
International Journal of Offshore and Polar Engineering (ISSN 1053-5381) http://www.isope.org/publications
Copyright © by The International Society of Offshore and Polar Engineers
Vol. 21, No. 2, June 2011, pp. 97–102

Thermal Properties of Wet and Flooded Snow on Sea Ice
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We investigated the thermal properties of water-infiltrated snow on sea ice. Field observations showed that the temperature
of water-infiltrated snow in lower layers fluctuated about −2�C, significantly less than the temperature fluctuation of dry
snow in upper layers. To explain the temperature fluctuations, we estimated the thermal diffusivity of snow; that of water-
infiltrated snow was one to two orders of magnitude less than that of dry snow. This trend can be applied to diverse
snow-covered sea ice in all years and regions.

INTRODUCTION

Sea ice thickness is affected by snow, which retards the growth
of ice but can also delay the onset of spring melt because snow
is a good insulator (Holtsmark, 1955). However, the insulating
properties of snow are changed by water infiltration.

The brine in sea ice migrates upward by brine expulsion, as
defined by Untersteiner (1967), where it infiltrates snow on the
sea ice, forming wet snow. Further, flooded snow is formed when
seawater penetrates the surface of sea ice through ice voids and
cracks that occur because of the pressure of the snow’s weight
and the small density difference between sea ice and seawater. In
this paper, we differentiate between wet snow and flooded snow.

The conductive heat flux driving sea ice growth depends on the
temperature gradient in the snow on the sea ice, which is influ-
enced by water infiltration. Thus, when investigating the effects of
upwelling brine and flooding on snow, temperature is important
in understanding the growth of snow-covered sea ice.

Water-infiltrated snow on sea ice is also important in terms of
marine engineering. Friction resistance between a hull and sea
ice is a key parameter in designing ships that can navigate polar
oceans, as high friction resistance reduces ice-breaking ability
and fuel efficiency. Snow on sea ice can further increase fric-
tion resistance up to 10 times that of bare ice. If snow includes
wet or flooded snow, friction resistance increases. Water-infiltrated
snow on sea ice must then be considered in the design of polar-
navigating ships. Further, snow on sea ice can increase the sea
ice thickness if water-infiltrated snow is transformed to snow ice
at low air temperatures (Lange et al., 1990; Kojima et al., 2005).
Thick sea ice also exerts high pressure on marine structures, such
as offshore drilling rigs, and it can block access by tankers. Dam-
age to structures and tankers due to sea ice pressure could lead
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to oil spills and damage to the polar ocean environment. Hence,
monitoring the extent and thickness of sea ice (i.e., sea ice man-
agement) is necessary for safe offshore operations. In the under-
standing of the effects of upwelling brine and flooding on snow,
temperature may aid in sea ice management from the perspective
of the thermal properties of snow on sea ice.

Although snow on sea ice is commonly transformed by
upwelling brine and flooding (e.g., Lange et al., 1990; Eicken
et al., 1994; Jeffries et al., 1994; Massom et al., 1997, 1998, 2001;
Worby et al., 1998; Toyota et al., 2007), the temperatures of wet
and flooded snow have not been measured continuously. Maksym
and Jeffries (2000) and Kottmeier et al. (2003) estimated the effect
of flooding on the temperature of snow-covered sea ice based on
both field observations in the Antarctic Ocean and model simula-
tions, but the former study did not measure snow temperature con-
tinuously, while the latter did not compare the temperature with
the snow conditions, as the temperature was automatically mea-
sured by buoy. Therefore, we recorded the temperature of snow
on sea ice using an automatic data logger and observed the snow
conditions to reveal the effect of upwelling brine and flooding on
the properties of the snow.

OBSERVATIONS

Field observations were conducted on land-fast ice at Lake
Saroma, Hokkaido, in northern Japan (Fig. 1). The area of Lake
Saroma is 149.2 km2, and its mean water depth is 14.5 m. As
the salinity of the lake water is nearly equal to that of seawater
(Shirasawa et al., 2005), the structure of the ice formed in the
lake is the same as that of sea ice (Kawamura et al., 2004).

Table 1 summarizes the observation periods and provides expla-
nations of the markers. The temporal observation station was the
same in 2007 and 2008. Spatial measurements recorded snow
depth, ice thickness, freeboard, height of upwelling brine and
flooding in the snow, and vertical profiles of sea ice temperature
and salinity obtained by ice core measurements. Fig. 2 defines
these terms. Freeboard was measured using a drill hole after tak-
ing an ice core.




