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A method for correcting seal-borne oceanographic data and
application to the estimation of regional sea ice thickness

Abstract

The high-latitude oceans surrounding Antarctica are substantially undersampled compared to
lower latitudes. Mammal based instruments such as Conductivity-Temperature-Depth Satellite
Relay Data Loggers (CTD-SRDLs) present one possible solution. Unfortunately, these are sub-
ject to instrument-dependent offsets in absolute salinity. This study investigates a set of satellite-
transmitted data collected by CTD-SRDLs mounted on Weddell seals (Leptonychotes weddellii)
in the South-western Ross Sea in 2011. The uncorrected salinity offset between devices was
found to be up to 1.4 g kg−1, making the data unsuitable for some oceanographic studies without
correction. Here, a correction method was developed that uses profiles from pairs of CTD-
SRDLs that are considered to be co-located and to sample the same body of water if they occur
within defined time and space windows. Using least squares, a best-fit solution to the matrix
of offsets in co-located pairs was found that reduces salinity offsets between the CTD-SRDLs.
These offsets are smaller than the original offsets by a factor of 10. A calibrated reference in-
strument, that was co-located with some of the devices, provided further improvement in the
absolute accuracy of all the CTD-SRDLs. Using the corrected CTD-SRDL data we estimate the
rejection of salt into the water column by sea ice formation, and derived the time evolution of
sea ice thickness in the South-western Ross Sea. Our estimates of regional sea ice thickness are
in agreement with direct sea ice thickness measurements taken over a limited area in November
2011, providing further affirmation of our method.

Keywords: Antarctica, Ross Sea [ 75.5-78.0◦S, 162-167◦E ], CTD profilers, sea ice, ice
thickness, Weddell seals, salinity correction

1. Introduction

There is significant evidence of Antarctic waters freshening and becoming warmer (e.g. Aoki
et al., 2005; Levitus et al., 2000; Jacobs et al., 2002), with warming occurring at rates faster than
the global mean (Gille, 2002). Nonetheless, oceanographic and sea ice thickness measurements
at extreme latitudes are undersampled, especially in winter. This is partially because of the harsh
conditions, but also because of the vast area that is encompassed. The ability to continuously ob-
serve and interpret the changes taking place in the Southern Ocean, and identify the mechanisms
driving these changes, is a high priority for climate scientists and requires more observations at
higher latitude, particularly in winter under sea ice (e.g. Meredith et al., 2013, 2016).

Remote sensing by satellite presents a possible solution to making observations, but only
allows sea surface temperature (SST) to be measured when there is no significant ice cover. Fur-
ther, the scarcity of in situ measurements of Antarctic sea ice thickness means that there is a need
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