centimeters. The interannual part of this variability is
now believed to be crucial during the onset phase of an
El Nino event. The core of the problem is thus to deter-
mine whether or not accurate sea level observations can
be useful to estimate the salinity variability when the
temperature counterpart can be deduced from in-situ
measurements. This will be illustrated by considering
an independent source of information to evaluate the
level of accuracy. By combining temperature observa-
tions from the TAO/TRITON array and an estimate of
the salinity variability from an indirect approach, dy-
namic height anomalies are at first used as a basis to
validate the measurements of the Jason-1 mission at
the scale of the equatorial Pacific Ocean (8N-8S; 137E-
80W). Preliminary comparisons show a good agreement
in terms of variability with a RMS difference of about
3-4 cm. It is shown moreover that these interim Jason-
1 observations present a similar performance compared
to the TOPEX /Poseidon products or even better. This
gives us confidence to separate the respective contribu-
tion of the thermal and salinity fields in the sea level
anomalies. By using in situ measurements from a few
sites that are instrumented with several salinometers at
depth, we expect to study the relationships between the
salinity variability such as salinity barrier layer and sea
surface salinity and its signature in sea surface height.
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Applications and El Nino Monitoring
in the Tropical Pacific Using Jason-1
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OSCAR is a pilot processing system and data cen-
ter delivering tropical Pacific Ocean surface velocity
fields via the Internet. Surface currents are computed
from satellite altimeter and vector wind data using
methods developed during the Topex/Poseidon altime-
ter research mission. OSCAR is a transition to op-
erational oceanographic applications using Jason-1 al-
timeter data. The various uses include large scale
climate diagnostics and prediction, fisheries manage-
ment and recruitment, monitoring debris drift, larvae
drift, oil spills, fronts and eddies, plus opportunities
for search and rescue, naval and maritime operations.
OSCAR provides velocity maps updated on a weekly
basis at 1 degree resolution. This is made possible
by (1) the rapid availability of Jason-1 Interim Geo-
physical Data Records (IGDRs) within 2-3 days delay
from the time of satellite measurement, and (2) the fact
that Jason-1 IGDR data approach the accuracy of sci-
entific Topex/Poseidon and Jason-1 altimeter Geophys-
ical Data Records (GDRs) which are generally delayed
one to two months.

These velocity fields have been particularly use-
ful in monitoring the recent evolution of ENSO con-
ditions. The ten-year Topex/Poseidon record indi-
cates that eastward equatorial surface velocity anoma-
lies lead the Nino SST anomalies by about three
months. Monthly maps have been produced for the
NOAA/NCEP Climate Diagnostics Bulletin (CDB) us-
ing Topex/Poseidon IGDRs from January 2001 through
June 2002, and Jason-1 IGDR data thereafter. East-
ward current anomalies associated with the recent SST
warming have been prevalent much of the time from
early summer 2001 to the present. An assessment of the
tropical Pacific surface circulation anomalies through
November 2002 will be presented using the most recent
Jason-1 measurements.
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The Jason-1 altimetric satellite, launched Decem-
ber 2001, continues the work of the highly successful,
on-going, TOPEX/POSEIDON satellite in mapping the
global sea surface topography. These data will extend
the high accuracy sea surface height data set, which is
used by oceanographers, climatologists and other sci-
entific and commercial users.

The CNES AVISO, the French multi-satellite data-
bank dedicated to space oceanography, and the NASA
Physical Oceanography Distributed Active Archive
Center will distribute these data to the science com-
munity.

‘We present the following Jason-1 products and dis-
tribution methods that will be made available: near-
real-time operational sensor data record (OSDR), in-
terim geophysical data record (IGDR), geophysical
data record (GDR) and higher level products, such as
sea surface height anomaly products and quick-look
browse images.
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Quantitative Developments in Coastal
Oceanography I
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On the process of upwelling: Progress
from Sverdrup to Allen
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Sverdrup (1938), in a paper entitled ”On the pro-
cess of upwelling”, described observations made during
three cruises off southern California in the spring of
1937 and noted that it does not seem feasible to make
the described conditions the subject of a mathemati-
cal analysis”. Sverdrup expressed the hope that "in
the future it will be possible to undertake special series
of observations during periods of upwelling in order to
obtain better knowledge of the phenomenon and to an-
swer many questions which now must be left open”. It
would be more than thirty years before ”special series
of observations” were made to study coastal upwelling.
Some thirty years ago the first session on ”Upwelling
and coastal oceanography” was scheduled at an AGU
meeting: progress in understanding upwelling had fi-
nally picked up where Sverdrup had left off and it
continues today with GLOBEC and CoOP studies. It is
not hyperbole to say that for more than 30 years John
Allen has been ”instrumental” in our progress in un-
derstanding the processes of coastal upwelling in both
the mathematical analysis of ideas and the quantita-
tive analyses of observations. We nostalgically recount
some steps in the development of our understanding
of coastal upwelling: from coastal jets through coastal
trapped waves to the coastal transition zone.
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Ecosystem modeling of coastal upwelling systems
began with a pulse of small but intense effort in the late
1960s, just when John Allens oceanographic career was
taking shape. This presentation tracks the remarkable
parallel evolution of the physical modeling and food
web modeling of coastal upwelling. The Coastal Up-
welling Ecosystems Analysis (CUEA) project provided
Allen, a physical oceanography purist, with an early
and sometimes uncomfortable association with many
biologists and fisheries scientists. As the decades un-
folded, Allen was more exposed to both biologists and

2002 Fall Meeting F671

biology in the interdisciplinary milieu that character-
izes oceanography at Oregon State University. This ex-
posure helps explain Allens role in the Global Ecosys-
tem Dynamics (GLOBEC) project. Both guarding the
flame and encouraging others to be warmed by it, he
maintains the rigor of the core physics while enabling
other disciplines to use the physical model. We recount
some of the intellectual advances that have character-
ized the parallel and sometimes convergent evolution of
physical and biological upwelling modeling.
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Coastal Meteorology and Wind-Forced
Coastal Ocean Currents
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The work of John S. Allen and others has estab-
lished that coastal winds are a primary forcing agent
for coastal ocean currents. In the last several decades,
considerable progress has been made in the observation
and analysis of coastal wind fields. For many years, in-
formation on coastal winds was limited to point mea-
surements from coastal stations and moored buoys,
supplemented by ship and aircraft observations, and
products derived from large-scale atmospheric pressure
analyses. The limitations of these characterizations
for estimating wind stress over the U.S. west-coast
shelf have been dramatically illustrated by thorough
comparisons of the various estimates, and by the re-
sults of focused observational programs in the coastal
zone. Recently, wind stress fields measured by satellite
scatterometers and derived from mesoscale atmospheric
models have become available. The availability of these
fields offers exciting new opportunities, and is leading
to new advances in understanding, but important chal-
lenges and uncertainties remain. These uncertainties
have implications for the future of coastal ocean mod-
eling.
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Offshore Ekman Transport and Ekman
Pumping off Peru During the
1997-1998 El Nino
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Satellite ocean vector wind measurements are used
to describe onshore-offshore Ekman transport and Ek-
man pumping/suction (i.e., downward/upward veloc-
ity) in the coastal ocean at 15S off Peru, where up-
welling is the dominant physical process. Normal and
El Nino conditions are defined for May 1992 - April
1997 and May 1997 - May 1998, respectively. During
normal conditions, both Ekman suction and offshore
Ekman transport produced upwelling. During the El
Nino, the May-August speed of Ekman pumping was
nearly 4 times larger than the normal speed of Ekman
suction and offshore Ekman transport nearly doubled.
The strong Ekman pumping may be the source for the
deepened coastal thermocline during El Nino, although
the evidence is not conclusive because of the absence
of in situ observations.
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The Baroclinic Instability of Time
Dependent Zonal Flow.
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The baroclinic instability of a zonal current on the

beta plane is studied in the context of the two-layer
model on the beta plane when the shear of the ba-
sic current is a periodic function of time. The ba-
sic shear is contained in a zonal channel and is in-
dependent of the meridional direction. The instabil-
ity properties are studied in the neighborhood of the
classical, steady shear, threshold for marginal stabil-
ity. It is shown that the linear problem shares common
features with the behavior of the well-known Mathieu
equation. That is, the oscillatory nature of the shear
tends to stabilize an otherwise unstable current while;
on the contrary, the oscillation is able to destabilize a
current whose time-averaged shear is stable. Indeed,
this parametric instability can destabilize a flow that
at every instant possesses a shear that is sub-critical
with respect to the standard stability threshold. This
is a new source of growing disturbances. The nonlin-
ear problem is studied in the same near neighborhood
of the marginal curve. When the time averaged flow
is unstable the presence of the oscillation in the shear
produces both periodic finite amplitude motions and
aperiodic behavior. Generally speaking, the aperiodic
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behavior appears when the amplitude of the oscillating
shear exceeds a critical value depending on frequency
and dissipation. When the time averaged flow is sta-
ble, i.e. sub-critical, the presence of finite amplitude
aperiodic motion occurs when the amplitude of the os-
cillating part of the shear is large enough to lift the flow
into the unstable domain for at least part of the cycle
of oscillation. A particularly interesting phenomenon
occurs when the time averaged flow is stable and the
oscillating part is too small to ever render the flow un-
stable according to the standard criteria. Nevertheless,
in this regime parametric instability occurs for ranges
of frequency that expand as the amplitude of the oscil-
lating shear increases. The amplitude of the resulting
unstable wave is a function of frequency and the magni-
tude of the oscillating shear. For some ranges of shear
amplitude and oscillation frequency there exist multi-
ple solutions. It is suggested that the nature of the
response of the finite amplitude behavior of the baro-
clinic waves in the presence of the oscillating mean flow
may be indicative of the role of seasonal variability in
shaping eddy activity in both the atmosphere and the
ocean.
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Separation of an Advectively Trapped
Buoyancy Current at a Bathymetric
Bend
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The coastal current system along the east coast of
North America, from the Labrador Shelf to Cape Hat-
teras, must negotiate complex bathymetry with numer-
ous sharp bends and large cross-shelf channels. The be-
havior of these shelf currents is studied here using an
advectively trapped buoyancy current (ATBC) model,
in which a coastal buoyancy current on a sloping bot-
tom forms a surface-to-bottom density front that be-
comes trapped along an isobath by offshore advection
of buoyancy in the bottom boundary layer. Alongfront
flow is concentrated in a nearly geostrophic surface-
intensified frontal jet. Trapping occurs where the cross-
shelf bottom velocity vanishes on the shoreward side of
the front, thus terminating offshore buoyancy advec-
tion and causing the bottom boundary layer to detach
and flow upward along frontal isopycnals.

The dynamics of an ATBC at a sharp bend in
bathymetry and at a cross-shelf channel are investi-
gated using a primitive-equation numerical model, fo-
cusing on the separation of the frontal jet from the to-
pography. The response depends on the relative size of
the buoyant inflow that creates the ATBC and a weak
alongshelf background current that is typically imposed
to ensure the downstream propagation of the buoyant
inflow. With no background current, the ATBC sepa-
rates at either the single bend or the channel, regard-
less of the strength of the buoyant inflow. With a back-
ground current, the ATBC follows the isobaths around
the bend until the bottom velocity parallel to the front
vanishes, after which the frontal jet separates and flows
freely away from the topography, while the foot of the
front remains attached near the trapping depth. The
separation point is highly sensitive to the magnitude
of the background current, with changes of a few cm/s
having a major impact on the response. Unlike most
geophysical flows, the separation process is basically
linear and does not require large nonlinear inertial con-
tributions to the momentum balances. The model sug-
gests that substantial losses of buoyant Labrador shelf
water are likely to occur at the southern tail of the
Grand Banks, and that ambient/offshore currents prob-
ably control the penetration and cross-over of the shelf-
break front at the Northeast Channel.
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We have just concluded a field experiment to in-
vestigate the role of mixing and secondary circulation
in maintaining productivity at the New England shelf-
break front. The experiment combined the technologies
of a purposeful dye tracer, multiple isopycnal (COOL)
floats to tag the horizontal motion of the dye and mea-
sure the diapycnal velocity (which is directly related to
the divergence of density flux), and a pumping SeaSoar
towed vehicle with an attached microstructure instru-
ment resulting in an oceanographic dataset that opti-
mized sampling resolution and spatial coverage at the
meso-scale. Instrumentation mounted on the SeaSoar
provided high resolution in-situ measurements of light
backscattering, attenuation, chlorophyll fluorescence,
temperature, salinity, pressure and PAR. In addition,
the pump on the SeaSoar supplied a stream of seawa-
ter for a multitude of biological and chemical parame-
ters in the ship’s laboratory. These include analysis of
discretely captured samples for chlorophyll a, particu-
late carbon and nitrogen, PvsE response and variable
fluorescence using a Pulse Amplitude Modulated Flu-
orometer. The pumped seawater stream also enabled
continuous shipboard measurement using instrumenta-
tion too large or sensitive to be placed on the SeaSoar
body, such as variable fluoresence using a Fast Repe-
tition Rate Fluorometer, light absorption of total and
dissolved seawater components using twin WETLabs’
AC9s, and autoanalyzers for water nutrient and carbon
dioxide chemistry. The experiment consisted of three
cruises with dye injection into the interior of the cold
pool July 2001 and two dye injections into detaching
bottom boundary layer water at the foot of the front
June and August 2002.

Preliminary results reveal evidence of off shore
transport of bottom shelf water at the shelfbreak. This
transport is predominantly isopycnal although some di-
apycnal flow to lower densities is evident. They also
reveal strong vertical and cross shelf gradients in nutri-
ents, CO2 and phytoplankton biomass throughout the
late spring to summer. The magnitude of the gradi-
ents and the location of the phytoplankton with respect
to the nutrient gradient in particular, suggest a tight
coupling between the vertical flux of nutrients to the
euphotic zone and the growth and maintenance of the
phytoplankton crop. Results from dye tracking, COOL
float and microstructure analysis will reveal the mode
and magnitude of delivery of deep, nutrient rich waters
to the euphotic zone, and thus the degree to which the
rate of biological processes are controlled by physical
forcing.
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A New Perspective on Wind-Driven
Coastal Upwelling, the Importance of
Non-Linear Momentum Flux.
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While significant progress has been made in under-
standing some aspects of the wind-driven response over
continental shelves (e.g. the alongshelf flow), the pro-
cesses controlling the structure and dynamics of the
cross-shelf and vertical circulation remain poorly un-
derstood. For example, it remains unclear what deter-
mines whether the onshore return flow during coastal
upwelling is in the bottom boundary layer or the in-
terior. A new theory is proposed for two-dimensional
upwelling that relates the structure of the wind-driven
cross-shelf circulation and the associated dynamics to
the stratification, bathymetry, and wind forcing. The
theory predicts that the importance of the non-linear
cross-shelf flux of momentum depends on the strength
of the stratification, as measured by the Burger num-
ber S = aN/f, where «a is the bottom slope, N is
the buoyancy frequency, and f is the Coriolis param-
eter. For weak stratification (small Burger number),
the cross-shelf flux of momentum is small, the bottom
stress balances the wind stress, and the onshore return
flow is almost entirely in the bottom boundary layer.
For strong stratification (Burger number of order one or
greater), nonlinear cross-shelf advection of momentum
is relatively large and balances the wind stress. Con-
sequently, the bottom stress is small, and the onshore
return flow is in the interior. These differences in the
cross-shelf circulation clearly have important implica-
tions to the biological impact of coastal upwelling. Pre-
liminary evaluations using both observations and nu-
merical model results provide support for the proposed
ideas.
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Measurements of tidal currents on the central Ore-
gon shelf are available from several sources, including
recent high frequency (HF) coastal radar and Acous-
tic Doppler Profiler (ADP) deployments, and historical
current moorings. In this paper we use a generalized
inverse (GI) approach to compare these data to, and
then assimilate them into, numerical models for the
barotropic tides. Harmonic analysis of the data in short
time windows using a modified admittance approach re-
veals that tidal currents on the Oregon shelf are highly
variable in time, and can contain significant baroclinic
components. Data from the winter months, when wa-
ters on the shelf are only weakly stratified, are found
to be most nearly barotropic and thus most reasonable
for assimilation into the shallow water equations model.
The various data sources are used in several different
combinations for assimilation and validation. Forcing
the prior forward model with normal flow open bound-
ary conditions obtained from a regional barotropic in-
verse model results in semi-diurnal barotropic currents
that are consistent (within estimated error limits) with
all available data. In contrast, diurnal currents on the
shelf are very sensitive to details of the model config-
uration, and are significantly improved by data assim-
ilation. Very similar solutions result from assimilation
of either the HF radar or ADP data sets. The high
sensitivity of the diurnal band currents can be under-
stood dynamically in terms of trapped shelf waves. A
short ( 85 km long) section of shelf off the central Ore-
gon coast is wide enough to allow first-mode barotropic
shelf waves at the sub-inertial diurnal frequencies. This
results in locally resonant large amplitude diurnal tidal
currents that are very sensitive to details in the local
forcing, and hence quite variable in time.

0S51D-10 1135h INVITED
Field Observations of Shear Waves

R. T. Guzal (858-534-0585; rguza@ucsd.edu)

T. James Noyes! (858-534-9596;
jnoyes@coast.ucsd.edu)

Steve Elgar? (508-289-3614; clgar@whoi.edu)

Thomas C. Herbers® (831-656-2917;
herbers@oc.nps.navy.mil)

1Scripps Institution of Oceanography, UCSD-0209, La
Jolla, Ca 92093-0209, United States

2Woods Hole Oceanographic Institution, MS #11,
Woods Hole, Ma 02543, United States

3Departmeut of Oceanography, Naval Postgraduate
School, Monterrey, Ca 93943, United States

Meanders of the mean alongshore current in the surf
zone called shear waves have alongshore propagating
velocity fluctuations with periods of a few minutes and
alongshore wavelengths of a few hundred meters. Shear
wave velocity fluctuations observed within 250 m of the
shoreline of a sandy, barred beach for 4 months were
approximately horizontally isotropic, with root-mean-
square values between 10-40% of the mean alongshore
current V. Cross-shore variations of the time-averaged,
shear wave momentum flux were consistent with shear
wave energy generation in locations where V and the
cross-shore shear of the mean alongshore current Vi
were high. Farther from the shoreline where V and Vg
were weaker, shear wave energy was both dissipated
and transfered to the mean flow. In case examples
where V is a narrow jet near the shoreline, the observed
strong decay of shear wave energy levels seawards of the
jet, and the cross- and alongshore structure of shear
waves within the jet, were similar to predictions based
on the linearly unstable modes of the observed V. Ob-
served shear wave energy levels also were high with a
strong, but broad (e.g. weakly sheared) V that is only
marginally linearly unstable.

This research was supported by the Office of Naval
Research and the National Ocean Partnership Program.
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Resonant Bragg reflection of surface waves from a
field of roughly shore-parallel sandbars was observed in
Cape Cod Bay near Truro, MA during low energy wave
conditions and during a storm. Although the Bragg res-
onance mechanism for wave reflection has been demon-
strated convincingly in the laboratory, the correspond-
ing impact of natural sandbars on ocean waves is not
known. Multiple shore-parallel sandbars frequently are
found in bays and gulfs, but observations of associated
wave reflection have not been reported.

Here, we present the first observations of resonant
Bragg reflection of ocean surface waves by a natural
field of sandbars. The waves were reflected both from
the bars and from the steep beach shoreward of the
bars, causing complicated interference patterns of sea-
ward and shoreward propagating waves. The observed
cross-shore variations in the onshore- and offshore-
directed energy fluxes are consistent with theory (Yu &
Mei JFM 2000) for resonant Bragg reflection, including
a 20% decay of the incident wave energy flux that is
an order of magnitude greater than expected for wave-
orbital velocity induced bottom friction.

When offshore wave heights were small (less than
0.25 m) there was no wave breaking across the sand-
bars, and the near-bottom velocities associated with
the Bragg reflecting waves likely were too small to
cause significant sediment transport. However, sedi-
ment mobilized during storms may be transported by
velocity convergences and divergences associated with
nodes and antinodes of the reflecting Bragg waves, pos-
sibly resulting in growth of the sandbars.

Funding was provided by the Mellon Foundation,
ONR, and NSF.
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The Jason-1 mission, defined in cooperation be-
tween NASA and CNES, is the continuation of the
present TOPEX/POSEIDON, whose major aim is to
observe ocean circulation on a high coverage and
long term basis with a level of accuracy yet unseen.
Launched by NASA in december 2001, Jason-1 em-
barks the CNES Poseidon-2 radar altimeter together
with other CNES and NASA instruments on the new
French platform PROTEUS. Poseidon-2 inherits many
characteristics from the experimental Poseidon-1 that
has been successfully operating since mid 1992 onboard
TOPEX. This new generation radar altimeter, provided
in full redundancy, comprises high reliability compo-
nents in order to achieve the 5 years expected lifetime.
Tonospheric delay is removed through the introduction
of an additional C-band measurement channel inter-
laced with Ku-band measurements. FEach instrument
exhibits a mass of 25 kg and a power consumption of
70 W. This paper presents the Poseidon 2 system ar-
chitecture, technical features and the results of in-flight
performance compared to the pre-launch performances
(Pulse target, noises, ).
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The Jason Microwave Radiometer (JMR) on the
Jason-1 altimeter satellite measures radiometric bright-
ness temperature (TB) at 18.7, 23.8, and 34.0 GHz in
the nadir direction, from which is estimated the excess
path delay (PD) through the atmosphere experienced
by the Jason radar altimeter signal due to water va-
por and suspended cloud liquid water. JMR is an im-
proved follow-on to the TOPEX Microwave Radiome-
ter (TMR) on the earlier TOPEX /Poseidon altimeter
satellite. Early work calibrating JMR and validating
its performance during the first six months of the mis-
sion will be presented.

Placement of Jason-1 into a virtually identical orbit
with TOPEX /Poseidon, with approximately 70 s time
displacement, has afforded unprecedented accuracy in
the intercalibration of two satellite radiometers. The
virtual elimination of spatial and temporal decorrela-
tion errors between JMR and TMR TBs and PDs al-
lows intercomparison fine tuning at a much more pre-
cise level, and with greatly reduced data averaging re-
quirements, relative to the earlier TMR comparisons
with other satellite instruments (SSM/I, ERS-1,2), is-
land radiosondes, GPS, and ground-based water vapor
radiometers.

Calibration of the JMR TBs has been evaluated at
the low end of its on-orbit range by comparing the dif-
ferences between vicarious cold reference TBs of it and
adjacent TMR channels with those predicted by the-
ory. At the high end of the TB range, comparisons
are made with TMR TBs over suitable regions of the
Sahara desert and Amazon rain forest. Characteriza-
tion of JMR performance at intermediate TB levels is
possible using a variety of statistical intercomparison
techniques.
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With the launch of JASON-1 the successful mis-
sion TOPEX /Poseidon (T/P) is extended to a second
decade. Various analyses have shown that any altime-
try mission is subject to performance degradation re-
sulting in an apparent sea level rise. Comparisons of
RA with in situ measurements of the instantaneous sea
level at Harvest Oil Platform have been used to mon-
itor the absolute sea level measurements of T /P, but
not for other missions. However, only a combination of
e.g. ENVISAT and JASON-1 gives a sufficient coverage
in time and space. For the past and current missions
different strategies are used for the calibration and the
drift monitoring, e.g. using crossovers or tide gauges as
a height reference. The disadvantage of all calibration
methods is, that no direct measurement beneath the
sub-satellite tracks are available for all missions and,
therefore, models have to be used to account for e.g.
the sea surface slope or time varying signals. As shown
for ERS and Topex/Poseidon, a GPS-equipped buoy,
anchored beneath a sub-track, can be used as a height
reference. Since GPS-derived coordinates are ITRF-
referenced, an absolute calibration is possible. Until
today only lightweight buoys were deployed. Therefore,
no long-term sensor for the calibration and drift moni-
toring exists.

In May 2002 a ruggedized GPS-buoy was deployed
by GFZ in the North Sea in the context of a large Ger-
man sea level monitoring project. A triple intersect of
ERS-2/ENVISAT with a Topex/Poseidon/Jason-1 and
a GFO sub-track was chosen. This gives the unique
possibility to monitor al active RA missions. The
lifetime of the buoy is expected to be several years,
therefore, a long-term calibration, drift monitoring and
inter-calibration of different missions will be possible.
In addition, the buoy is equipped with supplementary
sensors, like a dynamic motion sensors and meteorolog-
ical devices (e.g. wind speed, air pressure sensors), al-
lowing a broader use for calibration, e.g. of wind speed
or significant wave heights. All data is stored onboard
and, additionally, is transferred ashore by a HF link.
Three bottom-mounted tide gauge sensors supplement
the calibration site, allowing also to account for the sea
surface slope for off-track RA measurements. A wave
tide recorder beneath the GPS buoy is used for com-
parisons of the SWH.

First results of the buoy performance will be pre-
sented.

URL: http://op.gfz-potsdam.de/seal/
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The knowledge of instrumental biases of radar al-
timeter systems (TOPEX/POSEIDON, GFO, ERS-2,
JASON, and ENVISAT) and their potential drifts is
an inherent and stringent requirement to use altime-
ters for the monitoring of global sea level changes.
In this study, we present early results of dedicated
multi-altimeter calibration sites, for radar altimeter in-
strument calibration and monitoring, include JASON.
Three sites will be described: (1) located at Marble-
head, Ohio in Lake Erie adjacent to a NOAA water level
gauge, (2) located at Vanuatu with two bottom pressure
gauges (BPG) on the sea floor, S. Pacific, (3) near an
offshore oil platform in Gulf of Mexico to be equipped
with a NGWL gauge. The location of the each site was
selected due to the proximity to the ground tracks or
the crossover point of multiple altimeters such as Ja-
son and others. The oil platform site is located within a
few km to the triple crossover points, where the ground
tracks of T/P (or Jason), ERS-2 (or ENVISAT), and
GFO nearly intersect. The tide gauge for each calibra-
tion site is able to observe and collect the in situ wa-
ter level height continuously in different temporal scale
(e.g., every 6 min. in Marblehead and every 15 min in
Vanuatu) with respect to different local vertical datums
(e.g., IGLD 1985 in Marblehead). Due to the random
ground track shift from the nominal track in each pass
of the satellite, it is necessary to study the water sur-
face gradients and apply that to in situ gauge measure-
ments in each site. Thus, a GPS waverider buoy was
deployed in Lake Erie in October 2001 for 6 one-hour
sessions to measure lake level along the selected T/P
track in order to support the along-track gradient for
T/P and Jason. In addition, the information gathered
from the GPS buoy was then used to convert in situ
gauge measurements from IGLD 1985 to the geocentric
datum, namely ITRF, to which the altimeter measure-
ments refer. Consequently, the comparison between the
in situ gauge data in Marblehead since 2000 to the T /P
sea surface height (ssh) can be performed and altime-
ter bias and drift can be estimated. The early result of
using Jason IGDR of cycle 8 and 9 will also be exam-
ined. The Vanuatu calibration site consists of 2 BPG’s
moored in open sea at Wusi (under a T/P and Jason
track) and at Sabine Bank (at an ERS-2 and ENVISAT
crossover). Both gauges provide sea level measurements
since 2000. The resulting altimetric drift estimation of
T/P, ERS-2, and Jason will be presented. The status
of the Gulf of Mexico offshore platform site will be dis-
cussed.
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Low-frequency climate changes, such as the deter-
mination of global mean sea level, require time series
on the order of decades or longer. However, no sin-
gle altimeter satellite can ever hope to accumulate the
necessary uninterrupted time series. Therefore, it be-
comes increasingly important to calibrate the measure-
ments from various satellite altimeter missions relative
to one another in order to integrate the measurements
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