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For the end of the the lectures you should be able to…

• Describe the consequences of AMOC slowdown

• Describe and derive the state-of-the-art method for monitoring
the AMOC

• Describe the current changes in the AMOC.



Monitoring the AMOC

• What is the AMOC?
§ Description
§ Impact on Climate

• Monitoring the AMOC
§ Theory
§ Application

• Current AMOC changes



What is the AMOC?
Origin of the concept:

1.Theory – Stommel (A survey of ocean current theory, Deep-Sea Res, 1958)

2.Observations – Gordon (Interocean exchange of thermocline water, JGR, 
1986)

3.Paleoclimate – Broecker (The great ocean conveyor, Oceanography, 1991)



What is the AMOC?
Origin of the concept:

1.Theory – Stommel (A survey of ocean current theory, Deep-Sea Res, 1958)

A survey of ocean current theory 161 

pure internal mode, except perhaps where topographic effects dominate. These 
considerations, and the pictures derivable from them, are not theories. They merely 
provide an interpretative tool, and indicate what flow patterns must be associated 
with various distributions of vertical transport across level surfaces. As an illustration 
of the use of this tool, a rudimentary interpretation of the Atlantic Ocean circulation 
is presented here. 

Consider the schematic ocean drawn in Fig. 9 (a), extending from pole to pole 
across the equator and bounded by meridional boundaries roughly 60 ° apart. A 
level surface L which divides the ocean into an upper and a lower layer is also shown. 
Now suppose that some thermohaline process, into the nature of which we do not 
here inquire, causes a sinking of water across the level surface in subarctic latitudes, 
and a rising of water across the level surface in subantarctic latitudes, as indicated 
by the vertical transport lines drawn in Fig. 9 (a) across the level surface. Our 
argument is that having specified the quantity and location of the vertical transport 
across level L, the rest of the transport picture in each layer is completely determined, 
in fact looks very much like that shown in Fig. 7 for a different physical situation. 

(a) (b) 
Fig. 10. A similar interpretation of the total transports in the surface layer (a) and bottom layer (b) 
but drawn on a chart of the Atlantic Ocean. Points of sinking and upwelling across the level surface 

are indicated by the little circles. 

Thus for example, in the subarctic regions of the mid-oceanic portions of the upper 
layer the horizontal flow field is convergent, hence it must have a northward directed 
meridional component. The zonal component is determined by continuity, starting 
at the eastern boundary. Similar reasoning is applied to the lower layer and then 
to both layers in the subantarctic region. In subtropical and tropical latitudes we 
have specified no vertical transport across the level surface, and there is no geostrophic 
in the mid-oceanic regions of either layer. The transport of  water between hemispheres 
which is required for conservation of  upper layer and lower layer water separately 
must be accomplished by a narrow western boundary current. The field of motion 



What is the AMOC?
Origin of the concept:

2.Observations – Gordon (Interocean exchange of thermocline water, JGR, 1986)5040 GORDON' INTEROCEAN EXCHANGE OF THERMOCLINE WATER 
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Fig. 2a. Global structure of the thermohaline circulation cell associated with NADW production. The warm water 
route, shown by the solid arrows, marks the proposed path for return of upper layer water to the northern North Atlantic 
as is required to maintain continuity with the formation and export of NADW. The circled values are volume flux in 106 
m3/s which are expected for uniform upwelling of NADW with a production rate of 20 x 106 m3/s. These values assume 
that the return within the cold water route, via the Drake Passage, is of minor significance. 

the atmosphere to ocean heat flux is large, while the lower 
thermocline would warm. This effect probably accounts for 
the decrease of surface water temperature from over 28øC in 
the western tropical Pacific to less than 28øC in the eastern 
tropical Indian Ocean receiving the through flow (for example, 
see the surface temperature maps of Pickard and Emery 
[ 1982]) despite strong atmospheric heating of the ocean. 

Wyrtki [1971] shows that the nutrient concentrations in the 
Banda Sea on the 25.0ao surface (near the 18øC isotherm at 
150 m) are 1.0, 15, and 23 mol/kg for PO4, NO3, and SiOn_, 
respectively. Closer to the base of the thermocline, at the 
26.6-ao surface (near the 10øC isotherm at 350 m), nutrients 
are higher by somewhat less than a factor of 2: 1.8, 30, and 35 
mol/kg for PO4, NO3, and SiOn_, respectively. Within the Pa- 
cific Ocean's North Equatorial Current, which is the source 
for the Mindanao Current [Tsuchiya, 1968] feeding the trans- 
fer to the Indian Ocean, there is a strong nutrient-cline across 
the 15 ø to 20øC layer [Wyrtki and Kilonsky, 1984]. Values of 

0.5, 5, and 5 mol/kg near 18øC yield to 2.0, 25, 30 mol/kg near 
the 10øC isotherm for PO,, NO3, and SiO2, respectively, a 
factor of 5 increase. The breakdown of the nutrient-cline and 
elevated nutrient concentrations in the upper layer of the 
Banda Sea thermocline is likely to be a consequence of the 
large vertical mixing coefficient within the Indonesian seas. 
The high nutrient levels characteristic of the Indian Ocean 
thermocline north of 15øS may be derived at least in part from 
the vigorous mixing within the Indonesian seas. 

The North Pacific origin for the water flow into the Indian 
Ocean [Wyrtki, 1961] suggests that the NADW contribution 
to the North Pacific thermocline is the chief supplier for this 
link of the warm water route. The NADW entering the more 
saline South Pacific thermocline may add some water to the 
flow through, (associated with equatorial upwelling and ad- 
vection) along the north coast of New Guinea (Figure 3), but 
it appears to have a secondary impact on the Banda Sea 
salinity. This leads to the question, where does most of the 
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Fig. 2b. Schematic representation of the thermohaline circulation cell associated with NADW production and the 
warm water route along line a-a' shown in Figure 2a. The upper layer water within the main thermocline begins its 
passage to the North Atlantic in the Pacific as low-salinity water. It enters the Indian Ocean via the Indonesian seas, 
where its salinity and volume flux increase by excess evaporation and further upwelling of NADW, respectively. The 
thermocline water enters the Atlantic south of Africa and spreads to the northern Atlantic, continuing to increase in 
salinity and volume flux. 



What is the AMOC?
Origin of the concept:

3.Paleoclimate – Broecker (The great ocean conveyor, Oceanography, 1991)



What is the AMOC?
A more acurrate/state-of-the-art vision:

[Kulbrodt et al, Rev Geophys, 2007]



What is the AMOC?
Definition:

How could you define the Atlantic Meridional Overturning Circulation?



What is the AMOC?
Definition:

How could you define the Atlantic Meridional Overturning Circulation?

I suggest: the Residual of the the Zonally-averaged Ocean Circulation

Because of the wind 
stress the circulation is 
primarily horizontal:
• Up to to in 30 Sv in 

Gyre and 
• 125 Sv in ACC 

This should be 
compared with ~18 Sv 
for the AMOC



What is the AMOC?
Consequence:
ØSAT anomaly 10-20 yr after a forced AMOC shutdown:

•A large cooling appears all over the Northern hemisphere
• Europe is cooled by 1-2 K where  British and Irish Islands is cooled by 2-4 K

Vellinga and Wood, Climatic Change (2002)



What is the AMOC?
Consequence:
Ø Younger Dryas Events

Warm phase

Cold phase

McManus et al. (2004)Slowdown of the AMOC could cool the Northern North Atl.!

(source: Lamont-Doherty Earth Obs., 2002)



What is the AMOC?
Summary:

The Atlantic Meridional Overturning Circulation

• It is a Global Scale Circulation;

• With a maximum of ~18 Sv;

• It is a residual of the intense horizontal flow after zonal averaging;

• Because of its heat transport (baroclinic circulation through a thermally 
stratified ocean) it has potentially important consequence on climate.



Monitoring the AMOC
How to mathematically defined the AMOC?



Monitoring the AMOC
How to mathematically defined the AMOC?

ψ(y, z) = − v(x, y, z ')dz 'dx
z '=[−H ,z],
x=[XW ,XE ]
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What can we learn from 
equations on ψ?

How would you monitor the AMOC? [Discussion in small groups] 
• Why? How?

Design an efficient monitoring system for the AMOC



Monitoring the AMOC
Summary

• We can determine the AMOC if we know: 
§ East and West boundary density and 
§ the surface wind stress 

• Shortcoming:
§ We have a flat bottom ocean è Role of the topography?



Monitoring the AMOC
Application to numerical model:

along the meridional boundaries. The horizontal viscos-
ity and diffusivity coefficients are set to 2.5 ! 105 m2 s"1

and 2.5 ! 103 m2 s"1, respectively. Values for the ver-
tical viscosity and diffusivity are set to 20 and 1 cm2 s"1,
respectively. Both models are forced with idealized
zonally constant forcing profiles for the zonal wind, the
temperature, and the salinity similar to the ones used in
Hirschi and Stocker (2002).

b. Eddy-permitting OGCM

The model used here is a 1⁄4° version of the Ocean
Circulation and Climate Advanced Modeling Project
(OCCAM) described in Marsh et al. (2005a,b). OCCAM
is a global general circulation model with realistic to-
pography, and because of its relatively high resolution
it is eddy permitting (i.e., eddies are simulated, but their
dynamics is poorly resolved). The vertical is divided
into 66 levels with thicknesses ranging from 5 m at the
surface to 207 m at the bottom. The surface forcing
consists of 6-hourly fluxes from the National Centers
for Environmental Prediction (NCEP) for wind, heat,
and evaporation minus precipitation (E " P; Kalnay et
al. 1996). For the sea surface salinity there is an addi-
tional restoring term to monthly values of Levitus and
Boyer (1994). The model simulates the global ocean
circulation for the years 1985–2003. In the present study
we only use a North Atlantic domain of OCCAM ex-
tending from the equator to 70°N (Fig. 1e).

c. Experiments

To investigate the relative importance of each con-
tribution in the different model configurations we set
up four experiments, which are summarized in Table 1.
Experiment A is purely buoyancy forced and has no
topography and is therefore suited to test if the thermal
wind relation reproduces the vertical velocity shear.
The wind stress in experiment B leads to Ekman trans-
ports that are not linked to zonal density gradients. In
experiment C the addition of topography means that
barotropic contributions (external mode) no longer
vanish. A gradual slope was chosen in order to ensure
pronounced topographic effects. Note that in the real
ocean, the continental slopes are generally steeper.

Last, experiment D allows us to investigate which terms
are dominant for a realistic model configuration.

Starting from rest, the idealized models are inte-
grated under restoring boundary conditions for tem-
perature and salinity until a quasi equilibrium is
reached after 4000 model years. At the end of this first
phase the freshwater fluxes are diagnosed and both
model versions are further integrated for 1000 yr under
mixed boundary conditions (restoring for temperature,
temporally constant diagnosed freshwater flux). To in-
vestigate the quality of MOC reconstructions during
transient phases, a freshwater discharge is applied at
high northern latitudes thus inducing a temporary
change in the strength the MOC. The perturbation con-
sists of a short (10 yr) freshwater discharge of 0.2 Sv
evenly spread across the whole basin width at 62.5°N.

The freshwater discharge occurs between years 10
and 20 of the last 100 yr of the model runs.

The OCCAM integration simulates the global ocean
circulation between the years 1985 and 2003. The main
run is preceded by a 4-yr spinup phase during which the
model uses the forcing of the years 1985–88. Because of
the relatively short integration time, the circulation in
OCCAM has not reached equilibrium yet. Neverthe-
less, the circulation does not show any major drifts. The
temporally variable surface forcing (wind, heat, E " P)
ensures a temporal and spatial variability of the circu-
lation (see section 5). Details about the circulation in
OCCAM can be found in Marsh et al. (2005a,b).

4. Meridional mass transports: Steady states

Here we present and discuss estimates of the MOC
obtained using the method described in section 2. The
MOC circulations considered here are steady states for
experiments A–C and a mean for the years 1985–2003
for experiment D.

a. Idealized cases

In experiments A and B the MOC consists of one
clockwise overturning cell with sinking of water masses
at high northern latitudes and upwelling south of 50°N
(Figs. 2a and 3a). The maximum MOC is reached
around 55°N and at 2000-m depth with values of 22 and
24 Sv for experiments A and B, respectively. For both
circulations 10 Sv of deep water are exported from the
northern to the Southern Hemisphere. The action of
the wind in experiment B is reflected by the presence of
equatorial and subtropical Ekman overturning cells in
both hemispheres. The clockwise northern equatorial
and southern midlatitude Ekman cells merge with the
main MOC cell while the southern equatorial and

TABLE 1. Configurations for experiments A–D.

Name Model Topography Wind Perturbation

A MIT No No Yes
B MIT No Yes Yes
C MIT Yes Yes Yes
D OCCAM Yes Yes No
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basins are not closed in the north and water can leave/
enter via the Bering Strait. However, this exchange
only being in the order of 1 Sv (1 Sv ! 106 m3 s"1;
Coachman and Aagaard 1988), it is not considered
here.

With the corrections for #̃ defined by Eqs. (12) and
(10) we can calculate two streamfunctions

!tw1
$z"% & !

xw

xe

dx!
"H

z"

$#̃ " #̂% dz and $13%

!tw2
$z"% & !

xw

xe

dx!
"H

z"

$#̃ " #"% dz, $14%

where both 'tw1
and 'tw2

fulfill the condition 'tw(z() &
0, z( & 0, "H. The corrections for the mass conserva-
tion mean that the bottom velocities no longer vanish.
However, with Eq. (12) they remain small since the
mass imbalance is divided by the entire cross-section
area. Equation (14) is equivalent to the second term on
the right-hand side of Eq. (1). The streamfunction de-
scribed in Eq. (13) does contain a barotropic contribu-
tion and in the following we assume that it is represen-
tative of the sum of the first two terms on the right-
hand side of Eq. (1). Note that without topography
both streamfunctions 'tw1

and 'tw2
are identical (see

appendix A). It is also worth mentioning that 'tw1
is

equivalent to an estimate of the thermal wind contri-
bution based on vertical profiles of density placed
across longitude–depth sections as used in Hirschi et al.
(2003) and Baehr et al. (2004) (see appendix B).

The total MOC can now be written as

!1 & !tw1
) !ek or $15%

!2 & !tw2
) !ek ) !ex. $16%

The motivation for using '1 lies in the fact that it is only
based on quantities that can be estimated from mea-
surements of the surface wind stress and of seawater
density along the continental slopes. Using '2 is more
likely to represent the MOC accurately, however, this
requires the knowledge of the barotropic velocity field
for which no obvious measuring strategy currently ex-
ists.

3. Models and experiments

Three different model topographies are used: a flat-
bottomed rectangular basin, a rectangular basin with
sloping sidewalls, and an eddy-permitting model with
realistic topography. Using these model setups allows
us to estimate how the quality of MOC reconstructions
is affected by gradually increasing the complexity of the
models.

a. Idealized models

The simulations using idealized geometries are per-
formed with the Massachusetts Institute of Technology
(MIT) OGCM (Marshall et al. 1997). The model do-
main consists of a 60° wide rectangular basin extending
from 75°S to 75°N (Fig. 1a). Between 65° and 50°S the
basin is crossed by an Antarctic Circumpolar Current
(ACC) channel. The horizontal resolution is 2.5° in
both longitude and latitude and the vertical is divided
into 19 layers with thickness increasing exponentially
from 30 m at the surface to more than 500 m at the
bottom. The maximum depth is set to 5000 m. As
shown in Figs. 1b,c this model is set up in two different
configurations with a flat bottom or sloping sidewalls

FIG. 1. (a)–(c) Model geometries for the idealized runs (b) without and (c) with topography. (d), (e) Eddy-
permitting model (OCCAM). In the present study we only consider a North Atlantic domain extending from the
equator to 70°N. As an illustration (d) shows the topography at 40°N.
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Hirschi and Marotzke, JPO, 2007

We will investigate the role of Topography 
through experiments B and D



Monitoring the AMOC

Application to numerical model: 
Flat Bottom application (Exp B)

this is not fully understood yet but in the following we
give some elements of explanation. The latitudes be-
tween 60° and 65°N are adjacent to the deep convection
area found in the northernmost latitudes. Between the
northern high and midlatitudes there is a negative slope
for the sea surface height ! (i.e., "!/"y # 0; not shown).
According to geostrophy the sloping in ! has to be
balanced by an eastward flow (Figs. 4a,b). This current
is the extension of the western boundary current that
separates from the western boundary between 40° and
60°N and when it approaches the eastern boundary the

horizontal mass convergence leads to an increase in sea
surface height ! ("!/"x $ 0) at the eastern wall (Figs.
4a,b). According to geostrophy the slope in ! must be
balanced by a northward flow. In experiment B large
differences occur between 20° and 40°N where the in-
tensifying of the wind-driven gyre at the western
boundary coincides with a local maximum of the sea
surface height centered at 30°N, 17°E, which reflects a
wind-driven horizontal convergence of mass (Fig. 4b).
Even in an ocean with constant seawater density, the
wind stress would lead to the formation of gyres and

FIG. 3. Reconstruction of MOC for experiment B. (a) MOC based on meridional velocity field. (b) Sum of
contributions related to the thermal wind and to the Ekman transport. (c) Difference between the reconstruction
and the MOC. Units are Sverdrups, and the CI % 2 Sv.
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• Except in the equatorial region 
the circulation is well 
represented

• In the location of the maximum 
overturning the error is only a 
couple of Sv vs 20 Sv for the 
mean (i.e. ~10%)

AMOC

RECONSTRUCTED AMOC

DIFFERENCE



Monitoring the AMOC
Application to numerical model: 
With Topography

• The qualitative accuracy seem 
ok, except in the equatorial 
region the circulation is well 
represented

• However the error is up to 8 
Sv, i.e. ~50% of the mean

w|z=-H≠0

ers past ocean circulations. Information about the
strength of the wind stress is not easily available but
past seawater densities have left their imprint in sea
sediments (Lynch-Stieglitz et al. 1999; Lynch-Stieglitz
2001). The work presented here is based on simple as-
sumptions: the marginal densities are assumed to be
known everywhere at all times and no errors in the
density value have been taken into account. In reality
the calcite shells of foraminifera needed to estimate
past water densities are not preserved everywhere. In a
refined model study the amount of density information
that is assumed to be known could be reduced and an
error comparable to that of seawater density obtained
from measurements (of seawater/sea sediments) could
be added to the model densities. This would help to
address the question if a reliable picture of the MOC
can still be obtained with sparse data that are subject to
uncertainties.

7. Conclusions

Based on the analysis of the results obtained from a
hierarchy of numerical models we conclude the follow-
ing:

1) In idealized model setups without topography the
knowledge of boundary densities and of the zonal
wind stress is sufficient to reproduce most of the
strength and variability of the full MOC cell.

2) A large part of the meridional flow (resulting from
the external mode) is not reflected in the boundary
densities if gradually sloping sidewalls are added.
Only the temporal MOC variability can be recon-
structed well in this case.

3) Shortcomings in the MOC reconstruction are linked
to the assumption of small bottom velocities for the
thermal wind contribution. At locations where large
bottom velocities are found over sloping topogra-

FIG. 13. Spatial and temporal variability based on monthly means for experiment D. (a) Leading EOF for the
MOC. (b) Leading EOF for the MOC reconstruction based on the Ekman and thermal wind contributions [Eq.
(15)]. (c) Second EOF of the MOC. (d) Second EOF of the MOC reconstruction based on Eq. (15). (e) (top) First
PC for the MOC (black line) and its reconstruction (gray line). (bottom) Second PC for the MOC (black line) and
its reconstruction (gray line). (f) Variance explained by the first 7 EOFs of the MOC (black bars) and its estimate
(white bars).
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the same patterns indicating a coherent weakening/
strengthening of the entire overturning cell (Figs.
10a,c). The area of largest variability centered around
50°N coincides with the location of maximum MOC
values. The first PCs reflect the reduction of the MOC
strength due to the freshwater discharge applied be-
tween years 10 and 20 (Fig. 10b). The variability ex-
plained by the first EOFs of the MOC and of the ther-
mal wind contribution is 59% and 58% of the total
variance, respectively (Fig. 10d). The second EOFs ex-
plain less than 20% in both cases. Results for experi-
ment B are not shown since the addition of a (tempo-
rally) constant wind does not change the variability
when compared with experiment A.

For experiment C the leading EOF of the MOC con-
sists of a single-cell pattern that explains more than
75% of the variance (Fig. 11a). For the leading EOF of
the reconstruction based on Eq. (15) three variability
centers are found at low latitudes of the Southern

Hemisphere and at mid- and high latitudes of the
Northern Hemisphere (Fig. 11b). As for the meridional
mass transport, the structures seen at the equator
are due to the limitation of the thermal wind balance.
At midlatitudes the variability of the thermal wind
contribution is confined to the upper 2000 m. The
variabilities found at greater depths for the MOC
are not reproduced. For the two other centers the
maximum variabilities are found at a depth of 2500 m.
The three variability centers indicate that strengthening
or weakening of the thermal wind contribution at mid-
latitudes coincides with the opposite change at both
high and low latitudes. The first PCs show a similar
temporal evolution and the time series for the MOC
and the thermal wind contribution can hardly be
distinguished (black and light gray lines, Fig. 11e)
indicating that the transient behavior of the MOC is
qualitatively reflected in a reconstruction based on Eq.
(15).

FIG. 7. Same as Fig. 5, but for reconstruction of MOC in experiment D (OCCAM). Units
are Sverdrups, and the CI ! 4 Sv.
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CI 4 Sv

• The mean is ~wrong but the 
variability seems accurate! 



Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



Monitoring the AMOC
Application to an in situ monitoring system: RAPID 

Time-varying magnetic field is always accompanied by a spatially-varying electric field

The choice of 26oN:

1. Cable measurements of the Gulf 
Stream run by NOAA since 1982

1. Previous hydrographic sections 
(Lecture 1)



Monitoring the AMOC
Application to an in situ monitoring system: RAPID 

• Direct current meter measurements near the Bahamas

• Array focused on boundaries and near topography—
more complicated than simple square channel 



water depth ~5km

• Hardware: The mooring

Deploying several instruments on a 
mooring, we can determine the variability of 
the vertical structure

Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



water depth ~5km

• Hardware: 
The mooring

Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



water depth ~5km Knorr 2011, WB

Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



Water depth: 
~5km

• MicroCATS measure conductivity, 
temperature, depth

Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



Water depth: 
~5km

• Current meters 
measure velocity

Monitoring the AMOC
Application to an in situ monitoring system: RAPID 



€ 

ϕMAX t( ) = TAMOC z,t( )
hϕMAX

0
∫ dz

TAMOC t, z( ) = TGS t, z( )+TEk t, z( )+TUMO t, z( )+Tcomp t, z( )
The AMOC:

TUMO t, z( ) = TInt t, z( )+TWBW t, z( )

Monitoring the AMOC

Here hφMAX = 1000 m is set for the entire analysis… 
This is a significant shortcoming!

hφMAX 

Application to an in situ monitoring system: RAPID 



Monitoring the AMOC
Application to an in situ monitoring system: RAPID 
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Kanzow et al (JPO, 2009)Importance of sampling accurately the boundary:
• SSH variability decreases towards close to the western boundary
• We measure a small variance of 4 Sv compared to the interior.
• Measuring away-from coast could over-estimate the actual variability of TINT

By construction Rapid suffers from a potential major issue.
TINT  is virtually only controlled by  ρ|East and ρ|West 

Measurements errors at the boundaries strongly impact the accuracy of TINT 



www.rapid.ac.uk

Results from an in situ monitoring system: RAPID 

Monitoring the AMOC

http://www.noc.soton.ac.uk/rpdmoc


Mean [Sv]

GS 

29±8.1

MOC

17±1.9

Ekman

3.6±0.7

UMO

-18±1.2

Results from an in situ monitoring system: RAPID 
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Bryden, H. L., H. Longworth and S. Cunningham (2005), Slowing of the Atlantic meridional 
overturning at 25N, 438, Nature

Monitoring the AMOC
Results from an in situ monitoring system: RAPID 
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Aliasing a signal:

Blue line = well-resolved

Red line = poorly resolved ®
apparent existence of low frequency 
signal

The problem of timescales: Again !



The 2009/10 events:
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Results from an in situ monitoring system: RAPID 
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The 2009/10 events:

Major Slowdown

Second Slowdown

Seasonal cycle was removed, and data smoothed with 180-day filter
• 2009 event is linked to an anomalous UMO  (i.e. East-West density difference) 

and Ekman (wind change)
• 2010 is primarily due to an anomalous Ekman 
• The 2009 event corresponds to a reduction of ~50% and 2010 – ~25%

McCarthy, G., et al. (Geo. Res. Lett., 2012)

Monitoring the AMOC
Results from an in situ monitoring system: RAPID 



The long term trend:
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Smeed et al, Ocean Science, 2014

Anomalies (positive is northward) relative to mean annual cycle. A 45-day low-
pass filter was applied to each time series. 
• The data suggests a slowdown of the AMOC by ~0.5 Sv yr-1;
• It is linked to a slow down of the UMO term (East-West density differences);
• Even without the 2009 events the slowdown is visible in the UMO term.

trend = -0.41 ± 0.34 Sv yr -1

trend = -0.11 ± 0.32 Sv yr -1

trend = 0.00 ± 0.32 Sv yr-1

trend = -0.54 ± 0.45 Sv yr-1

Monitoring the AMOC
Results from an in situ monitoring system: RAPID 



The regime shift:

Smeed et al,Geo. Res. Lett., 2018

Anomalies (positive is northward) relative to mean annual cycle. Low-pass filter 
was applied to each time series. /!\ 45 Sv is added to GYR  /!\
• The data suggests a regime shift post 2008 of ~3 Sv;
• It is linked to GYR and WBC.
• There is arguably a second regime change post 2012.

Monitoring the AMOC
Results from an in situ monitoring system: RAPID 



Monitoring the AMOC
Summary:

We have
•Discussed the importance of the AMOC

§ Describing the AMOC
§ Describing its impact

•Derived the principle of Rapid monitoring system
§ This gives theoretical grounds to the monitoring system
§ And highlights its limits

•Described the in situ application of RAPID and the monitoring subtleties
§ The direct Gulf-stream measurement through telephonic cable at 26oN 
§ The importance of boundaries measurement

•Discussed three noticeable features monitored through RAPID
§ The 2009/2010 slowdown events of up to ~50% of the mean 
§ The long term trend of  -0.54 ± 0.45 Sv yr-1

§ Possible regime shift post 2008 of ~3 Sv


