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[1] Ocean bottom pressure estimates from Gravity
Recovery and Climate Experiment (GRACE) have been
validated by comparisons with an array of in situ bottom
pressure measurements. The 600 km by 600 km array
comprised 46 bottom pressure sensors that were part of the
Kuroshio Extension System Study (KESS). Validations in
other ocean regions have been limited by available data to
pointwise bottom pressure measurements. Spatially-
averaged monthly-mean bottom pressure over the KESS
array is highly correlated with GRACE bottom pressure
estimated at the center of the array. The correlations are
nearly equally high for three standard choices of spatial
smoothing radius applied to GRACE estimates, 300, 500,
and 750 km. In contrast, pointwise comparisons between
GRACE and individual bottom pressures are high or low in
sub-regions of KESS, depending partially upon the local
variance of deep mesoscale eddies whose energetic length
scales are shorter than 300 km. KESS is a suitable
validation experiment for the GRACE estimates at
monthly scales with 300 to 750 km spatial radius of
smoothing. Citation: Park, J.-H., D. R. Watts, K. A. Donohue,

and S. R. Jayne (2008), A comparison of in situ bottom pressure

array measurements with GRACE estimates in the Kuroshio

Extension, Geophys. Res. Lett., 35, L17601, doi:10.1029/

2008GL034778.

1. Introduction

[2] The Gravity Recovery and Climate Experiment
(GRACE) mission, launched in March 2002, measures
global gravity fields at monthly intervals [Tapley et al.,
2004]. In the ocean, temporal changes in GRACE gravity
fields arise from water mass redistribution due to atmo-
spheric forcing, ocean currents, and net fresh water fluxes
such as from evaporation, precipitation, river run-off, or ice
melting. Satellite altimeters measure sea surface height
which includes both steric and mass-loading components.
The former are associated with subsurface temperature and
salinity changes causing expansion or contraction of the
water column and do not contribute to mass loading. One of
the scientific objectives of the GRACE mission is to
produce high-quality ocean mass-loading estimates that
can be used in conjunction with altimeter sea surface height
estimates to derive the steric sea surface height signal

[Jayne et al., 2003]. GRACE is poised to benefit climate
change studies and ocean model validations [e.g., Chambers,
2006b].
[3] To evaluate GRACE estimates in the ocean, a few

comparison studies have been done between GRACE-
derived and in situ ocean bottom pressure (Pbot) [e.g.,Kanzow
et al., 2005; Rietbroek et al., 2006; Munekane, 2007].
Munekane [2007] notes that comparison between
GRACE-derived Pbot and sparsely-distributed pointwise in
situ Pbot could lead to low correlations because GRACE
measures spatially-smoothed mass variations [e.g., Kanzow
et al., 2005]. The Kuroshio Extension System Study
(KESS) experiment offers a unique opportunity to compare
the GRACE Pbot estimates with spatially-averaged in situ
Pbot measurements since the KESS array, composed of 46
Pbot sensors, covered a wide area of about 600 km � 600
km as shown in Figure 1. Here we compare GRACE Pbot

estimates produced by Chambers [2006a] with the KESS in
situ Pbot array measurements. We will show that GRACE
Pbot estimated at the center of the array correlates highly
with the spatially-averaged (array-averaged) monthly-mean
Pbot. Within the array, pointwise correlations between indi-
vidual KESS records and GRACE can be low. In particular,
the presence of short-wavelength (<300 km) mesoscale Pbot

components reduce local correlations.

2. Data

[4] We use GRACE Pbot estimates obtained from the
GRACE TellusWeb site (http://gracetellus.jpl.nasa.gov/data/
mass/), which provides 1� � 1� monthly GRACE Pbot fields
in terms of equivalent water thickness processed using the
Release-04 data sets from Center for Space Research (CSR),
Jet Propulsion Laboratory (JPL), and GeoForschungsZen-
trum Potsdam (GFZ). Details of the GRACE Pbot estimates
are given by Chambers [2006a]. In this study, we evaluate
altogether nine data products with 300-, 500-, and 750-km
Gaussian smoothing radii (R) from the three different
institutes.
[5] The KESS observational array focused on the region

around the first quasi-stationary meander crest and trough in
the Kuroshio Extension. An array of 46 pressure-sensor-
equipped inverted echo sounders (PIES), was centered near
35�N, 146�E, with about 90 km spacing during May 2004–
June 2006 [Donohue et al., 2008]. The PIES measured
acoustic travel time from the sea floor to the sea surface and
Pbot. The PIES Paroscientific quartz Pbot sensor has a stated
accuracy of ±0.01% and 0.1 mbar resolution (Inverted Echo
Sounder User’s Manual, University of Rhode Island, Nar-
ragansett, Rhode Island, 2006, available at http://www.po.
gso.uri.edu/dynamics/IES/index.html).
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