
U

2004 Joint Assembly

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

JA11

U24A-04 1615h

A Proposed Arctic Ocean Field
Program During the International
Polar Year 2007-2008

Ola P. G. Persson1 (opersson@cires.colorado.edu);
Edgar L Andreas
(eandreas@crrel41.crrel.usace.army.mil); Cecilia
Bitz, (bitz@apl.washington.edu); Hajo Eicken
(hajo.eicken@gi.alaska.edu); Christopher W Fairall
(Chris.Fairall@noaa.gov); Florence Fetterer
(fetterer@kryos.colorado.edu); Jennifer Francis
(francis@imcs.rutgers.edu); Thomas Grenfell
(tcg@atmos.washington.edu); Peter Guest
(pguest@nps.navy.mil); Janet Intrieri
(janet.intrieri@noaa.gov); Jeffrey Key
(jkey@ssec.wisc.edu); James Maslanik
(james.maslanik@colorado.edu); Donald K
Perovich (perovich@crrel.usace.army.mil);
Jaqueline Richter-Menge
(jrichtermenge@crrel.usace.army.mil); Igor
Semiletov (igorsm@iarc.uaf.edu); Jeffrey Tilley
(tilley@rwic.und.edu); Michael Tjernström
(michaelt@misu.su.se); Taneil Uttal
(taneil.uttal@noaa.gov); Hans Verlinde
(verlinde@essc.psu.edu)

1CIRES/NOAA/ETL, 325 Broadway, Boulder, CO
80305, United States

The Arctic Ocean represents a glaring void of mea-
surements appropriate for monitoring and understand-
ing the climate changes currently occurring in the Arc-
tic region. We propose a field program in the central
Arctic Ocean to develop and improve methods for the
long-term monitoring of the Arctic atmosphere, ice,
and ocean and the interactions among them, and to
study physical processes crucial to the regional cli-
mate change. The approach will include developing
and evaluating methods by which long-term satellite-,
surface-, and ocean-based measurements of the thermo-
dynamic and kinematic properties of the atmosphere,
ice, and ocean can be integrated to measure key pa-
rameters with accuracies necessary to detect climatic
change, to attribute responsibility to the processes
causing this change, and to evaluate the role of an-
thropogenic sources in this change. Key measurements
include the atmospheric circulation above and within
the atmospheric boundary layer, cloud macro and mi-
crophysical properties, atmospheric aerosols and chem-
ical constituents, all components of the energy budget
of the pack ice including the oceanic heat flux, and
the pack ice mass balance. Many of the techniques to
be developed will likely use in-situ surface and ocean-
based measurements to evaluate and improve the accu-
racy of the satellite-based measurements. These mea-
surements will generally integrate existing technology,
though some will require technological development as
well. Many physical processes over the pack ice are dif-
ferent than those over the circumpolar land areas where
SEARCH (Study of Environmental Arctic Change) in-
tensive observing sites are being established. Observa-
tions at the land sites are largely influenced by pro-
cesses forced by coastal gradients or by orography, and
are much less influenced by the oceanic heat source om-
nipresent over the Arctic Ocean. The proposed pack
ice field program will make measurements specific to
processes important for climate models and that are
unique to the pack ice environment. The long-term
utility of such process studies comes from improving
numerical models through improved parameterizations,
using the detailed process observations for validating
numerical models, and enhancing the conceptual un-
derstanding of the pack-ice environment. We propose
that this ocean deployment be undertaken with support
of at least one icebreaker and that the deployment ide-
ally last a year. The successes of recent field programs
demonstrate the logistical viability of such a project.
This proposed field program is an appropriate contri-
bution to IPY2007 because it will provide 1) short-
term, detailed measurements at a point in a crucial but
data-sparse region of the Arctic during the IPY, 2) a
long-term legacy by developing long-term measurement
methodologies and model improvements, and 3) a di-
rect and substantial benefit to the ongoing SEARCH
and CliC (Climate and Cryosphere) programs.
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Dramatic changes in the Arctic have been docu-
mented over the past few decades in the ocean and
ice cover that are attributable to atmospheric forcing
and longer-term climate change. The polar regions are
the most sensitive to changes in global climate and the
oceanographic, cryospheric, and atmospheric changes
noted there could be harbingers of dramatic global
change. The obstacle to completely understanding the
nature and genesis of the change is the difficulty of ad-
equate sampling as a result of logistical problems as-
sociated with the year-round ice cover. Advances in
satellite measurement have greatly expanded our mon-
itoring capability; however, to be fully utilized, these
measurements must be calibrated and validated with
surface measurements. The Naval Research Laboratory
has developed a suite of tools to provide a “snapshot” of
the state of the ocean and cryosphere over large regions.
We propose to use these tools to help better understand
Arctic changes for the International Polar Year effort.
Using long-range aircraft, we are able to measure ice
freeboard with radar and laser altimeters, sample tem-
perature and salinity (T&S) of the water column using
expendable bathythermographs (XBT) and CTD pro-
filers, and calculate dynamic sea-surface height (SSH)
by steric leveling determined from XBT and XCTD
data and by comparison with our gravimetric geoid.
Synoptic measurements of ice freeboard, water column
T&S, and dynamic SSH can be made over large grids
to provide baselines of these quantities which can be
re-measured to provide time series of change. This in-
formation could be assimilated into models of ocean cir-
culation and climate change and used to calibrate and
validate ice-freeboard measurements of concurrent ice-
observing satellites.
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A concept for a small, agile UAV platform for con-
ducting geophysical mapping in the IPY and beyond
has been explored. We have developed a framework
concept for community input and feedback based on
a low-cost, autonomous vehicle with onboard high-
precision inertial navigation that performs vertical
take-off and landing (VTOL). The vehicle we have fo-
cused on is the GoldenEye-100, developed by Aurora
Flight Sciences Corp. (www.aurora.aero), which can
carry a lightweight payload and achieve a range of 300-
500 km (roundtrip). The VTOL capability would po-
tentially allow flights to be launched from the heli-
copter deck of an icebreaker, and would remove the lo-
gistical burden of ensuring a hazard-free runway on the
ice. Vehicle operations are controlled using a portable
ground station. A payload concept has also been de-
veloped, indicating that the vehicle could easily carry
a lightweight, compact magnetometer, camera and laser
altimeter. Instruments developed for space missions ex-
ist that would enable a high performance system to be
carried within the 10 kg payload envelope. A grav-
ity measurement system and radar sounder are also
considered. A capable UAV platform for geophysical
mapping would complement the existing aerial research
platforms in Antarctica and has the potential to ac-
celerate the exploration and monitoring of critical but
remote areas in a cost-effective manner.
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The objective of Gravity Recovery and Climate Ex-
periment (GRACE) is to map the global gravity field
with unprecedented accuracy over a spectral range from
500 km to 40,000 km. The measurement precision sup-
ports gravity field solutions in this frequency range
whose accuracy is between 10 and 1000 times better
than our current knowledge. The mission profile calls
for a gravity field solution with this accuracy every
thirty days. Accurate measurements, with this spa-
tial and temporal resolution, will allow studies of the
gravitational signals associated with the seasonal mass
exchange between the Earths solid, ocean and atmo-
spheric system components. The two Grace satellites,
which were launched on March 17, 2002, are complet-
ing their second year of operation. The initial data has
provided a significant improvement in the mean field
and, for the first eighteen months of the mission, the re-
sults have demonstrated the ability to discriminate the
time varying gravity signal associated with the seasonal
redistribution of the mass in the earth’s dynamic sys-
tem. This presentation will describe the Status of the
Project, including the plans for calibration and valida-
tion, the characteristics of the solutions and the meth-
ods used to account for high frequency mass variability
associated with the atmosphere and oceans,

URL: http://www.csr.utexas.edu/grace/
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The twin satellites of the US/German GRACE mis-

sion are now beginning their third year in orbit and
produce nearly continuous measurements, which allows
the estimation of monthly and mean global gravity field
solutions with unprecedented accuracy. In this talk the
focus will be on the GRACE science measurements used
for the gravity field determination process. A review
will be given of each measurement and its contribution
to the overall process of determining the gravity field.
Furthermore, the unique aspects associated with the
GRACE science measurements will be highlighted and
how these impact the gravity result. Also, other non-
gravity science possibilities from the GRACE science
measurements will be discussed, for example aeronomy
and ionospheric studies. Finally a status will be given
of the Level-1 processing, which processes raw GRACE
science measurements into the input data for the grav-
ity field determination process called Level-2.

URL: http://www.csr.utexas.edu/grace
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The joint NASA/DLR Gravity Recovery And Cli-

mate Experiment (GRACE) was launched in March
2002, with the goal of mapping mean & time-variable
components of the Earth’s gravity field. The mass
balance and variability within the Earth system can
be traced by a sequence of monthly gravity field esti-
mates. For this purpose, sequences of monthly gravity
field spherical harmonic coefficients, spanning between
launch and end of 2003 were derived from GRACE sci-
ence data, and were made available to the GRACE Sci-
ence Team. The presentation starts with an overview
of the relationship of the GRACE gravity estimates to
the omissions and errors in background models used in
GRACE data processing at UTCSR. We then present
the current assessment of the errors in these models.
The patterns of errors are discussed both spectrally (by
spherical harmonic degrees) and by their geographic
distribution. For various levels of spatial smoothings,
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the geographic patterns and sizes of the geoid height er-
rors are contrasted with the variability evident in the
sequence of monthly gravity estimates. For the low de-
gree spherical harmonics, the relative significance of er-
rors in background gravitational force models used in
GRACE data processing is discussed in relation to the
size of the signal from monthly fields. These results
should aid in geophysical interpretation of the GRACE
data products, and in its comparison to results from
other geodetic techniques.
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Data from the GRACE satellite mission are now be-

ing used to generate regular, monthly solutions for the
Earth’s gravity field. The time-variable gravity fields
derived from these solutions can be used to study such
things as changes in the large-scale distribution of wa-
ter stored on land and in the ocean, mass variations
of the polar ice sheets, and post-glacial-rebound in the
solid Earth. In this talk we discuss the quality of these
initial GRACE fields, and we use the time-variable re-
sults inferred from these fields to estimate hydrological
signals over large regions. We compare these estimates
with the output of independent hydrological models, to
help assess both the GRACE data and the models.
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Four different basin functions are designed to esti-

mate water storage variations from GRACE, and asso-
ciated errors (measurement, leakage and atmospheric
pressure errors) are evaluated: one of the basin func-
tions is changed monthly using knowledge of true load
variation. To test basin functions performance, Stokes
coefficient variation from land and oceans models are
synthesized, and error levels 50 and 100 times greater
than the nominal GRACE error estimate are used to
corrupt the Stokes coefficients. Five different basins
(Amazon, Mississippi, Lena, Huang He and Oranje) are
selected in this experiment representing a variety of
basin sizes, locations and signal variance. In the large
basins (Amazon, Mississippi and Lena), water storage
variations are recovered successfully with the two error
levels. As error level changes from 50 to 100 times, the
shapes of basin functions are changed, yielding less at-
mospheric pressure error and more leakage error. Am-
plitude spectra of measurement and atmospheric pres-
sure errors have different shapes but the best results
are obtained when both are used.
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GRACE is currently mapping the Earth’s gravity
field in space and time with un-precedented resolution
and accuracy. The first 11 monthly global gravity fields
solutions, recently being released to the GRACE sci-
ence working team, have been used to study the long
wavelength component of the annual gravity variation
(Spherical harmonic deg. 10). The GRACE data shows
an annual component in the gravity field peaking at
7.1 microGal over the Amazon Basin. Over the cen-
tral southern Africa amplitudes peaks at 4.2 microGal
and over Bangladesh at 3.4 microGal. The peaks fol-
low the solar Equinoxes being in opposite phase on the
two hemispheres. The annual component in the gravity
field is compared with gravity changes due to a simple
water storage model based on simultaneous hydrolog-
ical NCEP reanalysis data. This model peaks at 6.6
microGal over the Amazon Basin. Comparisons with

other models and in-situ data have also been performed
to validate the findings. The spatial correlation be-
tween the amplitude of the annual gravity signal in
GRACE and hydrology computed over 10 degree zonal
latitude bands is higher than 80 percent everywhere.
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We investigate the time-variable gravity changes in
Europe retrieved from 11 initial GRACE monthly solu-
tions provided by UT-CSR, ranging from April 2002 to
October 2003. We first infer from each of the satellite
solutions (expressed in spherical harmonics to degree
120) gravity anomaly maps according to various trun-
cation levels. An empirical orthogonal function (EOF)
decomposition of the time-variable gravity field is done
to exhibit the main spatial and temporal characteris-
tics. We show that the dominant signal is found to be
annual with an amplitude and a phase both in agree-
ment with predictions in Europe using snow and soil-
moisture variations from recent hydrology models. We
compare these GRACE gravity field changes to surface
gravity observations from superconducting gravimeters
of the GGP (Global Geodynamics Project) European
sub-network, with a special attention to loading cor-
rections. Initial results suggest that all 3 data sets
(GRACE, hydrology and GGP) are responding to an-
nual changes in near-surface water of a few microGal
(at length scales of 1000 km) that show a high value
in winter and a summer minimum. To this level of ac-
curacy, and noting we have as yet insufficient data to
support a strong conclusion, the calibration and val-
idation aspects of the GRACE data processing would
appear to be tentatively confirmed.
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The time series of J2 produced from Lageos mea-
surements by Cox and Chao is a measure of fluctu-
ations in the mass distribution of the earth-ocean-
atmosphere-hydrosphere-cryosphere system. At peri-
ods shorter than annual, after subtraction of the atmo-
spheric contribution, the ocean is expected to be a sig-
nificant contributor to this signal. We show here, using
a global barotropic ocean model, that a significant part

of the observed J2 signal is due to the ocean, and is re-
lated to coherent circumpolar modes in both the Arctic
and Antarctic. At periods shorter than about 7 days
we also show that ocean loading and self-attraction ef-
fects have a significant impact on predictions of non-
tidal ocean pressure fluctuations, although the absolute
value of these fluctuations is generally small (less than
1 cm of water). At longer timescales, we use diagnos-
tics from the HADCM3 climate simulation to identify
the major global ocean modes of pressure fluctuation,
identifying in particular a long period mode in which
water moves between the Atlantic and Pacific oceans,
which shows correlations with both model J2 and El
Niño time series.
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A time-series of mean water mass variations over the
ocean is computed from the initial release of monthly
GRACE gravity field models, using an optimal averag-
ing kernel. The time-series is used to study non-steric
global mean sea level variations and is compared to a
time-series constructed from altimetry corrected with a
climatological steric signal. Seasonal signals are clearly
apparent in both time-series, with similar amplitudes
and phases. Although the time-span of the GRACE
measurements is only slightly longer than one yearly
cycle, we will also examine residuals in order to quan-
tify a bound on the non-seasonal ocean mass signals
during the time period.
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The launch of the GRACE satellite mission in March
2002 has made timely the study of geophysical pro-
cesses that redistribute the Earth’s mass. This study
uses the Hadley Centre coupled ocean-atmosphere
model HadCM3 to examine the ocean’s role in mass
redistribution. This state-of-the-art model simulates a
realistic present day climate, and both the thermoha-
line circulation and El Nino are well represented. From
the model output we derive a one-hundred year time-
series of global ocean bottom pressure. The length of
this time-series makes it well suited to the study of
low-frequency bottom pressure variability. After re-
moval of the mean seasonal cycle, the leading empiri-
cal orthogonal function of bottom pressure is a striking,
basin-wide, oscillation between the Atlantic and Pacific
Oceans. Statistical analysis of the forcing fields suggest
that this mode is primarily a wind driven phenomenon.
This was confirmed by performing experiments in which
an ocean-only model was forced by anomalous winds
from HadCM3. Next, the gravitational effects of this
mode are considered. A surprising result is that oceanic
mass redistribution can lead to decadal linear trends in
the zonal harmonic J2, with a slope of approximately
one-third that observed in geodetic measurements of
J2, and which is thought to be due, primarily, to post
glacial rebound. Although there is tantalising evidence
that such a low-frequency mode of variability may ac-
tually occur in the physical ocean, the indirect nature
of the evidence means no certain conclusions can yet be
drawn. Thus, we consider the potential of GRACE to
detect this low-frequency oceanic mass redistribution
amongst the many other factors affecting the Earth’s
gravitational field.


