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In situ measurements of the evolution of young sea ice
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[1] We present data from in situ measurements of the salinity evolution of young sea ice
in the Arctic. The measurements were carried out with very high vertical and temporal
resolution over the course of a few days until the ice had reached a thickness of
around 20 cm. The measured bulk salinity profiles show that during ice growth, sea-ice
salinity is continuous across the ice-ocean interface and that there is no instantaneous loss
of salt at the advancing front. Measured salt fluxes emanating from the ice are as high
as 90 gm 2 h™' during the first few hours of new ice formation and are roughly half as
large during later stages of the experiments. The bulk salinity within the ice decreases
continuously with time from the ocean water salinity to a near—steady state value of
around 4 parts per thousand (ppt). These results are interpreted with ideas from mushy
layer theory using a Rayleigh number to analyze gravity drainage as the driving
mechanism for the observed salt loss. In our experiments, gravity drainage occurs for a
critical Rayleigh number of around 10, in close agreement with earlier theoretical and

experimental studies.
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1. Introduction

[2] The bulk salinity of sea ice and its temperature
determine the ratio of solid, pure ice to interstitial liquid
brine, which are the two main components of sea ice. Since
the liquid and solid phases have different properties, most
small- and large-scale properties of sea ice depend strongly
on their relative volume fraction and hence on bulk salinity.
For example, the heat conductivity of sea ice with a high
solid fraction is more than twice that of warm, salty sea ice
with a low solid fraction. The heat capacity of sea ice
changes by more than 2 orders of magnitude depending on
liquid fraction [Schwerdtfeger, 1963; Ono, 1967]. Modeling
the evolution of bulk salinity and solid fraction profiles
realistically is hence important for a proper simulation of the
impact of sea ice on the polar and global climate system,
which was also underlined by the recent studies of Feltham
et al. [2006] and Vancoppenolle et al. [2005], for example.
In addition to the impact of the bulk salinity field on the
properties of the sea ice itself, the loss of salt from sea ice
can cause significant changes in the underlying water
masses and can trigger deep thermobaric convection [see,
e.g., McPhee, 2000].

[3] Despite the importance of the bulk salinity of sea
ice, to our knowledge there exist no data sets of high-
resolution, in situ measurements of its evolution in natural
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sea ice, mostly for want of a technique that would lend itself
to carry out such measurements in the field. Such measure-
ments have, however, been carried out in laboratory experi-
ments [e.g., Cox and Weeks, 1975; Shirtcliffe et al., 1991;
Aussillous et al., 2006]. Here we present results from in situ
measurements of bulk salinity and temperature profiles that
were made in two experiments in very young sea ice in the
Arctic. We have used a new instrument that is capable of
such measurements [Notz et al., 2005], which we describe
briefly in section 2. In section 3 we show the measured
evolution of the salinity field. The results are discussed in
section 4, focusing on the functioning of gravity drainage as
the main physical mechanism leading to the loss of salt from
sea ice during winter.

2. Instrumental Setup

[4] The instrument we used, which is described in detail
by Notz et al. [2005], consists of thin, horizontal, platinum
wires, which are spanned in pairs with a horizontal spacing
of 5 mm at each depth at which the solid fraction is to be
measured. Our instrument consists of 14 such pairs, which
are located between 0.5 and 17 cm below the ice surface
with a vertical spacing of between 0.5 cm toward the top
and 2 cm toward the bottom. The length of the wires and
hence the horizontal distance over which sea-ice properties
are averaged is 15 cm. By measuring the electrical imped-
ance between the two wires of each pair, it is possible to
calculate the average solid volume fraction ¢, of the sea ice
along the wires, from which the solid mass fraction ¢,, can
be derived. The measurement relies on the fact that the pure
solid ice is a very good insulator whereas the interstitial
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