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[1] The Agulhas Undercurrent Experiment took place in February–March 2003 off the
east coast of South Africa and consisted of four sections of hydrographic and velocity data
across the Agulhas Current between 30 and 36�S and connecting offshore sections that
formed three closed boxes. An inverse model was applied to the quasi-synoptic data, and
results show that the net mass transport at the historical 32�S section had a considerably
higher transport of 100 ± 9 Sv than earlier estimates. This high transport falls within the
peak-to-peak variability obtained previously from a current meter time series. Several
mesoscale cyclonic eddies extending down to intermediate depths were sampled during
the survey; in particular, a strong, locally formed shear edge eddy was found inshore of the
Agulhas Current at 36�S. Offshore eddies were found to drive considerable onshore-
offshore fluxes, resulting in highly variable Agulhas transports from one section to
another. After attempting to account for and remove the influence of these eddies on the
Agulhas transport, the downstream growth of the Agulhas Current is found to be
consistent with the Sverdrup transport variation, within errors. To account for the total
magnitude of the Agulhas transport, fluxes from both the Indonesian Throughflow and
Indian Ocean overturning must also be taken into account. There is no clear evidence from
this study for a significant contribution of inertial recirculation to the Agulhas within this
latitude range.
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1. Introduction

[2] Western boundary currents (WBC) of subtropical
gyres close the interior circulation arising from net wind
and thermohaline forcing and constitute the main pathways
for communication between the equator and the polar
regions [Hogg and Johns, 1995]. The average wind stress
in the Southern Indian Ocean is predominantly eastward
south of 32�S and reverses to the north [Hellerman and
Rosenstein, 1983] driving a strong subtropical circulation of
interior flow equatorward and a poleward WBC [Toole and
Warren, 1993]. This WBC is the Agulhas Current; it flows
southwestward along the steep continental slope of the east
coast of South Africa between 27�S and 37�S carrying
warm waters poleward. Once it extends beyond the tip of
Africa, it retroflects toward the east feeding the Agulhas
Return Current (ARC) that flows as a quasi-stationary
meandering jet of troughs and ridges [Boebel et al.,
2003b] between 38�S and 40�S (Figure 1). As the Agulhas
Current retroflects, it periodically sheds large eddies called
Agulhas Rings [Duncan, 1968; Gordon, 1985; Boebel et al.,

2003a; van Veldhoven, 2005] that advect into the southern
Atlantic Ocean and make a significant contribution to the
heat and freshwater budgets of the Atlantic Ocean and thus
play a role in the global thermohaline circulation [Boebel et
al., 2003a; Lutjeharms, 2006; De Ruijter et al., 1999a; van
Veldhoven, 2005]. The Agulhas Undercurrent, a potentially
important route for ventilation of the deep Indian Ocean
[Beal and Bryden, 1997] flows as a countercurrent beneath
the Agulhas Current.
[3] Typical subtropical western boundary currents, such

as the Agulhas Current, are characterized by a width of 50
to 150 km, strong lateral velocity gradients, a central warm
core with speeds higher than 1 m s�1 [Pearce, 1977; Pearce
and Gründlingh, 1982] and a density structure with iso-
pycnals sloping sharply upward toward the coast.
[4] The full depth direct velocity field of the Agulhas

Current has been measured in several experiments using a
lowered acoustic Doppler current profiler (LADCP). In
February–March 1995, at 32�S off the east coast of South
Africa, the Agulhas Current exhibited speeds exceeding
180 cm s�1 at its core 20 km offshore [Beal and Bryden,
1999]. The current was 90 km wide between the 50 cm s�1

isotachs and its maximum offshore extent was 200 km. The
Agulhas Undercurrent, a persistent feature with peak veloc-
ities of 30 cm s�1 and an annual mean velocity of 10 cm s�1

northward [Bryden et al., 2005], flowed beneath the Agulhas
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Current in the opposite direction (northward) at approxi-
mately 1200 m [Beal and Bryden, 1997].
[5] Beal and Bryden [1999] showed that the Agulhas

Current at 32�S was in geostrophic balance below 200 m,
with a full water column transport of 73 Sv referenced to
LADCP versus a 75 Sv transport from LADCP velocities
alone. As for the Agulhas Undercurrent, the transport was
5 Sv. Donohue et al. [2000] found a similar structure along
the same transect during March and June 1995 and esti-
mated the net transport to be 78 and 76 Sv respectively, with
an Agulhas Undercurrent transport of 3.6 and 5.4 Sv
respectively.
[6] Recently, Bryden et al. [2005], using yearlong moor-

ing data, computed the total transport for the 267 days of
best instrument coverage of the Agulhas Current as 69.7 Sv
with a standard deviation of 21.5 Sv, calculated from the
surface to 2400 m depth and from the coast to 203 km
offshore. The Agulhas Undercurrent was measured with an
average equatorward transport of 4.2 Sv.
[7] These transports are smaller than those previously

obtained by Toole and Warren [1993], who estimated a
geostrophic transport of 85 Sv for the same section using
data from November–December 1987. The difference in
transport was attributed to the use of different reference
levels. Bryden and Beal [2001] applied a zero velocity
surface (ZVS) approximated by their LADCP measure-
ments to Toole and Warren’s [1993] section and obtained
a considerably smaller transport of 63.3 Sv. All these
transports are roughly consistent with historic work by
Gründlingh [1980], who estimated an Agulhas Current
baroclinic volume flux of about 62 Sv in the upper
1000 m for five repeat sections near 30�S.
[8] Overall, the congruence of the transports from

LADCP sections, hydrographic sections referenced to

LADCP, and current meters suggest an average Agulhas
Current transport of about 70 ± 8 Sv near 30�S to 32�S
[Bryden and Beal, 2001; Bryden et al., 2005], which makes
it the strongest of all western boundary currents (including
the Gulf Stream) when measured at similar latitudes
[Bryden et al., 2005]. Bryden et al. [2005] noted that the
Agulhas Current transport was considerably larger, by about
25 Sv, than the Sverdrup transport implied from the wind
stress curl over the interior Indian Ocean.
[9] One component of the WBC transport not taken into

account by the Sverdrup relation is inertial or eddy-driven
recirculations. In the detached Gulf Stream, these recircu-
lations, located both to the north and south of the Gulf
Stream, have been shown to be nearly barotropic in nature
[Cessi et al., 1987; Hogg, 1992; Johns et al., 1995] and to
greatly increase the downstream transport. Feron et al.
[1998] have shown that such inertial recirculations must
exist at the separations of all major boundary currents.
[10] In this paper, we use in situ measurements to

construct a mass-conserving description of the Agulhas
Current system during February–March 2003. In particular,
we investigate the eddy field along the Agulhas Current and
its downstream evolution, including velocity structure and
transport changes. Our analysis is augmented by the use of
satellite and wind data over the period of the measurements.
Finally, we consider how its evolution corresponds to wind
forcing, thermohaline forcing, and local inertial recircula-
tions, whose relative roles have not previously been quan-
tified for the Agulhas Current.

2. Data

2.1. AUCE Hydrographic Data

[11] The Agulhas Undercurrent Experiment (AUCE)
took place aboard R/V Melville between 14 February and

Figure 1. Schematic of the traditional view of oceanic flow patterns around southern Africa. Stations
occupied during AUCE are overlaid, and the beginning and end stations of each section are numbered. PE
refers to Port Elizabeth (36�S) sampled from 20 to 23 February 2003. EL refers to East London (34�S)
sampled from25 to 27 February, PS refers to Port Shepstone (32�S) sampled from 1 to 3March, andRB refers
to Richards Bay (30�S) sampled from 5 to 7 March 2003. Color bar is the bottom topography in meters.
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17 March 2003 off the east coast of South Africa (Figure 1).
The field experiment consisted of four cross-stream sections
of the Agulhas Current system, nominally at 30�, 32�, 34�,
and 36�S, plus three along-stream sections offshore of the
Current and about 250 km from the coast. The cross
sections were on average 200 km long and took 3 days to
sample and the offshore sections were about 350 km long
and were sampled in a day (wider station sampling).
Together, these sections divided the western boundary
region into three closed boxes (Figure 1). Observations
have shown that solitary meanders [Lutjeharms and Roberts,
1988; De Ruijter et al., 1999b; van Leeuwen et al., 2000] are
the dominant form of variability in the Agulhas Current
along the African coast [Bryden et al., 2005] and are related
to offshore anticyclones [Schouten et al., 2002]. Four to six
of these meanders typically occur over the course of a year,
for this reason, prior to each cross section of the Agulhas
Current, an underway shipboard ADCP (SADCP) section
was occupied to identify the position and width of the jet in
case it had meandered offshore, allowing the station posi-
tions to be adjusted according to the instantaneous structure
and position of the current. The SADCP was an RD
Instruments 150 kHz narrowband instrument which profiled
consistently to depths of about 200 m and up to 300 m.
Final ocean velocities have an estimated accuracy of 1–
2 cm s�1. Station spacing for the cross-stream sections was
as little as 5 to 10 km over the shelf break and continental
slope in order to resolve the strong cyclonic shears in the
current there. Spacing increased to no more than 30 km
farther offshore. Along the offshore sections, station spacing
of 50 km was used owing to expected longer correlation
length scales along the direction of flow. Each station
consisted of full-depth casts of a combined CTDO2/LADCP
package with 24 bottles for salinity and oxygen calibration,
plus an altimeter to find range off the bottom. LADCP data
were collected with an RD Instruments 150 kHz broadband
instrument with 30 degree beam angles and converted to
absolute velocities using a least squares inversion (A.
Thurnherr, RDI LADCP Cruise Report, Aurora Australis
Voyage 4, 2003, unpublished report, 2003, available at ftp://
ftp.ldeo.columbia.edu/pub/ant/LADCP/A0304/LADCP_
CruiseReport.pdf). The inversion constrained the calculated
shear solution following the approach of Firing [1998] and
Fischer and Visbeck [1993], to position data, near-surface
SADCP velocities, and bottom-track velocities. The bottom-
track velocities were extracted using a combination of water
track and beam amplitude data [Visbeck, 2002]. Errors were
estimated a posteriori from the inversion as a maximum
2 cm s�1 in the deep water and above the bottom-tracking
region (below 1500 m and above 100 m from the bottom)
and a minimum 0.5 cm s�1 within the depth of the SADCP
data (250 m from the surface). However, these errors do not
include measurement noise, which we estimate later.

2.2. Altimetry

[12] We use AVISO altimeter products, which were
produced by the CLS Space Oceanography Division as part
of the Environment and Climate EU ENACT project
(EVK2-CT2001-00117) and with support from CNES.
AVISO sea level anomalies are derived from merged
TOPEX/Poseidon and ERS-1 data [Le Traon and Ogor,
1998]. To find absolute sea level, we superimposed these

anomalies on the Rio05 mean dynamic topography [Rio and
Hernandez, 2004], which was derived from a combination
of GRACE gravity measurements, Levitus and Boyer
[1994] climatology, altimetry, and drifter trajectories.
[13] In addition, we use an altimeter proxy time series of

geostrophic Agulhas Current transport over the upper
1000 m produced by Gustavo Goni (NOAA) and available
at http://www.aoml.noaa.gov/phod/altimetry/cvar/agu/
transport.php. This time series was derived from 10-day
AVISO sea surface height anomaly fields from satellite
altimetry, together with Levitus and Boyer [1994] climato-
logical mean dynamic topography relative to 1000 m.

2.3. Wind

[14] Monthly values of the wind stress curl spanning
August 1999 to January 2006 were obtained from CERSAT
(IFREMER) at http://www.ifremer.fr/cersat/en/data/
download/gridded/mwfqscat.htm. This product provides syn-
optic gridded fields (0.5� � 0.5� resolution) of wind param-
eters obtained from the NASA SeaWinds scatterometer on
board QuikSCAT. The discrete observations over each time
period are statistically interpolated using an objective method
to reconstruct gap-filled and averaged synoptic fields.

3. Box Inverse Model Methodology

[15] The data collected during AUCE represent a quasi-
synoptic survey of a highly variable current system. During
our monthlong survey, fluctuations associated with the
appearance and advection of mesoscale features and mean-
ders, and with barotropic waves and tides were all aliased in
our measurements. Nevertheless, an inverse model ap-
proach was considered beneficial in order to build the most
consistent picture of the transports during AUCE, by
balancing known conservative quantities. In addition, by
conserving mass, we could minimize measurement errors
from instrument noise and temporal variability. The disad-
vantage of an inverse model approach is that a nonsynoptic
data set is constrained as if it were synoptic. However, we
argue that traditional treatments of nonsynoptic survey data
implicitly make such an assumption, but without formaliz-
ing errors as we can by executing an inversion.
[16] The inverse model [Lumpkin and Speer, 2003] solves

the conservation equations for mass, salt anomaly (with
respect to 35 psu) and heat anomaly (with respect to 0�C)
inferring isopycnal and diapycnal transports from property
budgets within isopycnal oceanic layers. The unknowns of
the system of equations are the reference velocities for each
station pair and the diapycnal fluxes for density, heat and
salt across each interface within each box. Because we had
more unknowns than equations, this system was under-
determined with an infinite number of solutions requiring a
least squares technique, the Gauss-Markov estimation
[Wunsch, 1996], to find the ‘‘best’’ solution. For more details
on the methodology, the reader is referred to Lumpkin and
Speer [2003].
[17] Geostrophic velocities between each station pair

were only determined to the deepest common level (DCL)
of the stations and therefore, estimation of the property
transports in the bottom triangles below the DCL was
required. This was particularly important for the Agulhas
Current where topography is steep. Throughout this study,
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the ‘‘constant velocity’’ method is used to determine the
transport in the bottom triangles [Ganachaud, 1999], where
it is assumed that the velocity at the DCL, between two
stations is constant below the DCL. The errors introduced
with this particular method versus constant shear, for
example, were relatively small, 0.2 Sv in the lower deep
layer where the net transport error bars was of �3 Sv.
[18] In outcropping layers, strong diapycnal transfers can

be driven by lateral eddy fluxes, mixed layer entrainment,
and air-sea exchanges. Therefore, in these layers, mass, heat
and salt are not conserved. We defined outcropping layers
by calculating the mixed layer depth (MLD) as the depth in
which the temperature differed from that at 6 db by 1.0�C,
following Chereskin and Roemmich [1991]. We found that
the MLD varied from 5 m over the continental slope to a
maximum of 105 m offshore. Hence, we relaxed conserva-
tion constraints in all layers that outcropped to 105 m, that
is, within layers 1 to 7, corresponding to a neutral density
value of 26.15.
[19] Prior values of air-sea heat and freshwater fluxes

were set to zero because the small area of the AUCE boxes
yielded negligible air-sea fluxes compared to the allowed
error in heat conservation of O(�0.1 PW) (e.g., multiplying
an absolute net heat flux for March of 100 W m�2 by the
area of the largest box yielded a value of 0.01 PW,
considerably smaller than the error estimate of a heat
transport estimate). Since the three processes that affect
diapycnal fluxes in the mixed layer are heat and freshwater
exchanges with the atmosphere (set to zero in our case),
mixed layer entrainment and lateral eddy fluxes, we as-
sumed diapycnal fluxes were dominated by the latter two
processes, in particular lateral eddy fluxes. Such an assump-
tion seemed reasonable given the high eddy kinetic energies
associated with western boundary currents. Ekman fluxes
were also negligible (between 0.05 to 0.11 Sv) compared to
error tolerances in the surface layers of 1 Sv, and as a
consequence, the Ekman fluxes were also neglected.
[20] Isopycnal flux estimates were obtained from the

inverse model applied to the geostrophic velocity shears.
The inverse model also solved for the diapycnal fluxes,
which resulted from all mixing processes that act to transfer
mass, heat and salt between water masses. These fluxes
included advection, diffusion, and eddy fluxes. Following
Sloyan and Rintoul [2000, 2001] we used independent
interior mixing flux unknowns for each property (w*m, w*h
and w*s). The interior diapycnal mixing of density, salt and
heat were all given a prior (preinversion) value of zero. The
allowed variance of the mixing terms for mass, heat and salt
was given by the prior convergence or divergence of the
property of the layer [cf. Lumpkin and Speer, 2003]. Since
the outcropping layers were given much larger errors, the
diapycnal fluxes in these layers (which could be horizontal
and large) had much larger errors compared to the deeper
diapycnal fluxes which are in general small and vertical
[Lumpkin and Speer, 2003].
[21] To take into account asynoptic effects during the

survey, each section was assigned a net error Tap to account
for noise from time variability. Mass over each box was
conserved to within ±5 Sv for full depth and ±0.2 Sv for
individual layers below the MLD. This resulted in a section

error, or Tap =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
box errorð Þ2

3

q
= 2.9 Sv. The model error in heat

conservation was given by the layer’s volume error multiplied
by the sum of the mean potential temperature in each layer (q),
and twice the standard deviation of q within the layer, in each
hydrographic section bounding the box. A similar procedure
was used for the salt conservation, using a salinity anomaly
given by (S � 35)/1000 [Ganachaud, 2003].
[22] Finally, it must be stressed again that even with the

use of an inverse model, our measurements during AUCE
cannot be considered representative of the mean state of the
system. Rather, the data obtained during AUCE provide a
quasi-synoptic description of the Agulhas that can be
viewed as, at best, a seasonal snapshot of the system.
Nevertheless, using an inverse model, the estimated trans-
ports and diapycnal fluxes can be determined consistently
and with assigned error bars.

3.1. Experimental Setup

[23] We conducted two inverse experiments, the first one
using only the CTD data (geostrophic experiment) and the
second one incorporating LADCP data for the level of no
motion (LADCP experiment), representing two reasonable
initial states. For the geostrophic experiment, the level of no
motion (LNM) was given by a neutral surface separating
water masses which are expected to flow in opposite
directions [Toole and Warren, 1993]. In our particular case,
the LNM was given by the neutral surface that separated the
southward flowing intermediate layer and northward flow-
ing upper deep layer (corresponding to g = 27.92). The
estimated uncertainty of these reference velocities, which
sets the allowed range of the inversion, was chosen as
±10 cm s�1. The choice of error arose from examination of
the LADCP velocities where values of 10 cm s�1 were
found intercepting the neutral surface set up as the LNM.
Errors of 10 cm s�1 are a typical WBC adjustment in
models such as Ganachaud et al. [2000] and Lumpkin
and Speer [2003]. It should be noted that this type of
inversion is usually the first step in approaching such a
problem and represents the only available way of setting up
an inverse model in the absence of any direct velocity data.
[24] In the LADCP experiment, direct velocity informa-

tion was used to estimate an initial reference velocity. A
simple way to incorporate the LADCP observations would
have been to extract absolute velocities at the geostrophic
reference level and add them to the thermal wind profiles.
However, this can be inaccurate because of the small-scale,
ageostrophic structures present in the LADCP data. To
mitigate this effect, we set the reference velocity as the
mean of the difference between the LADCP and geostrophic
profiles. Furthermore, because the upper water column was
dominated by ageostrophic wind-driven effects, the mean of
the difference between the LADCP and geostrophic profiles
was calculated below 100 m. The error for this reference
velocity was decided upon two criteria: analysis of the
spatial variability of the LADCP solution error (given by
the LADCP inversion, as described in section 2) and any
additional sources of error such as measurement error,
internal waves and wind-driven barotropic motions. Hence,
we estimated an error of ±5 cm s�1. Our objective was
to assess how dependent the box model is on initial
conditions (LNM or LADCP) and evaluate if there were
any improvements in the results by including the LADCP
information.
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3.2. Inverse Model Solutions

[25] Before discussing our scientific results, we first
examine the differences between the circulations from our
two inversions, namely the geostrophic and LADCP experi-
ments, to determine which solution has more skill.
[26] The inverse model run for the geostrophic experi-

ment revealed that the property conservation equations were
well resolved, i.e., conservation of mass, heat and salt
provided independent information in all three boxes with
the exception of the northern most box, where mass was
only weakly resolved. In the LADCP inverse model run,
on the other hand, mass and heat were well resolved in all
3 boxes whereas salt was weakly resolved in the northern
most box. In both experiments, inverse model reference
velocities were within the a priori range.
[27] To more clearly illustrate our inverse model solutions

for the Agulhas Current system, six blocks of layers were
defined (Table 1) separating the water column into the
surface layer (given by the sum of the top 6 layers), the
subsurface layer (the sum of layers 7 and 8), the thermocline
layer (the sum of layers 9 and 10), the intermediate layer
(the sum of layers 11 to 21), the upper deep layer (the sum
of 22 to 32) and finally the lower deep layer (sum of the
bottom 13 layers). These layers correspond to the main
water masses present: tropical surface water, subtropical
surface water, thermocline waters, Antarctic intermediate
water and Red Sea water, and finally upper and lower North
Atlantic deep water.
[28] The mass fluxes resulting from the LADCP experi-

ment are shown in the schematic of Figure 2. Error bars
were much smaller in the LADCP experiment compared to
the geostrophic experiment (not shown), a direct conse-
quence of the smaller allowed adjustments. This in turn, led
to estimates that were significantly different from zero for
the deep layer isopycnal transports and diapycnal fluxes.
The major changes in the flow structure between the
LADCP and geostrophic experiment occurred in the inter-
mediate and deep layers, with the surface and thermocline
layers yielding comparable transports. Other differences
found were the inflow/outflow from the offshore sections,
particularly the one connecting Port Shepstone (32�S) and
Richards Bay (30�S), which increased significantly
(�30 Sv) in the LADCP experiment versus the geostrophic
one. At first, we suspected that the offshore increase was
introduced in the inverse model solution to conserve the
properties within the specified 5 Sv, but a close look at the a
priori mass transport values and LADCP profiles versus
geostrophic profiles (not shown) revealed that in fact a
considerable flow through the offshore sections exists with
significantly nonzero velocities at the LNM of the geo-

strophic calculation. The latter was substantiated by altim-
etry data (Figure 3), showing that these flows were
associated with intense cyclonic and anticyclonic circula-
tions (with speeds of the order of 25 cm s�1 and higher).
These features will be considered in more detail later.
[29] In the upper layer of deep water between 27.92 < g <

28.08, the LADCP experiment, when separated into indi-
vidual station transports, clearly showed an undercurrent
against the African continental slope (Figure 4). The Agul-
has Undercurrent transport in this layer ranged from 4.2 ±
0.9 Sv at the Port Elizabeth section (36�S) to 2.8 ± 2.1 Sv
exiting at Richards Bay (30�S), where it was offshore of the
Agulhas Current core because of the shoaling topography.
These results suggest that the Undercurrent represents a
continuous northward flow of upper North Atlantic Deep
Water (NADW), in agreement with Van Aken et al. [2004]
and Arhan et al. [2003], who found evidence for a NADW
slope current rounding South Africa from the South East
Atlantic and flowing into the Mozambique Channel. Their
estimates were for 2–3 Sv of transport. No such undercur-
rent was found in the geostrophic experiment because of the
water mass based LNM (not shown).
[30] The largest discrepancy between the experiments lied

in the diapycnal transports. Each experiment revealed gen-
erally different values (some of them comparable to the
maximum allowed mass imbalance within each box) and
direction and no consistent pattern was revealed, therefore
we did not regard them as robust and will not attempt to
interpret these diapycnal transports.
[31] On the basis of the points discussed above, we

decided to choose the LADCP experiment as the solution
with the most skill with regards to the horizontal mass
transports. In the following section we use this solution to
describe the Agulhas Current system during AUCE.

4. Results

4.1. Transport at the Historic 32�S Section

[32] The section-integrated mass transport at Port Shep-
stone (Figures 2 and 5) was 100.3 ± 9.4 Sv flowing
southward. This is considerably higher than the mean of
69.7 ± 21.5 Sv obtained by Bryden et al. [2005] from a
nearly yearlong current meter time series and the 76 Sv
from Donohue et al. [2000] for the 1995–96 mean of three
sections. Nevertheless, Bryden et al. [2005] showed that the
Agulhas Current daily transport at this location could be as
high as 121 Sv or as low as 9 Sv, and thus it appears that we
sampled the Agulhas Current at a time of near-maximum
flow. A comparison with Bryden et al.’s [2005] Agulhas
Current structure when the transport was largest (Figure 11b
of Bryden et al. [2005] versus our Figure 6b) revealed a
similar velocity pattern to ours, with the depth of the 50 cm
s�1 isotach around 900 m in both realizations. Bryden et al.
[2005] assumed zero velocity at 2400 m depth and this
could also explain some of the difference in transport, since
the AUCE section has a significant barotropic component.
This strong barotropic flow at Port Shepstone (32�S,
Figure 6b) appeared to be associated with barotropic eddies
and waves, since it is not seen in other sections. We will
discuss these ideas further in section 4.3 below. The
barotropic tide in the Agulhas Current region is of O(1

Table 1. Inverse Model Layers, Neutral Surface Densities, and

Upper Bound Limit on the Layer Error

Layers
Layer
Number

Neutral Surface
Densities

Upper Bound Error
(cm s�1)

Surface 1–6 21.4 � g � 25.0 relaxed, 500
Subsurface 7–8 25.60 � g � 26.15 relaxed, 500
Thermocline 9–10 26.560 � g � 26.855 constrained, 5
Intermediate 11–21 27.070 � g � 27.895 constrained, 5
Upper deep 22–32 27.925 � g � 28.075 constrained, 5
Lower deep 33–45 28.085 � g � 28.400 constrained, 5
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