
Variability and properties of liquid-dominated clouds over the
ice-free and sea-ice-covered Arctic Ocean
Marcus Klingebiel1, André Ehrlich1, Elena Ruiz-Donoso1, Nils Risse2, Imke Schirmacher2,
Evelyn Jäkel1, Michael Schäfer1, Kevin Wolf5, Mario Mech2, Manuel Moser3, 4, Christiane Voigt3, 4, and
Manfred Wendisch1

1Leipziger Institut für Meteorologie (LIM), Universität Leipzig, Leipzig, Germany
2Institut für Geophysik und Meteorologie (IGM), Universität zu Köln, Cologne, Germany
3Institut für Physik der Atmosphäre, Deutsches Zentrum für Luft- und Raumfahrt, Wessling, Germany
4Institut für Physik der Atmosphäre, Johannes Gutenberg-Universität, Mainz, Germany
5Institut Pierre-Simon Laplace, Sorbonne Université / CNRS, Paris, France

Correspondence: Marcus Klingebiel (marcus.klingebiel@uni-leipzig.de)

Abstract. Due to their potential to either warm or cool the surface, liquid-phase clouds and their interaction with the ice-free

and sea-ice-covered ocean largely determine the energy budget and surface temperature in the Arctic. Here, we use airborne

measurements of solar spectral cloud reflectivity obtained during the ACLOUD campaign in summer 2017 and the AFLUX

campaign in spring 2019 in the vicinity of Svalbard to retrieve microphysical properties of liquid-phase clouds. The retrieval

was tailored to provide consistent results over sea-ice and open ocean surfaces. Clouds including ice crystals that significantly5

bias the retrieval results were filtered from the analysis. A comparison with in-situ measurements shows a good agreement

with the retrieved effective radii and an overestimation of the liquid water path and a reduced agreement for boundary-layer

clouds with varying fractions of ice water content. Considering these limitations, retrieved microphysical properties of clouds

observed over ice-free ocean and sea-ice in spring and early summer in the Arctic are compared. In early summer, the liquid-

phase clouds have a larger median effective radius (9.5 µm), optical thickness (11.8) and effective liquid water path (72.310

g m−2) compared to spring conditions (8.7 µm, 8.3, 51.8 g m−2, respectively). The results show larger cloud droplets over the

ice-free Arctic Ocean compared to sea-ice in spring and early summer caused mainly by the temperature differences of the

surfaces and related convection processes. Due to their larger droplet sizes the liquid clouds over the ice-free ocean have slightly

reduced optical thicknesses and lower liquid water contents compared to the sea-ice surface conditions. The comprehensive

data set on microphysical properties of Arctic liquid-phase clouds is publicly available and could, e.g., help to constrain models15

or be used to investigate effects of liquid-phase clouds on the radiation budget.

1 Introduction

Over the past three decades, the Arctic region has experienced an enhanced warming, which exceeds the global warming by a

factor of 2 to 4 (Serreze and Francis, 2006; Serreze and Barry, 2011; Wendisch et al., 2017; Rantanen et al., 2022). This resulted

in a drastic decrease of the Arctic sea-ice extent (e.g., Stroeve et al., 2012), which changes the surface energy budget and surface20

fluxes of heat and moisture. The intertwined processes and feedback mechanisms behind these and further rapid changes
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Figure 1. Flight tracks of Polar 5 during the ACLOUD (a) and AFLUX (b) campaign in the vicinity of Svalbard, including Longyearbyen

airport (LYR) and the flight sections when the AISA Hawk instrument was measuring. The sea-ice concentration is based on AMSR-

E/AMSR2 datasets (Spreen et al., 2008).

of the Arctic climate system are widely referred to as Arctic amplification (Wendisch et al., 2017, 2022a). To investigate

and better understand the causes, i.e., the involved key processes and major feedback mechanisms, and effects of Arctic

amplification, the Transregional Collaborative Research Center called Arctic Amplification: Climate Relevant Atmospheric

and Surface Processes, and Feedback Mechanisms ((AC)3, www.ac3-tr.de) was initiated.25

Within the framework of (AC)3, several field studies were conducted to cover a variety of spatial and temporal scales. In

this study, we focus on the airborne campaigns Arctic CLoud Observations Using airborne measurements during polar Day

(ACLOUD, May/June 2017, Wendisch et al., 2019) and Arctic Amplification: FLUXes in the Cloudy Atmospheric Boundary

Layer (AFLUX, March/April 2019, Mech et al., 2022), which were performed to study the development of boundary-layer

clouds over the sea-ice-covered and ice-free Arctic Ocean. These clouds are often mixed-phase clouds and are suspected to30

be one of the important factors that contribute to Arctic amplification (Serreze and Barry, 2011), because the partitioning

between liquid water droplets and ice crystals within these clouds determines their radiative properties and life cycle (Tan and

Storelvmo, 2019).

Commonly, two methods are used to measure the properties of boundary-layer cloud particles from aircraft. First, to sam-

ple them directly with in-situ instruments. This has the advantage that the size and shape of individual cloud particles can be35

measured and the accuracy of the instrument can be estimated by a prior calibration. Second, to use passive or active remote

sensing measurements to retrieve the cloud properties. In contrast to in-situ sampling, remote sensing observations cover a

larger measurement area. However, the information retrieved from passive remote sensing using reflectances often is domi-

nated by the cloud top properties (Platnick, 2000). Unfortunately, passive remote sensing retrieval from reflectances of Arctic

boundary-layer clouds is challenging due to the unknown vertical distribution of ice particles in the typically liquid-dominated40
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