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In Short

• Turbulence- and ship-resolving simulations based
on the yearlong Arctic MOSAiC expedition

• Statistical analysis and comparison between simu-
lations and observations

• Investigation of the ship’s interaction with the at-
mospheric flow and its wake’s structure

The Arctic is an early warning system for climate
change. Despite the importance of understanding
Arctic climate change, scientists still struggle to ex-
plain its reasons and consequences [1,3]. To ac-
count remaining questions, the yearlong MOSAiC ex-
pedition [2,4] took place in the years 2019 and 2020.
The German research vessel (RV) Polarstern drifted
through the Arctic Ocean, and research camps were
placed surrounding it. One key uncertainty of at-
mospheric observations in RV Polarstern’ vicinity
are effects of the ship-induced wake. Quantification
of these effects is critical to ensure the MOSAiC
data quality, and large-eddy simulation (LES) is an
excellent tool for such research within the plane-
tary boundary layer (PBL). For example, the utilized
model allows mimicking real observations via syn-
thetic virtual measurements.

We conduct highly resolved LES with resolutions
between 0.5 m and 2.0 m. Such high resolutions are
required for two reasons: first, Arctic PBLs are usu-
ally very shallow and turbulence is weak compared

Figure 1: Meteorological towers distributed over the model do-
main. Dark/light dots represent circular/rectangular distributed
towers. RV Polarstern is symbolized by the black triangle and the
mean atmospheric flow is from left to right.

Figure 2: Heat map between near-surface velocity and PBL
height. The gray lines symbolize our categorization approch
and the small dots represent the individual observed cases.

to lower latitudes; second, sufficient representation
of RV Polarstern’s assymetric features demand a res-
olution of few meters or less. We implement more
than 4000 individual virtual measurements, which
create, when put together, more than half a year
of a continuous 20 Hz-measurement per simulation
per and variable—a period and data amount that is
rarely matched during the MOSAiC expedition. The
implemented virtual measurements consist of tower
measurements at several altitudes, synthetic flight
pattern, and real fligh pattern. Distributing these
measurements over the whole model domain (Fig.
1) grants us a detailed insight into the effects of RV
Polarstern on observations in its vicinity.

Since LES cannot be carried out for every day of
the MOSAiC expedition, we simulate only a limited
set of representative cases for the whole expedition’s
period. Therefore, we categorized the PBL based on
near-surface wind speed, near-surface stability, and
PBL height. While the first two parameters provide
us with information on the turbulence’ source (i. e.
being driven by shear or buoyancy), the third param-
eter allows us to estimate turbulence intensity within
the PBL. Fig. 2 indicates that generally deeper PBL
are related to stronger winds, which results from
Arctic PBLs being usually driven by shear.
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Figure 3: Horizontal snapshot of turbulence intensity close to the RV Polarstern. Light colors represent higher turbulence, and dark
colors represent lower turbulence. The black shilouette represents RV Polarstern’s shape at the considered height level. Created
utilizing VAPOR [5].

Our simulations show that RV Polarstern’s affects
the PBL over several hundreds of meters, for the
presented stable case in Fig. 3, these effects even
exceed our model domain and extend therefore over
more than two kilometers. The intensity of the RV
Polarstern’s influence on observations, thereby, de-
pends mainly on the statistic order of the considered
quantity: higher-order quantities such as variances
or turbulent fluxes are stronger and over larger dis-
tances affected than lower-order quantities such as
mean temperature or wind. Further, our simulations
indicate that increasing averaging periods for obser-
vations in RV Polarstern’s wake frequently result in a
better representation of the true atmospheric state.

So far, we have only investigated one specific
atmospheric state and only for wind attacking the RV
Polarstern at 90°. Thereby, the utilized setup allows
for a detailed representation of turbulence around RV
Polarstern (Fig. 4). With the upcoming simulations
we aim to generalize our observations also for other
atmospheric states and angles of attack. These
simulations will allow us to estimate in detail under
which conditions the performed observations have
to be dealt with cautious regarding effects of RV
Polarstern’s wake.

Figure 4: 3D visualization of turbulence intensity in RV Po-
larstern’s vicinity. Created utilizing VAPOR [5].

Thus, our results will heavily influence the evalu-

ation and quality of observations performed during
the MOSAiC expedition and in the future. Therefore,
this project assures quality management of data
generated during MOSAiC and, at the same time,
improves the understanding of turbulence-related
processes in the Arctic. Furthermore, the performed
virtual measurements also allow to develop or opti-
mize observation strategies at relatively low costs,
such as flight pattern or distributions of utilities, and
may also lead to improved callibrations, such as es-
timating and improving errors induced by time-lags
of the utilized sensors.
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