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A Nested Coupled Ice-Ocean Model for
the Beaufort Sea
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A nested coupled ice-ocean model is being devel-
oped under the CMI/MMS project entitled A Now-
cast/Forecast Model for the Beaufort Sea Ice-Ocean-
Oil Spill System (NFM-BSIOS). At the first step, the
nested ocean model (3.4375km) is described. We devel-
oped a transport- conserved nested scheme to pass the
information from the coarse model to the fine model.
The fine (-resolution) ocean model was run for several
months, far beyond the need for the operational pur-
pose (Wang 2001). We found that the surface circu-
lation follows the wind direction (to the west), while
the slope current along the Beaufort Sea slope is re-
produced below 100m, flowing to the east, just oppo-
site to the surface current. There are some mesoscale
eddies in the fine model. Some eddies extend to a
deep layer. Neither the slope current nor the mesoscale
eddies are captured in the coarse model. The simu-
lated warmer core layer (Atlantic Water) lies between
500 1000m. Low salinity layer exists at the surface and
it can reach a depth of 200m. The simulated temper-
ature and salinity profiles show that the vertical mix-
ing is deep mixing-type for temperature and salinity
in the shallow water region, and shallow mixing-type
for salinity and advection-Type for temperature in the
deep water. Thus, this fine nested model preliminarily
captures some dynamical features in the Beaufort Sea
and its shelves.
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In the winter of 1998, when an unprecedented fourth
repetition of the zonal hydrographic transect at lat-
itude 24.5◦N in the Atlantic was undertaken, a full
section of carbon measurements was obtained for the
second time in less than a decade. The field of to-
tal inorganic carbon (TIC) along this section is com-
pared to that provided by the summertime 1992 tran-
sect. Using a simple box inverse analysis to determine

estimates of absolute velocity, the TIC transport across

24.5◦N is estimated to be -0.74±0.91 PgC yr−1 and

-1.32±0.99 PgC yr−1 in 1998 and 1992, respectively.
These new estimates reduce the large regional diver-
gence in the meridional carbon transport suggested by
previous studies. and bring into question the idea
that the tropical Atlantic is outgassing carbon, while
the subpolar Atlantic is sequestering it. Seasonal ef-
fects are likely important and uncertainty in the carbon
transports themselves are a hindrance to determining
the “true” picture.

The flux of anthropogenic carbon (CANT H )

across the two transects is 0.20±0.08 PgC yr−1 and

0.17±0.06 PgC yr−1 for 1998 and 1992, respectively.
At 24.5◦N the net transport of CANT H s strongly
affected by differences in concentration between the
northward flowing, shallow Florida Current and the
mass balancing return flow dominated by the deep in-
terior. The net northward transport of CANT H is
opposite the net flow of total carbon and suggests,
as has been found by others, that the pre–industrial
southward transport of carbon within the Atlantic was
stronger than it is today.
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Coherency of Multi-Scale Abrupt
Changes Between the NAO, PDO,
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Employing an algorithm of the scanning t-test
and coherency detection, the authors carried out a
coherency analysis of multi-scale abrupt changes in
monthly normalized time series of the North Atlantic
Oscillation (NAO), Pacific inter-Decadal Oscillation
(PDO), and North Pacific Index (NPI). The monthly
NAO data (1821-1999) are from Jones et al. (1997), the
NPI data (1899-1999) are from Trenberth and Hurrell
(1994), and the PDO data (1900-1999) are from Mantua
et al. (1997). The detection method is designed to test
for abrupt changes in the level of a time series, for all
data points over a broad range of time scales, and de-
termine the statistical significance of the change. The
analysis suggests links between the Atlantic and Pa-
cific Ocean regions in the fluctuations of atmospheric
and ocean circulation on decadal time scales. The NPI
and PDO show a negative correspondence on decadal
scales, with statistically significant change points found
at about 1925, 1943, and 1976. These dates are simi-
lar to previously reported regime shifts found by other
statistical methods. The NAO also displays signifi-
cant decadal change points around 1925 and 1943, in
(out of) phase with the NPI (PDO). The NAO then ap-
pears to become uncoupled with the other indices, with
change points in 1961, 1977, and 1994. Another decadal
abrupt change point was revealed around 1881 in the
longer NAO series. The NAO shows additional higher-
frequency change points prior to 1900. The results in-
dicate the relationship between the NAO and the NPI
(and PDO) changed around 1960. Decadal changes in
the NAO and NPI were in phase prior to 1960, but have
been roughly out of phase in recent decades.
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Assimilation of along-track altimetry
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North and Tropical Atlantic ocean
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Pascal Faucher1 (33 (0)5 61 33 27 88;
Pascal.Faucher@cnes.fr)

Pierre J. De Mey1 (33 (0) 5 61 33 29 28;

Pierre.De-Mey@cnes.fr)

Michel Gavart2 (Michel.Gavart@cnes.fr)

1Laboratoire d’Etudes en Geophysique et Oceanogra-
phie Spatiales (LEGOS), 18 ave. E. Belin, Toulouse
Cedex 4 31401, France

2Bureau de Recherches et d’Etudes SHOM-Meteo, LE-
GOS, 18 ave. E. Belin, Toulouse Cedex 4 31401,
France
We present and discuss altimetric assimilation ex-

periments into a primitive-equation model of the North

Atlantic using isopycnal EOFs to propagate the altime-
ter signal downwards and to the other model variables.
Faucher, Gavart and De Mey (2000) showed from a
set of historical hydrographic data that the dominant
isopycnal EOF accounts for most of the surface dy-
namic height variability in the North Atlantic ocean.
In addition the reduced-order observability problem for
altimetry is more naturally studied in isopycnal coor-
dinates because the displacement of isopycnals is the
largest contribution of deep ocean dynamics to the sea-
level changes.

The 1/3 degree ocean model from the CLIPPER and
MERCATOR projects (based on OPA 8.1 code devel-
opped at LODYC, Paris) was used to solve the primi-
tive equations from 20S to 70N. The assimilation ex-
periments were performed with the combined along-
track TOPEX-POSEIDON and ERS-1 data sets be-
tween 1 january 1993 and 31 december 1993. We imple-
mented a multivariate reduced-order optimal interpola-
tion method (SOFA: De Mey and Benkiran, 2001) with
a vertical projection of altimetry data using data-based
isopycnal EOFs.

This paper will show and discuss compared results
from several approaches in different regions of the
North Atlantic.
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Climate Variability In The Atlantic
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The Atlantic Implementation Panel of CLIVAR
(Climate Variability and Predictability Study) is ad-
dressing issues relative to the Atlantic climate variabil-
ity and its predictability. It deals with climate phenom-
ena that ranges from interannual to decadal and cen-
tennial timescales such as: North Atlantic Oscillations,
Tropical Atlantic Variability and Atlantic Thermoha-
line circulation. The Panel oversees observational and
modelling activities in the North Atlantic as well as co-
ordinate process studies whose aim is to monitor and
understand the atmosphere-ocean coupled mechanism
that govern the climate variability.

The CLIVAR Atlantic Panel promoted a series of
initiatives during last year: Shallow Tropical and
Subtropical Overturning Cells Workshop, North At-
lantic Oscillations Chapman Conference and Tropical
Atlantic Variability Workshop Through invited talks,
posters presentations and working groups, these meet-
ings helped to assess the present understanding of these
phenomena upon which recommendations were drawn
for developing strategies for future observational and
modelling studies.

An overview of main issues and recommendations
raised at the CLIVAR meetings will be presented to-
gether with the status of CLIVAR Implementation in
the Atlantic Ocean. By addressing the up-to-date
achievements of the CLIVAR Atlantic Panel, this pre-
sentation aims to promote discussions and encourage
input for defining the future challenge of predicting cli-
mate variability in the Atlantic Ocean.

URL: http://www.clivar.org/organization/atlantic
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Arctic charr are salmonids of circumpolar distribu-
tion. Currently, there is a general lack of informa-
tion on growth and migrations particularly for North-
ern Greenland. Difficulty in field access because of the
remoteness of many areas makes the study of life his-
tory adaptations in this species both difficult and im-
practical. However, analyses of calcium carbonate con-
cretions (otoliths) in the inner ear by microscopic and
microprobe techniques offers a multitude of insights
into their life history. Information from the otoliths
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can be used to quantify both the patterns of growth
and environmental life history of individuals.

The purpose of the present study is to gather infor-
mation on Arctic charr using the structural and chem-
ical characteristics of their otoliths as indicators of
physiological and habitat characteristics. The otoliths
of Arctic charr caught in Northwestern and Northeast-
ern Greenland were studied. Measurements by wave-
length dispersive electron microprobe have confirmed
the presence of strontium in otolith tissue. A direct re-
lationship between strontium/calcium (Sr/Ca) concen-
tration ratio and salinity has been suggested. Electron
microprobe analyses of otoliths from charr provide a
life history profile for individual fish. Findings were
correlated with climate variations.

These studies hold obvious ramifications for fish-
eries management. Such information is vital to our
understanding of the processes underlying recruitment
and growth rate and make it possible to link growth and
mortality rates to environmental occurrences. In a gen-
eral ecological sense, such information is of even greater
and more fundamental importance since it will allow us
to reconstruct the complex environmental and species
interactions that are integrated beyond the individual
specimen to provide for both the short-term stability
and the long-term evolution of species and populations.
The techniques applied present an innovative approach
to management-related problems, and the combination
of chemical analyses with structural analyses promises
to expand our knowledge of the life history of migratory
fish.
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The Ventilation of the Arctic Ocean and
Its Relationship to the Ventilation of
the Deep World Ocean

James H Swift (858-534-3387; jswift@ucsd.edu)

UCSD Scripps Institution of Oceanography, 9500
Gilman Dr. Mail Code 0214, La Jolla, CA 92093-
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The Arctic Ocean and Nordic Seas transform their
source waters to higher density and send the modified
waters south to the other oceans. In the early 1980s
thinking was that the primary northern components of
the dense outflow from Denmark Strait were Nordic Sea
waters from intermediate depth that were annually re-
plenished from the sea surface, and not, for example the
Nordic Sea deep waters earlier supposed for this role.
When the water masses and circulation of the Arctic
Ocean began to be better realized in subsequent years,
it became apparent both that water mass transforma-
tions there also reached to densities of the Denmark
Strait outflow waters and also that circulation path-
ways existed to carry dense Arctic Ocean waters to the
Greenland-Scotland sills.

Dissolved oxygen data from the Arctic Ocean and
Nordic Seas have now been brought together and exam-
ined with an eye toward the issue of providing a better
understanding overall of the ventilation of the dense
outflows to the North Atlantic. Results show that ven-
tilation within the Norwegian Atlantic Current is sub-
stantial, but the Nordic gyre regimes and Arctic shelf
seas both contribute effectively to the transformation
and ventilation of dense outflow waters. In particular
the northern Greenland Sea is a prominent ventilator of
Arctic Ocean intermediate waters. Both the gyre and
shelf sea contributions to dense water ventilation are
episodic in nature and so are sensitive to shifts in win-
ter surface conditions on interannual and longer time
scales.
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What Determines the Decadal
Variability of the Eastern North
Atlantic Central Water?
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A timeserie of hydrographic properties of the East-
ern North Atlantic (around 42◦N-10◦W) from 1952 to
2001 is presented with the aim of studying the vari-
ability of the Eastern North Atlantic Central Water
(ENACW). ENACW is identified by the minimum of
isopycnic potential vorticity in the water column with
mean depth = 200m, mean potential density = 27.1 kg

m−3 and mean potential temperature and salinity of
12.18 ◦C and 35.68. ENACW thermohaline properties
record exhibits decadal variability with two maxima
identified in early 70s and early 90s. Correlations with
large-scale atmospheric forcing (from NCEP/NCAR re-
analysis), teleconection indices and Gulf stream po-
sition were performed and the results are herein dis-
cussed. EOF analysis of the buoyancy fluxes give an
indication of the ENACW formation area as well as at-
mospheric conditions associate to ENACW changes re-
veal the causes the its variability. Preliminary results
show that local air-sea interaction and circulation plays
an important role in modulating the signal of the large-
scale atmospheric forcing.

OS32F-195 1330h POSTER

Mediterranean Influence on the Climate
of the North Atlantic
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Recent studies (Bryden et al., 1996; Joyce et al.,
1999) of repeated hydrographic sections in the North
Atlantic have revealed significant property changes cen-
tered around 1000m. To determine the extent to which
the Mediterranean overflow waters contribute to the
observed property changes, we are examining NODC
historical hydrographic data that spans the last cen-
tury. Temperature changes on both isopycnals and iso-
bars throughout the water column are being used to
assess the temporal variability in the eastern North At-
lantic at the depth of the overflow waters and the de-
gree to which these changes are correlated with depth.
To date we have found significant changes in the waters
of the eastern North Atlantic over the last fifty years. A
warming trend of approximately 0.7◦C/century is cen-
tered around the depth of the overflow waters, while
there appears to be a cooling trend of approximately
0.5◦C/century in waters just below the mixed layer. In
addition to the warming trend, the overflow waters are
characterized by a strong temporal oscillation, which
may be related to the penetration of a surface NAO
signal. Remaining work includes determining the rela-
tive extent to which heaving and/or water mass changes
contribute to the observed warming. Additionally, we
aim to define the spatial extent of the Mediterranean
warming signal in an attempt to understand the source
of the deep North Atlantic’s climate variability.
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Looping ACCE RAFOS Floats in Eddies
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ACCE RAFOS float data near the 27.5 density
level were analyzed to investigate discrete eddies in the
northern North Atlantic. Floats that made two or more
consecutive loops in the same direction (loopers) were
considered to have been in an eddy. Overall 16% (25
float years) of the float data were in loopers. One hun-
dred eight loopers were identified in 96 different eddies.
Roughly half of the eddies were cyclonic (49%) and half
were anticyclonic (51%), although the percentages var-
ied in different regions. Some eddies were stationary
for long times (up to 251 days) and others clearly trans-
lated, often in the direction of the general circulation
as observed by non-looping floats. Several floats were
trapped in eddies just upstream (west) of the Charlie
Gibbs (52N) and Faraday (50N) Fracture Zones which
seem to be preferred routes for flow crossing the mid-
Atlantic Ridge. Six floats looped in five anticyclones
which translated southwestward away from the eastern
boundary near the Goban Spur near 47N-50N. These
could be weak Meddies forming from remnants of warm
salty Med Water advected northward along the east-
ern boundary. The trajectories of deeper RAFOS floats
and surface drifters provide information on the vertical
structure of some of the eddies.
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In June of 2000, a process study of the Faroe Bank
Channel Overflow system was undertaken. One of the

goals of the field program was to obtain a high reso-
lution data set of direct velocity measurements in or-
der to determine transports along the Channel. A
total of 217 Conductivity, Temperature, and Depth
(CTD) stations were occupied. Direct velocity mea-
surements included lowered Acoustic Doppler Current
Profiler (LADCP) casts, expendable current profiler
(XCP) drops, and underway shipboard ADCP. All of
these direct velocity measurements provide ”instanta-
neous” snapshots of the water column at the given time
of measurement. One of the difficulties of analyzing
such measurements is separating the desired low fre-
quency signal from the often energetic high frequency
”noise”. Among the sources of noise are barotropic
tides, internal tides, inertial oscillations from sporadic
wind events, mesoscale eddies, etc. Here we evaluate
the ability of the 1/6 degree resolution and 1 degree res-
olution OSU Topex/Poseidon global inverse tidal model
to estimate and remove the barotropic tidal signal from
the LADCP data. The model was first compared to cur-
rent meter data in the Faroe Bank Channel region and
other North Atlantic locations to determine its ability
to predict tidal currents. The rate of change in fil-
tered shipboard ADCP velocity was then compared to
the rate of change in tidal velocity in order to see if
at least some component of the measured absolute ve-
locity changed on the same time scale as the tide. It
is determined that using the OSU tidal inverse models
to detide the LADCP velocity measurements prior to
making transport estimates is advantageous in most of
the Faroe Bank region.
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Labrador slope?
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An 18-month long record (1996-1998) from a moor-
ing located in the core of the deep boundary current
above the Labrador slope shows the vanishing of the
Irminger Sea Water warm signal every winter. Com-
bining this record with numerous hydrographic casts
collected between May 1996 and May 1997, we describe
possible mechanisms to explain the cooling in the dif-
ferent parts of the Labrador Current. In the more
barotropic ’deep’Labrador Current, centered above the
lower Labrador slope, the vertical homogenization of
the column over 800m is responsible for the mixing of
the warm water. Close to the mooring location, the wa-
ter column heat content change between October 1996

and March 1997 is 2.9 ∗ 109 J.m−2. During the same

period, the air-sea heat fluxes account only for 9.6∗108

J.m−2. Hence, it is necessay to consider other buoy-
ancy forcing such as Ekman transport of denser wa-
ter from offshore. In the more baroclinic ’classical’
Labrador Current, centered close to the shelf break, the
ISW is also mixed away but the vertical and horizon-
tal stratification remains significant throughout winter.
In this case, the cooling is due to along isopycnal in-
trusions of cold water coming from the surface. Sur-
face drifters and PALACE floats provide pathways, es-
timate of transit times and the water column evolution
for the waters encircling the Labrador Sea. A 20-year
temperature and velocity record from bottom instru-
ments above the 1000m isobath and the repeat spring
AR7W section during the 90s, help to understand the
interannual variability of these winter processes. We
emphasize the comparison between a low (1995/96) and
a high (1988/89) NAO winter index year.
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The Bayesian Hierarchical Model (BHM) methodol-
ogy is applied in a testbed model of air-sea interaction
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on the scale of an ocean sub-basin (e.g. the Labrador
Sea). The methodology is demonstrated in the con-
text of an Observing System Simulation Experiment
(OSSE), wherein simulated scatterometer and altime-
ter data are combined with prior probability distribu-
tions based on quasigeostrophic dynamics for surface
winds and upper ocean circulation, respectively. Sur-
face winds are designed to represent forcing by an in-
tense atmospheric cyclone as it propagates across the
ocean domain (e.g. as in the case of a ”polar low”).
The BHM ocean model response is compared to a high-
resolution ”truth” simulation from a primitive-equation
shallow-water model solution, driven by a complete
wind dataset (i.e. not sub-sampled to mimic scatterom-
eter data). The BHM air-sea model generates poste-
rior probability distributions for surface winds, ocean
streamfunction, and various model parameters. Distri-
butional information quantifies model uncertainty as a
function of space and time throughout the simulation.
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Surface Variability in the North and
Tropical Atlantic Ocean in Response
to the Seasonal Atmospheric Forcing

Nadia K. Ayoub (+33 5 61 33 29 24;
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LEGOS/CNRS, 18 avenue Edouard Belin, Toulouse
31401, France

The objective of this work is to investigate the
North and Tropical Atlantic Ocean response to atmo-
spheric forcing in terms of Sea Surface Temperature
(SST) and Sea Surface Height (SSH) variability. The
interest is on large scales motions (> O(100 km)) and
seasonal time scales. The work is based on a simulation
from a primitive equations model (the MIT-GCM). The
adjoint of the MIT-GCM is used to perform sensitivity
studies. It allows us to explore the space-time struc-
tures of the wind and heat flux forcing on the SST and
SSH at different time scales and to compare quantita-
tively the signature on both variables (SST and SSH)
of the forcing. The underlying goal is to determine the
constraint that SST and SSH observations can exert on
the model when they are assimilated using an adjoint
method.
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Weakly Nonlinear Interaction of
Forced-Dissipated Flow and Basin
Modes in the Barotropic
Quasi-geostrophic Wind Driven
Circulation.
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Bretagne Occidentale, BP 809,, Brest cedex 29285,
France

The linear solution of the barotropic quasi-
geostrophic wind driven circulation can be decomposed
in a steady forced solution and a time dependent com-
ponent. The steady wind forced solution consists in
a classical Sverdrup flow dissipated in a thin western
boundary layer where the viscosity is active. The ho-
mogeneous time dependent solution is a sum of basin
modes with arbitrary amplitudes.

The effect of the nonlinear term is handled through
a weakly nonlinear analysis providing a set of evolution
equations for the modes amplitudes. It can be proven
that mode stability is related to wind stress symmetry
and saturation amplitude can be computed in this case.
Pure basin modes interactions yield triads with cycling
energy and sub-harmonic instabilities.

OS32F-202 1330h POSTER

COAPEC (Coupled Ocean Atmosphere
Processes and European Climate): An
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The UKs NERC Thematic Programme COAPEC
(http://coapec.nerc.ac.uk/) started in 1999 and will
run for five years. The goal of COAPEC is to determine
the impact on climate, especially European climate, of
the coupling between the atmosphere and the Atlantic
Ocean on seasonal to decadal timescales. The work pro-
gramme has four main elements, each of which is iden-
tified by a key question. 1. What are the observed
characteristics of seasonal-to-decadal climate variabil-
ity in the Atlantic Sector? 2. How do the mean cli-
mate and climate variability in the Atlantic Sector sim-
ulated by a Coupled General Circulation Model differ
from that observed? How do we correct model defi-
ciencies? 3. What are the physical mechanisms that
determine the mean climate and seasonal-to- decadal
climate variability in the Atlantic Sector? 4. What
processes determine the predictability of climate fluc-
tuations in the Atlantic- European region? A fifth el-
ement targets meeting user needs. 5. Bridging the
gap between scientific output and societal needs Within
the framework of the COAPEC programme, there are
two avenues of funded research: the funding of projects
submitted by UK researchers through Announcements
of Opportunity and also through the COAPEC core
team. This core team consists of four researchers, fully
funded through COAPEC, who each follow a personal
research programme designed to benefit COAPEC sci-
ence. In addition, the core team provide scientific sup-
port to the COAPEC community. This poster presents
the COAPEC programme, together with some results
from the core team research and funded projects.
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The Greenland Sea Gyre, with its interior dom-
ing of isopycnals, is a hot spot for ocean convection.
Deep convection in the area is traditionally associated
with the erosion of the gyre dome by strong wintertime
buoyancy loss, leaving the weakly stratified interior ex-
posed. Convection will thus ventilate the waters within
the gyre to great depths. During the last decade, how-
ever, such deep convection has only been observed in
very localized areas. Maps of float trajectories and hy-
drographic measurements from the Greenland Sea dur-
ing the winter 1996-1997 (cf. ESOP2/MAST3 Final
Scientific Report), unambiguously associate thick ho-
mogeneous anomalies in that period with submesoscale
coherent vortices (SCVs). These long-lived (1 year or
more) anti-cyclones populate the gyre. Their homoge-
neous cold core reaches a depth of 2000 m, has a rela-
tive vorticity of −f/2, and a radius of a few kilometers
(aspect ratio 0.1 to 0.2).

We suggest a simple conceptual model for the gen-
eration and evolution of Greenland Sea SCVs, based
on a gyre jet separating a stratified exterior from a
more homogeneous interior. This configuration is con-
tinuously prone to baroclinic instabilities. A result is
(sub-)mesoscale anomalies with weakly stratified cores,
amiable to both stretching and mixing. When sub-
ject to buoyancy loss, homogenization and stretching
of thecore may take place, and an SCV is the result.

Non-hydrostatic numerical experiments are being
set up to validate this and similar models of SCVs and
deep convection. Preliminary results will be compared
with the above observations, and their implications will
be discussed.

URL: http://www.nersc.no/˜torel/
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Absolute Velocity Field in the Main
Thermocline of the Northeast North
Atlantic, North of 38N.
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As part of the U.S. WOCE Atlantic Climate Change
Experiment (ACCE), the European EUROFLOAT ex-
periment, the German SFB Subpolar program and the
French ARCANE experiment, several groups in the
US and Europe collaborated in a major initiative to
determine the absolute velocity field in the north-
east Atlantic using acoustically tracked, eddy-resolving
RAFOS and MARVOR floats. Floats were deployed on
two levels. In this paper we discuss the results from the
measurements on an upper ocean isopycnal represent-
ing the northward spread of subtropical thermocline
waters. The paper following this one focuses on the
waters at 1500-1750 m, the depth range of the main
body of Labrador Sea Water (LSW). Unlike subtropi-
cal and tropical gyres which are substantially shaped
by the prevailing winds, the circulation patterns in the
northern North Atlantic reveal the dynamic straight-
jacket imposed by the shape of the ocean basins. A very
striking result to emerge is how the warm thermocline
waters originating in the Gulf Stream are restricted to
crossing the mid-Atlantic ridge at the Charlie-Gibbs
and Faraday Fracture Zones, and subsequently spread
into the Iceland Basin and back west into the Irminger
Sea. Waters from the eastern margin, with some contri-
bution from the Mediterranean, spread north just west
of the Rockall Plateau and essentially wrap around the
entire Iceland Basin, turning west and south along the
Reykjanes Ridge before crossing over into the Irminger
Sea.

The eddy kinetic energy distributions are similar for
the two surfaces ranging from high levels in the center

of the Iceland Basin, O(200) cm2/s2, to very low values
over the eastern flank of the Reykjanes Ridge as well
as over the mid-Atlantic Ridge south of the fracture

zones, O(10) cm2/s2. Over large areas in the western
European Basin both the mean flow and the eddy ki-
netic energy levels are quite low. Due to the stabilizing
effect of bathymetry, the ratio of mean to eddy kinetic
energy can approach unity in certain areas such as over
the fracture zones and along the eastern slope of the
Reykjanes Ridge.
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The Barents Sea plays an important role in the Arc-
tic Ocean’s thermohaline structure by modifying in-
flowing Atlantic water. The influence of atmospheric
systems on ocean circulation is examined using hydro-
graphic data from the Barents Sea. Atlantic derived
water is the largest water mass in the Barents Sea, ad-
vected from the Norwegian Sea via the Norwegian At-
lantic Current (NAC). Results show that following re-
moval of the annual signal, Barents Sea waters have
interannual variations in temperature of ±1◦C and in
salinity of ±0.1. The source and fate of these anomalies
are examined for the period 1975 to 1995. Temperature
and salinity anomalies have been tracked in the NAC as
it flows north along the Norwegian coast (Belkin et al.,
1998). The NAC anomalies are compared with those
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within the Barents Sea. The two show similar patterns
below 50m. Within the Barents Sea, a larger anomaly
is found in the top 30m than in deeper waters during
the summer and is due to Arctic influences such as the
addition of polar water and ice melt. We examined the
local and central arctic wind velocity to understand the
effects on ice growth and transport. We also examined
the NAO index and storm tracks to asses the deliv-
ery of heat and precipitation. Results show the winter
NAO index correlates with the temperature anomaly,
consistent with other studies. However, salinity, which
dominates the density in the Barents Sea, does not cor-
relate after 1985. An explanation for these anomalies
will be presented. Long term trends of anomalies were
calculated and show a freshening but no change in tem-
perature.
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The ocean takes up a large fraction of the pertur-
bation CO2 that enters the atmosphere by human ac-
tivity. A realistic representation of this uptake in nu-
merical models is essential for future climate studies.
Uptake of CO2 or other atmospheric trace gases de-
pends on circulation features such as thermocline ven-
tilation that are strongly influenced by oceanic physi-
cal variability at spatial scales between 20 and 100 km.
Our main goal is to study the effect of this mesoscale
variability on the cumulative uptake of anthropogenic
CO2 and chlorofluorocarbons during the last century
using an existing model of the Atlantic ocean that re-
solves a significant part of that variability explicitly
because of its grid spacing of about 20 km. Both CO2
and CFC-11 inventories are compared to observational
estimates and to solutions obtained with a medium-
resolution (4/3◦) configuration of our model. While
the total uptake of anthropogenic CO2 does not dif-
fer strongly between the two models, regional distri-
butions are strongly affected by an explicit representa-
tion of oceanic mesoscale variability. The simultaneous
simulation of CFC-11 and anthropogenic CO2 at suffi-
ciently high resolution will be used to explore whether
a correlation between CFCs and anthropogenic CO2 -
as observed in the North Atlantic - can be established
and to which degree CFCs can be used as proxies for
anthropogenic CO2 concentrations.
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A dozen acoustically tracked, nearly neutrally-
buoyant bottom-following RAFOS floats were deployed
in the Faroe Bank Channel Overflow in the summer of
2000. The purpose was to examine the overflow cur-
rent in a Lagrangian framework – that is, to tag and
follow the water parcels as they flow over the sill and
along topography into the Iceland Basin. A bottom-
following instrument was required to obtain truly La-
grangian measurements since overflow waters do not
flow along constant pressure (isobaric) or constant den-
sity (isopycnal) surfaces. Instead, the waters mix with
and entrain the overlaying warm and more saline prop-
erties of the Iceland Basin, and thus the overflow wa-
ters change depth, properties, and density as they move
downstream. At the Faroe Bank Channel, the flow
drops at least 400 m in the first 250 km downstream
of the sill and warms from nearly -1◦C to over 3◦C.

These floats were equipped with wings that served
as drogues, and maintained height above the bottom
by means of a thin 100-m long tagline (or “tail”) of
monofilament line and stainless steel wire beneath it.
The floats were ballasted to be slightly heavy for the
water density at the sill, so slightly over a meter of wire
was laying on the bottom (with the float suspended

nearly 100 m above). As the floats were carried down-
stream, they remained “heavy” compared to the sur-
rounding waters, and thus the taglines remained in con-
tact with the bottom. However, as the floats descended
following the outflow, the difference in compressibility
with that of seawater caused the floats to become more
buoyant and thus lift some wire off the bottom. This
continued until all the wire had been lifted, at which
time the floats became neutrally buoyant, lost contact
with the bottom, and followed the flow of water on an
isobaric surface.

The results of these depoyments will be presented,
along with plans for an improved bottom-following
float. Unfortunately, during this experiment several
floats’ taglines became snagged on the bottom and pre-
vented them from following the current. A more so-
phisticated bottom-follower is planned that would use
an acoustic altimeter and a buoyancy-changing mecha-
nism to maintain its height above the bottom, and thus
would not require direct contact via a tagline.
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Real-time physical and biological forecasting was
carried out at sea in June 2001 at the Iceland-Faeroes
Front using a 3D coupled physical and biological model.
The biological model includes the following state vari-
ables: phytoplankton, two size classes of zooplankton,
nitrate, ammonium and detritus. The aims of the fore-
casting were a) to enable better understanding of the
asynoptically acquired data, and b) to optimise the
cruise sampling strategy in near real-time.

Data collected during three repeated mesoscale sur-
veys were used for model initialisation, data assimila-
tion and forecast verification. The forecast successfully
predicted the evolution of an anti-cyclonic meander and
associated biological processes. The model proved to be
a valuable tool for optimisation of the cruise strategy
and synthesising the different biological and physical
data, thus aiding the interpretation of the coupled pro-
cesses.
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The influence of the New England Seamount Chain
(NESC) on the Gulf Stream’s path and transport can-
not be captured easily by ocean general circulation
models, because the small scale of a seamount requires
both high vertical and horizontal resolutions, as well
as non-hydrostatic physics. A significant impact of the
seamount chain on the Gulf Stream would however af-
fect the slope-water circulation, lateral displacement of
the Stream, water masses and heat distributions. Two
idealized studies relevant to this topic are presented.

The development of linear wave-like instabilities on
a geostrophic surface front in a 2-layer shallow wa-
ter configuration is studied analytically and numeri-
cally, as a function of the layer-thickness aspect ra-
tio, geostrophic velocity and distance between a ver-
tical wall and the outcropping point. It is shown that
for a range of parameters corresponding to the Gulf
Stream over the NESC at a distance L from the con-
tinental slope, the fastest growing wave has a wave-
length of 200km and a downstream propagation phase
speed of 30cm/sec. Such meanders have been detected
by satellite observations of the Gulf Stream.

As a complementary study, a 2D-numerical simula-
tion of a stratified flow over a seamount with a non-
hydrostatic code is conducted in order to quantify the
vertical mixing on the lee side of the obstacle. The
averaged vertical velocity downstream the seamount is

roughly calculated as a function of the Froude number
and the ratio of the height of the seamount to the to-
tal fluid depth. Results suggest that vertical velocities
and mixing at seamounts’ locations should be consid-
ered and parameterized in OGCMs in order to represent
upper-layer topographic coupling.
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In two high-resolution surveys with expendable

(XCP/XCTD) profilers in 1997 and 1998, we collected
velocity, temperature and salinity data from the region
of the Denmark Strait sill and initial overflow descent.
It is in this first descent that most entrainment occurs
and the properties of the subsequent deep boundary
current are effectively determined. In the same region,
a persistent train of cyclonic surface eddies appears,
generated by the deep flow through either an instability
during the transition of the broad sill or vortex stretch-
ing of the overlying water during the initial descent.

Despite the presence of considerable short-term
variability, we find that the pathway and evolution
of the plume density anomaly are remarkably steady.
Bottom stress measurements from logarithmic fitting
of the velocity profile show that the pathway of the
plume core matches well with a rate of descent con-
trolled by friction. The estimated entrainment rate di-
agnosed from the rate of plume dilution with distance is
consistent with previous reports of a doubling of over-
flow transport measured by current meter arrays. In
addition, there is a marked increase in entrainment at
approximately 125 km from the sill, a location that is
also marked by the appearance of the surface cyclones.
This increased entrainment is likely related to the in-
creased topographic slopes in the region, compounded
by a decrease in interface stratification as the plume is
diluted and enters a denser background.

URL: http://ohm.apl.washington.edu/∼girton/
working/paper/plume.pdf
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During the 1996-98 North Atlantic WOCE period,
chlorofluorocarbons were measured on sixteen sections
in the North Atlantic. Data were collected primarily in
1997 and include a late winter cruise in the Labrador
Sea during a period of active convection. As part of the
initial basin-wide synthesis of the CFC measurements
in the North Atlantic, we present maps of CFC-11 dis-
tribution on a number of key neutral density surfaces.
These surfaces were selected to highlight the formation
and circulation of several important water masses. In
the subtropical region, these include the Eighteen De-
gree Water and the Overflow Water transported in the
Deep Western Boundary Current south of the Grand
Banks. In the subpolar region, we show the distri-
bution on surfaces corresponding to two vintages of
Labrador Sea Water, Iceland-Scotland Overflow Water
which enters the western basin through the Gibbs Frac-
ture Zone, more dense Iceland-Scotland Overflow Wa-
ter restricted to the eastern basin, and Denmark Strait
Overflow Water.


