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Oceanic convection connects the surface ocean to the deep ocean with important consequences for the global

Since it was first proposed in the late 1970's (Munk and Wunsch 1979, 1982), ocean acoustic tomography has Heat Content, Velocity, and Vorticity in the North Pacific thermohaline circulation and climate. Deep convection occurs in only a few locations in the world, and is difficult The goal of the ATOC project is to measure the ocean temperature on basin scales and to understand the
evolved into a remote sensing technique employed in a wide variety of physical settings. In the context of . . . . . to observe. Acoustic arrays provide both the spatial coverage and temporal resolution necessary to observe variability. The acoustic measurements inherently average out mesoscale and internal wave noise that
long-term oceanic climate change, acoustic tomography provides integrals through the mesoscale and other The 1987 reciprocal acoustic tomography experiment (RTE87) obtained unique measurements of gyre-scale deep-water formation. (Worcester et al., 1993; Pawlowicz et al., 1995; Morawitz et al., 1996; Sutton et al., 1997; contaminate point measurements. (The ATOC consortium, 1998; Dushaw et al., 1999; Worcester et al., 1999)
high-wavenumber noise over long distances. In addition, tomographic measurements can be made without temperature and currents. (Dushaw et al., 1993, 1994) Send and Kindler, 2001) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’

risk of calibration drift; these measurements have the accuracy and precision required for large-scale ocean ’

climate observation. The trans-basin acoustic measurements offer a signal-to-noise capability for observing 15 N The 0—1000-m
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v temperature measurements

(red, with error bars) are

compared with historical data
(WOA ’94) and the
temperature derived from
TOPEX/POSEIDON (T/P)
altimetry (blue, assuming sea
surface height variations are
caused only by thermal
expansion). The means have
been removed from all time
series. Note the smoothness
and small error bars of the
acoustic data, especially for
the long (5 Mm) paths. In the
lower two panels, the annual

ocean climate variability that is not readily attainable by an ensemble of point measurements.
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On a regional scale, tomography has been employed for observing active convection, for measuring changes M— | I . -

in integrated heat content, for observing the mesoscale with high resolution, for measuring barotropic 7=\, e oo Bt
currents in a unique way, and for directly observing oceanic relative vorticity. The remote sensing capability

has proven effective for measurements under ice in the Arctic (in particular the recent well-documented
temperature increase in the Atlantic layer) and in regions such as the Strait of Gibraltar, where conventional
in-situ methods may fail.
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As the community moves into an era of global-scale observations, the role for these acoustic techniques will
be (1) to exploit the unique remote sensing capabilities for regional programs otherwise difficult to carry out,
(2) to be a component of process-oriented experiments in regions where integral heat content or current data
are desired, and (3) to move toward deployment on basin scales as the acoustic technology becomes more T “
robust and simplified.
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