net casts. 60 cm ring nets (150 um) were deployed to 200 m depth
(weekly) and from 2000-200 m depth (1x). Subsamples of the 200 m deep ring net catches
were immediately preserved in 96% ethanol to investigate gutDNA in Calanus spp. From the
remaining net samples as well as from the 1000 ym ring nets (see above), individual
zooplankton organisms were sorted in a cold container (4°C). Target species included
copepods (Calanus hyperboreus, C. glacialis, Paraeuchaeta spp., Metridia longa,
Spinocalanus magnus, Oncaea spp.), amphipods (Themisto libellula, T. abyssorum,
Cyclocaris guilelmi, Apherusa glacialis, Eusirus holmii, Lanceola clausi), euphausiids
(Thysanoessa longicaudata), decapods (Hymenodora glacialis), chaetognaths (Eukrohnia
hamata, Parasagitta elegans), ostracods and jelly fish (Atolla tenella, Botrynema ellinorae, B.
brucei, Sminthea arctica, Aglantha digitale, Aeginopsis laurentii, Solmundella bitentaculata,
ctenophores, siphonophores). For analysing trophic biomarkers (lipid class composition, fatty
acid composition, bulk stable isotope composition, compound-specific stable isotope
composition of fatty acids, highly branched isoprenoids), zooplankton organisms were
photographed with a stereo microscope camera and deep-frozen at -80°C in pre-combusted
glass vials. Organisms for determining CN and energy content were photographed and frozen
at -20°C. Jelly fish were sorted completely from the catches and photographed for the ARJEL
project of Charlotte Havermans. Part of the individuals were frozen in liquid nitrogen and
thereafter transferred to -80°C to study transcriptomics. The remaining jelly fish were frozen at
-80°C for abundance and biodiversity as well as for molecular diet and biomarker analyses. To
investigate digestive and metabolic enzyme activities in Calanus spp., individuals were deep-
frozen at -80°C. During the last sampling week of Leg 1, we also measured individual
respiration rates in C. hyperboreus and C. glacialis.

The Multinet Midi was used to obtain depth-stratified samples (2000-1000-500-200-50-0 m).
To test the hypothesis that Calanus spp. which undergo diapause during winter alter their
extracellular cation concentration and pH in order to regulate buoyancy at depth, the pH in the
hymolymph of C. hyperboreus from the different depth layers was measured with a NanoDrop,
using HPTS as a pH-sensitive fluorescent dye. A subsample of the hemolymph was frozen at
-20°C to measure the cation concentration.

Tab.6.2.1: Overview of net operations and zooplankton samples.
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6-86 LOKI 150 1000 0 X
6-87 RN100 1 150 200 0 X X X X
6-118 ROVnet 1 150 10 10 X X X X
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9-66 MNs 1 150 2000 1000 X X

9-66 MNs 2 150 1000 500 X X

9-66 MNs 3 150 500 200 X X

9-66 MNs 4 150 200 50 X X

9-66 MNs 5 150 50 0 X X

9-75 RN100 1 1000 1000 0

9-76 RN60 1 53 200 0 X

9-81 RN100 1 150 2000 200 X X X X X
10-42 RN100 1 150 200 0 X
10-43 RN60 1 53 200 0 X

10-49 MNs 1 150 2000 1000 | x

10-49 MNs 2 150 1000 500 | x

10-49 MNs 3 150 500 200 | x

10-49 MNs 4 150 200 50 X

10-49 MNs 5 150 50 0 X

10-61 LOKI 150 1000 0 X

10-62 RN100 1 1000 1000 0 X X X X
10-80 RN100 1 150 450 150 | x

10-82 RN100 1 150 200 0 X X
10-113 ROVnet 1 150 10 10 X X

10-113 ROVnet 2 150 0 0 X

10-113 ROVnet 3 150 10 10 X

10-113 ROVnet 4 150 0 0 X

10-113 ROVnet 5 150 20 20 X

10-113 ROVnet 6 150 10 10 X

10-113 ROVnet 7 150 0 0 X

10-113 ROVnet 8 150 20 20 X

10-113 ROVnet 9 150 10 10 X

10-113 ROVnet 10 150 0 0 X

10-113 ROVnet 11 150 20 20 X

Preliminary (expected) results

All samples will be analyzed at the home laboratories. A summary of the type of gear used to
collect different zooplankton size classes is shown in Table 6.2.2. An additional summary of
the number of individuals sorted from different types of zooplankton analyses is shown in Table
6.2.3.

Tab.6.2.2: Number of zooplankton samples per gear type.

Gear Mesh size and depths Number of samples
5 Multinet casts 150 pm, 5 nets, 2000-1000- | 22
500-200-50-0 m
5 Ringnet casts 53 um, 200m 5
4 Ringnet casts 1000 ym, 1000 m 3
1 Ringnet cast 150 um, 450-150 m 1
12 ROVnet casts 150 um; 0, 10,20 m 12
5 LOKI casts 150 ym, 1000 m ~ 70,000 pictures
10 UVP casts 4400 m, 1000 m, 500 m ~110,000 pictures






| 11 ice cores | bottom 10 cm, FYI+SY! | 11 |

Tab.6.2.3: Number of individuals sorted per analysis type. Individuals sorted from 8
ringnets 150 um, 3 ringnets 1000 um, 1 ROVnet 150 uym, 4 Multinets 150 pm.

Organism Type Number of individuals Analysis Type

Jellyfish 164 Taxonomy and DNA

35 samples, assorted 107 Energy content

1 sample, assorted Gut content

Zooplankton all 45 filters Biomass

Copepods 120 Enzymes

Copepods 48 samples Extracellular ion
concentration

Copepods 25 pHe

Assorted 543 Carbon and nitrogen

Fish 47 samples Histology

Assorted 342 Trophic biomarkers

Copepods 4 samples Gut DNA

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ))-
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6.3 ECOSYSTEM SCIENCE: NUTRIENT BIOGEOCHEMISTRY

Objectives

Produce an annual mass balance of the cycling of macro and micronutrients across the sea
ice-water interface. Characterize vertical fluxes of nutrients in combination with nutrient tracer
assays to understand carbon and nitrogen recycling pathways by microbes in sea ice and
seawater. We aim to measure the progressive concentration of nutrients, including iron, in sea
ice over the ice formation season.

Work at sea

Samples collected from sea ice, snow, brine and seawater during Leg 1 of the MOSAIC
expedition were analyzed onboard the R/V Polarstern over the course of ~3 months. Sample
analysis was accomplished using a 5-channel Seal AA3 autoanalyzer. The instrument
measured nitrate, phosphate, nitrite, silicate and ammonia across all five channels
simultaneously.

Preliminary (expected) results

In total, six CTD were realized using both the small portable winch at OC (1 cast) as well as
the Polarstern OZE rosette (5 casts). Approximately 150 unfiltered samples were analyzed
(Figure 6.3.1). An example of the results from the first leg are presented in Figure 8.x.x for
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nitrate and phosphate and are compared to results collected in this general area during PS94.
Results suggest that the data collected during leg 1 of the MOSAIC campaign are of sufficient
quality to suggest that the water column has not changed significantly during the past 4-5
years. A second set of seawater samples from these same CTD casts were also collected (and
immediately frozen) for total nitrogen (TN) and total phosphorus (TP) analysis. Analysis of
these samples will be performed at the Alfred Wegener Institute in Bremerhaven, Germany in
the coming months. A frozen sample for nutrient analysis will occur alongside the TN/TP
measurements to validate the results that were determined at sea.

Over 300 sea ice, 50 snow and 80 brine samples were collected during leg 1 of the MOSAIC
campaign. These samples were collected at both the first year (FY) and second year (SY) ice
sites that were jointly established by both the sea ICE and ECO teams in late September 2019
(Figure 6.3.2). These locations were visited 7 times during leg 1 and nutrient samples were
collected during each visit. Samples were collected in 5-cm intervals and were taken from the
subsection allocated for salinity and oxygen isotope analysis. Samples were set to thaw
immediately after returning from the field. The following morning, the samples were
immediately syringe filtered through 25 mm (0.2 micron) Advantec cellulose filters. Snow
samples from several horizons above the coring site were melted alongside the sea ice
subsections. Samples were analyzed the same day using the same protocol as was used for
the seawater samples. Opportunistic sampling for brine occurred during the Monday coring
exercise but also during trips to the site to assess travel conditions and if the site had
undergone significant fracturing or ridging during deformation events. Brine samples were
collected by drilling a series of sack holes approximately 1-2 meters apart to a depth of ~30-
50 cm and allowing the brine to accumulate in the hole for 15 to 20 minutes prior to drawing
the sample into a syringe through a piece of Tygon tubing. Brine samples were analyzed
alongside either the CTD or sea ice analytical runs as time and chemicals allowed.
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Fig.6.3.1: Seawater concentrations of nitrate and phosphate collected during Leg 1 of the MOSAIC
campaign and compared to the results of a deep CTD cast collected from PS94 from the same
general region of the Arctic Ocean. The y-axis is meters.
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Fig.6.3.2: Sea Ice concentrations of nitrate and phosphate collected during Leg 1 of the MOSAIC
campaign. The x- axis scale is set to match the oceanographic plots presented in Figure 8.x.x and the
y-axis is in centimeters.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ))-
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6.4 UNCOVERING THE SEASONALITY OF SYMPAGIC AND
PELAGIC MICROBIOMES AND THEIR METABOLIC FUNCTIONS
IN THE CENTRAL ARCTIC OCEAN WITH EMPHASIS ON
CARBON AND NITROGEN CYCLING

Pauline Snoeijs Leijonmalm?, Allison Fong?, L. 1SE.SU
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(not on board:) Sinhue Torres-Valdes?, A. 3SE.UU
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Grant-No. NT-2018-04685 (Swedish Research Council VR)
Grant-No. FR-2018/0010 (Swedish Research Council FORMAS)
Grant-No. Dnr-2019-153 (Swedish Polar Research Secretariat SPRS)

Objectives

The CN-Project complements existing knowledge on the global marine microbiome with data
from the Earth's least known large marine ecosystem, the permanently ice-covered Central
Arctic Ocean (CAOQO). This includes not only metagenomic mapping of the full collection of
genes in the microbial communities (archaea, bacteria, fungi, eukaryotes) living in the
sympagic and pelagic microhabitats of the CAO, but also exploring gene expression, both in
the field and during incubation experiments, and to relate the results to biogeochemical cycling
and modelling. The participants of the CN-Project will - in experimental incubations - measure
microbial C and N uptake by using stable isotope tracers in combination with single-cell
transcriptomics and metatranscriptomics. To be able to relate the experimental results to
natural conditions, we will - in collaboration with a large group of international scientists - reveal
the seasonal succession of microbial community composition (DNA - metagenomics) and
expressed metabolic functions (RNA - metatranscriptomics) in the field during a full seasonal
cycle, see the part of this chapter dealing with the MOSAIC ECO Core Programme.

Work at sea

During Leg 1 of MOSAIC, Pauline Snoeijs Leijonmalm and Allison Fong established the
practical routines for the CN-experiments. During the coming four legs, the experiments will be
carried out by Lena Eggers (Leg 2), Anders Torstensson (Leg 3), Allison Fong (Leg 4), and
John Paul Balmonte (Leg 5). We sample 140-150 L of seawater that, spiked with different
stable isotopes, is incubated at ca. 1 °C on board, both in light and dark conditions (Figure
6.4.1). We focus on two pelagic habitats (sampled from the large CTD), the chlorophyll
maximum in the surface layer (or, if absent, 20 m of depth) and the temperature maximum in
the Atlantic layer (or, if absent 300 m of depth), and one sympagic habitat, the immediate sub-
ice seawater (sampled from the ice with a hand pump). If no samples can be taken from any
of these habitats for safety or logistic reasons, the water for the experiment is taken from the
Polarstern seawater tap in Container F4 at the F-deck.





Experimental design CN-experiment
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Fig.6.4.1: Experimental design of the CN-experiment as performed during MOSAIC.

In the course of one experiment, 118 sub-samples are taken for single-cell genomics,
metatranscriptomics, mass spectrometry of stable isotopes, flow cytometry for cellular
abundance and composition, as well as for inorganic and organic nutrients (Table 6.4.1).
During MOSAIC Leg 1, eight full experiments were carried out (Table 6.4.2), as well as two
tests for comparing Advantec glass fiber filters (pore size 0.3 ym) with Whatman GF/F glass
fiber filters (pore size 0.7 ym) - the former filters are expected to retain more bacteria as a
result of their smaller pore size. Furthermore, one RNA degradation test was performed to
establish how much gene expression changes when seawater is kept in a dark container at 0
°C.

Tab.6.4.1: Overview of the 118 sub-samples taken during one CN-experiment

DAY 1 DAY 2
Working order|Sample type Total
t=0 REF N2 AMM AA UREA NIT
1 Single Cell genomics 3 6 9
2 MIMS 6 6
3 Nitrification 6 6
Make the Pajamas bottles
4 Flow cytometry 4 4 4 4 4 4 4 28
5 Sterivex filters RNA 2 2 2 2 2 2 2 14
Rest of each experimental bottle
6 Advantec filters ‘ 6 | 6 | 6 ‘ 6 | 6 6 | 6 ‘ 42
Samples taken from Carboy with the rest of the mixed water
7 Inorganic nutrients 3 3
8 Organic nutrients 6 6
9 Sterivex filter DNA 1 1

Samples taken from extra Carboy(s) = has not been in mixing tank

9 |5terivex filters DNA ‘ 3 | | ‘ | | ‘ :

Tab.6.4.2: Overview of the experiments performed during Leg 1





File Sampling . Sensor . Device Operation
no. Date time Device Path to MCS Web-ID Type of experiment D
Underway platforms/vessel/polarster
1 191107 14:30 | Water n/uws_ps/exdata/PS122- 3220 Filter comparison 1 | PS122/1_6-143
Sampling 1_6-143
platforms/vessel/polarster
2 191109 Al[j?]fr‘]d S;S'?'?fgg'r'gw nictd_sbe9plus 321/exdat| 3214 |CN-experiment1 | PS122/1_6-79
’ a/ PS122-1_6-79
platforms/vessel/polarster
3 191115 Al[j?]‘;‘]d gs'?éﬂf‘rgg‘)’(" nictd_ sbe9plus 321/exdat| 3214 |CN-experiment2 | PS122/1_7-80
’ a/PS122-1_7-80
Hand pump, | platforms/pack_icef/ice_ps
4 191119 10:00 |sub-ice /hand_pump/exdata/PS12 6181 CN-experiment 3 PS122/1_8-128
seawater 2-1_8-128
Hand pump, | platforms/pack_icel/ice_ps
5 191119 10:00 |sub-ice /hand_pump/exdata/PS12 6181 Filter comparison 2 | PS122/1_8-129
seawater 2-1_8-129
platforms/vessel/polarster
6 191122 ?frf]‘;]e S;S?'ggg”rﬁw nictd. sbedplus 321/exdat| 3214 |CN-experiment4 | PS122/1_8-71
’ a/PS122-1_8-71
Underway platforms/vessel/polarster
7 191124 14:.06 | Water n/uws_ps/exdata/PS122- 3220 RNA stability test PS122/1_8-130
Sampling 1_8-130
Underway platforms/vessel/polarster
8 191124 14:.06 | Water n/uws_ps/exdata/PS122- 3220 CN-experiment 5 PS122/1_8-131
Sampling 1_8-131
platforms/vessel/polarster
9 |191129 Al[j?]‘::’r‘]d gs'?éﬂﬁ:‘;‘)’(" nictd_sbedplus_321/exdat| 3214 |CN-experiment6 |PS122/1_9-67
’ a/PS122-1_9-67
Hand pump, | platforms/pack_icel/ice_ps
10 | 191202 14:00 |sub-ice /hand_pump/exdata/PS12 6181 CN-experiment 7 PS122/1_10-138
seawater 2-1_10-138
After CTD, shallow | platforms/vessel/polarster
11 | 191206 lunch cast, n/ctd_sbe9plus_321/exdat 3214 CN-experiment 8 PS122/1_20-60
Tempmax a/PS122/1-20-60

For the field samples of DNA and RNA, with many scientists involved in sampling, analyses
and bioinformatics, including all participants in the CN-Project, see the part of this chapter
dealing with the MOSAIC ECO Core Programme. The CN-Project sponsors a significant part
of the field sampling programme in the form of berths, consumables (Sterivex filters, GF/F
filters) and equipment (peristaltic pumps, etc.).

Preliminary (expected) results

We expect to uncover microbial processes that take place during the half-year long polar night.
In summer the focus is on processes related to the melting of sea ice which is increasing
dramatically in the CAO as a result of global warming, e.g. the expansion of brackish and fresh
water alters microbial community composition (Fernandez-Gémez et al. 2019). We particularly
target C and N metabolism in general, and will specifically test three specific hypotheses: (a)
that diazotrophy (biological Nq-fixation) is a significant source of new nitrogen to the
oligotrophic CAO marine ecosystem throughout the year, (b) that urea is an alternative
substrate for ammonium oxidation and chemoautotrophic CO: fixation in the CAO, especially
in winter and at low ammonium availability, and (3) that amino acids (AA) can be used as a
nutrient source by microbial communities.

Except for the analyses of inorganic nutrients, no samples were analyzed on board. All

samples from the experiments will be sent to Stockholm University and from there distributed
for analyses at other laboratories. The molecular and bioinformatics analyses will use the





resources of the Swedish National Genomics Infrastructure (NGI) and the ScilifeLab
Stockholm-Uppsala for the experiments. For the field samples, sequencing will take place at
JGI (DOE) as granted for the joint MOSAIC genomics application (Mock et al., 2019), see the
part of this chapter dealing with the MOSAIC ECO Core Programme.

Data management
The molecular data will be stored in specialized open international genomics databases.

All molecular data will be published in specialized open international genomics databases. All
other data will be published via PANGAEA (World Data Center PANGAEA Data Publisher for
Earth & Environmental Science (www.pangaea.de)). For data published data repositories other
than PANGAEA appropriate meta-data sharing and cross-linking will occur via the MOSAIC
Central Storage and with PANGAEA according to the protocol agreed upon between these two
archives.
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6.5 MEASUREMENTS OF SUSPENDED PARTICULATE MATTER
AND DYNAMICS
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(not on board:) Jianfeng He' 3DE.AWI
Objectives

The ultimate goal of this project is to estimate the export and sequestration of particles beneath
the sea ice and consequently impacts on the sensitive ecosystems over the central Arctic. It is
composed of three sub-objectives:

1. To obtain the novel characteristics of distribution, concentration of suspended
particulate matter by deploying LISST-Deep instrument (Laser In-Situ Scattering
and Transmissometry) profiles.

2. To address the sources and dynamics of particles by co-ordinately analyzing
particle components and comparing with other influencing oceanographic and
ecology parameters.

3. And to estimate the export and sequestration of particles beneath the sea ice and
interactions with the sensitive ecosystems by recording spatial and temporal
variations of particles as well as physical, chemical and biological processes in the
water column.

Work at sea
Deployment in Ocean City

The LISST-Deep instrument was deployed together with CTD by mounting it under the frame
of CTD rosette (Figure 6.5.1). LISST-Deep was placed horizontally to the bottom of the CTD
frame with a cross-shape (like letter “+”) and deployed simultaneously with the other sensors
with a profiling speed of 0.2 - 0.5 m s™'. Standard CTD measurements were obtained with a
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Sea-Bird Electronics 911plus CTD interfaced with a General Oceanics rosette with twelve 5-
litre Niskin bottles.

Fig.6.5.1: The configuration of LISST and CTD rosette before deployment

We set the LISST-Deep instrument operating mode as fixed sampling rate. That was the
instrument would continuously measure 10 times in around 0.34s and stored average value as
measurement results, then has 1 second sampling interval.

Particle volume concentration, and particle-size distribution measured by 32 ring-detectors (the
inner rings detecting the largest particles and the outer rings detecting the smallest),
corresponding to 32 classes in the range 1.5-250 ym, were determined with an autonomous
LISST-Deep, which also measured beam attenuation, ¢ at 670 nm-red, and pressure and
Temperature as well with integrated sensors.Sensors were factory calibrated prior to the
cruise. Optical windows were rinsed with MilliQ water and air-dried prior to each cast.

In this project, suspended particulate matter means the mass of total particles suspended in
the water column, including both lithogenic and biogenic materials. To compare with LISST-
derived particle size concentrations, water samples were collected from CTD and concentrated
by inverse filtration equipment with 100-mm filters (0.8-um pore size). Concentrated water
samples were fixed immediately by formalin solution in the laboratory onboard Polarstern.
These water samples will be detected with microscopy method to obtain the particle size
distributions and components.

In total, 10 LISST profiles were performed in Ocean City from 5-November to 11-December
range from 200-1000m during the MOSAIC Leg1 expedition (Figure. 6.5.2, Table 6.5.1).
Although limited in number, these are the first LISST profiles ever acquired over the central
Arctic Ocean beneath sea ice during autumn and winter.





Fig.6.5.2: Map of LISST profiling stations in the central Arctic Ocean. Watery-blue line indicates the
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Tab.6.5.1: The information of LISST profiling Stations

NO. Date Activity Latitude (°N) Longitude (°E)

1 2019/11/5 PS122/1_6-18 85.948 118.752

2 2019/11/10 PS122/1_6-123 85.823635 116.111647
3 2019/11/13 PS122/1_7-42 86.110892 117.973391
4 2019/11/19 PS122/1_8-17 85.793615 120.753999
5 2019/11/23 PS122/1_9-38 85.738189 120.435878
6 2019/11/27 PS122/1_8-98 86.158318 117.972393
7 2019/12/1 PS122/1_10-12 85.954781 113.177389
8 2019/12/4 PS122/1_10-34 86.105489 118.702339
9 2019/12/8 PS122/1_10-110 86.292892 121.285791
10 2019/12/11 PS122/1_11-25 86.575818 120.709984






Preliminary (expected) results

One year-round data of suspended particles are expected to be obtained by continuously
deploying LISST instrument during entire MOSAIC expedition. Spatial and temporal variations
of particles in different seasons as well as physical, chemical and biological processes in the
water column will be recorded and analyzed to estimate the sources and dynamics of
suspended particles as well as interactions with ecosystems over the central Arctic Ocean.

Figure 6.5.3 shows particle volume concentration of suspended particulate matter captured by
LISST. It was the first profile performed in Ocean City on November 5. Our observations
revealed that the total particle volume concentration exceed 2 ul/l during early phase of ice
forming season and most particles are collected at up layers with depth < 200m. The LISST
particle concentration distribution exhibits multimodal peaks in the ranges of 20-40, 60-80 and
140-180m. The total particle volume concentration of suspended particulate matter in most
deeper-layers (>200m) in the water column was less than 0.2 pl/l.

Figure 6.5.4 shows spatial and temporal variations of particle concentrations beneath sea ice
during MOSAIC leg1 expedition from November 5 to December 11. Through the image
reconstruction made by profiling and time series data, it is apparent that suspended particles
decreased sharply at sea ice forming season during November.

In order to validate the findings from this study, additional measurements and parameters
should be considered. Additional water samples and physical properties (e.g. temperature,
salinity, density and current) and biological activities (e.g. biomass and habits) will be analyzed
and coupled since they play significant roles in controlling the concentration and distribution
and dynamic transports of particles such as settling and suspension.
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Fig.6.5.3: Profile of total particle volume concentration distribution performed on 5-November
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Fig.6.5.4: Profiles of particles from beneath the ice floe during MOSAIC Leg1

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( )-
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6.6 ANNUAL CYCLE OF PARTICLE EXPORT FLUXES IN THE
CENTRAL ARCTIC OCEAN
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Objectives
The overall aim of the project is to evaluate the alteration of the biogeochemical cycles and
ecological systems in the changing Arctic by:

1. Collecting the year-long sinking particle flux from the bottom of sea ice to
investigate the seasonal export pattern of total organic carbon (TOC), total
nitrogen (TN), biomarkers (IP2s and phytosterols) and phytoplankton (diatoms) in
order to assess the carbon cycle in the central Arctic Ocean.

2. Recording spatial and temporal distribution of nitrate, which is deficient in the
Arctic Ocean (Yamamoto-Kawai et al., 2006), to estimate its impact on primary
production and the carbon cycle as well as to predict its changing trend and
corresponding ecological consequences in the warming Arctic.
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Work at sea
Deployment of the sediment trap.

The sediment trap was deployed at ~200 m water depths in the Dark Site on 25" October
2019. The ice tethered mooring system is composed of a McLane sediment trap with 21 cups,
a current meter and an ice buoy with the GPS device (Figure 6.6.1 and 6.6.2).

Fig.6.6.1: Schematic diagram of the configuration of the ice tethered sediment trap.





Fig.6.6.2: a) Ice buoy with GPS/Iridium; b) Aanderaa current meter; ¢c) McLane sediment trap

The particle samples are generally collected every 15 or 16 days (depending on the month)
except December, January and February (Table 6.6.1). The sampling cups were filled with
filtrated sea water and poisoned with HgCl, before deployment.

The GPS position information is transmitted over Iridium to the corresponding person on land
every 6 hours, ensuring the recovery of the ice tethered sediment trap when sea ice cracks or
melts.

Tab.6.6.1: Sampling setting of the sediment trap

Cup Starts Ends D(L::;Sn Cup Starts Ends D(L::;Sn
1 10/27/2019 11/15/2019 20 12  06/01/2020 06/15/2020 15
2 11/16/2019 11/30/2019 15 13 06/16/2020 06/31/2020 16
3 12/01/2019 12/31/2019 31 14  07/01/2020 07/15/2020 15
4 01/01/2020 01/31/2020 31 15  07/16/2020 07/31/2020 16
5 02/01/2020 02/29/2020 29 16  08/01/2020 08/15/2020 15
6 03/01/2020 03/15/2020 15 17  08/16/2020 08/31/2020 16
7 03/16/2020 03/31/2020 16 18 09/01/2020 09/15/2020 15
8 04/01/2020 04/15/2020 15 19  09/16/2020 09/30/2020 15
9 04/16/2020 04/30/2020 15 20  10/01/2020  10/15/2020 15
10 05/01/2020 05/15/2020 15 21 10/16/2020  10/31/2020 16
11 05/16/2020 05/31/2020 16

Submersible Ultraviolet Nitrate Analyzer (SUNA) Casts.

A SUNA has been attached to the CTD aboard R/V Polarstern (Figure 6.6.3). In total 8 casts
have been accomplished since November 2019, ranging from 300 m to 1000 m water depths.





Fig.6.6.3: SUNA attached to the CTD of R/V Polarstern

Preliminary (expected) results
Expected results of the sediment trap

After the recovery, TOC/TN and corresponding stable carbon isotopes, biomarkers (fatty acids,
IP2s, sterols etc.) as well as siliceous phytoplankton (diatoms, silicoflagellates etc.) from the
sinking particle samples of the entire year will be analysed.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( )-
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6.7 UNCOVERING THE LARGEST BLIND SPOT ON THE MAP OF
THE WORLD’S FISH STOCKS: MESOPELAGIC FISH AND THEIR
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Objectives

No scientific data exists for pelagic fish populations in the Central Arctic Ocean (CAO), i.e. the
deep basins outside the continental shelves. In the EFICA (European Fisheries Inventory in
the Central Arctic Ocean) project we target fish in the water column from the surface down to
ca. 800 m of depth. Our goal is to answer the following research questions: (1) Do pelagic fish
occur in the CAO?, (2) To which species and populations do they belong?, (3) What are their
numbers and biomass along the MOSAIC drift transect?, (4) What is their role in the CAO
pelagic food web?, (5) What are their migration patterns?, and (6) How are the existing
populations expected to change with further climate warming? Since the Polarstern is drifting
with the ice, MOSAIC offers the possibility to collect a unique acoustic data set with one year
of measurements targeting fish while crossing the CAO. Such data collection is impossible to
achieve when an ice-breaker is moving through the ice because of the noise. Normally, fish
studies combine acoustics with trawling, but trawling is impossible in an area covered by thick
sea ice. Therefore, we collect fish samples with fishing gear deployed from the ice as well as
through “citizen science” on board by fishing from the Polarstern’s moon pool. We also use a
deep-sea camera system for visual under-water observations and will mine the MOSAIC
genomic data sets for fish genes to answer the EFICA project’s research questions.

Work at sea
General

During Leg 1 of MOSAIC Pauline Snoeijs Leijonmalm, Anders Svenson and Nicole Hildebrandt
have established the practical routines and developed the detailed Standard Operation
Protocols (SOPs) that will be the standard for the EFICA project work during the rest of the
MOSAIC expedition. During the coming four legs, the work will be carried out by Giulia
Castellani (Leg 2), Serdar Sakinan (Leg 3), Hauke Flores (Leg 4), and Barbara Niehoff (Leg
5). Besides the direct EFICA work concerning fish, the participants of the EFICA project are
involved in collecting oceanographic data (salinity, temperature, nutrients, chlorophyll-a, etc.),
food-web data (zooplankton composition and abundance), and molecular data (eDNA). These
data are necessary for analyzing the fish data and interpreting the results.

Hydroacoustics

We turned on the EK80 and EK60 echo sounders of the Polarstern on 1 October 2019. The
installed frequencies on the EK80 were until 15 November 38 kHz (GPT, CW mode), 70 kHz
(WBT, FM mode), 120 kHz (WBT, FM mode), and 200 kHz (GPT, CW mode). The 70 kHz and
120 kHz frequencies were manually swopped between FM and CW mode every 24 hours. On
15-20 November the 120 kHz frequency was turned off because we discovered that it was
constantly disturbing the 38 and 70 kHz transducers. On the EK60, the 18 kHz transducer is
used for bottom detection at a low ping interval (Table 6.7.1), and since 20 November also the
120 kHz transducer is running on the EK60 (GPT, CW mode). After this change, we got
significantly higher-quality fish data. After the thorough assessment that we made in this
matter, the conclusion is that the 120 kHz transducer must remain on the EK60 during the rest
of the MOSAIC expedition. There is no reason to change this; zooplankton abundance data
we get from the 200 kHz transducer on the EK80 and the 120 kHz transducer on the EK60.

During Leg 1 of MOSAIC we had many problems with disturbances, especially from the
hydrosweep. We cannot use the Polarstern acoustic data for fish analyses if we synchronize





with the hydrosweep because we will use the single target tracking method for fish data
analysis. The pings from the hydrosweep cut through the tracks of the fishes and we cannot
follow the tracks so that we cannot quantify the fish. After the thorough assessment that we
made in this matter, the MOSAIC leadership decided that the hydrosweep will not be turned
on during MOSAIC anymore; the EFICA project is a part of MOSAIC and geological sea-bottom
studies are not.

New acoustic instruments will be installed during MOSAIC all the time. Until now, the two
ADCP’s (one on the ship and one on the ice) have been operating without disturbing our fish
data. The ship’s ADCP is running in stand-alone mode (not on the k-sync); running it via the
k-sync would render less ADCP data and destroy our measuring series, so this should never
be reprogrammed during MOSAIC. Especially when AZFP’s will be installed on the ice on the
following legs, care must be taken that they are far enough away from the ship to not disturb
the EFICA fish-acoustic data.

Tab.6.7.1: Synchronization (k-sync) of the ping intervals for the EK80 and EK60 of
Polarstern, as established during Leg 1. This cannot be changed, and no ionstruments
can be addedhere, for the rest of the MOSAIC expedition (it would damage our fish
data set; since we will use single target tracking, we would miss parts of fish). EK80 =
38, 70, 200 kHz; EK60 = 18, 120 kHz.

Sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | Total

Seconds 351 35| 35| 35| 35| 35| 35| 35| 35 35| 35 ) 35|35 | 35| 35 ] 65| 59

Instrument | EK80 | EK80 | EK80 | EK80 | EK80 | EK80 [ EK80 | EK80 | EK80 | EK80 | EK80 | EK80 | EK80 | EK80 | EK80 | EK60 [Only 2

Fish sampling

After the initial work at Leg 1, including testing methods of deployment (from one hole or two
holes in the ice; the latter with the help of an ROV) and different sampling gears (long lines
and nets), it is now established that fish samples for the MOSAIC time series will be collected
by standard fishing with long lines at least once per week (first day = deployment, second day
= retrieval + deployment, third day = retrieval). These standard long lines have 150 hooks of
three different sizes. This was decided after evaluating the different methods tested during
MOSAIC Leg 1, although based on very few successful fishing efforts with the chosen method.
Other methods can still be tested, but only after the basic standard fishing for the actual week
has been carried out, so that a basic time series throughout MOSAIC is secured. If the weather
does not allow working on the ice, the time will be spent on fishing with rods from the moon
pool.

Visual observations

The deep-sea camera system (FishCam) was deployed for the first time on 23 October 2019
at 375 m of depth at Met City. After two weeks, on 7 November the video stream stopped
working and some days later we were struck by a heavy storm. It took some weeks to get the
power back to Met City, but then the FishCam still showed the same failure. After many
technical and software tests, and in close contact with the manufacturer, we found that the
only possibility was to take up the FishCam, which happened on 7 December. Once on the
ship, several improvements were made on the camera hardware and after this the video
stream work again. One of the two fiber optic links was found to be broken and we repaired it,
but since the system has two links it is not fully certain that this was the problem. The FishCam
was re-deployed on 12 December, this time at 214 m of depth, and has been working fine
since then. The last video files for Leg 1 were downloaded before we left the Polarstern on 18
December.





Environmental DNA

During the last month of Leg 1, we used the large CTD rosette to take water samples for DNA
and RNA metagenomics analyses, see the part of this chapter dealing with the MOSAIC ECO
Core Program. Within the EFICA project, we will mine the large metagenomic data sets that
will be created by the MOSAIC Eco-omics group for fish and zooplankton genes.

Preliminary (expected) results

Altogether, ca. 3 TB of hydroacoustic data were collected during Leg 1 of MOSAIC (1 October
- 15 December). A scattering layer of living organisms was always observed in the Atlantic
water layer of the CAO, but with varying density and varying vertical distribution. The
organisms in the fish size range (>-45 dB) had extremely low densities, with generally only a
few organisms larger than 15 cm detected by the echo sounder every hour (Figure 6.7.1).
Since the fish abundance is so low, and we have two types of recurring disturbances that must
be corrected for manually, we will use single target tracking as our method for the acoustic
data analyses.

The first recurring disturbance is the release of the grey water from the Polarstern every second
day. Before the expedition it was announced that the grey water would be discharged once a
week, but in reality this is more often. The ship needs to get rid of large volumes of (cleaned)
fresh water every second day instead of every week. Before discharging this fresh water, salt
is added from the system producing fresh water from seawater so that the discharges would
sink. We see these discharges by density changes on the echo sounder at ca. 150 m of depth
(Figure 6.7.2). Since the water is cleaned and salted, this should not have any large effect on
the fish but it is a disturbance that will include a larger effort from us when analyzing the echo
sounder data because manual elaboration of the disturbance is necessary.

The second recurring disturbance is that of fishing rods being used from the moon pool - the
weights to lower the bait show up on the echo sounder - similar to a fish - and the data must
be removed manually. This is a trade-off between the acoustic data collection and the “citizen
science” part of the EFICA project. Fishing with rods disturbs the acoustic data, but without
fish samples we cannot interpret the acoustic data. During Leg 1 it was evident that it is
possible to catch fish via the moon pool.

The fishing activities from the ice during Leg 1 of MOSAIC started on 28 October 2019, after
the installation of the Central Observatory on the ice floe. In the period 28 October - 2
December we deployed seven long lines and three 6 x 40 m standard monitoring nets (with
sections of different mesh sizes). In total, we collected six fish during Leg 1, three with long
lines, one with the ROV, and two through citizen science (Table 6.7.2). This low number of fish
samples collected confirms the low fish abundance in the area as observed from the
hydroacoustic data. The data taken from each fish were total length, standard length, total
weight, evis, and weight, while samples were taken from stomach, hindgut, gonads, liver,
muscle tissue, otoliths, fin clip, for further analyses at home.
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Fig.6.7.1: A. Echogram from 85° 33N (1 hour) with a scattering layer of living organisms between 150
and 400 m cut off at -70 dB; most organisms are smaller than fish. B. The same echogram cut off at -
50 dB; the organisms still visible may be fish, and their abundance is very low. C. Disturbance from
the discharge of the grey water from the ship that happens every second day recorded at 70, 38 and
200 kHz. D. Disturbance from weights on a fishing rod in the moon pool at 38 kHz.

Tab.6.7.2: Overview of sampling efforts and fish samples taken during Leg 1 of
MOSAIC, including the results of “Citizen science” in the case a fish was caught.





Deployment date Retrieval date Sampling method Number of fish
2019-10-28 2019-10-29 Long line 2
2019-11-04 2019-11-05 Long line 1
2019-11-07 2019-11-08 Monitoring net 0
2019-11-11 2019-11-12 Long line 0
2019-11-18 2019-11-19 Long line 0
2019-11-19 2019-11-20 Long line 0
2019-11-24 2019-11-25 Monitoring net 0
2019-11-25 2019-11-26 Monitoring net 0
2019-12-01 2019-12-02 Long line 0
2019-12-02 2019-12-03 Long line 0
2019-12-07 Remote operated vehicle (ROV) 1
2019-10-31 Citizen science
2019-11-12 Citizen science

Total number of fish

Altogether, we collected 503 hours of video film in the three weeks the FishCam was
operational (Table 6.7.3). Subjective tests were made by manipulating the lengths of the light
and dark periods to find out if the light from the cameras would affect the organisms. The
number of observations did not seem to be affected of the length of the light and dark periods.
After this test period it was decided that during the rest of MOSAIC, the FishCam will record
55 minutes per hour with 5 minutes darkness in-between the recordings. This maximizes the
total observation time. The video films will be analyzed at home.

Tab.6.7.3: Overview of the video recordings taken within the EFICA project in the
periods 23 October - 7 November and 12 - 18 December 2019.

Number of video files Mlnut.es Idle Min/hour Total hours
recording
108 5 55 5 9
112 5 25 10 9
366 5 10 20 31
1070 15 15 30 268
204 55 5 55 187
1860 503

The Specific Contract SC03 between the European Commission and the EFICA Consortium
concerns participation in the MOSAIC field campaign and the delivery of metadata of the type
presented here. Concerning further elaboration of the collected data and samples, new
Specific Contracts within the Framework Contract will be signed in 2020 (hydroacoustics, fish
biology, population genetics, video analyses and bioinformatics). This work will be carried out
at different partner institutes of the EFICA Consortium.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ))-

References
No references.



http://www.pangaea.de/



6.8 EVALUATION OF ICE NUCLEATING PARTICLES AND THEIR
SOURCES IN THE CENTRAL ARCTIC DURING MOSAIC

Jessie Creamean’ 1EDU.CSU
(not on board:) Paul DeMott!, Thomas Hill*

Background

The accelerated rate of warming in the Arctic is of great concern due to potential impacts that
include release of greenhouse gases from permafrost, melting glacial ice contributing to sea
level rise, and declining sea ice cover exposing the darker ocean surface. These processes
induce positive feedbacks and contribute to further warming that affects climate globally.
Clouds play a crucial role in regulating the energy reaching the sea ice and snow surfaces, but
the magnitude of their effects on surface temperature is not well constrained in the Arctic.
Aerosols are also an important contributor by serving as seeds for cloud particle formation, but
even less is known about their overall impact and origin.

In particular, aerosols that serve as ice nucleating particles (INPs) are vastly understudied,
especially above the central Arctic Ocean. Biological particles such as bacteria and
components of soil organic matter are known to serve as the most efficient of INPs found in
nature, facilitating cloud ice formation = -5 °C. However, limited knowledge of the
concentrations and sources of INPs in the central Arctic exists due to a dearth of
measurements. In particular, previous studies in the central Arctic are limited to summertime
measurements of INPs, and only speculate as to the sources. Marine biological productivity in
the central Arctic has been shown to proliferate under certain environmental regimes (e.g.,
phytoplankton blooms in melt ponds, under-ice, and leads), but their contributions to airborne
INPs are poorly understood

INPs have significant impacts on climate through cloud formation and modification of cloud
particle properties, precipitation, and resulting surface radiation reaching the Arctic sea ice
surface. INPs likely play a significant role in Arctic mixed-phase cloud (AMPC) microphysics
and the resulting impacts of such clouds on the surface energy budget. To date, a full year’s
worth of INP measurements have not been conducted anywhere in the Arctic and no INP data
exist from the central Arctic in the winter or spring, creating a significant gap in understanding
AMPC microphysical processes. MOSAIC will provide the unique opportunity to execute these
novel INP measurements.

Objectives

The overarching goal of this project is to achieve unprecedented characterization of INP
abundance and sources (including biological) to evaluate their capacity to modulate cloud ice
formation over the central Arctic. Specifically, the work is organized under three main
objectives:

o Objective 1: Process size-resolved and total aerosol samples collected during
MOSAIC for quantitative INP measurements and aerosol microbiological
characterization to produce a high-quality dataset to be made available to the
scientific community.

o Obijective 2: Coordinate collection of seawater, surface microlayer (SML), snow, and
sea ice samples for assessment of local INP sources to leverage complimentary
aerosol INP measurements.

o Objective 3: Address a set of targeted scientific research questions based on current
gaps in the understanding of INPs in the central Arctic:

a. How do seasonal changes in sea ice and air mass transport influence INP
abundance and sources in the central Arctic?





b. Are marine and sea ice biological processes a significant source of
atmospheric INPs as compared to terrestrial sources?

c. Are open water environments such as leads and melt ponds viable sources of
INPs over the sea ice and do such environments exchange INPs with the
atmosphere?

Work at sea

The aerosol sampling activities during Leg 1 involved deployment of: 1) a size-resolved DRUM
(DRUMAIr™) and 2) two disposable sterile filter units (Nalgene™) per 72-hour sampling
period, both for continuous collection of time-resolved aerosol samples during MOSAIC. These
samplers were integrated into and outside of the second ARM Mobile Facility (AMF2) container
and maintained by ARM site technicians. The DRUM collects aerosol particles at four size
ranges (i.e., from 0.15 to > 12 ym in diameter with size cuts at 2.96, 1.21, and 0.34 ym). This
size range covers a wide array of aerosols—particularly those that serve as INPs. Aerosols
were impacted on clean perfluoroalkoxy substrate strips coated with petrolatum, a material
tested by Pl Creamean containing very few artifacts that interfere with INP analysis. The
substrate strips were adhered to discs in each size chamber that rotate slowly over time,
developing a “smear” of aerosol loading. After 24 hours, the discs rotated an additional 2 mm
quickly, leaving a blank spot in between each daily sample. The DRUM continuously collected
24-hour samples for approximately 25 days without changing the substrates. The two filter
units for multi-day integration of aerosols were comprised of a vacuum pump pulling air through
polycarbonate filters (0.2 and 0.4 pm) fitted within sterile filter units covered by precipitation
shields.

A portable aerosols sampler, called “C3PQO”, was deployed for approximately 4 days near a
crack that opened in Met City during the beginning of Leg 1. C3PO is a robust, on-ice portable
aerosol sampler in which the purpose is to collect aerosols for INP evaluation directly near
open water sources. C3PO contains a miniaturized filter sampler (called the time-resolved
aerosol particle sampler or TRAPS) that collected 6-hourly integrated total aerosol samples
during Leg 1 and a handheld optical particle counter (OPC) that measured coarse particle size
distributions in real-time. Both instruments were powered by a 12-V car battery and can
operate continuously for up to 2 days.

Additional sampling activities included collection of seawater, sea ice, and snow to assess the
local sources of INPs (i.e., called “source” samples) in sterilized Corning® centrifuge tubes.
Specifically, seawater sampling entailed collection of a daily underway water sample, 10 depth
horizon water samples from the weekly CTD deep cast (Thursdays), and 4 depth horizon water
samples from a weekly experimental CTD shallow cast (Fridays). Seawater was also collected
periodically from leads within the Central Observatory (CO) and near the dark site, at times
collocated with C3PO, and from ice core holes each week at the first and second year coring
sites. Sea ice melt water samples were collected from the core ECO ice core segments from
pool A at approximately every other horizon. Fresh sea ice was also collected periodically from
leads within the CO. Snow samples were collected during weekly snow pit sampling activities,
at the coring sites each week, and during the C3PO deployment at Met City.

All samples collected during Leg 1 were stored frozen at —20 °C on Polarstern and transferred
frozen to Colorado State University (CSU) where they will be stored frozen until analysis.

Preliminary results

Preliminary INP data are not available because all sample processing will be conducted offline
at CSU. However, real-time data were obtained during the C3PO deployment and are shown
Figure 6.8.1.
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Fig.6.8.1: Preliminary data from the deployment of C3PO at Met City from 19 — 21 Oct 2019 (left) and
21— 23 Oct 2019 (right). Data include the total volume of air that passed through each TRAPS filter
sample (grey dashed line) and OPC particle concentrations at various size ranges of aerosol (colored
dots), including total (0.3 — 17 um in diameter), submicron (0.3 — 1 um in diameter), fine (0.3 — 2.5 um
in diameter), and coarse (2.5 — 17 um in diameter) size ranges.

The following Table 6.8.1 summarizes the types, frequency, and total number of each type of
sample collected for INP (and DNA for the second filter unit) analyses during Leg 1 (starting
23 Oct 2019):

Tab.6.8.1: Types, frequency, and total number of each type of sample collected for
INP.

Sample type Frequency Bl @)
samples
DRUM aerosol 24-hour 53
Filter unit aerosol 72-hour 34
Underway seawater daily 46
CTD seawater (10 horizons nearest surface) weekly 64
Lead seawater episodic 7
Coring site seawater (first and second year sites) weekly 8
Ice core weekly 53
Fresh sea ice from lead episodic 5
Snow pit (top, middle, bottom) weekly 19
Snow near lead episodic 4
Coring site snow (first and second year sites) weekly 4
TOTAL: 297

In the upcoming months, samples will be subject to processing for INPs using two established
immersion freezing ice nucleation techniques—the CSU drop freezing cold plate (DFCP) and
CSU ice spectrometer (IS). A subset of the DRUM samples will be processed for time- and
size-resolved INPs using the DFCP to manifest a semi-continuous time series of INPs during
the annual cycle. One of the filter units will be processed for offline immersion INPs using the
IS and one for DNA sequencing (i.e., amplification of select regions of the 16S and 18S genes)
to assess the total INP time series and presence of possible biological ice nucleators. A further
subset of samples from the first filter unit will be subject to heat and peroxide treatments to
afford information on proteinaceous and organic INPs, respectively. A subset of the source
samples will be processed using the immersion INP techniques for case studies during
interesting events (e.g., when supporting measurements indicate convective aerosol





generation from melt ponds or leads, during episodes of high concentrations of INPs in the air,
or when the offline biological characterization of the samples from the core ECO program
indicate interesting events such as algal blooms).

Data management

Per the requirements of the agencies which have funded this project through two separate but
related grants—the U.S. Department of Energy (DOE) Atmospheric Radiation Measurement
(ARM) and Atmospheric Systems Research (ASR) programs—data will be made publically
available on the DOE ARM data archive within 6 months of the end of the field deployment
(i.e., data will be made publically available during spring 2021). DOlIs will be communicated to
PANGAEA for later access via the future MOSAIC Data Portal, according to the protocol
agreed upon between these two archives. All data are further handled, documented, archived
and published following the MOSAIC data policy.
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6.9 QUANTIFYING MICROBIAL CONTROLS ON THE ANNUAL
CYCLE OF METHANE AND OXYGEN WITHIN THE
ULTRAOLIGOTROPHIC CENTRAL ARCTIC (JOINT WITH BGC)

Jessie Creamean’ 'EDU.CSU
(not on board:) Brice Loose?, Jeff 2EDU.URI
Bowman?3 SEDU.UCSD

Background and objectives

The overarching goal of this project is to undertake a comprehensive, mechanistic evaluation
of oxygen and methane production, consumption, and transport in the central Arctic across the
annual cycle. We will measure the rates of net community production (NCP), methane
oxidation and production, bacterial respiration (BR) and bacterial production (BP) in the central
Arctic from the air-ice interface through the photic zone. These measurements will be used to
functionally constrain metabolic processes in two regional models of the Arctic and to produce
model-based budgets of methane and net community production for the central Arctic. Through
this effort we will better anticipate future change to the high Arctic marine ecosystem, and
better understand the role of these processes in the current climate system. The proposed
work will directly inform Questions 4 and 5 above of the MOSAIC Science Plan. To carry out
these studies we will complete the following objectives:

o Make bi-weekly discrete profiles of seawater CH4, CO2 concentration, and stable
isotope ratios using Cavity Ring Down Spectrometry (CRDS)

o Conduct continuous and bi-weekly sampling for microbial community structure
(16S/18S rRNA gene analysis)

o Make discrete bi-weekly profiles of these same variables within sea ice cores

o Conduct bi-weekly measurements of BP and BR (bacterial and phytoplankton
abundance and PP will be provided for these same samples by other ECO core
measurements)

o Experimentally determine methane oxidation (MO) and methane production (MP),

and evaluate the microbial community structure, gene expression, and oxidation
potential using elevated methane in select incubations





o Identify patterns of expression for genes involved in methanotrophy, and use
metatranscriptomics to identify genes differentially expressed under high methane
conditions

o Through modeling, identify the microbial taxa and physicochemical conditions that
best predict the key ecosystem functions of methane production, methane oxidation,
BR, CR, BP, NCP, nitrification, and DMS production

Work at sea

The following Table 6.9.1 summarizes the samples collected during Leg 1 (starting 23 Oct
2019):

Tab.6.9.1: Sample collection

Sample type Frequency Purpose UEElEef
samples

Underway seawater daily DNA filtration 46
CTD seawater at 6 horizons _
(PSW, chimax, 100 m, 150 m, Tmax, and 500 m) weekly | DNAfiltration 3
CTD seawater at 3 horizons (PSW, 150 m, Tmax) weekly RNA filtration 15
CTD seawater at 6 horizons .
(PSW, chimax, 100 m, 150 m, Tmax, and 500 m) weekly | ambient CH 34
CTD seawater at 3 horizons CH4

, weekly . . 32
(duplicates from PSW, 150 m, and Tmax) incubations
CTD seawater at 3 horizons weekly respiration 45
(triplicates from PSW, 100 m, and 150m) (DO)
Ice core (bottom 10 cm at FYI site) weekly ambient CHa 3
Ice core (bottom 10 cm at FYI site) weekly DNA filtration 3
TOTAL: 213

*PSW = Polar surface water

DNA and RNA filtration entailed filtering 1 L of seawater from either the underway system or
CTD rosette and approximately 500 — 600 mL of sea ice melt from a bottom 10-cm ice core
segment collected at the first year ice (FYI) coring site. Samples were stored at —-80 °C
(analysis was not conducted on board).

Ambient CHs and CH. incubation experiment samples were analyzed using a Picarro CRDS.
Such samples were collected in gas-tight bags and included addition of 100 mL of Zero Air
headspace (and 12 mL of a methane standard 1005 for the incubation sample duplicates only).
Samples were stored in a water bath at 1 °C until analysis. Analysis involved 2 or 10 mL
sampled headspace for incubation and ambient samples, respectively, drawing into a discrete
sample isotope module coupled with the Picarro. Samples were run in duplicate and
sometimes triplicate to achieve 5% or less uncertainty in '2CH. concentrations between the
separate measurements. CHsincubations were carried out on a weekly to bi-weekly basis. The
following Table 6.9.2 lists the number and dates (yy-mm-dd) of methane incubation samples
collected. Dates shown in grey represent future planned dates for analysis.

Tab.6.9.2: Methane incubation samples.





Net

Collection

wc:;g;ht - t=1 date t=2 date t=3 date t=4 date t=5 date Notes
021 | 813.54 | 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 1 260 |[19-11-03] 19-11-10 | 19-11-16 | 19-11-24 | 19-12-01 | 19-12-13
022 | 805.55( 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 1 260 |19-11-03| 19-11-10 | 19-11-16 | 19-11-24 | 19-12-01 | 19-12-13
023 | 798.07 | 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 3 160 |19-11-03| 19-11-10 | 19-11-16 [ 19-11-24 | 19-12-01 | 19-12-13
024 | 792.23 | 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 3 160 [19-11-03( 19-11-10 | 19-11-16 | 19-11-24 | 19-12-01 | 19-12-13
025 | 811.37 | 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 6 20 |19-11-03]19-11-10 | 19-11-16 | 19-11-24 [ 19-12-01 | 19-12-13
026 | 804.44| 19-11-02 | PS122/1_5-59 CTD_SBE9plus_935 6 20 |19-11-03 19-11-10 | 19-11-16 | 19-11-24 [ 19-12-01 | 19-12-13
027 | 815.03 | 19-11-09 | PS122/1_6-79CTD_SBE9plus_321 15 320 |19-11-10| 19-11-17 | 19-11-23 | 19-12-07
028 -— — — -— -— — — — - - -— leak in bag
029 -— — - -— -— — — - - - -— leak in bag
030 | 803.87 | 19-11-09 | PS122/1_6-79CTD_SBE9plus_321 17 150 [19-11-10( 19-11-17 | 19-11-23 | 19-12-07
031 | 805.84  19-11-09 | PS122/1_6-79CTD_SBE9plus_321 21 40 (19-11-10] 19-11-17 | 19-11-23 | 19-12-07
032 | 812.04 ( 19-11-09 | PS122/1_6-79CTD_SBE9plus_321 21 40 |19-11-10| 19-11-17 | 19-11-23 | 19-12-07
033 - - - - - - - -— - - - leak in bag
034 | 855.88 | 19-11-15 | PS122/1_7-80CTD_SBE9plus_321 4 240 |19-11-16] 19-11-23 | 19-11-30 | 19-12-13
035 | 780.16 | 19-11-15 | PS122/1_7-80CTD_SBE9plus_321 6 150 [19-11-16( 19-11-23 [ 19-11-30 | 19-12-13
036 | 791.68| 19-11-15 | PS122/1_7-80CTD_SBE9plus_321 6 150 |19-11-16| 19-11-23 | 19-11-30 | 19-12-13
037 | 807.59 | 19-11-15 | PS122/1_7-80CTD_SBE9plus_321 23 2 |19-11-16]| 19-11-23 | 19-11-30 | 19-12-13
038 | 833.80 | 19-11-15 | PS122/1_7-80CTD_SBE9plus_321 23 2 |19-11-16]| 19-11-23 | 19-11-30 | 19-12-13
039 | 837.57 | 19-11-22 | PS122/1_8-71CTD_SBE9plus_321 4 330 |19-11-23 | 19-12-07
040 - - - - - - - - - - - leak in bag
041 1818.76 | 19-11-22 | PS122/1_8-71CTD_SBE9plus_321 18 150 [19-11-23( 19-12-07
042 | 797.99  19-11-22 | PS122/1_8-71CTD_SBE9plus_321 18 150 |19-11-23| 19-12-07
043 | 846.55 | 19-11-22 | PS122/1_8-71CTD_SBE9plus_321 23 10 |19-11-23| 19-12-07
044 | 799.63 | 19-11-22 | PS122/1_8-71CTD_SBE9plus_321 23 10 |19-11-23| 19-12-07
045 | 770.49 [ 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 3 320 |19-11-30 19-12-13
046 | 780.78 [ 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 3 320 |19-11-30( 19-12-13
047 | 748.29 | 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 6 150 [19-11-30 19-12-13
048 | 781.83 | 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 6 150 [19-11-30 19-12-13
049 [ 749.10| 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 23 5 19-11-30| 19-12-13
050 | 775.14 | 19-11-29 | PS122/1_9-61CTD_SBE9plus_321 23 5 |19-11-30| 19-12-13
051 | 806.31| 19-12-06 | PS122/1_10-60CTD_SBE9plus_321| 4 350 |19-12-07
052 (829.16 | 19-12-06 | PS122/1_10-60CTD_SBE9plus_321| 4 350 |19-12-07
053 | 788.80 [ 19-12-06 | PS122/1_10-60CTD_SBE9plus_321 18 150 [19-12-07
054 | 832.15| 19-12-06 | PS122/1_10-60CTD_SBE9plus_321| 18 150 [19-12-07
055 [799.32| 19-12-06 | PS122/1_10-60CTD_SBE9plus_321| 23 10 |19-12-07
056 | 819.12 | 19-12-06 | PS122/1_10-60CTD_SBE9plus_321| 23 10 |19-12-07

Bottles containing seawater from the CTD rosette were stored in the dark at 1 °C immediately
after collection. Respiration measurements were executed using a handheld FireString GO
dissolved oxygen (DO) sensor within 2 hours of collection (i.e., t0). Thereafter, DO
measurements were conducted the following day from t0 (i.e., t1) and then every other day
until reaching t5 — t6.

Preliminary results

Preliminary data include CH4 and CO isotopic concentrations from the ambient and incubation
samples from the CTD and ice core samples, and dissolved oxygen concentrations from the






CTD samples specified in the sample table above. Indications of methane oxidation and
respiration were observed from some of the sample subsets. Results and metadata from such
measurements are provided on the MCS. All methane incubation bags were preserved for
further incubation experimentation during subsequent legs.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Exceptions will to be documented in written agreements between the data
provider and the MOSAIC Project Board and data manager.

Data are stored on the MCS and will be stored at the PANGAEA data repository (World Data
Center PANGAEA Data Publisher for Earth & Environmental Science (www.pangaea.de))
and/or on arcticdata.io according to the protocol agreed upon between these two archives and
in accordance with the data policies of the NSF Office of Polar Programs.
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A comprehensive summary of the bio-geochemical measurements during all 5 cruise legs will
be published in the Special Feature: The Multidisciplinary Drifting Observatory for the Study of
Arctic Climate (MOSAIC) of the scientific journal Elementa: Science of the Anthropocene (
https://online.ucpress.edu/elementa/collection/269/Special-Feature-The-Multidisciplinary-

Drifting)

Objectives

We plan a year-round process-level observation of climate relevant trace gases (CRTG) during
the drift. The coupling of ice and snow physics on one side with the ecosystem on the other
side includes numerous biogeochemical reactions during freezing and melting cycles of sea
ice. This results in CRTG exchange with both the overlying atmospheric boundary layer and
the underlying ocean down to the halocline. Quantifying seasonally varying fluxes is essential
for future improvements of climate models. The understanding of the processes behind the
observed CRTG fluxes requires a detailed knowledge of biochemistry, sea ice growth, and
movement. The collected data links to most of the measurements in the atmosphere, snow,
sea ice, ocean, and ecosystem domains.

Work at sea

We have measured dissolved gases (halocarbons, VHOC, CH4 and 8'3C-CH,) in discrete
samples of sea ice, snow, sea water, and brine. In addition, CH4, 8"C-CH4, CO. and
halocarbons have been measured continuously in the atmosphere and surface water. Samples
for stable water (H20) isotopes (5'80/3D), Be, nutrients, Nd isotopes and I-were also collected
(Table 7.1-7.3). In total, 154 ice cores were collected and 90 snow samples (Table 7.1, 7.2).
Furthermore, water was collected weekly from the rosette samplers at Ocean City and
Polarstern (Table 7.3). The measurements of halocarbons, CHsand 8'3C-CH., were performed
on board and the other parameters will be analyzed at a later stage. Refer the Expedition
Program for principal investigators and their scientific objective.

The atmospheric concentrations of BrO and IO were measured with a MAX DOAS from the
start (exit of Russian EEZ) to the point of too low solar radiation.

The sites that were sampled for sea ice and snow are indicated in Figure X. Newly frozen
seawater was sampled at BGC1 and at the first-year ice site in the dark sector (FYl Monday
coring — cross-cutting theme). Second-year ice was sampled at BGC2, BGC3 and at the
second-year site in the dark sector (SYI Monday coring — cross-cutting theme). Rafted ice was
recovered at the second-year ice site, as well as at BGC2, BGC3, and in the logistics area.
Site BGC2 was highly heterogeneous and also featured a refreezing freshwater pocket in a
low relief area.
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Tab.7.1: Ice coring events with sampled parameters

613C-
date dship stat.nr. Position VHOC CH, 80 CH, Be N.O
09.10.2019 PS122/1_2-95 lead X X X
10.10.2019 PS122/1_2-108 lead X X X
11.10.2109 PS122/1_2-109 lead X X X
14.10.2019 PS122/1_2 132 survey X X X
15.10.2019 PS122/1_2-134 lead X X X
18.10.2019 PS122-1_2-154 survey X
23.10.2019 PS122-1_2-203 survey X X X
24.10.2019 PS122-1_4-29 BGC_1 X X X
28.10.2019 PS122-1_5-3 FYI_mc X X X
28.10.2019 PS122-1_5-78 SYI_mc X X X X
28.10.2019 PS122-1_5-81 RAFT X X X X
30.10.2019 PS122-1_5-24 BGC_1 X X X
02.11.2019 PS122/1_5-68 BGC_2 X X X
04.11.2019 PS122-1_6-34 FYI_mc X X X
04.11.2019 PS122-1_6-36 SYI_mc X X X
04.11.2019 PS122-1_6-10 RAFT X X X
06.11.2019 PS122-1_6_59 BGC_3 X X X
07.11.2019 PS122-1_6_61 BGC_1 X X X
10.11 2109 PS122/1_6-135 BGC_2 X X X
11.11.2019 PS122/1_7-6 FYI_mc X X X
11.11.2019 PS122/1_7-9 SYI_mc X X X
11.11.2019 PS122/1_7-112 RAFT
13.11.2019 PS122/1_7-52 BGC_3 X X
14.11.2019 PS122/1_7-78 BGC_1 X X X
15.11.2019 PS122/1_7-94 BGC_2
16.11.2019 PS122/1_7-97 FYI_mc
18.11.2019 PS122/1_8-2 FYI_mc X X X
19.11.2019 PS122/1_8-22 BGC_1 X
19.11.2019 PS122/1_8-22 BGC_1 X X X
20.11.2019 PS122/1_8-37 BGC_2 X X X
20.11.2019 PS122/1_8-74 BGC_2 FW X X X
23.11.2019 PS122/1_8-111 BGC_2 FW X X X X
25.11.2019 PS122/1_9-6 FYI_mc X X X X
25.11.2019 PS122/1_9-11 SYI_mc X X X
25.11.2019 PS122/1_9-30 RAFT X X X
27.11.2019 PS122/1_9-40 BGC_1 X X X
28.11.2019 PS122/1_9-63 BGC_2 X X X
30.11.2019 PS122/1_9-97 BGC_2 X X X
02.12.2019 PS122/1_10-16 SYI_mc X X X
02.12.2019 PS122/1_10-19 FYI_mc X X X
04.12.2019 PS122/1_10-39 BGC_1 X X X
06.12.2019 PS122/1_10-69 BGC_3 X X X
10.12.2019 PS122/1_11-11 BGC_1

Tab 7.2: Snow sampling events with sampled parameters





613C-

date dship stat.nr. Position VHOC CH; '®O Be CH,
24.10.2019 PS122/1_4-44 BGC 1 X X
28.10.2019 PS122/1_5-92 FYI_mc X

28.10.2019 PS122/1_5-93 SYI_mc X

30.10.2019 PS122/1_5-94 BGC 1 X

30.10.2019 PS122/1_5-5 X

31.10.2019 PS122/1_5-90 BGC 1 X
02.11.2019 PS122/1_5-95 BGC 2 X X

02.11.2019 PS122/1_5-91 BGC 2 X
04.11.2019 PS122/1_6-138 FYI_mc

04.11.2019 PS122/1_6-139 SYI_mc

04.11.2019 PS122/1_6-133 SYI_mc X
06.11.2019 PS122/1_6-140 BGC_3 X X

06.11.2019 PS122/1_6-134 BGC_3 X
07.11.2019 PS122/1_6-141 BGC 1 X

10.11 2109 PS122/1_6-136 BGC 2 X

11.11.2019 PS122/1_7-105 FYI_mc X

11.11.2019 PS122/1_7-106 SYI_mc X

13.11.2019 PS122/1_7-51 BGC_3 X X

13.11.2019 PS122/1_7-131 BGC_3 X
14.11.2019 PS122/1_7-74 BGC 1 X

14.11.2019 PS122/1_7-75 BGC 1 X
15.11.2019 PS122/1_7-89 BGC 2 X X

15.11.2019 PS122/1_7-91 BGC 2

19.11.2019 PS122/1_8-24 BGC 1 X X
19.11.2019 PS122/1_8-10 BGC 1

20.11.2019 PS122/1_8-33 BGC 2 X X

20.11.2019 PS122/1_8-35 BGC 2 FW X
23.11.2019 PS122/1_8-110 BGC 2 FW X

25.11.2019 PS122/1_9-4 FYI_mc X

25.11.2019 PS122/1_9-31 SYI_mc

25.11.2019 PS122/1_9-8 SYI_mc X
26.11.2019 PS122/1_9-23 snow 1 X

27.11.2019 PS122/1_9-39 BGC 1

28.11.2019 PS122/1_9-65 BGC 2 X

28.11.2019 PS122/1_9-68 BGC 2 X
30.11.2019 PS122/1_9-95 BGC 2 X X

02.12.2019 PS122/1_10-35 SYI_mc X X

02.12.2019 PS122/1_10-10 FYI_mc X X

02.12.2019 PS122/1_10-5 X X

02.12.2019 PS122/1_10-9 SYI_mc X
04.12.2019 PS122/1_10-38 BGC 1

04.12.2019 PS122/1_10-40 BGC _1 X
05.12.2019 PS122/1_10-47 BGC 2 FW X

06.12.2019 PS122/1_10-81 BGC_3

06.12.2019 PS122/1_10-68 BGC_3 X
10.12.2019 PS122/1_11-12 BGC 1





Tab.7.3: Water sampling events with sampled parameters

513C-
date dship stat.nr. Position VHOC CH; 'O CH, N.O nutr I Nd
04.10.2019 PS122/1_2-68 PS X X X

24.10.2019 PS122-1_4-37  Ocean City X X X X
31.10.2019 PS122/1_5-40  Ocean City X

01.11.2019 PS122-1_5-46  Ocean City X X X X X

07.11.2019 PS122-1_6-38 Ocean City X X X X

08.11.2019 PS122/1_6-58 PS X

13.11.2019 PS122-1_7-40 Ocean City X X X X

14.11.2019 PS122/1_7-49 PS X

19.11.2019 PS122-1_8-16  Ocean City X X

26.11.2019 PS122/1_9-48  Ocean City X

28.11.2019 PS122/1_9-50 PS X

30.11.2019 PS122/1_9-87 PS X
03.12.2019 PS122/1_10-26 Ocean City X

05.12.2019 PS122/1_10-45 Ocean City X

05.12.2019 PS122/1_10-64 PS X

12.12.2019 PS122/1_11-40 Ocean City X X X X X

Air-ice flux chamber measurements

As part of the trace gas ice coring program, the BGC team deployed CO, and CH4 gas flux
chambers at multiple sites. By deploying chambers on various ice types throughout the year,
we hypothesize that we will able to see how permeable atmosphere-ice and atmosphere-snow-
ice systems are to gas fluxes as the snow and ice conditions change. The device first measures
atmospheric CO2 and CHs4 concentrations and then measures the gas concentrations over time
in an isolated space by circulating air from the chamber to the Los Gatos analysers. If the gas
concentrations increase or decrease, this suggests a flux out of or into the snow or ice
boundary. By taking ice cores alongside our chamber deployments, we may be able to relate
the evolving temperature and salinity regimes of the ice to gas fluxes.

The chamber was deployed at BGC1 (first year ice), BGC3 (second-year ice), as well as the
second-year ice and refreezing water pocket plots at BGC2. Ideally, the chamber was
deployed on both ice and snow surfaces to assess fluxes at air-ice and air-snow boundaries.
For each deployment, the operators recorded the surface conditions, chamber setup
configuration, as well as the wind speed and direction. When possible, the chamber was set
up upwind of Polarstern, the coring site, and any other nearby activities to avoid contamination.
At sites BGC2 (second-year ice plot) and BGC3, Team Atmosphere deployed its chamber on
the snow surface for comparison. A summary of the deployments is provided in Table 7.4 and
an example of dual chamber deployment is shown in Figure 7.1.

Tab.7.4. Summary of Gas Flux Chamber Deployments

Site Device Date Deployment Deployment Comment
Operation on Ice on Snow
Surface Surface
BGCH1 PS122/1-4-28 2019-10-24 X X Tube to chamber

connection failure






BGCH1 PS122/1_5-71 2019-10-31 X X Ice surface
measurements are
suspicious.

BGC3 PS122/1_7-50 2019-11-13 X Team Atmosphere
deployed its chamber
on snow surface.

BGC2 PS122/1_8-67 2019-11-21 X X Team Atmosphere

SYI deployed its chamber
on snow surface on
2019-11-20.

BGC2 PS122/1_10-46  2019-12-05 x Snowdrift partially

Water buried chamber.

Pocket

Fig.7.1: Dual chamber deployment at BGC3 on 2019-11-13

Surface water handheld CTD measurements

A handheld Sontek-CTD was deployed to the upper 30m of the surface waters (or within
enclosed water pockets) through the coring holes during sea ice sampling at most coring sites
(Table 7.5). The mobile CTD was used primarily to determine the thickness of the winter mixed
layer and to extend the thermal and salinity regimes of the ice into the water column. The cast
results for temperature and salinity at the SYI site in the dark sector are shown in Figure 7.2
and Figure 7.3, respectively.

Tab.7.5 Dates and sites of handheld Sontek CTD deployments.

date dship stat.nr. Position
23.10.2019 PS122/1 2-200 LOG area
24.10.2019 PS122/1_4-24 BGC_1

28.10.2019 PS122/1_5-19 SYI_mc
30.10.2019 PS122/1_5-41 BGC_1
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Fig.7.2: Temperature regimes in the water column at SYI site in the dark sector.
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Fig.7.3: Salinity regimes in the water column at SYI site in the dark sector.

Overview of spatial variability.

A quick overview of the composition of halocarbons and methane at the different sites is given
in Figure 7.4. The color scheme indicates the different sampling sites. As can be seen from
this principal component analysis (PCA), the second-year ice site (SYI, blue) has a similar
composition to that of BGC2 (green) as indicated by the score plot (Figure 7.5, top). The two
first year ice sites (BGC1 (yellow) and FYI (black)) have compositions that are similar to each
other. The main differences are indicated in the loading plot (Figure 7.4, bottom) with relatively
higher concentrations of halocarbons in first-year ice and relatively higher concentrations of
CHa in second year ice.
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Fig.7.4: Halocarbon and CH4 composition at the different sampling sites.

A principal component analysis (R2X = 0,949; Q2 = 0,87) based on 14 different VHOC and
CH4 and the six different sample sites were performed. The top graph is the scatter score plot
with BGC1 — orange; BGC2 — green; BGC3 — red; FYI — black; SYI — blue; raft ice — purple.
The bottom graph is the loading plot.

Data Management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( ))-
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7.1 Fate and pathways of methane in sea ice and surface water

Josefa Verdugo', Michael Angelopoulos’, 'DE.AWI
Dorothea Bauch? 2DE.GEOMAR

(not on board:) Ellen Damm?

Objectives

Elevated atmospheric methane concentrations over open leads and regions with fractional sea
ice cover (Korts et al., 2012) point to sea ice implications in the role of transferring methane
from the oceans to the atmosphere. A cascade of feedback processes triggered by freezing
and melting events of sea ice induces seasonally the uptake of methane from sources remote
from the locations where methane is released (Damm et al., 2015, 2018). We considered the
following pathways: direct interactions, i.e. from ice and snow to surface water and indirect
interactions, where trace gases circulate through more than one environment before leaving
to the atmosphere. Hence, our project is closely linked to the planned detailed seasonal tracing
of sea-ice processes by stable water isotopes H.O (5'0 and &D). We focus on alterations in
the isotopic composition of methane along these pathways mainly by the kinetic isotopic
fractionation effect. This fractionation may lead to modifications of the isotopic signature
compared to the initial source signature, which are not considered yet. Those processes might
encourage a misinterpretation and finally misleading source identification of the Arctic
emissions.

Work at sea

During leg 1 of MOSAIC, we measured CH4 concentration and the §'*C signature of methane
in surface waters and sea ice. Samples for stable isotopes of H,O (580 and 8D) were always
taken in parallel for later analysis (see Tables 7.1-7.3).

Seawater sampling occurred from the Ocean City rosette weekly. This schedule aims to collect
a year-round time series for the trace gas budget calculation. Sampling in the upper 100 m
was carried out with the highest vertical resolution in the sea ice-affected water while below
this horizon at standard 50 m depths down to 300 m or the inflowing Atlantic water.

The sampling depths were adapted depending on the CTD profile, i.e. structure of the water
column. Sea ice was sampled by taking cores with a standard Kovacs 9 cm ice corer.
Afterwards, the ice cores were sectioned in 10 cm pieces in the 0 °C container and melted at
~15°C in gas tight bags. Methane concentration was measured on board by a gas
chromatography (GC) device equipped with a flame ionization detector (FID). The §'C
signature of methane was analyzed with a PICARRO 2132 on board.

Preliminary results
Methane concentration in surface waters

During the ice drift, the waters underneath the sea ice (upper 100 m) were slightly
undersaturated in methane, relative to the atmospheric background (see Figure 7.5). The
saturation relative to the atmospheric equilibrium was calculated from the mean concentration
of the triplicates or duplicates samples using the CTD temperature and salinity values at the
corresponding depth.

Methane concentration in sea ice

Methane concentrations were was measured in different type of sea ice: FYI, SYI and Rafted
ice to have an overview about the spatial variability in our ice floe. FYI| contained methane
concentration in the same range of magnitude as the waters underneath the sea ice, resulting
from the methane up-taken during the ice growth (Figure 7.6),





In second year ice, (refrozen melt pond) methane concentrations exhibit values similar to those
found in FYI. The exception was found in rafted or ridged ice, where higher methane
concentrations (up to 6 nM) in comparison to FYIl and SYI were observed.

By combining year-round observations we will be able to evaluate how seasonal variability in
physical and biogeochemical regimes affect trace gas distribution and sealice air fluxes.
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Fig.7.5: Methane profile taken at the Ocean City CTD during 26th of November, 2019. The methane
undersaturated waters at the surface show a disconnection between the atmosphere and the surface

ocean.
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Fig.7.6: Temporal evolution of methane concentration in response to salinity and temperature
changes in first-year ice sampled at the Monday coring — cross-cutting site.





Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science

( )-
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7.2 In situ measurements (CH4, N2O, CO and CO.) in sea water
and air

Lei Wang' TCN.BNU
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Objectives

1. A sustained decline of sea ice extent was observed in the Arctic Ocean over the past few
decades, which may have significant impact on CHs and CO, exchange between the ocean
and the atmosphere. This may affect global carbon cycles by enhancing the sea-air flux to the
atmosphere. In addition, sea ice absorbs methane in the atmosphere by photochemical and
biochemical oxidation. However, the impact is still not well understood. With the increase of
global atmospheric temperature and the melting of Arctic sea ice, sea ice’s role of shielding
and consumption of greenhouse gas is weakening. Thus, this area may turn into an important
source of atmospheric CH4, which can have a significant impact on regional and global carbon
cycles and climate systems. Therefore, we aim to quantitatively estimate the amount of
greenhouse gases in the Arctic Ocean through large-scale underway observations. Specific
questions include: 1) How does greenhouse gas (GHG) concentration in the surface sea water
change when the ice is growing?; 2) How does GHG concentration change in spring when the
ice is melting?

2. Dust sources are mainly distributed in middle latitude arid and semi-arid regions. To date,
many studies have concentrated on the analysis of dust sources in arid and semi-arid regions
based on geochemical tracers. In particular, the transport of mineral dust from East Asian
deserts is global in scale. To further link the dust transport relationship between the middle
latitude and High Arctic regions, further study is needed to assess the impact of mineral dust
transported from lower latitude deserts on the dust variations in high latitude regions.
Therefore, we aim to take some snow samples to measure the stable isotopic ratios of
strontium (Sr), neodymium (Nd), and lead (Pb) in insoluble dust in snow samples. The results
from the snow samples will be compared to those of soil and sand samples from East Asia.

Work at sea

Surface sea water greenhouse gas
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The Arctic Ocean surface water methane and carbon dioxide fluxes, as well as methane and
carbon dioxide isotope were measured concurrently using an integrated nozzle-type
equilibrator (EQ) and cavity ring-down spectrometer (CRDS) enabling high spatial resolution
measurements (Figure 7.7). Stable carbon isotope values measured with the Picarro-2201i
were calibrated against standard gases to obtain accurate &'*C values of surface water
methane (£4%o. at 2 ppm; £1.5%0 at 5 ppm) and CO- (x1.5%o). The gas concentration data were
combined with meteorological (wind speed, air temperature), equilibrator temperature, and sea
surface water environmental parameters (salinity, water temperature). The system is
continuously running in the Fishlab (Figure 7.8).

Connect to
surface sea
water system
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Fig.7.7: Integrated double nozzle-type equilibrator and cavity ring-down spectrometer (CRDS): the
equilibrator mode (blue), the equilibrium gas loop mode (red line), the dryer mode (green), and the
standard mode (purple).
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CARRO underway system is working in Fishlab.

Snow samples

From October 7" to December 3, 25 snow samples were collected. More specifically, 9
samples were collected from the Distributed Network floes and 16 samples were taken from
the MOSAIC ice floe. For the MOSAIC floe, the snow samples were taken in parallel with the
ice coring activities. Generally, the snow sample depths were on the order of 10 cm. The
samples were collected using plastic gloves. After melting the samples in the lab, the water
was transferred to plastic bottles (1L) and stored in the frozen container (-20°C). The snow
samples will measured for &Sr/%Sr, 3Nd/'*Nd, 2°6Pb/2%Pb, 2°7Pb/?*Pb and 2°®Pb/?**Pb
isotopes in the lab to trace the dust source.

Preliminary (expected) results
Picarro results

The Picarro will continue to measure the equilibrate gas from the headspace of the equilibrator.
Meanwhile, the temperature of the equilibrator is recorded by a temperature sensor for
calibration purposes. The methane concentration in ppm was converted to nmol/l using the
temperature and salinity of the seawater from DSHIP. The time series for methane
concentration, surface seawater temperature and salinity, and methane isotopes is shown in
Figure 7.8.

There are 3 breaks for the methane concentration and isotopes in Figure 7.9 and 7.10. On
November 5", we calibrated the Picarro by two mixed standard gas (mixed gas 1: methane
(1004 ppm, carbon dioxide (10014 ppm), mixed gas 2: methane (2 ppm),carbon dioxide (275
ppm)). On November 7™, the electronic condenser did not work well, so the water vapor was
very high, so we shut down the system to fix it. On November 9™, Polarstern needed to release





the boiler water, so we needed to disconnect the surface sea water tubing. Therefore, we lost
several hours of data.
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Fig.7.9: The concentration of methane, surface sea water temperature and salinity.
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Fig.7.10: The concentration of methane and isotope.

Data Management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science
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7.3 Seasonal sea ice — a new source of bromine during polar
night
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Objectives

The aim of the project is to study emissions of biologically produced trace gases, i.e.
halocarbons (VHOC). These halocarbons are ozone-depleting and are hence subject to
present and future regulation under international agreements (e.g., the Montreal Protocol).
Although significant effort has been made to generate global budgets of halogenated
compounds, the Arctic Ocean has been neglected in these models so far, hindering accurate
prediction of the ozone layer over the next decades. Additionally, there is still a wide gap in
knowledge in the influence of sea ice—atmosphere interactions to these halogenated
compounds, especially during polar night. Changes in sea ice distribution, concentrations, and
age, in the Arctic where the extent of multi-year ice has declined substantially compared to
seasonal ice, affect the atmospheric composition of halogens. Halogen species involved in the
depletion of ozone are associated with new sea ice formation, particularly during polar winter.
For instance, during the Antarctic winter, estimates of ozone-depleting halogen fluxes from
seasonal ice are 100 to 1000 times higher than during to summer (Abrahamsson et al., 2018).

During the drift, we will analyse halocarbon concentrations at the ocean-ice-atmosphere
interface during the Arctic winter to further our understanding of the biogeochemical processes
that occur during sea ice growth, as well as their impact on Arctic tropospheric chemistry. We
will also investigate the role of ice as a reaction surface for chemical conversion processes,
and therefore as a source for halogens to the atmosphere. We will estimate the contribution of
seasonal sea ice to the load of halocarbons in the troposphere during polar night, which will
improve existing uncertainties in global flux models of halocarbons through air-ice-sea
measurements.

Work at sea

Measurements of halocarbons including brominated, iodinated and chlorinated compounds,
were conducted on air, sea ice, snow and seawater in order to estimate their flux, and therefore
the importance of Arctic sea ice as a source for ozone-depleting halogen compounds during
winter. Ice cores (triplicates) were sampled and divided into 10 cm or 5 cm sections and thawed
in gas-tight Tedlar™ bags (Granfors et al., 2014). Snow samples were treated in a similar way.
A suite of halocarbon compounds will be quantified where CHBr3;, CH2Br,, CHCI.Br, CHCIBr>,
CHal, CH2CIl and CHal. are of the main interest. Samples were analyzed with a purge-and-trap
system (Teledyne) connected to a gas chromatograph with electron capture detector
(Thermo). A custom-made purge-and-trap instrument was equipped for semi-automatic air and
seawater sample analysis. Air was continuously drawn through a ~100m long Teflon tube with
a diameter of 4 mm with the help of an air pump located down-stream from the sampling loop.
The instrument was also fed with a continuous stream of water from the ship’s surface water
inlet. The determination was made with a gas chromatograph with an electron capture detector
(Thermo). Finally, seawater was collected with the CTD/water bottle system. For sampling
activities, see Tables 7.1 — 7.3.

Preliminary results

During polar springtime, active bromine drives ozone, a greenhouse gas, to near-zero levels.
Bromine production and emission in the polar regions have so far been assumed to require
sunlight. We have earlier reported measurements of bromocarbons in sea ice, snow and air
during the Antarctic winter that revealed an unexpected new source of organic bromine to the
atmosphere during periods of no sunlight. The findings were based on measurements in air,
sea ice, and snow. During the drift, our hypothesis that our findings are applicable to the Arctic
will also be tested.

Underway measurements:





During leg 1, approximately 2000 air and water samples were analysed for their content of
halocarbons. An example of the temporal evolution of biogenic halocarbons is shown in Figure
7.11. The concentration of bromoform (CHBrs) in both air and water increased during this
period. In comparison, the air concentrations were in the same order of magnitude as winter
air concentrations in the Weddell Sea (Abrahamsson et al. 2018). However, the maximum
concentrations were approximately 4 times higher. The water concentrations were also higher
than corresponding measurements during dark periods in the Antarctic. Also, the
concentrations are approximately twice the concentrations found during summer.
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Fig.7.11: Air (red; left axis) and surface sea water concentrations (blue; right axis) of bromoform
(CHBrs) during leg 1. The data are not quality assured and might change.

Sea ice and snow

Halocarbon concentrations were measured in different types of sea ice. For most of the sample
locations, triplicate ice cores were collected. The first-year ice at the common coring site
between BGC, ECO, and ICE (Figure 7.12) had high concentrations in the upper most part
with steep gradients downward. The patterns are similar to those earlier found during dark
periods in the Weddell Sea indicating the same formation mechanism — a chemical reaction
between bromide and ozone rather than a photochemical driven formation. The second-year
ice site, which is a refrozen meltpond, showed no trends either in time or with depth in the
cores. However, future work will include a comparison to physical and biological data that can
help with the interpretation.
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Fig.7.12: Temporal evolution of bromoform concentrations in first-year ice and snow (common coring
site). The concentrations are in bulk solution and are not brine corrected. Blue: 28 Oct., Red: 4 Nov.,
Green: 11 Nov., Purple 18 Nov., Black: 25 Nov. The data are not quality assured and might change

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). The data will be quality controlled as soon as possible after the expedition.
This procedure includes inter-calibration between the two instruments. Final data products will
be stored at the PANGAEA data repository (World Data Center PANGAEA Data Publisher for
Earth & Environmental Science ( ))-
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8. OVERARCHING AND SUPPORTING ACTIVITIES
Grant-No. AWI_PS122_00

8.1 Logistic & Safety
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Objectives

The main objective was the overall safe conduction of the expedition. Further, emergency
procedures were to be developed and conducted.

For MOSAIC a specific safety concept based on the AWI safety standards as well as project
specific needs and experiences from previous drift expeditions had been developed by B.
Kdnig and V. Mohaupt. During Leg 1, this concept was to be implemented and — if necessary
— adapted to the situation on site.

Work at sea

A safety briefing, including specific information about MOSAIC as well as general field safety
and polar bear safety and awareness was mandatory for all participants before departure in
Tromsg, to ensure a good level of general safety awareness and knowledge.

Once in the ice, conditions on the floe needed to be assessed and feasibility of rules and
regulations needed to be verified. If required, the safety concept was adapted to match
conditions. Expedition participants were informed directly as well as via corrections to the
MOSAIC handbook. The science team was a consulted body during this process.

Current check of work safety standards was carried out by B. Kénig. Necessary measures
were taken if required and participants were briefed accordingly.

An incident report was developed. Analysis of incidents during Leg 1 as well as a questionnaire
with all participants at the end of the expedition was carried out. Necessary measures were
taken if needed.

The logistic team in general was the controlling body for the predefined safety rules and
standards during the expedition. The main tasks were carrying out bridge watch, stern watch
and polar bear watches on the ice. Further duties were the management of infrastructure and
the distribution and maintenance of safety equipment including rifles and flare guns for polar
bear protection.

The general responsibility for vehicles and vehicle maintenance (snow scooter, ARGO and
Pistenbully) was in the hands of T. Sterbenz. An introduction regarding safe use of snow
scooters and basic technical knowledge was required for all participants.

Mandatory refresh courses for weapon handling were held on site for all potential polar bear
guards among participating scientists. Proper weapon handling was checked throughout the
expedition. Regular maintenance of weapons and weapon equipment was carried out.





A tripwire fence as an early warning system was installed along the ‘spine’ (ridge with main
power line and main road connecting the main worksites) for approximately 1km length.

The bridge watch was in charge of coordination and monitoring of the teams on the ice. In case
of events (cracks, bad weather, polar bears, breaks ups) the logistic bridge watch was
managing and advising the teams and inform and consult the cruise leader if needed. All
actions were carried out in cooperation with the nautical officer on watch.

A key element for the logistic bridge watch was the use of the fixed installed infrared cameras.
They did not only help regarding polar bears but also to obtain a general overview of the flow
and teams on the ice. Set up and maintenance were carried out by B. Konig.

In case of polar bear encounters members of the logistic team — in consultation with the
Cruiseleader — took measures to scare the animal(s) away.

According to the developed emergency concept, a member of the logistic team, together with
the officer on watch would be in charge of a potential medical evacuation.

An exercise of such situation was carried out to assess the concept in terms of flaws and allow
optimization in close contact with the ship’s management.

Organisation and management of freight and cargo issues was undertaken in close
cooperation with the ships management by V. Mohaupt.

The logistic team assisted during the build-up, field trips and logistic operations (evacuation or
moving of equipment) and took responsibility in maintenance of infrastructure (power lines,
roads, shelters, ice holes, bridges).

Preliminary (expected) results
Not applicable

Data management
Not applicable

References
Not applicable

8.2 Data Support
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Objectives

General accessibility of data requires a central data storage and a common meta data concept.
All sensors and sampling devices used in scientific events during the MOSAIC expedition shall
therefore be registered in SENSORWeb and all device operations performed during the
expedition logged in the ships station book, the DSHIP ActionLog. A predefined structure on
the MOSAIC central storage further ensures that data can be found in an organized manner,
also after the expedition. In this way all subsequent sample analyses can then be referenced
to the original sampling event. A full description of the data management concept in MOSAIC
can be found in the MOSAIC Data Policy (see APPENDIX).

Work at sea

Two data supporters accompany every leg of MOSAIC. Their task is to ensure the functionality
of the IT infrastructure provided on Polarstern which shall facilitate early data sharing among
the MOSAIC consortium starting with fellow scientists on each respective leg. Since most of
the infrastructure both in hard and software were first introduced in MOSAIC a main part of the
data support task targets at the training of scientists in the concepts of the MOSAIC data
management, adaptation of concepts to specific scientific workflows where necessary and the
supervision of appropriate entry of meta data into the system and early upload of data to the
central storage.

During the transfer and setup phase the data team consisted of four people, two of which left
with the return of Akademik Fedorov. The enlarged team at the beginning of the cruise helped
accelerate the setup and finetuning of the infrastructure on board Polarstern and on the ice.

The support tasks during leg PS122/1 included ensuring the reliable functionality of the central
storage, creating backups of uploaded data on a regular basis to be manually transferred to
the AWI after the leg. Further a network on the central floe, enlarging the Polarstern network
was setup to enable connectivity of instruments on the ice to the ships network. This was done
by deploying fibre optic cables between the ship and the main cities, Ocean City, Remote
Sensing and Met City (see Figure 8.2.1). A radio link was setup to connect the ROV site to the
network since the distance between the site and the main power hub exceeded the length of
the provided cables. This turned out to be a more adequate solution as the ROV site underwent
several migrations in the first three months. Due to several breakups of the floe, at the end of
leg PS122/1 only Ocean City was connected by cable to reduce the repeated effort to repair
the delicate cables. Other main measurement sites relied on the installation of radio links.
Assistance was also provided to scientists when connecting their instruments to the network.

Besides trainings and assistance in using the provided infrastructure with all its components
including fileserver, virtual machines, the sensor registry SENSORWeb and the DSHIP
ActionLog, large focus of leg PS122/1 data support was also put into refining the discussed
meta data workflow for specific scientific activities such as the coring events, the logging of
buoy deployments and other continuously measuring instruments. This was done in joint
sessions with data representatives of every team.

Synchronizing scientific events performed on the ice and logged with the Floe Navi tablet was
part of the daily tasks of a data supporter.





Fig.8.2.1: Connecting Ocean City to the Polarstern network via fibre optic cable.

Preliminary results

An expedition leg is subdivided into so-called Science Activities in DSHIP, which in turn are
composed of numerous device operations. In MOSAIC the weekly schedule for scientific work
is represented by weekly incrementing Science Activities. For leg PS122/1 the following
Science Activities were defined:

o Science Activity 0: Continuously measuring instruments always running on
Polarstern (e.g., Ferrybox, Thermosalinograph, etc.) and therefore normally logged
by the system administrator.

. Science Activity 1: All continuously measuring or sampling instruments that are
deployed on Polarstern or the ice for MOSAIC (i.e., buoys, radars, sediment traps
amongst others)

. Science Activity 2: All discrete sampling devices or short-term measurements during
the transit and setup phase with Polarstern.

. Science Activity 3: All discrete sampling or measurement efforts performed during
the cruise with Akademik Fedorov.

. Science Activity 4 - 11: Discrete sampling or short-term measurement events

performed within the scope of the weekly scientific schedule starting with Science
Activity 4 on 24.10.2019 Generally, a new Science Activity starts at 00:00 UTC
every Monday. The last Science Activity of leg PS122/1 ended at 09:00 UTC on
13.12.2019 with the begin of leg PS122/2.

A total of 1326 Device Operations comprising one or more Actions were logged during leg
PS122/1.

Altogether, approximately 25 Terabytes of data were uploaded to the MOSAIC Central Storage
on Polarstern, 22 TB of which are (quasi) raw data and will undergo further processing in the
near future. Figure 8.2.2 visualizes the data increase both in numbers of files and data volume
during the PS122/1.
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Fig.8.2.2: Data increase on the MOSAIC Central Storage during leg PS122/1. Increase of data volume
is depicted by red bars, growing numbers of files are represented by blue bars.
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8.3 Media
Esther Horvath!, Sebastian Grote!, Amy 'DE.AWI
Richman?, Matthew Shupe?, Philipp GrieR?, 2EDU.CU

Jakob Stark3, Nikolaus von Schlebriigge3,

3
Marlene Géring?, Shannon Hall5, Martha DE.UFA
Henriques® 4DE.GUJ
(not on board:) Katharina WeiR', Anne Gold?2 °Freelance
6COM.BBC
Objectives
AWI

Comprehensive set of communication activities before, during and after the expedition,
including web formats, regular service for news and other daily reporting formats, social media
activities, photo and video documentation, exhibition, virtual reality formats, a planetarium
show.

During each leg, the communication manager coordinates media and outreach requests from
shore to ship and vice versa, and ensures a constant service and flow of information to media
and the communication departments of participating organizations. Communication managers
also create the blogposts for follow.mosaic-expedition.org and social media channels. This
person also produces a weekly podcast with the expedition leader in German language and
with selected patrticipants in English.

The photographer’s responsibilities include creating a professional pool of photo/video/audio
material during his/her leg and in all conditions that will be made available to the public and
also serve a variety of communications needs.

CIRES





One of CIRES’ objectives for public engagement, and in fulfillment of the education outreach
requirement of grant funding supporting MOSAIC, is a documentary planetarium film
production about MOSAIC that communicates the scale and scope of the science and
adventure of the expedition. As per instructions to make the sea ice the central protagonist of
the planetarium production, the objective was to 1) film Arctic landscape and Arctic climate
system content for dome projection; and 2) use an artistic practice as a methodology for
investigating research questions related to systems theory, narratives of loss and elemental
philosophy within a semiological framework of climate change representation and
communication. The scope of the objectives expanded to include filming shot lists requested
by CIRES’ social media team and shot lists requested by the education outreach team, content
meant for both the Google Expeditions VR/360 experiential learning and content meant for
traditional non-360 viewing. In addition, the objectives included filming the Atmosphere team
and generating content that could be used for promotional purposes, bio pictures, etc., for
professional and personal use. Finally, the scope of the objectives expanded to include being
the point person, ie: scheduling, coordinating, doing the test phone calls and filming interviews
of Matt and Markus as requested by the communications and social media teams.

UFA film crew

The aim is to make a captivating, professionally produced, long-form film documentary
production, covering the entire expedition with two film professionals on board.

Work at sea
AWl

Documenting the entirety of Entire Leg 1 involved 95 recorded, active photo-shooting days,
which included finding the floe, setup of the scientific camp, research work of scientists,
logistical challenges and life on board of Polarstern. National and international media outlets
have used MOSAIC photo database for reporting about the expedition. As one example, photo
documentary made the cover of The New York Times twice and has also been published four
times in NYT print and online. During the expedition several photo selections were edited for
the MOSAIC photo database, for a MOSAIC photo book and for different media outlets. On a
weekly bases, in German language, a podcast with Markus Rex was recorded and edited. In
addition, several podcast interviews, in English, were recorded with Verena Mohaupt.
International and national phone interviews, live-calls, media requests have been managed
onboard from Polarstern.

CIRES

To fulfill the objectives of the planetarium production the scientist participants of MOSAIC Leg
1 were followed out into the field and around the ship (in labs) in order to document and capture
their scientific work, process and instrumentation (on and off board) with equipment designed
for 360/VR and dome projection and equipment designed for non-360 viewing. This work
included interview questions designed as self-reflexive explorations into the nature of scientific
discourse and scientific methodologies within an Arctic framing. Every few days filming
transitioned between the planetarium objectives, the social media and education (Google
Expedition) objectives, Atmosphere team objectives and personal objectives. In addition, over
the course of the expedition new project ideas emerged that stemmed from personal research
questions that can also be used to support education outreach goals. In total, three large
paintings and drawings depicting the Arctic landscape were made and the scientists onboard
were asked to identify their science and corresponding climate system processes on the
painting. Two of these posters were collaborations with the scientists, while the third is a
personal reflection and interpretation. Similar collaborative projects emerged with different





scientists onboard. A collaboration with Marc Oggier led to a film which began on Polarstern
and screened on the Dranitsyn. Through this collaboration and other projects, the challenges
and questions pertaining to the planetarium production were workshopped and thought
through and the necessary filming strategy adjustments were implemented. The work at sea
also included coordinating, scheduling, doing the test phone calls and filming interviews with
Matt and Markus. In total two Insta 360 Pro cameras, two Insta 360 One cameras, a Canon
5DMIV and a Sony A7Ill, in addition to three sound recording devices, were used to capture
content. The polar night and cold temperatures posed the greatest challenges to the
equipment.

UFA film crew

UFA film crew followed the entire Leg 1, including the preparation phase in Tromsg.

During Leg 1a, cinematographer Jakob Stark filmed onboard of Polarstern with producer
Philipp Griess while Nikolaus von Schilebriigge documented the setup of the distributed
network onboard of Akademik Fedorov. After Philipp Griess left on Akademik Fedorov,
Nikolaus von Schlebriigge joined Polarstern.

Leg 1b was documented by Jakob Stark and Nikolaus von Schlebriigge. The film crew covered
the entire Leg 1 including finding the floe, setup of the research stations, scientific work, daily
challenges, interviews...etc.

Nearly every day, the team followed their main protagonists on the vessel or on the ice floe.

Fig.8.3.1: Jakob Stark (r) and N/kolaus von Sch/ebrugge (l) follow the sea ice phys:c:st Stefan
Hendricks at the Remote Sensing Site. Photo by Esther Horvath

Journalists on board:

Marlene Goring has been writing for GEO, GEOLino, Stern and PM.
Shannon Hall has reported for different media outlets.





Martha Henriques published on BBC online.

Preliminary results
AWI

Photos of Leg 1 will be uploaded to the MOSAIC photo database under a Creative Commons
license in January 2020.

Preliminary media responses to the MOSAIC expedition starting phase:

There were more than 3200 articles about the MOSAIC expedition in the period between
September 15 and October 15. Around 2 billion people heard, read or saw media reporting
about the expedition by mid-October.

Social media followers in numbers:

Instagram @mosaic_expedition : 10604 follows by December 19, 2019
Twitter : 6918 followers by December 19, 2019

Blogpost on follow.mosaic-expedition.org has 4000-6000 daily visitors

National and International media highlights:
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CIRES

Preliminary results suggest that Leg 1 of MOSAIC is best represented in dome projection
format as the “set-up” phase of the expedition. Given the timeframe of finding the floe and set
up of the scientific research stations on the ice, the best 360 content covers this phase of leg
1, which happened before the onset of the polar night. The obtained footage will be an
important contribution to the planetarium production and Google Expeditions focused on
MOSAIC.

UFA





The plan with the documentary is to produce a tv series for international channels.

Data Management

AWI

2,6 Terra Byte photo and video material has been produced.

CIRES

Footage (data) was organized daily by date and equipment. An Excel document was used to
keep track of the content filmed, equipment, location, people, etc., broken down by day. In total
there was approximately 15 TB of raw footage taken of Leg 1. Selected, edited footage that is
appropriate for broader release will be uploaded to the MOSAIC media archive for use by the
community under a Creative Commons license.

8.4 General Coring
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Objectives

Generate data sets of co-located physical, geochemical, and biological properties
from discrete sea ice samples.

Generate parallel time-series from both multi year and first year ice types to
document the evolution of ice properties over an annual cycle.

Determine how changes in snow pack impact temperature and flux regimes across
sea ice and the upper ocean.

Measure the concentrations of macro and micronutrients in snow, ice, and the
underlying seawater.

Describe the microstructure of sea ice to better interpret density, porosity, and brine
and microbial community distributions.

Map distributions of geochemical and biological properties in vertical space to
understand interactions across the snow and sea surface interfaces.





Work at Sea

Ice core work involved the acquisition of a large set of cores at both the first-year ice (FYI) and
second-year ice (SYI) sites (Figures 8.4.1 and 8.4.2). Table 8.4.1 summarizes the list of cores
collected during the common coring program as function of the site. Mostly 9cm diameter cores
were acquired using a Kovacs Ice Drilling Equipment Inc. Mark Il ice corer, except for the CT
and density cores which were collected with a 7cm Kovacs Mark Il ice corer. At each site, a
snow pit (temperature, density profile, snow water equivalent and snow micropen
measurement, see SNOW SECTION) was made prior to coring. Then, the temperature core
was acquired first, and temperature was measured at 0.1m intervals from the colder to warmer
part of the core within 5 minutes after collection. Temperature probes Testo 720 from the ECO
Team were used to measure all temperatures. However, for the first common coring event at
the FYI site, an RTD temperature probe from the BGC team was used. Cores collected for ICE
and ECO properties were acquired and sectioned in the field. Sections were placed
immediately into sealed bags or containers. We used headlights with red filter during the
collection and sectioning of cores for ECO team, and a tent was used to shelter the core from
the environment during handling in the field. Cores acquired for BGC were placed into a plastic
sleeve and brought back onboard to be processed later in labs.

Acquisition of ice cores in the field typically took 2-4 hours, with both teams working in parallel
at each site. Despite differences of 20-30 cm in ice thickness between the two sites, the SYI
team processed cores in the field in nearly the same amount of time as the FYI team. When it
was not possible to collect cores at both sites, due to weather or ice floe deformation events,
FYI collection was prioritized. Additionally, a prioritized list of cores for collection was
determined among the teams for instances when coring sessions may be shortened due to
weather conditions or extenuating circumstances.
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Fig.8.4.2: Second year ice site in the dark region (~1 km from Polarstern).





Tab.8.4.1: List of cores collected during the general coring with the site of
collection, team responsible for processing and handling in the field

Sites

Core type Team Field handling
Temperature ICE FYISYI' | Measured in the field
Methane BGC FYI/SYI Bagged in the field, sectioned on board
Salinity. isotope & FYI/SYIl | Sectioned in the field, salinity and nutrient
nutriersllt’ P ICE/ECO measured on board, isotope samples
stored for future measurement
HALO BGC FYI/SYI Bagged in the field, sectioned on board
FYI/SYI | Sectioned in the field, pooled into Eco Set
Chlorophyll-a ECO 1, subsamples processed on board; most
samples stored for analysis onshore
FYI/SYIl | Sectioned in the field, pooled into Eco Set
Production ECO 1, subsamples processed on board; most
samples stored for analysis onshore
FYI/SYIl | Sectioned in the field, pooled into Eco Set
Pigments ECO 1, subsamples processed on board; most
samples stored for analysis onshore
FYI/SYIl | Sectioned in the field, pooled into Eco Set
Algae ECO 1, subsamples processed on board; most
samples stored for analysis onshore
Iso BGC FYI/SYI Bagged in the field, sectioned on board
Bromo BGC FYI/SYI Bagged in the field, sectioned on board
Microstructure ICE FYI/SYI Bagged in the field, measured on board
FYl or
Beryllium BGC SYI Bagged in the field, XXX
alternate
DIC/TA ECO FYI/SYI Bagged in the field, sectioned on board
Archive ICE FYI/SYI Bagged in the field, stored on board
Backup ICE FYI/SYI Bagged in the field, stored on board
FYI/SYI | 2 Cores; Sectioned in the field, pooled into
DNA ECO Eco Set 2, subsamples processed on
board; most samples stored for analysis
onshore
FYI/SYIl | Sectioned in the field, pooled into Eco Set
RNA ECO 2, subsamples processed on board; most
samples stored for analysis onshore
Plastic ICE FYI/SYI Bagged in the field, stored on board
FYI/SYl | 10 cm bottom section only; sectioned in the
Meiofauna ECO field, melted on board; sample stored for
onshore analysis
cT ICE FYI/SYl | Bagged in the field, bottom 10 cm
measured on board, rest stored on board
Density ICE FYI/SYI' | Sectioned in the field, measured on board






Methane oxidation | ECO FYl'only | Sectioned in the field, XXX on board
FYlonly | Sectioned at 5 cm intervals in the field,
Gypsum ECO melted on board, sample stored for

Preliminary Results

analysis onshore

During the common coring, we sampled the first-year ice (FYI) site 6 times, and the second-
year ice site (SYI) only 5 times, due to a storm event between November 15-17. In addition,
each site was visited 3 times at irregular intervals (See Rob Rember Trace Metal
projects/Nutrient), which provided additional salinity and temperature profiles. Table 8.4.2
summarizes the number of ice cores collected during each event (See appendix of device
operation for a list of all cores).

Tab.8.4.2: Summary of ice cores collected at the dark site at the first-year ice (FYI) and
second-year ice (SYI) location, as well as sampling in a lead. In bold, activities belonging
to the general coring

Activity Kovacs Mark I, Kovacs Mark I, Generic sampler | Snow Pit | Date
number 9 cm corer 7 cm corer (cups)
Device Number | Device Number | Device Number | Device
Operation | of cores | Operation | of cores | Operation | of cores | Operation
collected collected collected
15 FYI 4 21 3 2 2019-10-28
SYI 78 22 79 1 2019-10-28
SYI 81 2 2019-10-28
rafted
16 FYI 34 23 35 2 147 2019-11-04
SYI 36 21 37 2 146 2019-11-04
SYI 10 2 2019-11-04
rafted
FYI, 132 2 N/A 3 124 2019-11-10
rafted
17 FYI 5 23 6 2 130 2019-11-11
SYI 8 20 9 2 10 2019-11-11
SYI 7 2 2019-11-11
rafted
LEAD* 140 2 2019-11-11
FYI 97 5 98 3 2019-11-16
SYI 53 6 2019-11-16
18 FYI 2 24 3 2 2019-11-18
19 FYI 6 22 7 2 3 2019-11-25
SYI 11 21 12 2 117 2019-11-25
SYI, 30 2 2019-11-25
rafter
FYI 93 2 94 3 2019-11-30
LEAD** 116 4 2019-11-30
110 FYI 19 20 20 2 18 2019-12-02
SYI 16 21 17 2 11 2019-12-02
LEAD*** | 115 5 116 3 114 2019-12-04

* in lead, along Transect North






** at FYI site
***in lead, north of Big Block

Data Management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science
(www.pangaea.de)).
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Objectives

Microplastics (MP) are recognized as a growing environmental threat, even in remote Polar
Regions. Concentrations of MP in sea-ice are several orders of magnitude higher compared
to the underlying water (Peeken et al. 2018) and no information is available about the
entrainment processes of MP occurring at the seawater/sea-ice interface or
fragmentation/aggregation processes potentially originating nano-sized particles (NP). MP
particles found in sea-ice are very small (~11um) and given the size of the particles, it is likely
that they are incorporated in the Arctic food web through sea-ice planktonic communities.
Currently the biological interactions of MP and NP with sea-ice biota and its implications for
higher trophic levels are unexplored. Once sea ice is melting, the NP/MP will be released again
and since the marginal ice zones are highly productive and also support a large fishery, it is
mandatory to understand the advection dynamics of microplastic in the Central Arctic.

During the one-year drift campaign of MOSAIC we want

1. to understand large- and small-scale processes of MP/NP contamination by
simultaneously studying the underlying water and sea ice

2. to understand entrainment and transport pathways of Arctic MP/NP in sea ice

3. elucidate the role MP/NP in the diet of the sympagic food web particular during
winter.

Work at sea

Water was filtered at four different sampling sites with a self built pump system on large
stainless steel filters (diameter 30cm and pore size 10um). Prior to sampling the filters were
flushed with 50 L seawater. On each filter usually 500 L of seawater were sampled. As the
main sampling site, Ocean City was chosen. However, this site had to be moved due to the
formation of a pressure ridge in the vicinity. One of the weekly sampling dates coincided with
the necessary repositioning of the Ocean City tent. Therefore, sampling for this day was
performed inside a pop up fishing tent with a small 3kW electric heater in the reopened
abandoned ocean city hole. This however proved difficult, since the air temperature was too






low and the filtration unit could not be heated up properly and thus this sampling was not
successful. After xxx two filtration sessions were carried out in the newly installed Ocean City
2.

To elucidate any impact on the NP/MP composition coming from the waste water of Polarstern,
filtration of the grey water was carried out on two following days in the moon pool room, filtering
500 L each. Grey water can be accessed at the moon pool hose via a small outlet hose.
Discharge of the sampled grey water could not be done into the general waste water system
due to added salt water from the osmosis plant. The salt would cause damage to the waste
water facility. The outflow from the filtration unit was therefore released into the lab waste water
tank.

Fig.8.5.1: Microplastics large filtration unit in Ocean City





Fig.8.5.2: Setting up the microplastics large filtration unit in a pop up fishing tent
£ 5 \ | "‘,' ‘ 2 %4l o

Fig.8.5.3: Microplastics large filtration unit for grey water sampling at moon pool





Snow microplastic sampling was conducted after snowfall events at A-Pit locations (see snow
sub-chapter). During each sampling event, two one-liter jars were filled with surface snow. The
jars had been pre-labelled with the label PS122PLAxxxx, where PS122PLA are static letters
and xxxx are serial numbers beginning with 0001.

Ice cores for microplastic were collected at first year and second year ice sites on near weekly
basis during the common coring activity. Upon return to the vessel the ice core is repackaged
in a plastic sleeve within the -15°celsuis ice physics lab container and stored at -20°celsius
until further processing. For specific dates refer to the device operation table appendix xxx.

Expected and preliminary results

The aim of this study is to understand the NP/MP contamination of Arctic water, sea ice and
biota during a seasonal cycle. These data will allow to access the role of plastic in the Arctic
foodweb and will shed light on the entrainment and transport processes of marine litter in the
Central Arctic. These data can be used for modelling approaches to assess the role sea ice
plays in redistributing NP/MP in the Arctic and beyond. In total ten filters were collected plus
three blank filters representing the three different environmental settings of the sampling sites.
Two of the filters were taken with the grey water of Polarstern to analyze the impact of the
regular grey water outlet into the CO area. If conditions allowed, two filters of 500 L each were
taken. Filters are kept frozen at -20°C until analysis in the home laboratories.

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science
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8.6 Floe Navi
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Objective

Keeping track of exact locations on ice floe is crucial to make the sampling/measurement
throughout the expedition more efficient and reliable. Standard positioning through GPS
receivers is not sufficient for this purpose since the ice floe itself is a moving object with respect
to the Earth. Therefore, a more advanced tracking method called FloeNavi was developed to
change the reference frame from the Earth to the ice floe on which the studies and experiments
are actually performed. The FloeNavi system makes use of the AIS transponders installed on
various positions on the floe in order to define a two dimensional reference frame (grids) for a
relatively simpler location tracking.



http://www.pangaea.de/



Work at Sea

In the beginning of the expedition when almost no scientific measurements were conducted,
four fixed stations were installed to keep track of important locations on the floe. The position
of each station was also marked with red flags in order to locate them in case of snow
accumulation over the transponders. The x-axis of the grid was established through two fixed
stations: one next to Polarstern and the other 500 meters away from Polarstern at exactly 3
o’clock from its bow. During this time, these stations depended on their batteries which had to
be replaced approximately every two weeks. After the first CO facilities were established, the
fixed stations were decided to be installed or relocated right next to the power hubs of main
cities to ensure their continuous operation, and to keep track of city positions. Therefore, x-
axis of the grid was reset over the two different stations; one near Polarstern and one next to
the Ocean city. Rest of the active stations was also reconfigured according to this scheme.

The events of shearing near the first ROV site and strong winds caused some of the stations
to move out of sight or be buried under the snow due to snow drifts. Batteries of these stations
also depleted during this period so they stopped sending their location info. Nevertheless, the
grid was not lost since there were still at least two active stations on the floe. At this point,
recovering these inactive stations was a crucial task, so different excursion groups helped with
locating and bringing them back to ship for recharging. Meanwhile, two new stations were
quickly reinstalled on new facilities such as Met City and the first Remote Sensing site. They
were also directly connected to power hubs to avoid the need for battery charging. When the
second ROV site was established, another fixed station was installed next to its power hub as
well. The grid was maintained by these five stations for a few weeks.

An outcome of this configuration was that the fixed station next to the Polarstern had significant
uncertainties with its GPS reception. At first, it was thought that the station transponder was
flawed so it had to be replaced with another one. This attempt did not help with the issue, so it
was discussed that the large metal body of the ship could be causing these anomalies, so the
station had to be moved further away from the vessel at a later time. This stayed low priority
due to the high number of active stations.

The most effective event of leg one took place a week after the detection of this anomaly. The
floe was hit by a strong storm and a long shear zone developed in the middle of the camp
drifting and separating the sides by hundreds of meters. The shear zone separated the western
and eastern camp by passing through in between the Ocean City and the first Remote Sensing
site, and continuing its way in the front of Polarstern to the south. This extreme event separated
three fixed stations from the grid in three days. Since the grid had to be maintained by at least
two fixed stations, another station had to be installed on the east side of the camp where
Polarstern was anchored. An additional battery-supplied fixed station was installed near the
logistics watch tower on the next day after the drifting event. Unfortunately, one of the VHF
antennas of FloeNavi stations was critically damaged after the storm which dropped the
number of available stations to six.

When the ice conditions were stabilized, and the camp facilities were reestablished on their
new positions, the fixed stations at each main site were reinstalled one by one. After sufficient
number of stations were reinstalled, it was safe to move the fixed station near Polarstern further
away. This resolved the uncertainty issue of the AIS transponder.

Before the end of first leg, five of the remaining stations were installed at every city except the
Balloon Town. The fixed stations and their details are given in the Table 8.6.1.





Tab.8.6.1:The fixed Floe Navi stations and their details

Station Name: | MMSI: Location: Status:

B03 211003812 ROV site power hub Plugged to the hub

B05 211003814 Near the logistics watch | Battery supplied
tower

B06 211003815 Polarstern power hub Plugged to the hub

BO7 211003821 Ocean City power hub Plugged to the hub

B08 211003822 Remote Sensing site power | Plugged to the hub
hub

B09 211003823 Met City power hub Plugged to the hub

Throughout the leg one, the scientists were asked to take the FloeNavi tablets and Mobile
Stations with them whenever they head out to their scientific tasks, and set the sampling or
measurement labels on the tablet. These labels were saved into the database in terms of
coordinate and time which could later be mapped onto the two dimensional grid of ice floe. The
tablet software had some minor problems such as showing the labels on the x-y coordinates
which made the process a little tricky. Yet, this did not degrade the performance of the GPS
receivers of tablets, so the mapping on an x-y grid could later be implemented manually by
means of other scripts.

In summary, most of the seven fixed stations (AIS transponders) were installed and maintained
throughout the first leg to keep the established grid. Some of the fixed stations had to be
repositioned and/or reinstalled due to either the environmental incidents (strong winds,
shearing, leads) or hardware issues such as the limited battery life. Despite all that, the
established frame/grid was not lost as there have always been at least two active fixed stations
on the floe. The available FloeNavi stations dropped to six after an incident due to storm which
critically damaged one VHF antenna.

Preliminary (expected) results

Data management

All data are handled, documented, archived and published following the MOSAIC data policy
(see APPENDIX). Final data products will be stored at the PANGAEA data repository (World
Data Center PANGAEA Data Publisher for Earth & Environmental Science
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MOSAIC data

MOSAIC datasets are published in agreement with FAIR (findable, accessible, interoperable
and reusable) data publication rules. Final datasets und data products are deposited in data
repositories.

Data repositories host datasets, provide a standardized meta-dataset and assign unique digital
object identifiers (DOIls) - datasets published in repositories don't change anymore. That
means a published status of the data is fixed and citeable. The datasets are reviewed and
typically processed and ready to use for analysis.

The main MOSAIC data repository is PANGAEA. Following national funding agencies require
depositing MOSAIC data in a special national repository - the Atmospheric Radiation
Measurement (ARM) data center, the Arctic Data Center, UK Polar Data Centre (UK PDC),
and the Centre for Environmental Data Analysis (CEDA).

Genomic data is not deposited in data repositories mentioned above rather than in genome
data bases and bio-information systems.

Please find below links to the resources mentioned above (note: future additions of the link list
possible).

Main MOSAIC data repository:
PANGAEA

https://www.pangaea.de/?q=project:label:MOSAIC

National repositories:
Atmospheric Radiation Measurement (ARM) data center

https://adc.arm.gov/discovery/#/results/site code::mos

Arctic Data Center
https://arcticdata.io/catalog/data
UK Polar Data Centre (UK PDC)

https://www.bas.ac.uk/data/uk-pdc/

Centre for Environmental Data Analysis (CEDA)

https://www.ceda.ac.uk/

Genomic data:
Joint Genome Institute Data Portal

https://data.jgi.doe.gov/search?qg=MOSAiIiC&x=40

Library Of Medicine

https://www.ncbi.nlm.nih.gov/bioproject?term=%22MOSAIC%22+AND+Expedition+Arctic&c
md=DetailsSearch
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https://adc.arm.gov/discovery/#/results/site_code::mos

https://arcticdata.io/catalog/data

https://www.bas.ac.uk/data/uk-pdc/

https://www.ceda.ac.uk/

https://data.jgi.doe.gov/search?q=MOSAiC&x=40

https://www.ncbi.nlm.nih.gov/bioproject?term=%22MOSAiC%22+AND+Expedition+Arctic&cmd=DetailsSearch
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MOSAIC Data Policy

19.09.2019

The Multidisciplinary drifting Observatory for the Study of Arctic Climate (MOSAIC) is a
collaborative, international project to address pressing scientific questions in the central Arctic.
The project’s success, and its ultimate impact on science and society, relies upon professional
coordination and data sharing across the participants. A transparent Data Policy is essential to
achieve MOSAIC science objectives, to facilitate collaboration, and to enable broad use and impact
of the MOSAIC data legacy.

Executive Summary

This Data Policy regulates data management, access and release as well as authorship and
acknowledgment. Signing this Data Policy is a pre-requisite for participation in MOSAIC field
operations and being a member of the MOSAIC consortium.

Metadata Standards (for details see section 3)

Metadata shall make data findable and provide additional contextual information about
measurement details, methods, relevance, lineage, quality, usage and access restrictions of the data.
It shall allow coupling users, software and computing resources to the data. Hence, metadata must
be machine-readable and interpretable as well as human understandable. Furthermore, metadata
for each data set should follow the FAIR data principles in terms of fitness for purpose and fitness for
re-use.

Data Ingest, Transfer, Storage and Archiving (for details see sections 5 and 6)

The MOSAIC Central Storage (MCS) aboard Polarstern is the basis for gathering data during the year
of operation, offering near-real-time access and early processing of the data to the users underway.
The land MCS provided by AWI is the central and reliable storage and working database of MOSAIC

data within the AWI storage platforms.

Only MOSAIC consortium members with authentication/authorization will have access to the data
prior to public release.

PANGAEA is the primary long-term archive for the MOSAIC data set and all primary data, with the
exception of the subsequently mentioned cases, must be submitted to the PANGAEA data base for
long-term archival. If this is not feasible due to the size of the data set or is not possible due to
institutional data policies or commitments to other stakeholders, exceptions can be made if the data
are stored in another long-term archive that provides unique and stable identifiers for the datasets
and allows open online access to the data. These exceptions need to be documented in written
agreements between the data provider and the MOSAIC Project Board and data manager.

Data Provision, Access and Sharing (for details see section 7)

Early access by the members of the MOSAIC consortium to the data is crucial for the successful
collaboration within the consortium. Hence, all data must be made available to the consortium by
the MCS as fast as possible. The following deadlines mark the latest points in time for transferring
data to the MCS:

e  All sensor data: Must be stored in the onboard MCS as fast as technically possible. Data that
cannot be stored immediately in the on-board MCS have to be added as soon as possible or
stored in the land MCS no later than 31 Jan 2021. Buoy data can be updated within one month





after the lifetime of the buoy if data are being collected beyond the end of the MOSAIC
expedition.

e  All fast analysis sample data: Must be stored on the land MCS no later than 31 Jan 2021.

e A primary subset of laboratory sample analysis data: Must be stored on the land MCS no later
than 31 Jul 2021.

e Full collection of laboratory sample analysis data: Must be stored on the land MCS latest no
later than 31 Jan 2022.

All MOSAIC raw and primary data are freely available to all MOSAIC consortium members as soon as
they are stored in the on-board MCS or the land MCS.

For using data from the MCS for publications, the data provider or data Pl must be informed and
offered collaboration on the scientific analysis and must be offered co-authorship based on the
principles described in section “Authorship and Acknowledgment” below. The data provider and/or
data Pl may object to the usage of data in a publication if that publication conflicts with his or her
own publication strategy. Any such objection must be discussed and agreed upon in writing with the
MOSAIC coordinator and data manager. The data provider and/or data Pl may not object to the
usage of data beyond the public release date.

Public Release of Data (for details see section 8).

MOSAIC data will be freely and publicly available on the open MCS or PANGAEA and/or alternate
public archives on 1 Jan 2023. From this date on there are no restrictions on data usage, but data
users are encouraged to communicate with data providers or data Pls during early stages of all
scientific analyses to ensure accurate usage and interpretation of data. The best practices on co-
authorships described in the section “Authorship and Acknowledgment” below continue to apply.

Authorship and Acknowledgment (for details see section 9)

Generally, co-authorship on publications and other public documentation must be offered to those
that have made a substantial contribution following the principles of good scientific practice. An
inclusive co-authorship approach is encouraged.

Accordingly, co-authorship on publications and other public documentation must generally be
offered to those that have made a substantial contribution to a) the intellectual conception or design
of research; b) the acquisition, analysis, or interpretation of the data (i.e., including the data provider
or data Pl), or c) the drafting or significant revision of the work.

Lead authors have the ultimate decision authority and responsibility to identify and appropriately
engage co-authors.

Contributors to the work that do not warrant co-authorship should be identified by name in the
acknowledgments.

MOSAIC data must be acknowledged or referenced in publications and other public documentation,
specifically including relevant digital object identifiers, data providers (if not co-authors), and funding
agencies.

All publications and other public documentation using MOSAIC data must include a funding
acknowledgment of MOSAIC in general in the following form:

"Data used in this manuscript was produced as part of the international Multidisciplinary drifting
Observatory for the Study of the Arctic Climate (MOSAIC) with the tag MOSAiC20192020"”.
Additionally, the Project ID given for specific expedition must be mentioned. For the Polarstern
expedition this is AWI_PS122_00. Additional attributions like specific award/grant numbers might be
added.





Data Publication (for details see section 10)

The publication of MOSAIC data via data journals and data archives is strongly encouraged and will
be facilitated by the MOSAIC Project Board and Data Group. The MOSAIC Project Board will centrally
organize one or more special issues in a data journal, with an appropriate period for submission.
These special issues will allow for linking all MOSAIC data sets and help to make data standards and
procedures easily citable.

Responsibilities
Data Group Speaker
Stephan Frickenhaus

Data Manager (primary contact)

Antonia Immerz (Antonia.Immerz@awi.de)

Data Group

Atmosphere: Peter von der Gathen, Matthew Shupe (CU/NOAA), Sara Morris (CU/NOAA)
Ice/Snow: Marcel Nicolaus, Martin Schneebeli (WSL-SLF), Julia Regnery

Eco, Bio-Sampling: Allison Fong, Pauline Snoeijs-Leijonmalm (Se)

BGC: Walter Geibert

Ocean: Ben Rabe, Julia Regnery

Airborne: Andreas Herber

Remote sensing: Thomas Krumpen, Suman Singha (DLR)

Modeling: Ralf Jaiser

PANGAEA & data publishing: Daniela Ransby, Stefanie Schumacher, Amelie Driemel
(info@pangaea.de)

Infrastructure Experts: Peter Gerchow, Angela Schéfer, Ingo Schewe, Mohammad Ajjan
Head of Data at AWI: Frank Oliver Glockner

Head of Systems at AWI: Christian Schafer-Neth

NSF Arctic Data Centre: Christopher Jones, Jesse Goldstein, Matt Jones

ARM: Giri Prakash

1. Objective

The purpose of this Data Policy is to codify the goals and principles of MOSAIC’s research data life-
cycle from production, documentation, sharing, usage and re-usage. This ensures that common
procedures for data gathering, archiving and publication, as well as metadata and quality
management are commonly implemented. By participating in the MOSAIC project, all members of
the MOSAIC consortium agree to and comply with this Data Policy. By doing so, participants ensure
that MOSAIC is a successful and resource-effective research project that also supports data
accessibility, interoperability and re-usage following the FAIR data principles.

This policy aims to:
1. Ensure proper storage, backup and archiving of MOSAIC data in a central system.
2. Promote the visibility and accessibility of MOSAIC data for scientific and other applications.
3. Ensure the fair and equitable use of MOSAIC data and uphold the rights of individual
scientists and institutions.
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4. Enable the organized and timely analysis of the data.
5. Encourage the rapid publication and dissemination of scientific data, results and knowledge,
to support the involvement of a broad user community.

2. Definitions

e MOSAIC data: Data collected aboard Polarstern, within the Central Floe Observatory, within
the distributed network, and aboard Polar 5/6. This includes data from analyzed sample
material and sample metadata and satellite data products.

e Collaborating data: Relevant data outside of MOSAIC data, brought to the MOSAIC consortium
via the endorsement process (external aircraft data, re-supply vessel data, other coordinated
activities). As defined by the endorsement, these data from collaborating partners are subject
to the MOSAIC Data Policy.

e External data: Relevant data outside of the MOSAIC data and Collaborating data, but still of
interest to the MOSAIC consortium and other users of MOSAIC data, including but not limited
to operational model output, operational observations at other locations, etc. These data may
be archived or cross-linked along with MOSAIC data at the discretion of the data provider but
are not subject to the Data Policy and the provider is not entitled to the benefits of
endorsement.

e Data provider/PI: All data streams must have a responsible party. The data provider is defined
as the Pl or institution that owns and/or operates an instrument, creates and analyzes
samples, produces a model output, or otherwise produces a data set.

e Consortium members: Participants whose scientific activities are officially endorsed by the
MOSAIC Science Board. Such participants are bound to the MOSAIC Data Policy and will have
access to MOSAIC data as soon as they arrive at the MOSAIC Central Storage (MCS).

e Public users: Public users are those that use MOSAIC data or Collaborating data but are not
part of the MOSAIC consortium.

e Raw data: Data directly produced by sensors, devices, or manual observation, prior to
additional processing, calibration and quality assessment/control (never modified).

e Primary data: Processed data that modify a copy of the raw data, e.g., outliers removed,
calibrated, quality controlled.

e Value-added data/derived data product: Products based on raw or primary data that may
involve derivation of additional parameters or delayed-mode quality control using external
data or post-use sensor calibration; model data or a combination with any external data, e.g.,
by data assimilation, visualization, classification, or clustering.

e MOSAIC Central Storage (MCS): Connected central storage infrastructure that allows for the
redistribution of data to consortium data users with authentication and authorization. Part of
the MCS is aboard Polarstern for gathering and securing raw and/or primary data.

e MOSAIC Standard operating procedures (MSOPs): MOSAIC teams specify procedures on how
to handle devices, how to store samples, and how to process data. MSOPs are temporarily
stored in the MCS. MSOPs document how data are processed from raw to primary and/or
value-added data. They need to be published at the time the data are published in an open
access format. When revised, MSOPs are subject to version control. MSOPs become, like data,
open access and citable.

e IMOSAIC sensor and device registration: Sensors and sampling devices are registered and
managed centrally using the SensorWeb interface provided by AWI. The sensor registration is
mandatory for controlling data streams through MCS and serve to augment data with
metadata automatically. The combination of sensor registration and MSOPs will facilitate a
high standard of quality management and documentation for referencing in publications.

e MOSAIC Device ID (MDID): All sensors/instruments in MOSAIC have a unique ID and Uniform
Resource Name (DeviceURN) in SensorWeb.





e MOSAIC Sample ID (MSID): Physical samples or materials carrying physical or biological matter
(e.g., filters) must have a unique ID.

e MOSAIC Device Operation ID (MDOID): IDs registered in the Ship data system DShip, referring
to coordinates and time. They can be recorded automatically, semi-automatically, or manually.

3. Metadata Standards

Metadata shall make data findable and provide additional contextual information about
measurement details, methods, relevance, lineage, quality, usage and access restrictions of the data.
It shall allow coupling users, software, and computing resources to the data. Hence, metadata must
be machine-readable and interpretable as well as human-understandable. Furthermore, metadata
for each data set should follow the FAIR data principles in terms of fitness for purpose and fitness for
re-use. The metadata should be agreed on, listed, and explained within the MSOPs.

Specifically, within MOSAIC the following two general principles for providing metadata to MOSAIC
datasets shall be endorsed:

e Metadata for sensors/devices must be registered in the SensorWeb. The derived DeviceURN from
SensorWeb for each device should always be linked within the metadata for each data set
ingested into the MCS as well as any derivate data to keep track of the available standardized
meta data in SensorWeb.

e Specifically, all metadata necessary for archiving must be provided within the MCS at the moment
data sets are ingested on board to ensure proper data sharing, findability, and re-usability during
the expedition and later on. If this is not possible, e.g., due to technical limitations, all relevant
data must be added latest until the public release date.

Recommendations for metadata and vocabularies

If further metadata are needed within the MSOPs we recommend using this collection of widely
accepted metadata standards categorized by disciplines and communities to be adopted by MOSAIC
sub teams.

Examples of standards are:

e Oceanography, climatology, and modelling

0 CF (Climate and Forecast) Metadata Conventions: The CF standard was framed as a
standard for data written in netCDF format, with model-generated climate forecast data
particularly in mind. However, it is equally applicable to observational datasets, and can be
used to describe other formats. It is a standard for “use metadata” that aims both to
distinguish quantities (such as physical description, units, and prior processing) and to
locate the data in space and time.

0 1SO 19115: An internationally adopted schema for describing geographic information and
services. It provides information about the identification, the extent, the quality, the spatial
and temporal schema, spatial reference, and distribution of digital geographic data.

O 1SO 19115-2: Imagery and gridded data as an extension of ISO 19115 defining the schema
required for describing imagery and gridded data.

e Biology

0 Ecological Metadata Language (EML): A metadata specification that is used to document
environmental data from almost any scientific domain, and includes sections for describing
spatial, temporal, thematic, and taxonomic coverage of datasets. Current release: EML
2.1.1.
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0 Darwin Core: A body of standards, including a glossary of terms (in other contexts these
might be called properties, elements, fields, columns, attributes, or concepts) intended to
facilitate the sharing of information about biological diversity by providing reference
definitions, examples, and commentaries. Current Biodiversity Information Standards
(TWDG) from October 2009.

0 MIxS: Minimum Information about any (x) Sequence: The MIxS is a unified standard
developed by the Genomic Standards Consortium (GSC) for reporting of minimum
information about any (x) nucleotide sequence. It consists of MIGS, MIMS and MIMARKS
standards and describes fourteen environments. MIGS, MIMS and MIMARKS share
common mandatory core descriptors, differ in standard-specific elements and can be
tailored to a particular environment by a subset of relevant environment-specific
information components.

e Provenance

0 W3C Provenance Ontology (PROV-0): The PROV-0 ontology provides terms that support
the documentation of the lineage of activities (like data processing), used and produced
resources (like data), and the agents (like scientists) associated with the activity. The
DataONE ProvONE ontology extends the PROV-O ontology to explicitly capture lineage
information for scientific workflows, and statements about data inputs, processing scripts,
and data outputs can be expressed inside of DataONE packaging documents (OAI-ORE
resource maps).

All variables and parameters (measurement attributes) must be documented with an attribute name
and attribute definition that provides a human-readable context for the measurement. For numeric
data, attributes must include the units of measurement using Sl unit definitions. Where non-SI units
are used, a mapping to Sl units must be provided that includes a) a unit name, b) a unit definition, c)
a unit notation abbreviation, d) the unit’s parent Sl unit name, e) a multiplier to the parent Sl unit.
For numerical data without a unit (e.g., percent, count x per count y, etc.), the unit should be noted
as “dimensionless”. For non-numeric, categorical data, coded values must be defined in a
code/definition list, or be defined by an external, controlled vocabulary term. We recommend the
NERC Vocabulary Standard, since registry of MOSAIC Sensors and devices via SensorWeb follows this
vocabulary. The NERC Vocabulary Server (NVS) web service provides access to controlled
vocabularies via an international, actively-contributing research community
https://www.bodc.ac.uk/resources/vocabularies/. Any deviations from this recommendation must
be individually discussed with the MOSAIC data manager. In case a specific vocabulary is agreed on, a
mapping between the NERC vocabulary term and the term used in the metadata must be provided
by the requesting party.

Recommendation for Processing Levels

Processing levels of all data stored in the MCS or published in PANGAEA or other certified
repositories should be stated in the metadata. In general, the levels raw, primary and value-
added/derived should be used (see definition above). If other conventions or standards for data
levels exist these should be referenced in the metadata. Processed data in PANGAEA and other
certified repositories should include the information how they have been derived from raw data
(provenance). Additionally, the information how to gain access the raw data should be provided.

4. Metadata Registries

The purpose of metadata registries is to assemble provenance meta information for the discovery,
quality assessment, interlinking, and assembly of otherwise disconnected data.
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ActionLog — Actions are registered in the DShip system on board. Sampling, regular station visits, etc.
can be recorded with an App on a specific MOSAIC tablet. The recorded logs are uploaded to DShip
by the data support team aboard.

Devices registry — Sensors and sampling devices are registered in SensorWeb by the Pls with support
from the data support team (on board, but mainly before expedition start). Configuration changes
are registered in the same system.

5. Data Ingest and Transfer

The MCS aboard Polarstern is the basis for gathering data along the year of operation, offering near-
real-time access and early processing of the data to the users underway.

The land MCS provided by AWI is the central, reliable storage and working database of MOSAIC data
within the AWI storage platforms. It will furthermore serve to distribute data after the expedition,
also for data publication in other repositories.

Raw data obtained during the MOSAIC expedition shall be stored in the MCS on Polarstern. Any
deviations from this rule must be individually agreed upon with the data manager. The raw data are
transferred to the on-board MCS semi-automatically. Additional data can be submitted manually to
MCS via mobile external hard drives in ‘delayed mode’ by scientific cruise participants.

For the data ingest into MCS, the Raw Data Ingest Framework provided by AWI (RDIF/AWI) will be
used. For this, sensor registration in SensorWeb is mandatory, as is naming a responsible person for
data transfer to the MCS. A data set template is to be described for RDIF, implying a DeviceURN from
SensorWeb, a filename filter as regular expression (RegEx), file format descriptions and additional
metadata for PANGAEA (see annex).

The transfer of the raw data after each leg to the land MCS at AWI is organized centrally by the AWI
data support team. Data transfer to the land MCS will be performed by means of mobile data storage
mediums (hard disks) hereby also maintaining user rights. Data is then made accessible adhering to
the specified user rights of all MOSAIC members. Furthermore, raw data transferred to the land MCS
will be automatically archived in a WORM (write once, read multiple) system at AWI.

Primary data produced aboard Polarstern during the expedition can also be transferred to the land
MCS at AWI via the centralized data transfer. User rights defined on the data will be maintained
accordingly. Publication of primary data sets in PANGAEA or other recommended repositories is the
responsibility of each scientist. Data copies will be made accessible to the participating institutes via
the land MCS at AWI.

6. Data Storage and Archiving

The land MCS will store the data and metadata records during and beyond the duration of the
MOSAIC project. It will serve as a working database for the early handling and exchange of data
within the MOSAIC consortium. As stated in section 2, only consortium members with
authentication/authorization will have access to the data until public release (see section 7 and 8).

The land MCS will be in operation and accessible until all pre-registered data from the expedition,
and the associated derived and analyzed data and metadata are permanently archived and
published.

PANGAEA is the primary long-term archive for the MOSAIC data set and all primary data, with the
exception of the subsequently mentioned cases, must be submitted to the PANGAEA data base for
long-term archival. If this is not feasible due to the size of the data set or not possible due to
institutional data policies or commitments to other stakeholders, exceptions can be made if the data
are stored in another long-term archive that provides unique and stable identifiers for the datasets





and allows open online access to the data. These exceptions need to be documented in written
agreements between the data provider and the MOSAIC Project Board and data manager.

Metadata of primary data sets published in PANGAEA are provided in a machine-readable format via
the website of PANGAEA and are harvestable. The completeness of the metadata is the responsibility
of the data PI. This option to harvest the meta data enhances the global visibility of MOSAIC data.

In PANGAEA, data files are archived together with metadata. Its content is distributed via web
services to portals, search engines, and catalogs of libraries and publishers. Each data set includes a
bibliographic citation and it is persistently identified using a Digital Object Identifier (DOI).
Interlinkage of MOSAIC IDs (links to, e.g., SensorWeb, sample IDs, Device IDs, Grant IDs) is possible
and allows the clear identification of data, samples, methods and associated data flows. For a more
detailed sketch of PANGAEA workflows and options see the annex.

Datasets stored in other well-established, long-term archives, e.g., due to requirements by national
funding bodies, should nevertheless be reported to the data manager and PANGAEA to ensure long-
term, robust linkage with and documentation of all data that are stored externally to PANGAEA.

Molecular data (DNA and RNA data) must be archived within one of the repositories of the
International Nucleotide Sequence Data Collaboration (INSDC, www.insdc.org) comprising of EMBL-
EBI/ENA, GenBank and DDBJ).

In any case, each data set must have a clearly identified primary archive. Any exceptions from the
rules stated here need to be agreed on between the data provider and the MOSAIC Project Board
and data manager.

7. Data Provision and Sharing among the MOSAIC Consortium Members

Early access by the members of the MOSAIC consortium to the data is crucial for the successful
collaboration within the consortium. Hence, all data must be made available to the consortium by
the MCS as fast as possible. The following deadlines mark the latest points in time for transferring
data to the MCS:

e All sensor data: Must be stored in the onboard MCS as fast as technically possible. Data that
cannot be stored immediately in the on-board MCS have to be added as soon as possible or
stored in the land MCS no later than 31 Jan 2021. Buoy data can be updated within one month
after the lifetime of the buoy if data are being collected beyond the end of the MOSAIC
expedition.

e All fast analysis sample data: Must be stored on the land MCS no later than 31 Jan 2021.

e A primary subset of laboratory sample analysis data: Must be stored on the land MCS no later
than 31 Jul 2021.

e  Full collection of laboratory sample analysis data: Must be stored on the land MCS latest no
later than 31 Jan 2022.

All MOSAIC raw and primary data are freely available to all MOSAIC consortium members as soon as
they are stored in the on-board MCS or the land MCS.

For using data from the MCS for publications, the data provider or data Pl must be informed and
offered collaboration on the scientific analysis and must be offered co-authorship based on the
principles described in section “Authorship and Acknowledgment” below. The data provider and/or
data Pl may object to the usage of data in a publication if that publication conflicts with his or her
own publication strategy. Any such objection must be discussed and agreed upon in writing with the
MOSAIC coordinator and data manager. The data provider and/or data Pl may not object to the
usage of data beyond the public release date.
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8. Public Release of MOSAIC Data

Good progress of a highly collaborative and interdisciplinary project like MOSAIC requires open
availability of data to a wide user audience as early as possible. At the same time, it is important to
acknowledge the substantial work that goes into collecting, quality controlling, formatting,
documenting, and releasing scientific data. MOSAIC policies pertaining to data use and
acknowledgment aim to balance these two principles.

Data access and usage policies evolve in time according to a staged process outlined here, and in all
cases the most data-restrictive approach is described while an accelerated publication of data is
acceptable.

MOSAIC data will be freely and publicly available on the open MCS or PANAGEA and/or alternate
public archives on 1 Jan 2023. From this date on there are no restrictions on data usage, but data
users are encouraged to communicate with data providers or data Pls during early stages of all
scientific analyses to ensure accurate usage and interpretation of data. The best practices on co-
authorships described in section 9 “Authorship and Acknowledgment” continue to apply.

9. Authorship and Acknowledgment

Authorship. Generally, co-authorship on publications and other public documentation must be
offered to those that have made a substantial contribution following the principles of good scientific
practice. An inclusive co-authorship approach is encouraged.

Accordingly, co-authorship on publications and other public documentation must generally be
offered to those that have made a substantial contribution to: a) the intellectual conception or
design of research, b) the acquisition, analysis, or interpretation of the data (i.e., including the data
provider or data Pl), or c) the drafting or significant revision of the work. Co-authors should
understand the content of the work, be accountable for at least a section of the work and approve of
the final draft. Additional standard guidelines for deciding on co-authorship on publications can be
found via numerous on-line resources, such as
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-
authors-and-contributors.html or https://www.dfg.de/sites/flipbook/gwp/files/assets/basic-
html/page85.html.

Lead authors have the ultimate decision authority and responsibility to identify and appropriately
engage co-authors.

Contributors to the work that do not warrant co-authorship should be identified by name in the
acknowledgments.

Authorship conflicts may be resolved by the MOSAIC Project Board, possibly taking into consideration
advice from further experts in the research field.

Acknowledging data usage. MOSAIC data must be acknowledged or referenced in publications and
other public documentation, specifically including relevant digital object identifiers (DOI, see Section
7), data providers (if not co-authors), and funding agencies. A data acknowledgment or reference
should also specify where the data was obtained, according to individual journal policies. A suggested
format for acknowledging each data stream includes:

"[Data descriptor] data ([Author name et al. (PubYear)]) was provided by [data provider, Pl, and or
Institution] with support from [Funding agency or institution].

The data has then to be cited in the References, e.g., as follows:

"Nicolaus, Marcel (2018): Shipborne visual observations of Arctic sea ice during POLARSTERN cruise
PS106. PANGAEA, doi:10.1594/PANGAEA.889264, In: Hutchings, Jennifer K (2018): Shipborne visual
observations of Arctic sea ice. PANGAEA, doi:10.1594/PANGAEA.889209."
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Acknowledging MOSAIC in general. All publications and other public documentation using MOSAIC
data must include a funding acknowledgment of MOSAIC in general in the following form:

"Data used in this manuscript was produced as part of the international Multidisciplinary drifting
Observatory for the Study of the Arctic Climate (MOSAIC) with the tag MOSAiC20192020"”.
Additionally, the Project ID given for specific expedition must be mentioned. For the Polarstern
expedition this is AWI_PS122_00. Additional attributions like specific award/grant numbers might be
added.

Citing Research Platforms. All scientific and data publications must cite the article concerning the
respective research platform:

“Polarstern: Alfred-Wegener-Institut Helmholtz-Zentrum fiir Polar- und Meeresforschung. (2017).
Polar Research and Supply Vessel POLARSTERN Operated by the Alfred-Wegener-Institute. Journal of
large-scale research facilities, 3, A119. http://dx.doi.org/10.17815/jlsrf-3-163"

“Polar5 and Polar6: Alfred-Wegener-Institut Helmholtz-Zentrum fir Polar- und Meeresforschung.
(2016). Polar aircraft Polar5 and Polar6 operated by the Alfred Wegener Institute. Journal of large-
scale research facilities, 2, A87. http://dx.doi.org/10.17815/jlsrf-2-153"

10. Data Publication

Clear, consistent documentation of MOSAIC data will help to support a strong and lasting MOSAIC

data legacy, promote the broad and appropriate use of MOSAIC data including the citation of data,

and ensure proper acknowledgment of data creators. This documentation is particularly important

for a large, inter-disciplinary, and international project like MOSAIC, which involves many disparate

sources and providers of data. To this end, the publication of MOSAIC data via data journals and data

archives is strongly encouraged and will be facilitated by the MOSAIC Project Board and Data Group.

e Data publication can take multiple forms such as data journals or data/metadata archives

(potentially certified by WDS/CoreTrust). Data publications follow the FAIR data principles. The
ultimate goals for data publication are to provide a clear description of the metadata and data,
the specific instruments and measurements that created the data, the quality control
procedures, the manner in which the data were processed, any embedded data dependencies
(on other data sets), and any other special conditions or considerations for the data. To assist
in data tracking and awarding of credit, it is important that data sets are given a digital object
identifier (DOI). Additionally, associated data files, metadata description documents, and
processing scripts and instruments should receive a persistent identifier (PID), which links to
the datasets.

e  Authorship on data publications should follow similar policies to authorship on scientific
publications and must include those participants that have made substantial contributions to
collecting the data, processing the data, and documenting the data (see Section 9). Each data
publication needs a contact person and principle investigator (Pl) who is familiar with and
responsible for the scientific evaluation. This is especially relevant for “automated”
measurements, where often the cruise scientist is chosen as PI, but was not involved in the
data evaluation.

e  The MOSAIC Project Board will centrally organize one or more special issues in a data journal,
with an appropriate period for submission. These special issues will allow for linking MOSAIC
data sets and help to make data standards and procedures easily citable. Each special issue will
likely have an introductory manuscript that provides the context for the rest of the special
issue. When organizing the special issues, the coordinator will specify a short list of
recommendations for the information that should be specifically included in data publications.
This process might involve specific MOSAIC formatting that will support consistency across the
different publications.
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e  External Data: When used in a publication in the MOSAIC context, i.e., in combination with
MOSAIC data, external data should be published in an appropriate open access data repository
that also provides DOlIs or at least persistently resolvable IDs.

e Synthesis Data: MOSAIC data may serve as a basis for synthesis data products, i.e., data from
MOSAIC in combination with already published data or model data. Synthesis data should be
published in the same manner as MOSAIC data. Pls working on synthesis data and related
publications are encouraged to ensure that data from other sources becoming part of
synthesis data are published.

11. Amendments

Variances
Any modifications to this policy that are needed on a case-by-case basis, i.e., conflicting
requirements from a funding agency, must be endorsed by the MOSAIC Project Board.

Dispute resolution

Disputes on the Data Policy should be solved primarily by the involved individuals or MOSAIC team
leaders. If resolution at this level is not possible the MOSAIC Project Coordination will act as a
mediator in the conflict. If resolution cannot be achieved with the mediation of the Project
Coordination, the MOSAIC Project Board will be engaged to resolve the dispute.

In case, the MOSAIC Project Board is not able to resolve the dispute amicably it will be referred to the
competent German state court. German law under exclusion of its conflict of law regulation and
under exclusion of the Convention on the International Sale of Goods (CISG) will be applicable.

MOSAIC Consortium

The term “MOSAIC Consortium” does not refer to a legal entity or institution. MOSAIC Consortium
defines a scientific collaboration of many persons contributing scientific work to the project.
Consequently, the term “Official Member” refers to the fact that the person signing the data policy
will respect the Consortiums Data Policy and that he/she is registered for book keeping on a formal
basis, and for realizing the technical basis of data sharing.

Signature

Name

Institute

e-Mail

Hereby | declare that | fully consent to the MOSAIC Data Policy and become a registered MOSAIiC
Consortium Member.

Date, Signature
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12. Annex

Requirements for MOSAIC Sample IDs (MSID)

Physical samples or materials carrying physical or biological matter (e.g., filters) must have a unique
ID. Also, certain measurements and data products, such as photographs for instance must obtain a
unique ID.

Creation of unique sample IDs is to be managed within the scientific teams.

The association with the device and its operation in which the sample was obtained must be
documented. Therefore, the respective DeviceURN and DeviceOperation ID must always be related
to a sample ID. This is achieved by annotating sampling log sheets enlisting sample-IDs with the
DeviceURNs from SensorWeb of the involved devices and the DSHIP-DeviceOperation IDs in which
the device was deployed. Storing the sampling log sheets in the respective directory of the MCS
which reflects this structure exactly makes the metadata clear to the data user.

PANGAEA - sketch of workflows/options and metadata

Datasets in PANGAEA may be archived as stand-alone publications of data (e.g.,
https://doi.org/10.1594/PANGAEA.753658) or as supplements to an article (e.g.,
https://doi.org/10.1594/PANGAEA.846130). Data can be submitted to and published in PANGAEA
with access restrictions in place for a predefined period (until article publication, or during an
embargo period). Metadata must be submitted together with the data (minimal requirements are
dataset Author(s), Pl, dataset title, MOSAIC ID(s), related institute(s) or publication(s)). Any
documentation (e.g., MOSAIC Standard operating procedures, MSOPs) helping to understand the
data can and should be linked to the dataset(s). If no persistent link to the documents can be
provided, PANGAEA can archive the documents permanently alongside the data.

The granularity of the data is up to the author(s) of the dataset. Lower-granularity datasets can be
combined in a time-series collection dataset as in https://doi.org/10.1594/PANGAEA.873032. During
submission (https://www.pangaea.de/submit/), the connection with MOSAIC has to be clearly stated
in the Label Field of the Data Submission. The MOSAIC Project ID (see Acknowledging MOSAIC in
general, section 9) must be given in the Data Submission description. The MOSAIC Device ID(s)
should also be provided. Within the data table, parameters (table header) should be submitted with
full names and units. Data submitted in the form of videos, photos, geoTIFF, shape files, netCDF, sgy,
etc. will be archived as is (e.g., https://doi.org/10.1594/PANGAEA.865445). More information on
data submission can be found in https://wiki.pangaea.de/wiki/Data submission.

If a published dataset needs to be updated, PANGAEA will upload a new version of this dataset, with
new documentation and complete metadata (clearly providing information on the changes between
the versions). Both versions can be linked but will have their own permanent DOI.

MOSAIC Grant IDs

MOSAIC grant-IDs are provided centrally by the MOSAIC science board via the MOSAIC Project Board.
Grant-IDs are parse-able for analyzing citations within the Acknowledgments in papers referring to
MOSAIC, see Acknowledging MOSAIC in general, section 9. Additional grant IDs from funding
agencies might exist.
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AA1 PARTICIPATING INSTITUTIONS

Abbreviation

Adresse / Address

CH.WSL

Eidg. Forschungsanstalt fir Wald, Schnee und Landschaft
Institut fir Schnee- und Larvinenforschung

Flielastrasse 11

7260 Davos Dorf

Switzerland

CN.BNU

Beijing Normal University
No. 19, Xinjiekouwai Street
100875 Beijing

China

CN.PRIC

Polar Research Institute of China
451, Jingiao, Pudong
200136 Shanghai

China

CN.SIO

Second Institute of Oceanography
Baochubei 36

310012 Hangzhou

China

COM.BBC

British Broadcasting Corporation

Broadcasting House Peel Wing Portland Place
W1A 1AA London

UK

DE.AWI

Alfred-Wegener-Institut Helmholtz-Zentrum fur Polar- und
Meeresforschung

Postfach 120161
27515 Bremerhaven
Germany

DE.DWD

Deutscher Wetterdienst
Geschéftsbereich Wettervorhersage
Seeschifffahrtsberatung

Bernhard Nocht Str. 76

20359 Hamburg

Germany

DE.FIELAX

Fielax - Gesellschaft flr wissenschaftliche
Datenverarbeitung mbH

Schleusenstralte 14
27568 Bremerhaven
Germany

DE.GEOMAR

GEOMAR Helmholtz-Zentrum fir Ozeanforschung
Wischhofstr. 1-3
24148 Kiel






Germany

DE.GUJ

Gruner&Jahr
Am Baumwall 11
20459 Hamburg
Germany

DE.HeliService

Heli Service International GmbH
Gorch-Fock-Stralle 105

26721 Emden

Germany

DE.LAEISZ

Reederei F. Laeisz GmbH
Bartelstralie 1

27570 Bremerhaven
Germany

DE.TROPOS

Leibniz Institut fir Tropospharenforschung

Permosserstr. 15
04318 Leipzig
Germany

DE.UNI-Bremen

Universitat Bremen
Bibliothekstrasse 1
28359 Bremen
Germany

DE.UFA

UFA Show & Factual GmbH
Siegburger Strasse 215
50679 Koln

Germany

DE.UNITRIER

Universitat Trier
Behringstralte 21
54296 Trier
Germany

EDU.CSU

Colorado State University
1371 Campus Delivery
80523 Fort Collins

USA

EDU.DARTMOUTH

Dartmouth College

Thayer School of Engineering
14 Engineering Drive

3755 Hanover

USA

EDU.OSU Ohio State University
1330 Kinnear Road
43212 Columbus
USA
EDU.UAF University of Alaska Fairbanks






2160 Koyukuk Drive
PO Box 757340
99775 Fairbanks
USA

EDU.CU

University of Colorado
216 UCB

80309 Boulder

USA

FI.LFMI

Finnish Meteorological Institute
Erik Palmenin Aukio 1

100 Helsinki

Finland

FI.UNI-Helsinki

Helsingin Yliopsto
P.O. Box 64

FI-00014 University of Helsinki
Finland

GOV.ARM

Atmospheric Radiation Measurement
TA-51

87545 Los Alamos

USA

GOV.BNL

Brookhaven National Laboratory
75 Rutherford Dr

11973 Upton

USA

GOV.LANL

GOV.NASA

National Aeronautics and Space Administration
300 E Street SW

20024-3210 Washington DC

USA

GOV.ORNL

GOV.SANDIA

ORG.BIGELOW

Bigelow Laboratory for Ocean Sciences
60 Bigelow Drive

4544 East Boothbay

USA

RU.AARI

Arctic and Antarctic Research Institute
Ulitsa Beringa, 38

199397 Saint Petersburg

Russia

SE.GU

Goteborgs Universitet
Universitet Platsen 1






40530 Goteborg
Sweden

SE.SLU

Swedish University of Agricultural Sciences
Turistgatan 5

45330 Lysekil

Sweden

SE.SU

Stockholms Universitet
Svante Arrhenius vag 20A
10691 Stockholm

Sweden

UK.BAS

British Antarctic Survey

High Cross, Madingley Road
CB30ET Cambridge

UK

UK.UNI-LEEDS

University of Leeds
Woodhouse Lane
LS2 9JT Leeds

UK






PARTICIPATING INSTITUTIONS (NOT ON BOARD)

Abbreviations

Institute / Institutes

CA.UCALGAR University of Calgary, Canada

CA.UMANITOBA University of Manitoba, Canada

CA.UVICTORIA University of Victoria, Canada

CA.UWaterloo University of Waterloo, Canada

CH.PSI Paul Scherer Institut, Switzerland

CN.NIEER.CAS Northwest Institute of Eco Environment and Ressources,
China

CN.PKU Peking University, China

COM.UCL University College London, UK

DE.DLR Deutsches Zentrum fir Luft- und Raumfahrt, Germany

DE.GFZ Geoforschungszentrum, Germany

DE.HSVA Hamburgische Schiffbau-Versuchsanstalt GmbH

DE.UNI-Bayreuth Universitat Bayreuth, Germany

DE.UNI-KOELN Universitat Kéln, Germany

DE.UNI-Potsdam Universitat Potsdam, Germany

DK.DTU Technical University of Denmark, Denmark

EDU.NPS Naval Postgraduate School, USA

EDU.OREGONSTATE Oregon State University, USA

EDU.PSU Pennsylvania State University, USA

EDU.UCSD Scripps Institution of Oceanography, USA

EDU.UMICH University of Michigan, Ann Arbor, USA

EDU.URI University of Rhode Island, USA

EDU.WHOI Woods Hole Oceanographic Institution, USA

ES.CSIC Consejo Superior de Investigaciones Cientificas, Spain

ES.ICM-CSIC Institute of Marine Sciences, Spain

FR.UNIV-GRENOBLE University Grenoble, France

FR.UNIV-LILLE University Lille, France

GOV.NOAA National Oceanic and Atmospheric Administration, USA

INT.ESA European Space Agency

IT.UNISI University of Siena, Italy

JP.AC.HOKUDAI

Hokkaido University, Japan

JP.AC.U-TOKYO

University of Tokyo, Japan

NL.WUR

Wageningen University & Research, Netherlands

NO.Akvaplan Niva

Akvaplan Niva Tromso, Norway

NO.IMR

Institute of Marine Research, Norway

NO.NPOLAR Norwegian Polar Institute, Norway

NO.NTNU Norwegian University of Science and Technology
NO.UIB University of Bergen, Norway

NO.UIT University of Tromso, Norway






SE.UU

Uppsala University, Sweden

UK.AC.HUD University of Huddersfield, UK
UK.AC.MMU Manchester Metropolitan University, UK
UK.AC.Plymouth University of Plymouth, UK

UK.AC.UEA University of East Anglia, UK
UK.AC.YORK University York, UK






A.2 LIST OF PARTICIPANTS (Leg 1A)

Name/ Vorname/ Institut/ Beruf/ Fachrichtung/
Last Name First Name Institute Profession Discipline
Abrahamsson Katarina SE.GU Scientist Chemistry
Allison Fong DE.AWI Scientist Biology
Angelopoulos Michael DE.AWI PhD student | other geo
sciences
Bauch Dorothea DE.GEOMAR Scientist Physics
Blomquist Byron EDU.CU Scientist Chemistry
Boyer Matt GOV.ARM Technician Meteorology
Brooks lan UK.UNI-LEEDS Scientist Meteorology
Castro Vagner GOV.ARM Technician Engineering
Sciences
Chu David GOV.LANL Technician Chemistry
Costa David EDU.CU Engineer Meteorology
Dahlke Sandro DE.AWI Scientist Meteorology
Demir Oguz EDU.OSU PhD student | Engineering
Sciences
Ellis Jody GOV.ARM Technician Data
Engelmann Ronny DE.TROPOS Scientist Meteorology
Enriquez Alberto DE.HeliService Technician Helicopter
Garcia Service
Gerchow Peter DE.AWI Engineer Logistics
Goring Marlene DE.GUJ Journalist Public Outreach
Graser Jirgen DE.AWI Technician Meteorology
Graupner Rainer DE.AWI Technician Oceanography
greenamyer Vernon GOV.ARM Technician Logistics
Griess Philipp DE.UFA Journalist Public Outreach
Griffiths Steele GOV.ARM Technician Meteorology
Grote Sebastian DE.AWI Journalist Public Outreach
Hall Shannon FREELANCE Journalist Public Outreach
Hendricks Stefan DE.AWI Scientist Geophysics
Henriques Martha COM.BBC Journalist Public Outreach
Hermansen Gaute DE.LAEISZ Technician Logistics
Hildebrandt Nicole DE.AWI Scientist Biology
Hohle Trude DE.LAEISZ Technician Logistics
Honold Hans COM.ALPINEWELTEN | Observer Logistics
Horvath Esther DE.AWI Photographer | Public Outreach
Houchens Todd GOV.SANDIA Technician Engineering
Sciences
Hueber Jacques EDU.CU Technician other geo
sciences
Immerz Antonia DE.AWI Scientist Data
Kalbohrer Johannes DE.FIELAX Scientist Chemistry
Kieser Jens DE.DWD Scientist Meteorology






Kircher Siegmund DE.KIRCHER Technician Shipping
Dietmar Company
Kirchgaessner | Amelie UK.BAS Scientist Meteorology
Kirk Henning DE.AWI Technician Geophysics
Koenig Ravenna ORG.NPR Journalist Public Outreach
Konig Bjela DE.AWI Engineer Logistics
Krassovski Misha GOV.ARM Engineer Data
Kurtz Nathan GOV.NASA Scientist Glaciology
Matero llkka DE.AWI Scientist Geophysics
Mohaupt Verena DE.AWI Scientist Logistics
Nehring Franziska DE.FIELAX Scientist Data
Nicolaus Marcel DE.AWI Scientist Geophysics
Oggier Marc EDU.UAF Scientist Geophysics
Ortega Paul GOV.ARM Engineer other geo
sciences
Persson Ola EDU.CU Scientist Meteorology
Preuper Andreas DE.UNITRIER Scientist Meteorology
Quéléver Lauriane FI.UNI-Helsinki PhD student | Physics
Raeke Andreas DE.DWD Scientist Meteorology
Raphael lan EDU.DARTMOUTH Student Engineering
(Master) Sciences
Regnery Julia DE.AWI Scientist other geo
sciences
Rember Robert EDU.UAF Scientist Oceanography
Ren Jian CN.SIO Scientist Geology
Rex Markus DE.AWI Scientist Physics
Richman Amy EDU.CU Artist Public Outreach
Rokitta Sebastian DE.AWI Scientist Biology
Schiller Martin DE.AWI Engineer Engineering
Sciences
Schlindwein Vera DE.AWI Scientist Geophysics
Shupe Matthew EDU.CU Scientist Meteorology
Snoeijs- Pauline SE.SU Scientist Biology
Leijonmalm
Spreen Gunnar DE.UNI-Bremen Scientist Physics
Stark Jakob DE.UFA Journalist Public Outreach
Stenssen Willem DE.HeliService Engineer Helicopter
Albertus Service
Stenzel Olaf DE.AWI Technician Logistics
Sterbenz Thomas DE.LAEISZ Engineer Shipping
Company
Svenson Anders SE.SLU Technician Biology
Tholfsen Audun FREELANCE Technician Logistics
Uin Janek GOV.BNL Scientist Physics
Verdugo Maria Josefa DE.AWI PhD student | other geo
sciences
Viegas Juarez GOV.ARM Engineer Meteorology






Volgger Ingo DE.HeliService Pilot Helicopter
Service
von Nikolaus DE.UFA Journalist Public Outreach
Schlebrligge
Wagner David CH.WSL PhD student | other geo
sciences
Zillgen Carsten DE.HeliService Pilot Helicopter
Service
Zoelly Christian FREELANCE Technician Logistics
A.2 LIST OF PARTICIPANTS (Leg 1B)
Name/ Vorname/ Institut/ Beruf/ Fachrichtung/
Last Name First Name Institute Profession Discipline
Abrahamsson | Katarina SE.GU Scientist Chemistry
Angelopoulos | Michael DE.AWI PhD student | other geo
sciences
Archer Steve ORG.BIGELOW Scientist Oceanography
Bauch Dorothea DE.GEOMAR Scientist Physics
Blomquist Byron EDU.CU Scientist Chemistry
Castro Vagner GOV.ARM Technician Engineering
Sciences
Costa David EDU.CU Engineer Meteorology
Creamean Jessie EDU.CSU Scientist Chemistry
Demir Oguz EDU.OSU PhD student | Engineering
Sciences
Engelmann Ronny DE.TROPOS Scientist Meteorology
Enriquez Alberto DE.HeliService Technician Helicopter
Garcia Service
Fang Ying-Chih DE.AWI Scientist Oceanography
FONG ALLISON DE.AWI Scientist Biology
Graeser Jirgen DE.AWI Technician Meteorology
Griffiths Steele GOV.ARM Technician Meteorology
He Hailun CN.SIO Scientist Oceanography
Hendricks Stefan DE.AWI Scientist Geophysics
Hermansen Gaute DE.LAEISZ Technician Logistics
Hildebrandt Nicole DE.AWI Scientist Biology
Hohle Trude DE.LAEISZ Technician Logistics
Honold Hans COM.ALPINEWELTEN | Observer Logistics
Hoppmann Mario DE.AWI Scientist Oceanography
Horvath Esther DE.AWI Photographer | Public Outreach
Immerz Antonia DE.AWI Scientist Data
Jari Haapala FILLFMI Scientist Oceanography
KaRbohrer Johannes DE.FIELAX Scientist Chemistry
Kieser Jens DE.DWD Scientist Meteorology
Kolabutin Nikolay RU.AARI Scientist Physics
Kdnig Bjela DE.AWI Engineer Logistics
Lan Musheng CN.PRIC Scientist Biology






Lei Ruibo CN.PRIC Scientist Oceanography
Matero llkka DE.AWI Scientist Geophysics
Mohaupt Verena DE.AWI Scientist Logistics
Nicolaus Marcel DE.AWI Scientist Geophysics
Oggier Marc EDU.UAF Scientist Geophysics
Persson Ola EDU.CU Scientist Meteorology
Preuler Andreas DE.UNITRIER Scientist Meteorology
Quéléver Lauriane, Lucie, FI.UNI-Helsinki PhD student | Physics
Josette
Raphael lan EDU.DARTMOUTH Student Engineering
(Master) Sciences
Regnery Julia DE.AWI Scientist other geo
sciences
Rember Robert EDU.UAF Scientist Oceanography
Ren Jian CN.SIO Scientist Geology
Rex Markus DE.AWI Scientist Physics
Richman Amy EDU.CU Artist Public Outreach
Sandro Dahlke DE.AWI Scientist Meteorology
Shimanchuk Egor RU.AARI Engineer other geo
sciences
Shupe Matthew EDU.CU Scientist Meteorology
Snoeijs- Pauline SE.SU Scientist Biology
Leijonmalm
Spreen Gunnar DE.UNI-Bremen Scientist Physics
Stark Jakob DE.UFA Journalist Public Outreach
Stenssen Willem Albertus DE.HeliService Engineer Helicopter
Service
Stenzel Olaf DE.AWI Technician Logistics
Sterbenz Thomas DE.LAEISZ Engineer Shipping
Company
Svenson Anders SE.SLU Technician Biology
Tholfsen Audun FREELANCE Technician Logistics
Verdugo Maria Josefa DE.AWI PhD student | other geo
sciences
Viegas Juarez GOV.ARM Engineer Meteorology
Volgger Ingo DE.HeliService Pilot Helicopter
Service
von Nikolaus DE.UFA Journalist Public Outreach
Schlebrligge
Wagner David CH.WSL PhD student | other geo
sciences
Wang Lei CN.BNU PhD student | other geo
sciences
Zillgen Carsten DE.HeliService Pilot Helicopter
Service
Zoelly Christian FREELANCE Technician Logistics






A.3  SHIP'S CREW (Leg 1A1)

Name/ Vorname/ Position/
Last Name First Name Rank
Schwarze Stefan Master
Grundmann Uwe Chiefmate
Lauber Felix 1t Mate
Peine Lutz 2"4 Mate
Grafe Jens Ch. Eng.
Haack Michael 2" Eng.
Frank Gerhard ELO
Krinfeld Oleksandr 2" Eng.
Redmer Jens Dirk E-Eng.
Nasis lias ELO
Huttebraucker Olaf ELO
Miersch Woulf Dietrich Ships Doc
Brick Sebastian Bosun
Henning Jorg Carpenter
Buchholz Joscha MP Rat.
Klee Philipp MP Rat.
Moller Falko MP Rat.
Peper Sven MP Rat.
Backer Andreas A.B.
Wende Uwe A.B.

Plehn Markus Storek.
Decker Jens MP Rat.
Gebhardt Norman MP Rat.
Rhau Lars-Peter MP Rat.
Schwarz Uwe MP Rat.
Teichert Uwe MP Rat.
Meildner Jorg Cook
Rosenhagen Kai Cooksm.
Zahn Maren Cooksm.
Czyborra Barbel Chief Stwdess
Waockener Martina Nurse
Chen Dansheng 2" Steward
Dibenau Torsten 2" Steward
Golla Gerald 2" Steward
Shi Wubo 2" Steward
Silinski Carmen 2" Stwdess
Sun Yongsheng 2" Steward






SHIP'S CREW (Leg 1A2)

Name/ Vorname/ Position/
Last Name First Name Rank
Schwarze Stefan Master
Grundmann Uwe Chiefmate
Lauber Felix 1t Mate
Peine Lutz 2"4 Mate
Grafe Jens Chief
Haack Michael 2" Eng.
Krinfeld Oleksandr 2" Eng.
Redmer Jens Dirk E. Eng.
Kriger Lars ELO

Nasis lias ELO

Frank Gerhard ELO
Huttebraucker Olaf ELO
Miersch Wulf Dietrich Ships Doc
Briick Sebastian Bosun
Henning Jorg Carpenter
Buchholz Joscha MP Rat.
Klee Philipp MP Rat.
Méller Falko MP Rat.
Peper Sven MP Rat.
Backer Andreas A.B.
Wende Uwe A.B.

Plehn Markus Storek.
Decker Jens MP Rat.
Gebhardt Norman MP Rat.
Rhau Lars-Peter MP Rat.
Schwarz Uwe MP Rat.
Teichert Uwe MP Rat.
MeilRner Jorg Cook
Rosenhagen Kai Cooksm.
Zahn Maren Cooksm.
Czyborra Barbel Chief Stwdess
Wockener Martina Nurse
Chen Dansheng Laundrym.
Dibenau Torsten 2" Steward
Golla Gerald 2" Steward
Shi Wubo 2" Steward
Silinski Carmen 2" Stwdess
Sun Yongsheng 2" Steward






SHIP'S CREW (Leg 1B)

Name/ Vorname/ Position/
Last Name First Name Rank
Schwarze Stefan Master
Grundmann Uwe Chiefmate
Lauber Felix 1t Mate
Peine Lutz 2"4 Mate
Grafe Jens Chief
Haack Michael 2" Eng.
Krinfeld Oleksandr 2" Eng.
Redmer Jens Dirk E. Eng.
Nasis lias ELO

Frank Gerhard ELO
Huttebraucker Olaf ELO
Miersch Woulf Dietrich Ships Doc
Brick Sebastian Bosun
Henning Jorg Carpenter
Buchholz Joscha MP Rat.
Klee Philipp MP Rat.
Moller Falko MP Rat.
Peper Sven MP Rat.
Backer Andreas A.B.
Wende Uwe A.B.

Plehn Markus Storek.
Decker Jens MP Rat.
Gebhardt Norman MP Rat.
Rhau Lars-Peter MP Rat.
Schwarz Uwe MP Rat.
Teichert Uwe MP Rat.
Rosenhagen Kai Cook

Golla Gerald Cooksm.
Zahn Maren Cooksm.
Czyborra Barbel Chief Stwdess
Waockener Martina Nurse
Chen Dansheng Laundrym.
Dibenau Torsten 2" Steward
Shi Wubo 2" Steward
Silinski Carmen 2" Stwdess
Sun Yong Sheng 2" Steward






A4 STATION LIST

The station list is available on PANGAEA (World Data Center PANGAEA Data Publisher for
Earth & Environmental Science)

https://www.pangaea.de/expeditions/events/PS122%2F1

Please note that some details might still get updated.

A.5 MOSAIC DATA POLICY

The MOSAIC data policy (Immerz et al. 2019) is available on ZENODO and attached to this
document.

Reference

Immerz, Antonia, Frickenhaus, Stephan, von der Gathen, Peter, Shupe, Matthew, Morris,
Sara, Nicolaus, Marcel, Schneebeli, Martin, Regnery, Julia, Fong, Allison, Snoeijs-Leijonmalm,
Pauline, Geibert, Walter, Rabe, Ben, Herber, Andreas, Krumpen, Thomas, Singha, Suman,
Jaiser, Ralf, Ransby, Daniela, Schumacher, Stefanie, Driemel, Amelie, Gerchow, Peter,
Schafer, Angela, Schewe, Ingo, Ajjan, Mohammad, Glockner, Frank Oliver, Schafer-Neth,
Christian, Jones, Christopher, Goldstein, Jesse, Jones, Matt, Prakash, Giri, Rex, Markus
(2019). MOSAIC Data Policy. Zenodo. https://doi.org/10.5281/zenodo.4537178
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Die Berichte zur Polar- und Meeresforschung
(ISSN 1866-3192) werden beginnend mit dem
Band 569 (2008) als Open-Access-Publikati-
on herausgegeben. Ein Verzeichnis aller Bande
einschliellich der Druckausgaben (ISSN 1618-
3193, Band 377-568, von 2000 bis 2008) sowie
der friheren Berichte zur Polarforschung
(ISSN 0176-5027, Band 1-376, von 1981 bis
2000) befindet sich im electronic Publication In-
formation Center (ePIC) des Alfred-Wegener-Ins-
tituts, Helmholtz-Zentrum fur Polar- und Meeres-
forschung (AWI); see https://epic.awi.de. Durch
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Titel: Polarstern in der Néhe des Nordpols. Auf dem Weg zur neuen MOSAIC-Eisscholle nimmt
Polarstern den kiirzesten Weg zum Zielgebiet: liber den Nordpol. Auf dem Weg nach Norden ist das Meereis
erstaunlich schwach, hat viele Schmelztiimpel und Polarstern kann es leicht durchbrechen.

(Foto: Steffen Graupner, AWI)

Cover: Polarstern near North Pole. Polarstern near North Pole. Heading for the new MOSAIC ice floe,
Polarstern takes the shortest way to the area of interest: via the North Pole. On the way north, the sea ice is
surprisingly weak, has lots of melt ponds, and Polarstern is able to easily break it.

(Photo: Steffen Graupner, AWI)
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