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A study of formation processes of supercooled water and frazil ice in a coastal polynya
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We have conducted mooring measurements off Barrow in the Chukchi Sea since 2009 to examine the process of sea-ice
formation in a coastal polynya. Remote sensing imagery, including Synthetic Aperture Radar (SAR), show that coastal
polynyas, characterized by streaks of new ice in SAR scenes, occur episodically in this region and further along the coast to the
southwest. Each mooring at the nearshore (depth of 45 m) and offshore (depth of 57 m) sites consists of a conductivity-
temperature recorder, an acoustic Doppler current profiler and an ice-profiling sonar which can detect frazil ice in the water
column. Previous laboratory experiments showed that the underwater frazil ice formation occurs in association with
supercooled water resulting from large surface heat loss under the turbulent conditions. When this process is applied to a
coastal polynya in the real ocean, ice production rates can be quite high, because of the lack of an insulating ice cover.
However, in-situ observations of ice production processes in such polynya settings are greatly limited due to logistic
challenges. Our mooring data collected 30-40 m below the surface reveal several potential supercooling events, i.e., with the
potential temperature of the subsurface water below the surface freezing point, and two in-situ supercooling events. When the
supercooling occurs with strong wind condition, frazil ice was episodically detected by the ice-profiling sonar down to 2-5 m
water depth. These findings indicate that frazil ice formation associated with in-situ supercooling occurs through strong direct
surface cooling and turbulence.
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