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bosa, 1246, Fortaleza, CE 60115-221, Brazil

The PIRATA observations are analysed to diag-
nose the climatic variability in the tropical Atlantic
from 1997 until present. Calendar daily climatolo-
gies for each meteorological parameters, and for each
level of oceanic temperature and salinity, are com-
puted and updated from the daily data available
in real-time on the PIRATA NOAA/PMEL Web site
http://www.pmel.noaa.gov/pirata/. Simple and stan-
dardized daily anomalies are deduced by retrieving the
daily observations from these climatologies. The com-
putations are made either for each one of the 10 sites
of the PIRATA present array, or for 2-D analyses along
the two meridional and the equatorial lines. Prox-
ies of climatic indexes of the meridional and equa-
torial modes are proposed using the PIRATA data
at selected stations. The largest climatic episodes
during the study period are discussed and placed in
the context of other regional and global analyses.
This product is continuously updated and placed on
the PIRATA Web maintained at FUNCEME (Brazil)
http://www.funceme.br/. It complements the informa-
tion already available on the other PIRATA Web sites.
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30-70 day Oscillations in the Tropical
Atlantic

Gregory R Foltz1 (206-526-6256;
gregory.foltz@noaa.gov)

Michael J McPhaden1 (206-526-6783;
michael.j.mcphaden@noaa.gov)

1NOAA/Pacific Marine Environmental Laboratory,
7600 Sand Point Way NE, Seattle, WA 98115,
United States

The strongest mode of decadal climate variability
in the tropical Atlantic is the so-called interhemispheric
or “dipole” mode. Here we present evidence of intrasea-
sonal (30 – 70 day) oscillations in the northern and
southern tropical Atlantic trade wind systems, which
may contribute to the timing and intensity of the in-
terhemispheric decadal fluctuations. Intraseasonal os-
cillations in near-surface winds reach 5 m s−1 and force
changes in sea surface temperature (SST) of up to 0.25◦C through their effect on latent heat loss and oceanic
circulation. Oscillations of the northern tropical At-
lantic trade winds are part of a larger spatial pattern
that resembles the North Atlantic Oscillation. Further-
more, the northern tropical Atlantic intraseasonal os-
cillations are significantly correlated with the Madden-
Julian oscillation (MJO) in the tropical Indo-Pacific
Ocean when the MJO leads by 20 – 25 days. Possi-
ble links between the Indo-Pacific and Atlantic, as well
as the potential role of the tropical Atlantic intrasea-
sonal oscillations in the evolution of decadal tropical
Atlantic SST anomalies, will be discussed.

OS34A-03 1600h

Analysis of the remotely sensed winds :
Sensitivity of ORCA model to the
scatterometer wind forcing

Abderrahim Bentamy1 (33 2 98 22 44 12;
abderrahim.bentamy@ifremer.fr)

Mathieu Rouault2 (rouault@ocean.uct.ac.za)

Ayiana Herve1 (Ludos.Herve.Ayina@ifremer.fr)
1Institut Francais pour la REcherche et l’Exploitation

de la MER (IFREMER), BP 70, Plouzane 29280,
France

2University of Cap Town, University of Cap Twon.
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Numerical Weather Prediction and analysis outputs
are usually used to investigate oceanic and climatic
processes and to run ocean models in a forced mode.
This oceanic forcing function might be validated and
improved, particularly for wind stress and turbulent
heat fluxes, directly by the use of scatterometer high-
resolution surface wind data. Indeed, enhanced global
turbulent flux fields are constructed from ERS and Sea-
winds on board QuikScat with a spatial resolution of
0.5◦ in longitude and latitude, and a temporal reso-
lution of 12 -hour, daily, weekly, and monthly. The
quality of the remotely sensed fluxes is investigated
through comparisons with data from buoys operated
by the Pilot Research moored array in the Tropical At-
lantic (PIRATA) project. The correlation coefficients
exceed 0.85, the biases are less than 0.5 m/s and the
root-mean-square (rms) are less than 1.7 m/s. For
wind direction the difference standard deviation is less
than 20◦. For latent heat flux estimates, the bias in
quit small and not significant, while the rms differ-
ence, and the correlation coefficient are about 22W/m2

and 0.79, respectively. The PIRATA buoy data are
then used to assess the quality of flux properties (spa-
tial and temporal patterns) estimated from satellite as
well as from NWP analyses (ECMWF) and re-analysis
(ERA40) for the time period 1996 - 2003. For instance,

the wind large-scale characteristics from satellite and
models compare well. However, significant discrepan-
cies are found in the tropical areas, and especially be-
tween satellite and ECMWF analysis.
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Tropical Instability Waves and the
warming of the Atlantic cold tongue :
Analysis of the ATLAS and ADCP
PIRATA moorings data from 0n, 23W
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4National Space Research Institute (INPE), Remote
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Temperature, salinity, and recent velocity records

from the PIRATA moorings at 0oN, 23oW collected
during 2002, as well as accompanying satellite SST
and winds are used to examine the Tropical Instabil-
ity Waves (TIW) and their role in the mixed layer
heat balance of the central equatorial Atlantic. The
TIW appear as periodic 20-30 day fluctuations in cur-
rents which intensify beginning in June in phase with
the strengthening of the southeasterly trade winds and
the seasonal appearance of the equatorial cold tongue.
Zonal velocity fluctuations are largest in July-August,
while meridional velocity fluctuations are largest in
August-September. The meridional component of ve-
locity is also distinguished from the zonal component
in that fluctuations of the meridional component ex-
tend coherently in the vertical to at least 120 m while
zonal fluctuations are coherent within the mixed layer
only. Our estimate of horizontal eddy heat advection
in the mixed layer averaged June-September is 100 W
m-2 with meridional advection dominating and peaking
in late boreal summer. Averaged over the whole sum-
mer the contribution of the TIW events to the warming
of the mixed layer is of 0.5oC, which corresponds to a
modest value of the eddy heat advection of 15 W m-2.
Since this value is very much less than the estimates of
the summer mean eddy horizontal heat advection of 50
- 100 W m-2 this indicates that horizontal and vertical
eddy heat advection balance in part.
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The impact of tropical instability waves
on the eqautorial mixed layer heat
budget

markus jochum1 (markus@ocean.mit.edu)

raghu murtugudde2

raffaele ferrari1

paola malanotte-rizzoli1

antonio busalacchi2

1MIT, 77 mass ave, cambridge, ma 02139, United
States

2essic, university of Maryland, college park, md
01034, United States
Several different OGCMs of the tropical Atlantic are

used to study the effect of tropical instability waves
(TIWs) on the equatorial mixed layer heat budget. We
will report especially on two new and important results:
Firstly, the often reported large meridional heat flux
convergence of the TIWs is partly compensated by the
associated vertical heat flux divergence. Secondly, the
TIWs do not move heat from the tropical warmpool to
the equatorial cold tongue but they take their heat from
the atmosphere and do not cool the warmpool. This is
consistent with the additional result that the TIWs are
generated by barotropic and baroclinic instability.
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North-South Versus East-West Ocean
Freshwater Balance Disruptions and
Global Ocean Conveyor

Bernd J Haupt1 (814-865-8188; bjhaupt@psu.edu)

Dan Seidov1 (814-865-1921; dseidov@psu.edu)
1Earth and Environmental Systems Institute The

Pennsylvania State University, 2217 Earth & Engi-
neering Science Bldg., University Park, PA 16802,
United States

A disparity in redistribution of freshwater between
the Atlantic and Pacific Oceans, both by the atmo-
sphere and by the global ocean thermohaline circula-
tion or “global ocean conveyor” itself, has long been
recognized as a major cause of the observed asymme-
try in SSS. However, it has not yet been examined
whether this asymmetry accounts for the functioning
of the global ocean conveyor, and whether the longi-
tudinal, inter-basin freshwater balance is more or less
important than the meridional, intra-basin freshwater
balance. Recently, we have shown that even if SSS
is zonally averaged and thus retains only schematic
inter-basin contrasts, it can yield a reasonable global
conveyor. In a subsequent series of sensitivity exper-
iments, we have also shown that despite the south-
ern (versus the northern) freshwater impacts are im-
portant control of THC dynamics, the inter-basin SSS
contrasts may be even more important. Our results fa-
vor zonal versus meridional SSS contrasts as most crit-
ical for building up and maintaining the global THC.
We have used an ocean circulation model in a series
of sensitivity experiments with an idealized SSS that
mimics either meridional, or zonal freshwater disparity,
or both. Our experiments have revealed the Atlantic-
Pacific SSS asymmetry being one of the most critical
elements. Next to this major factor is the Southern
Ocean freshwater balance, which, in our experiments of
moderate freshwater discharges, has stronger impact on
the overall THC functionality than the impacts in the
North Atlantic. However, geologic record shows that
the strongest freshwater balance disruptions occurred
in the post-glacial North Atlantic. Yet we argue that
it is the Atlantic-Pacific freshwater balance shift rather
than local freshening is the main cause of the THC col-
lapse following the North Atlantic meltwater events.

URL: http://www.personal.psu.edu/bjh18
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A Visual Basic Program to Generate
Sediment Grain-Size Statistics and
Extrapolate Particle Distributions

Lawrence J Poppe1 (508-548-8700; lpoppe@usgs.gov)

Andrew E Eliason2 (508-477-3155;
andrew@eliason.com)

Mary E Hastings1 (508-548-8700;
phastings@usgs.gov)

1USGS, 384 Woods Hole Road, Woods Hole, MA
02543, United States

2Eliason Data Services, 230 Meetinghouse Road,
Mashpee, MA 02649, United States

Methods that describe and summarize grain-size
distributions are important to geologists because of
the large amount of information contained in textu-
ral data sets. Therefore, to facilitate reduction of
sedimentologic data, we have written a computer pro-
gram (GSSTAT) to generate grain-size statistics and
extrapolate particle distributions. Our program is writ-
ten in Microsoft Visual Basic 6.0, runs on Windows
95/98/ME/NT/2000/XP computers, provides a window
to facilitate execution, and allows users to select op-
tions with mouse-click events or through interactive di-
alogue boxes. The program permits users to select out-
put in either inclusive graphics or moment statistics, to
extrapolate distributions to the colloidal-clay boundary
by three methods, and to convert between frequency
and cumulative frequency percentages. Detailed docu-
mentation is available within the program. Input files
to the program must be comma-delimited ASCII text
and have 20 fields that include: sample identifier, lat-
itude, longitude, and the frequency or cumulative fre-
quency percentages of the whole-phi fractions from 11
phi through -5 phi. Individual fields may be left blank,
but the sum of the phi fractions must total 100% (+/-
0.2%). The program expects the first line of the in-
put file to be a header showing attribute names; no
embedded commas are allowed in any of the fields. Er-
ror messages warn the user of potential problems. The
program generates an output file in the requested des-
tination directory and allows the user to view results in
a display window to determine the occurrence of errors.
The output file has a header for its first line, but now
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has 34 fields; the original descriptor fields plus per-
centages of gravel, sand, silt and clay, statistics, clas-
sification, verbal descriptions, frequency or cumulative
frequency percentages of the whole- phi fractions from
13 phi through -5 phi, and a field for error messages.
If the user has selected extrapolation, the two addi-
tional phi-fraction fields will be populated with data.
The software with the necessary support files, installa-
tion instructions, and documentation is available free
of charge from the USGS.
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Ra-228, Ra-226 and Ra-228/Ra-226
Activity Ratio in the Northern South
China Sea

Chung Yu-Chia1 (886-7-5255150;
ycchung@mail.nsysu.edu.tw)

Lin Hsiu-Chuan (886-7-5255150;
ycchung@mail.nsysu.edu.tw)

Lin Chi-Ju (886-7-5255150;
ycchung@mail.nsysu.edu.tw)

1Institute of Marine Geology and Chemistry, National
Sun Yat-sen University, Kaohsiung, Taiwan

We report for the first time the surface water dis-
tributions of Ra-228 and Ra-226 in the northern South
China Sea (SCS) and vertical profiles in the central
deep basin of the SCS. Being a marginal sea, the SCS
displays activities of both nuclides much higher than
the open oceans. The surface water Ra-228 varies be-
tween 22 and 33 dpm/100L with higher values at sta-
tions adjacent to the landmass. The surface water Ra-
226 varies from 10 to 15 dpm/100L with a distribution
pattern similar to that of Ra-228. The Ra-228/Ra-226
activity ratio is fairly constant at about 2 or slightly
higher. Ra-228 decreases rapidly from a surface max-
imum of about 22 dpm/100L to about 12 dpm/100L
at and below 300m depth in the deep central basin.
The deep water values are much higher than those of
the open oceans. Ra-226, on the other hand, shows
a surface activity of 14 dpm/100L, decreases to 10
dpm/100L at 200m, and then increases monotonically
with depth to about 35 dpm/100L at and below 3000m.
This distribution pattern is similar to that observed in
the western North Pacific but the activity is higher by
about 5 dpm/100L for the entire water column. The re-
sulting Ra-228/Ra-226 is greater than one above 250m
and becomes less than one below this depth with the
ratio decreasing to about 0.35 in the deep water below
3000m. This ratio remains much greater than that in
the open oceans, implying a strong Ra-228 input rela-
tive to Ra-226 into the SCS deep water.
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Ra-226 and Pb-210/Ra-226 Activity
Ratio in the Northern South China
Sea

Lin Chi-Ju1 (886-7-5255150;
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Chung Yu-Chia1 (886-7-5255150;
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1Institute of Marine Geology and Chemistry, National
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The surface water distributions and vertical pro-
files of Ra-226 in the northern South China Sea (SCS)
have been measured. Surface water Ra-226 varies be-
tween 10 and 16 dpm/100 kg with higher values at sta-
tions adjacent to the landmass. Each Ra-226 profile
shows an increase from the surface toward the bottom.
Above 1000m depth Ra-226 is systematically about 5
dpm/100kg higher in the northern South China Sea
than in the western North Pacific. This difference may
be attributed to a strong Ra-226 source from the shelf
and slope area of the SCS. Below this depth Ra-226 dis-
plays large variation within some of the profiles with
lower limits being comparable to the activities of the
western North Pacific but higher limits being system-
atically about 5 dpm/100kg higher. These high Ra-226
activities may reflect effects of the longer isolation time
for the deep water in the SCS basin and strong Ra input
from the underlying sediments. The Pb-210/Ra-226 ac-
tivity ratio ranges between 1.4 and 2.7 in the surface
water with higher activity ratio at the station closer
to the Luzon Strait. The Pb-210 in excess over Ra-
226 in the surface water due to atmospheric input may
penetrate to a depth of about 200 to 500m. Below this
depth, Pb-210/Ra-226 activity ratio ranges between 0.5
and 0.7 because Pb-210 is scavenged by settling partic-
ulates. Box model calculations within a mixed layer of
50m in the area yield a mean residence time of about
1 yr for Pb-210 if an atmospheric Pb-210 flux of 1
dpm/cm2/y is adopted. The activity ratio of about 0.5
to 0.7 in the deep water corresponds to a Pb-210 mean
residence time of about 30 to 70 yrs with respect to
particulate scavenging.
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Uranium and Thorium Distributions in
the Sediments Collected From the
Western South Okinawa Trough and
the Northern South China Sea

Wang Chun-Yen1 (886-7-5255150;
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Uranium and thorium radionuclides were measured
on three cores each collected from the western South
Okinawa Trough (SOT) and northern South China Sea
(SCS) in order to examine the variations of these ra-
dionuclides and their activity ratios in the sediments
and to understand the geochemistry of these nuclides
in these two marginal sea areas. Three box cores were
taken from the basin of the northern SCS, and three
gravity cores were collected from western SOT. The U-
238 and U-234 activities in these cores show no sig-
nificant vertical nor regional variations with activities
ranging between 1.3 and 2 dpm/g and the U-234/U-238
activity ratio of about 1.1, quite close to the value of
seawater (1.14). However, the activities of thorium iso-
topes are quite different between these two regions. In
the northern SCS, Th-232 has a mean activity of about
2 dpm/g, and Th-228, the granddaughter of Th-232,
has a similar mean value. Th-230 has activities gener-
ally ranging from 2 to 6 dpm/g. The Th-230/Th-232
activity ratio falls generally between 1 and 3. Th-232
and Th-228 in the western SOT show higher activities
( 3 dpm/g) than those ( 2 dpm/g) in the northern SCS.
Th-230 in the northern SCS, on the other hand, ranges
from about 2 to 6 dpm/g while that in the western SOT
is about 2 to 2.5 dpm/g. Thus the Th-230/Th-232 ac-
tivity ratio, similar to Th-230, is much higher in the
northern SCS than in the western SOT. Since U-238
and U-234 are quite comparable between the two re-
gions, this unusually high Th-230 in excess over U-234
in the northern SCS warrants further investigation.

OS41A-05 0830h POSTER

Holocene facies analysis of the
sedimentary record with
anthropogenic impacts in the Ria de
Vigo (NW Spain)

Belen Rubio1 (986812003; brubio@uvigo.es)
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Federico Vilas1 (986812654; fvilas@uvigo.es)

Ana Garcia1

1Universidad de Vigo, Facultad de Ciencias del Mar,
Vigo 36200, Spain

The Ria de Vigo constitutes the southernmost ria
of the Rias Bajas. The reconnaisance studies of this
ria indicate a heterogeneous distribution of both ter-
rigenous and carbonate sediments with a major axial
deposit of cohesive sediments. These fine sediments
are relatively rich in organic matter, particularly in
the inner part of the ria. This is the result of a pro-
gressive change in hydrodynamic conditions along the
ria. The outer parts are affected by severe storms in
winter and by upwelling processes in summer, whilst
the inner parts have an estuarine character through-
out the year. The upwelling produces a marked in-
crease in the biological productivity in the Ria and,
consequently, these sediments have typically very high
contents of organic matter. In recent years, increas-
ing interest has been shown in the levels of heavy met-
als in sediments of the Galician Rias. Particularly,
some of these studies showed a higher concentration
of heavy metals in the muddiest surficial sediments in
the Ria de Vigo. However, and despite of the impor-
tant human and industrial settlement in the Galician
rias, knowledge about the evolution of historical con-
tamination along the Holocene sedimentary record is
scarce. In order to ascertain this evolution have been
selected 8 gravity corer located along the axial part
of the ria. This evaluation was focused on the muddy
sediments of the axial part of the ria due to the depen-
dence of metal levels on grain size, resulting from the
association of metals with the finer particles, as it has
been demonstrated by previous studies in the ria. On
these sediments, the combination of geochemical, min-
eralogical and sedimentological data, facies interpreta-
tions (obtained from x-ray radiography), and their in-
tegration with high resolution seismic data (Uniboom
and 3.5 Khz subbottom profiler) have allowed to es-
tablish the evolution of certain heavy metals (Zn, Cu
and Pb) along the Holocene recent sedimentary record
in the Ria de Vigo. Sediments in the outer ria are
comprised by muddy sands showing a very slight en-
richment in certain heavy metals in the upper sedi-
ments. Contrary to facies in the outer ria sediments,

facies in the inner ria comprises finer organic-rich sed-
iments. These are related to the presence of biode-
posits produced by mussel rafts and to a higher an-
thropogenic influence due to industrial activity. Both
influences are notably reflected in the Cu, Zn and Pb
vertical profiles, increasing markedly the levels of these
metals in the uppermost 0.15 m of sediments. Diage-
netic recycling may contribute to the enhancement of
trace metal concentrations in the upper sediments of
inner cores and also this is related to a higher con-
tent of organic carbon in these sediments. Results ob-
tained in this ria constitutes a good reference to study
other rias and coastal areas of the Iberian Atlantic mar-
gin. This work was funded by projects REN2003-02822
MAR, REN2003-03233 MAR, VEM2003-20093-C03-03
of the Spanish MCYT and PGDIT03RMA30101PR of
the Galician Government (XUGA). Contribution N 302
XM2 group.
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Time-series sediment traps and current meters were
deployed from 240 to 3520m depths at five sites along
the NE-SW isobath of continental slope in the northern
South China Sea(SCS) from 2000 to 2003 to measure
the temporal and spatial variations of particle and bio-
genic material fluxes in order to decipher the particle
and particulate carbon transport processes in this area.
Mean mass fluxes were higher in the lower Kao-ping
Canyon(KC) and the surface water of the SCS basin
than those in the lower slope and the deep water of the
basin, ranging from about 1000 mg/m2/d in the lower
KC to 80 mg/m2/d on the lower slope, suggesting that
the KC might be a conduit for transport of particles
discharged from the Kao-ping River in southern Taiwan
to the northern SCS. These particle fluxes increased
with depth, indicating significant contribution of lat-
eral transport to the lower slope. The mean POC and
PIC contents decreased with depth in all sites, rang-
ing from 11.1-2.21% for POC and 5.15-1.64% for PIC,
reflecting the effects of dilution by lithogenic materi-
als and of increasing decomposition with depth. The
mean C/N ratios ranged from 8.36 to 10.4, generally
increasing with depth, probably due to an increase of
refractory POC relative to POM with depth. The bio-
genic material fluxes increased with depth on the lower
slope, ranging from 4-30 mg/m2/d for POC and 4-16
mg/m2/d for PIC. Significant contributions to these
fluxes on the lower slope might have been due to lat-
eral transport. In the SCS basin, the particulate and
biogenic material fluxes did not increase with depth,
indicating negligible lateral effect.
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Building the Link Between Near-Shore
Dynamics and the Stratigraphic
Record

Nicolas Le Dantec1 (1-858-822-4312;
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Neal W Driscoll1 (ndriscoll@ucsd.edu)
1Scripps Institution of Oceanography, University of

California at San Diego, 9500, Gilman Drive, La
Jolla, CA 92093-0238, United States

In order to further investigate the transport mech-
anisms and the life cycle of sediments in continen-
tal margins, an experimental approach has been de-
signed. It is outlined by the following three objec-
tives: monitoring near-shore dynamics using acoustic
tools, measuring seabed stress and load using sensors
buried in the seafloor, interpreting off-shore strati-
graphic record from seismic surveys. The overall ob-
jective is to describe the relationship between the wa-
ter column hydrodynamics and the resulting geomor-
phologic response and to reconcile the time scales of
storm events and geologic record. The area of study is
located off of Scripps Institution of Oceanography, in
coastal waters, between the two branches of the Rose
canyon: La Jolla canyon and Scripps canyon. The
feasibility of indirectly measuring the surface gravity
wave field and the shallow currents, by distinguishing
sound scattering of lagrangian tracers from other phys-
ical effects contributing to the backscatter signal, has



O
S

2004 Joint Assembly

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

JA301

been assessed by deploying a short range sonar sys-
tem just outside the surf zone. As a 10 kHz source
was transmitting a series of acoustic pulses to spheri-
cal targets, both forward and backscatter acoustic sig-
nals were recorded. The main limiting effects of vol-
ume and boundary conditions on the performance of
sonar systems in the near-shore are bubble scattering
and absorption, wave induced focusing and reverbera-
tion and bottom reverberation. Monitoring forces in
the inhomogeneous seafloor requires long-term and ex-
tensive accurate stress measurements. The interpre-
tation of the stratigraphic record provides a geologic
framework of reference. Seismic profiles of the area
collected with a very high resolution sub-bottom chirp
system reveal outstanding termination sets at the edges
of the canyon, and a high variability in the thickness of
the transgressive layer. [On-going work supported by
ONR]
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Energy Balance in the Gulf of California

Allende Arand́ıa Maria Eugenia1 (52-646-1750500;
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1CICESE, Km 107 Carretera Tijuana-Ensenada, En-
senada, BC 22860, Mexico

The Gulf of California is a dynamically active
marginal sea. It is only open boundary, connects to the
Pacific Ocean and is the responsible for most of the dy-
namical forcing. The circulation and the hydrographic
structure of the water near the surface in all the gulf
presents important variations with annual and semian-
nual periods as a consequence of the variability of the
forcing agents. Among these forcings are the Pacific
Ocean, the heat flux and the wind stress at the surface.
From the preliminary analysis of a circulation model
(ROMS) implemented for the Gulf of California, we
found that one of the most important dynamical pro-
cesses that controls the gulf large to medium scales are
due to shear instability associated to the pilling-up of
water in the eastern side of the gulf by the wind and its
subsecuent realize of energy through barotropic insta-
bility (i.e. transfer of mean potential energy to kinetic
energy) and the generation of large eddies. To investi-
gate these dynamical processes we analysed the energy
balance of the gulf using the results of the mesoscale
ocean model. The climatology of some of the compo-
nents of the energy equation had been evaluated and
we discuss its implications.
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Midlatitude Ocean Circulation
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Recent studies, using methods of dynamical sys-
tems theory, have demonstrated the existence of large-
scale low-frequency modes of internal variability of the
ocean circulation. Of particular interest for decadal-
to-interdecadal variability in the midlatitude ocean are
the so-called gyre mode and the interdecadal mode.
Both modes are able to destabilize the large-scale
ocean circulation, but through entirely different phys-
ical mechanisms. In this presentation, the dynamical
mechanisms of propagation and growth of these modes,
their effect on the variability of the ocean circulation,
and their potential role in climate variability will be
described.
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A shallow-water model is used to study the dynam-
ics of the mid-latitude wind-driven ocean circulation. A
bifurcation analysis of the steady-state equilibrium so-
lutions is presented. The analysis is in terms of several
control parameters: some that control the wind-stress
pattern and others that controls the dissipation param-
eterization. Of the parameters that control the wind-
stress, one controls the tilt of the zero-curl line, another
controls the relative intensity of the vorticity input in
the subtropical and sub-polar gyres and a third controls
the overall intensity of the wind-stress. We identify pa-
rameter ranges for which multiple equilibria with elon-
gated and contracted western boundary current exten-
sions exist. We also present time-dependent solutions
with low frequency variability associated with transi-
tions between the elongated and contracted modes of
circulation. The modeled variability is conjectured to
correspond to similar elongation-contraction patterns
of variability observed in the Kuroshio and Gulf-Stream
extension systems from satellite observations.
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Gravitational potential energy balance of the ther-
mal circulation in a simple rectangular model basin is
diagnosed from numerical experiments based on a mass
conserving oceanic general circulation model. The ver-
tical mixing rate is assumed a given constant. The
model ocean is heated/cooled from the upper surface
or bottom, with a linear or nonlinear equation of state.
Although the circulation patterns obtained from these
cases look rather similar, the energetics of the circula-
tion may be quite different. For the cases of differen-
tial heating from the bottom and a nonlinear equation
of state, the circulation is driven by mechanical energy
generated by heating from the bottom. On the other
hand, circulation for the other three cases is driven
by external mechanical energy, which is implicitly pro-
vided by tidal dissipation and wind stress. The major
balance of mechanical energy is between the source of
energy due to vertical mixing and the sink of energy
due to convection adjustment.
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A two-way coupled duo grid model is applied to the
North Atlantic Ocean. Using 4th-order-accurate, non-
staggered control volume z-level numerics, the modeled
shelfslope and deep current system penetrate with suf-
ficient intensity to Cape Hatteras to realistically af-
fect Gulf Stream separation, mean path and variability
that includes warm- and cold- core eddies that pinch
off northern and southern Gulf Stream meanders. In
model results and Yashayaev’s new climatology, strong
isopycnal flattening in the region between the shelf-
slope and Gulf Stream core reflects thermohaline ef-
fects that are analogous to observed nonlinear baro-
clinic eddy dynamics in the rotating annulus experi-
ments and atmosphere. Eddy activity and 18-deg mode
water are discussed and compared with observations.
The model runs one model year per 2 clock days on a
2 GHz P4 PC. This efficiency in addressing major ob-
served dynamics, when coupled to Arctic Ocean with

ice dynamics and to a bottom-fit bottom boundary
layer model and immersed boundary methodology, is
critical to model-based climate risk assessment involv-
ing shelfslope methane hydrate gasification and ensuing
strongly exothermic biogeochemical processes that may
fuel major deep ocean warming and oxygen depletion
and decreased Arctic Ocean ice cover. Strong positive
feedbacks are possible and there is more than enough
chemical energy stored in methane hydrates to melt all
of the world ocean ice cover.
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Unstructured, dynamically-adaptive meshing
presents many potential advantages for modelling
the ocean circulation. These include an ability to effi-
ciently resolve smallscale flow structures as they evolve,
improved representation of bathymetry/coastlines and
the ability to test efficiently for numerical conver-
gence for given model parameters and prescribed error
tolerances. In this paper, we report on our progress
towards developing a 3-dimensional, nonhydrostatic
finite element ocean model with dynamically-adaptive
meshing. One key issue is that standard finite elements
fail to represent geostrophic and hydrostatic balance
adequately - a strategy for circumventing this problem
through a reformulation of the momentum equations
will be discussed. Preliminary calculations will be pre-
sented for the wind-driven circulation in an idealised
basin and simple buoyancy-driven flows.

URL: http://julia.ese.ic.ac.uk/
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A set of workable fitted polynomial equations for
calculating the physical properties: density, specific
heat, adiabetic lapse rate and potential temperature of
geothermal fluid (0 370 degree centigrade) in response
to the temperature, pressure and salinity change, are
attempted to be established in this study. The freshwa-
ter component of the equations are extracted from the
recently released tabulated data of freshwater proper-
ties by Wagner and Prub (2002) which is recommended
by the International Association for the Properties of
Water and Steam (IAPWS). The salt water component
of the equation, based on the near-linear relationship
of density/specific heat with the salinity, is extracted
from the classical lower temperature Equation of State
of Seawater 1980’s data sets. The freshwater and salt
water components are combined to make the set of
workable equation. The polynomial equations are cali-
brated with the existing experimental data and are also
applied to the available geothermal fluid data released
by the Ocean Drilling Project (ODP) office for back
calculating the density and porosity. Though there are
no reliable experimental data on the effect of salinity
on density and specific heat in high temperature (>40
degree centigrade), the theoretical extension of the salt
component are better in estimating the physical proper-
ties of the geothermal fluid than using only the freshwa-
ter equations or using only the regular seawater equa-
tion which limits its temperature to 0 and 40 degree
centigrade.


