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The	
  Atlantic	
  Meridional	
  Overturning	
  Circulation	
  (AMOC)	
  is	
  a	
  key	
  mechanism	
  in	
  basin-­‐scale	
  
northward	
  heat	
  transport	
  and	
  thus	
  plays	
  an	
  important	
  role	
  for	
  global	
  climate.	
  
Mechanistically,	
   ocean	
   bottom	
   pressure	
   (OBP)	
   changes	
   at	
   the	
   eastern	
   and	
   western	
  
boundaries	
   completely	
   determine	
   the	
   geostrophic	
   AMOC	
   component,	
   with	
   most	
   of	
   the	
  
action	
  centered	
  on	
  the	
  western	
  boundary.	
  We	
  confirm	
  this	
  relationship	
  using	
  model	
  output	
  
of	
   two	
   ocean	
   state	
   estimates,	
   ECCO2	
   and	
   GECCO2.	
   In	
   both	
   products	
   we	
   find	
   strong	
  
correlations	
   between	
   AMOC	
   variations	
   and	
   regional	
   OBP	
   variations,	
   mainly	
   along	
   the	
  
western	
  slope	
  of	
  the	
  Atlantic	
  basin	
  (see	
  schematic	
  in	
  Fig	
  1,	
  from	
  Roussenov	
  et.	
  al.,	
  2008):	
  
	
  

	
  
	
  

	
  
	
  

Fig.	
  1	
  (left)	
  Overturning	
  circulation	
  manifests	
  itself	
  in	
  east–west	
  OBP	
  contrast;	
  (right)	
  In	
  the	
  
North	
  Atlantic,	
  the	
  signal	
  is	
  concentrated	
  mainly	
  along	
  the	
  western	
  boundary.	
  

	
  
We	
  then	
  reconstruct	
  the	
  AMOC	
  variations	
  from	
  OBP	
  changes.	
  A	
  key	
  aspect	
  of	
  our	
  work	
  is	
  the	
  
question	
   to	
   what	
   extent	
   space-­‐based	
   observations	
   of	
   ocean	
   bottom	
   pressure	
   via	
   time-­‐
variable	
  gravity	
   (such	
  as	
   from	
  GRACE)	
  can	
  be	
  used	
   to	
   infer	
  AMOC	
  variability.	
  To	
  evaluate	
  
this,	
  the	
  ECCO2	
  and	
  GECCO2	
  OBP	
  fields	
  are	
  smoothed	
  and	
  filtered	
  to	
  resemble	
  the	
  relatively	
  
coarse	
   resolution	
   of	
   GRACE.	
   	
   First	
   results	
   indicate	
   that	
   it	
   is	
   possible	
   to	
   infer	
   part	
   of	
   the	
  
AMOC	
  variability	
  from	
  GRACE-­‐like	
  OBP	
  observations	
  in	
  the	
  North	
  Atlantic.	
  Fig.	
  2	
  shows	
  an	
  
example	
  of	
  reconstructed	
  MOC	
  stream	
  function	
  from	
  OBP	
  anomaly	
  time	
  series	
  on	
  an	
  ECCO2	
  
model	
  grid	
  (0.25	
  deg	
  spacing)	
  and	
  from	
  OBP	
  anomaly	
  time	
  series	
  on	
  a	
  GRACE-­‐type	
  grid	
  (~3	
  
deg	
  spacing),	
  compared	
  to	
  the	
  model’s	
  MOC	
  product.	
  Here,	
  we	
  discuss	
  the	
  fidelity	
  of	
  GRACE-­‐
like	
  OBP	
  variations	
   for	
  AMOC	
  observations	
   in	
   the	
  North	
  Atlantic	
  at	
  different	
   latitudes	
  and	
  
characterize	
  the	
  accuracy	
  as	
  a	
  function	
  of	
  latitude,	
  depth	
  and	
  time-­‐scales.	
  
	
  

Fig.	
  2	
  Model-­‐truth	
  and	
  reconstructed	
  AMOC	
  variations	
  (Sv;	
  100-­‐1300m)	
  in	
  the	
  North	
  Atlantic	
  
at	
  27N;	
  correlation	
  between	
  model	
  truth	
  and	
  reconstruction	
  at	
  model-­‐resolution	
  is	
  0.91,	
  and	
  
between	
  model	
  truth	
  and	
  reconstruction	
  at	
  GRACE-­‐resolution	
  is	
  0.66.	
  

which can be written in terms of a stream function y(y, z)
for the meridional geostrophic flow

y y; zð Þ ¼ 1

ro f

Z h

z

Pe $ Pwð Þdz: ð4Þ

Thus the overturning stream function for the geostrophic
flow can be diagnosed from the depth integral of the west-
east contrast in bottom pressure.
[33] For the North Atlantic basin, the overturning

involves a poleward surface transport and an equatorward
deep transport (Figure 6a), which changes in direction at a
depth of typically 1100 m in this model (Figure 1b).
Accordingly, one expects that the poleward upper limb of
the overturning is associated with the bottom pressure being
less on the western boundary than on the eastern boundary,
while the equatorward lower limb is associated with the
opposing pressure contrast (Figure 6b). In practice, changes
in these pressure contrasts are expected to be concentrated
along the western boundary (Figure 6c), because of how
energy propagates westward in long wavelength, baroclinic
Rossby waves.
[34] The previous correlation patterns between the over-

turning time series and bottom pressure (Figure 5b) indeed
reveal how an increase in overturning is associated with a
reduction in bottom pressure along the shelf, but at the same
time an increase in bottom pressure along the deeper parts
of the continental slope on the western boundary.

4.3. Model Diagnostics of Transport Change Inferred
From Bottom Pressure

[35] The variability of the meridional overturning
(Figure 1c) is now assessed in terms of its connection with
the west-east contrasts in bottom pressure, exploiting the
integral relationship (4). For this assessment, the high-reso-
lution, default integration is repeated, but now integrated
with realistic, interannual ECMWF forcing from 1957 to
2000; these model results for the last 20 years are very similar
to the same overlapping period for the previous default
integration with realistic forcing for 1980 to 2000.
[36] At 36!N, there are upper ocean meridional transport

fluctuations of 6 Sv (evaluated from 100 m to 1100 m) and a
general increase in transport for the period from 1985 to
1993 (Figure 7a). At the same time, there are bottom
pressure anomalies along the continental slope with a larger
amplitude of typically 10 mB at 500 m compared with 5 mB
at 3600 m (Figures 7b and 7c). There are generally opposing
trends in the bottom pressure at the upper and lower depths
along the continental slope. An increase in meridional
transport is generally associated with the bottom pressure
anomaly becoming more negative along the upper part of
the continental slope, but more positive along the deeper
part of the continental slope on the western boundary. The
variability of the west-east contrast in bottom pressure are
dominated by the changes along the western boundary,
rather than the eastern boundary (Figures 7b and 7c, full
and dashed lines).
[37] The overturning relationship with the integral bottom

pressure contrast (4) is now assessed. The overturning

Figure 6. A schematic figure of the west-east bottom pressure contrasts and their link to the overturning
for an idealized basin: (a) direction of the overturning stream function with poleward upper flow and
equatorward deep flow; (b) accompanying bottom pressure anomalies, Pb

0, with the bottom pressure less
on the western boundary compared with the eastern boundary at shallow depths and reversing to a larger
bottom pressure on the western boundary at deeper depths where the overturning has reversed; (c) the
bottom pressure contrasts become concentrated on the western boundary (because of the westward
propagation of energy from long wavelength, baroclinic Rossby waves).
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