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Abstract

This study presents the micro- and macrophysical cloud properties as a function of their surface coupling state with the sea
ice during the wintertime of the MOSAIC field experiment. Cloud properties such as cloud base height, liquid- and ice water
content have been previously found to have statistically distinguished features under the presence of sea ice leads (characterized
by sea ice concentration, SIC) along downwind direction from the central observatory RV Polarstern. Those findings are mainly
in an increase of liquid water content, and favored occurrence of low level clouds as contrasted to situations when the clouds
are thermodynamically decoupled.

The present contribution is an update considering two recent developments in the liquid detection in clouds and in the detection
of sea ice leads. First, radar and lidar-based cloud droplet detection approaches like Cloudnet (Illingworth et al. 2007, Tukiainen
et al. 2020) using Arctic wintertime observations and applied to measurements by the Atmospheric Radiation Measurement
mobile facility (ARM) instrumental suite on-board the RV Polarstern during MOSAiC.

Secondly, we explore a new sea ice lead fraction product based on sea ice divergence. Sea ice divergence is estimated from
sequential images of space-borne synthetic aperture radar with a spatial resolution of 700 m. The lead divergence product,
being independent of cloud coverage, offers the unique advantage to detect opening leads at high spatial resolution.

Statistics for the wintertime cloud properties based on the coupling state with the sea ice concentration and sea ice lead fraction

will be presented as an approach to study Arctic clouds and their interaction with sea ice.
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4.- Statistical Results

Based on the analysis in Box 2 & 3 and applied to the whole wintertime data
from Nov 2019 to April 2020, the following results are found:
@ Cloud coupling classification: criteria based on the virtual potential temper-

3.- Cloud-sea ice coupled case study 18th Nov 2019

Cloudnet target classification is used to determine cloud macro- and microphysical properties. Radiosondes are
used to obtain information on the thermodynamic states of the atmosphere, e.g. 0,, VIW VT, wind vectors, and Ri,.

1.- Research Objectives

The study focuses on the observation of Arctic mixes-phase clouds and sea ice |
leads to address the following research questions:
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Figure 7: [a] mean single cloud layer LWP vs. LF (black-line in Fig. 6) with colour-

coded cloud top temperature. [b] Same but for IWP of same cloud layer. [c] I'ciouq as

defined in Eq. 3 vs. LF with colour-coded cloud thickness.
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. . e When Leads are present, coupled clouds witt
(right y-axis).

@ Sea ice - atmosphere coupling conceptual model
Vertical gradient of water vapour transport (VW VT) is calculated from specific
humidity ¢, [¢ g~ '] and horizontal wind @, [m s~!] from radiosonde profiles, fol-
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Fig. 7 [c] shows the gradient of cloud temperature defined as Eq. 3. The most neg-
ative I'cjouq are close to a moist adiabatic lapse-rate. Positive values indicate a tem-
perature inversion at cloud top.
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The direction of maximum transport (see grey lines in Fig. 2) is used to relate LF
withizenith observations at RV Polarstern .
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