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ABSTRACT

Two signiÞcant instrument biases have been identiÞed in the in situ proÞle data used to estimate globally
integrated upper-ocean heat content. A large cold bias was discovered in a small fraction of Argo ßoats along
with a smaller but more prevalent warm bias in expendable bathythermograph (XBT) data. These biases
appear to have caused the bulk of the upper-ocean cooling signal reported by Lyman et al. between 2003 and
2005. These systematic data errors are signiÞcantly larger than sampling errors in recent years and are the
dominant sources of error in recent estimates of globally integrated upper-ocean heat content variability. The
bias in the XBT data is found to be consistent with errors in the fall-rate equations, suggesting a physical
explanation for that bias. With biased proÞles discarded, no signiÞcant warming or cooling is observed in
upper-ocean heat content between 2003 and 2006.

1. Introduction

As the earth warms due to the buildup of greenhouse
gasses in the atmosphere, the vast majority of the excess
heat is expected to go toward warming the oceans
(Levitus et al. 2005; Hansen et al. 2005). Changes in
globally integrated upper-ocean heat content anomaly
(OHCA) therefore have very important implications
for understanding the earthÕs energy balance and the
evolution of anthropogenic climate change.

A large and apparently signiÞcant cooling in OHCA
between 2003 and 2005 was reported by Lyman et al.

(2006). It has been suggested that this cooling could be
attributed to transitioning from the warm-biased ex-
pendable bathythermograph (XBT) array and changes
in sampling caused by the introduction of large amounts
of data from the Argo array of proÞling ßoats (more
information available online at http://www.argo.net) in
the Southern Ocean (AchutaRao et al. 2007). However,
an additional source of systematic data errors has been
discovered in a small number of Argo ßoats, which on
balance, report temperature proÞles that appear spuri-
ously cold. In the present analysis, the cooling reported
by Lyman et al. (2006) is shown to be an artifact caused
by both the XBT warm bias and the cold bias in the
Argo data. Estimates of the sampling error based on
altimeter data suggest that changes in coverage did not
contribute substantially to the spurious cooling despite
the rapid introduction of new data in the Southern
Ocean from the Argo array.

A description of the systematic errors in the Argo data
as well as their cause and extent follows (section 2). The
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