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1. Introduction

The ocean physical state variables are salinity, tem-
perature, and pressure. For a long time, ships of op-
portunity have employed expendable bathythermo-
graphs (XBTs) to make upper-ocean measurements.
These probes measure temperature and infer depth
from time through a fall-rate equation. Pressure can
be computed from depth and latitude (Fofonoff and
Millard 1983). Salinity must be estimated from an in-
dependent dataset and is often merged with XBT data
using temperature-salinity (7-S) relations.

The use of XBT data for water mass studies, climate
studies, and ocean circulation studies is hampered by
the lack of salinity measurements. Salinity is a conser-
vative water mass property in the ocean interior and
is often a useful water mass tracer. Salinity is also a
valuable climate diagnostic, especially with regard to
precipitation and evaporation (Jacobs 1948), the role
of the oceans in the global water cycle (Schmitt and
Wijffels 1993), and the thermohaline circulation
(Bryan 1986). In addition, the accurate calculation of
density (hence geostrophic velocity) requires salinity
measurements.

Recently, expendable conductivity-temperature—
depth probes (XCTDs) have become commercially
available from Sippican. XCTDs allow measurements
of the ocean physical state variables to 1000-m depth.
Routine XCTD use could improve the usefulness of
ship-of-opportunity data for water mass, climate, and
circulation studies.

Past studies comparing temperature—-depth profiles
from various models of Sippican XBTs, to more ac-
curate CTD (conductivity-temperature-depth ) profiles
have revealed systematic temperature errors of 0.1°-
0.2°C and systematic depth errors at or exceeding the
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2% accuracy specification (Seaver and Kuleshov 1982;
Heinmiller et al. 1983). The temperature errors were
estimated by examining temperature discrepancies in
shallow regions of small vertical temperature gradients
(thermostads). Once these biases were corrected the
XBT temperature-depth profiles were compared to
CTD profiles to find the depth errors by matching tem-
peratures. Temperature and depth errors of similar
magnitudes have also been found by comparing Sip-
pican expendable current profile (XCP) data to CTD
data (Prater 1991). This careful effort at revising depth
coefhicients for expendable probes focused on matching
finescale vertical features from 20 to 200 m in length
from pairs of bandpassed XCP and CTD temperature
profiles collected close in space and time. Both XBTs
and XCPs reported temperatures too warm and depths
too shallow.

‘Here XCTD performance is evaluated by compar-
isons with CTD data. The XCTD temperatures are
assumed to be accurate to within specification. This
assumption is implicitly supported a posteriori through
salinity comparisons. Nominal fall-rate equation coef-
ficients (depth coefficients ) are used to calculate nom-
inal XCTD depth as a function of time. A significant
error in the nominal XCTD depths (hence the nominal
depth coefficients) is found by matching XCTD tem-
peratures with CTD temperatures. As in previous
studies of Sippican expendable probes, nominal depths
for the XCTDs are shallower than the CTD depths.
Here revised depth coefficients are computed and used
to calculate revised XCTD depths (then pressures) to
remove this bias. Salinity is calculated from conduc-
tivity, temperature, and pressure (following Fofonoff
and Millard 1983), so XCTD salinities are recomputed
using revised XCTD pressures before comparing them
to CTD salinities. Many of the XCTDs exhibit noise
in the deep conductivities. However, when the XCTD
salinities are averaged sufficiently in the vertical, nearly
all the probes meet the expected salinity accuracy.

2. Data

The data were taken during the World Ocean Cir-
culation Experiment (WOCE) Hydrographic Program
section P18 in April 1994 along nominal longitude






