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Abstract - Acoustic thermometry @drs naturally intgrating obserations of
large-scale temperature with walied accurag and precision. These tempera-
ture measurements Ve o calibration drift. In a world of a climate signal of
order 0.01°C/yr and high-vavenumber (mesoscale) noise of ordetClrms, spa-
tial low-pass filtering is needed to pull out the climate signatures.

Timeseries of temperaturevealeen measured using long-range acoustic transmissions in the North-
east Rcific as part of the Acoustic Thermometry of Ocean Climal®©@) project (The AOC Con-
sortium, 1998; Dusha & al., 1999; Dusha 1999; Worcester et al., 1999)n this paperthese time-
series are compared with othesmitable data types.The acoustic timeseries of transmissions from a
source dfthe coast of central California dpan in early 1996, while the timeseries from a source north
of Kauai, Havaii began in late 1997.As a result of marine mammal protocols, the timeseries are inter
mittent. TheCalifornia source was turned dfin Fall 1998 after 24 months of operation in accord with
permit requirementsTransmissions from the Kauai source continue to the present time.

Assuming that the ariations in sea swate height obseed by TOPEX/POSEIDON are caused
solely by thermal xpansion in the upper 100-m of ocean, the amplitude of the anyelalaf heat
content dewxed from altimetry is considerably iger than that found by the acoustic datayitus cli-
matology and monthly maps of ocean temperature \aerifrom XBT’'s o opportunity (XBT maps
courtesy of White, 1999)Averages of the altimeter and XBT data are calculated along the acoustic
paths for these comparisonghe "anomalies," or dgations of temperature from the annugtle, are
the essence of the climate probleithe heat content "anomalies" determined by the XBT maps are
comparable in size to the fiifences between the XBT and acousticallyv@drheat content.These
differences may be due to undersampling in space or time by the XBTs, errors in the XBT maps as a
result of such things aalf rate errors, aliasing of internabweor mesoscaleariability, or the deeper
sampling (belar 400 m) of the acoustic datahe 12-year timeseries of temperature \aerifrom the
Hawaiian Ocean imeseries (HD) data set (monthly CTD casts), highlights the problem of mesoscale
noise in sampling at a single point (Figurdjowever, thermal \ariability at 100-day timescales is
obsened in the acoustic data obtained betweewadaand California using the Kauai source with no
corresponding ariability in the TOPEX data (and certainly not in the tidgsmoothed XBT maps).
Acoustic thermometry is complementary to altimetry aydrbgraply.

A global acoustical array maywentually be feasible, &fctive, and afordable (Acoustic dmogra-
phy White Faper 1999; SCOR, 1994)Regional tomographic obseations will become more common
and opportunistic.Both the lage-scale or basin-wide obsatwns and rgional (process-oriented)
experiments can makantributions to learning about the climatariations of the wrld’s oceans.
Observing systems such as the proposed "Deep Earth @tusezy on the Seafloor" (DEOS, 1999)
system may include resers for tomograpy on deep-ocean moorings; such reees would greatly
expand the ceerage of acoustic samplingVe ae working to reduce costs by redesigning sources and
recevers to tale advantage of technological d@dopments. Presentlypne of the greatest impediments
to implementing greater gerage of the oceans by acoustic tomogyaighthe high upfront cost of the
instrumentation (primarily acoustic source§)nce instrumentation is in place, the operational costs of
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long-term observationsis minimal. The amortized cost of the technique is attractive.
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A comparison of line-integral and point data. (a): The ATOC array. (b): The HOT site. (c) and (d): Acoustic thermometry
(solid line) compared to TOPEX altimetry (dashed line) for two acoustic paths as indicated. The error bars on the acousti-
cal resultsin (c) are small. The annual cycle was removed from the TOPEX datain (d); the acoustic data on this path sam-
ple below the seasonally-varying surface layers and hence do not observe the annual cycle. (€): A similar comparison of
0-1000 m averaged temperature derived from HOT hydrographic data (error bars are RMS of 10-20 CTD casts) and
TOPEX. All timeseries have the same scale for both axes. In (€), a nearly identical result is found when comparing
dynamic height and altimetry. The differences between the temperature inferred from TOPEX and the direct measurement
at HOT (a point measurement) are comparable to the temperature signal observed in the line-integrating data. The error
bars of the hydrographic data are comparable in magnitude to the signal observed in the line-integral data, and the hydro-
graphic datais dominated by mesoscale variability.



