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Background: MHT in the Atlantic

15 AUGUST 2001

TRENBERTH AND CARON

3442
3437

JOURNAL OF CLIM

and is n
is not v
reanaly
certain
the TO
ture.
It is
transpo
diation
method
with th
for the
puted w
stantial
FIG. 7. The required total heat transport from the TOA radiation
improv
RT is compared with the derived estimate of the adjusted ocean heat
transport OT (dashed) and implied atmospheric transport AT from
same w
NCEP reanalyses (PW).
highlig
strained
do not
cient. This result is especially
so
at
248N
at
which
latFrom Trenberth and Caron (2001) excelle
itude no adjustments have been applied to either derived
Shor
OT
estimate.
Further,
the
adjustments
applied
south
of
reanaly
FIG. 5. Implied zonal annual mean ocean heat transports based upon the surface fluxes for Feb
1985–Apr 1989 for the total, Atlantic, Indian, and Pacific basins for NCEP and ECMWF atmo308S are miniscule for NCEP but amount to 0.7 PW at 1998) s
spheric fields (PW). The 1 std err bars are indicated by the dashed curves.
688S for ECMWF OT or 0.4 PW for ECMWF AT (the cause t
difference being integrated effects from the north vs the for dry
all latitudes. The lack of reproducibility is consistent by the considerable problems over land. This constraint
energy
with the very small size of the interannual variability allows the errors in atmospheric transports and south),
surface suggesting also that the latter are less reliable
tolandatmosphere
mid-latitude
(1%–3% of the•actualOcean
transports), andreleases
the main message heat
fluxes over
to be quantified, and they in
are found
to
in absolute
values. In the Tropics, the problems with and So
is that temporal sampling is not a major factor.
be largest over complex and high topography (Trenberth
changes
in the
the observing
particularly satellite mosphe
• period,
Northward
meridional
heat
transport
(MHT)
Atlanticsystem,
Ocean
For the ERBE
the bias in the northward
at- et al. 2001a).
Therefore
it is desirable to recompute
the in
mospheric energy transport as compared with the mean ocean transport separately based upon the implied
sur-adversely influence the ECMWF results (Trenberth
data,
further
Relative
small
changes
oceans
could
have
significant
climatic
for the entire •1979–98
period is slightly
negative by
face fluxes overin
justMHT
the ocean, in
and inthe
this way
we
can
et al. 2001b), which are not within the error bounds of erthele
about 0.05 PW from 108 to 508N and is positive by also (somewhat arbitrarily south of 358S) partition the
other estimates
several
latitudes.
rived fr
about 0.05 PW from 108
to 358S. This is(Rind
consistent with
transports
into those from1991;
the individual
ocean the
basins.
impacts
and
Chandler
Cohen-Solal
andatLe
Treut
1997).
the error bar estimates provided by the panel on the
The implied zonal mean ocean transports, adjusted
as
Aside from the North Atlantic, for which the coupled with th
right of Fig. 4, with values divided by 2 (square root discussed below, are computed from the residually demodel
the cou
of the number of ERBE years), in terms of sampling.
rived surface fluxes (Fig. 5) starting at 658N where there results are high for reasons that are beginning to
is a minimum of ocean available to transport heatbe
northunderstood (section 3c), the largest discrepancy indepen

IMPORTANT !

Background: coherence of AMOC anomaly
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Figure 1. (a) The (a) HadCM3 and (c) OCCAM time-averaged overturning stream function. The (b) HadCM3 and
(d) OCCAM northward transport anomaly between 100 m and 1000 m depth.

From Bingham et al. (2007)

•
•

1c. The MOC of both models comprises an upper and a
lower cell. While the maximum northward transport in the
upper cells of approximately 20Sv for HadCM3 and 18Sv
for OCCAM, occurring near 40!N, are consistent with
observations, the lower cells, particularly for HadCM3,
appear somewhat stronger than expected from observations
[Bryden et al., 2005]. Given the almost constant 1000 m
depth of the stream function maximum in each case, we
characterise the MOC as the total northward transport
between 100 m and 1000 m, thereby excluding the Ekman
transport, which reflects the meridional coherence of the
wind forcing.
[8] Thus defined, the temporal and latitudinal structures

gives a southward propagation speed of 1.84 ms!1 and a
time of 56 days for the signal to reach the equator from
65!N. These signals are perhaps generated by a seasonal
deepening and shoaling of the mixed layer and
corresponding change in the rate of deep water production
at high latitudes. The discrepancy between the propagation
time of 30 days reported by Johnson and Marshall [2002]
could easily be due to the highly idealised configuration of
their model domain which produces only Kelvin waves
rather than the coastally trapped waves that occur when
topography is included. Unfortunately, its monthly resolution does not permit a similar analysis of the HadCM3 data.
[10] From the perspective of climate regulation, short-

Anomalies in AMOC are different south and north of 40°N
Strong decadal signals to the north and higher frequency signals to
the south (Zhang 2010; Zheng and Giese 2009)

Background: coherence of Atlantic MHT anomaly
Latitude-time evolution of MHT anomalies
in Atlantic Ocean during 1958 – 2004
(from Simple Ocean Data Assimilation (SODA))

From Zheng and Giese (2009)
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At low latitudes, interannual variability dominates
At middle and high latitudes, decadal and multidecadal variability
is more pronounced.
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b. Heat and mass budgets

Background: coherence of Atlantic MHT anomaly
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The rate of change change in SSH associated with changes
Heat transport
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where Qnet is the net surface heat flux into the ocean, ↵ is the coeffi
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⇢ the density and cp the
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monthly climatological values, averaged over the depth of the wi
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Analogously the rate of change in SSH associated with chang

From Kelly et al. (submitted to J.Climate)
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Fig. 6.
boundaries of the regions shown in Fig. 1 along with observations of MHT (dashed lines).
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Objectives
I Characteristics of MHT anomalies
•
•
•

What are the spatial structures of the EOF modes of MHT?
What is the importance of the EOF modes at different latitudes?
Is there an obvious meridional propagation of MHT?

II Speculations on mechanisms of MHT anomalies

Methods

Direct estimates of MHT:

ρ - density
Cp - specific heat of seawater
θ - potential temperature
v - meridional velocity
dA=dxdz represents integration over a vertical eastwest section

Data and models

Model: Generalized Ocean Layer Dynamics (GOLD)
•
•
•
•
•
•

A global ocean mass conserving isopycnal model
2 mixed layers, 2 buffer layers and 59 isopycnal layers with
constant potential densities referenced to 2000m – total 63
layers
1° × 1° resolution but with 0.5° for the latitudes at tropics
Density intervals are chosen to provide the highest resolution of
thermocline
Surface winds and buoyancy fluxes for the hindcast run are
from CORE-II during 1948-2009 (Large and Yeager 2009)
One hindcast run from 1948 to 2009

Data and models

•

Model Validation for GOLD

Compared with the MHT from RAPID-MOCHA mooring
array at 26.5°N during 2004-2009 (Johns et al. 2011)

Data and models

•

Model Validation for GOLD

Compared with the MOC derived from SSH and Argo data at
41°N from 1993 to 2009 (Willis 2010) .

GOLD is valid and useful!

Data and models

Models: Coupled Model Intercomparison Project Phase 5
(CMIP5)
MRI-CGCM3
•
•
•

Meteorological Research Institute - Coupled Global Climate Model 3
MRI-AGCM3 - atmospheric model
- ~120km with 48 layers
MRI.COM3
- ocean-ice model
- 1° × 0.5° with 50 vertical levels plus a bottom boundary

GFDL-ESM2M
•
•
•

•

Geophysical Fluid Dynamics Laboratory - Earth System Models 2.1
with Modular Ocean Model version 4.1
AM2
- atmospheric model
- 2° latitude × 2° longitude with 24 vertical levels
MOM4p1 - ocean model
- 1° × 1° but with up to 1/3° for the latitudes at tropics
- 50 vertical levels
Ocean monthly northward heat transport in pre-industrial control run

Result: 1yr low-pass MHT anomaly in different models

ocean-only model
hindcast run

coupled model
pre-industrial
control run

coupled model
pre-industrial
control run

•
•

Interannual variability of MHT anomaly from 30°S to 40°N
Decadal MHT anomaly in the North Atlantic North of 40°N.

Result: Cross correlation of 1yr low-pass MHT anomaly at latitudes

•
•

The regions between 25°S – 40°N have correlated latitudinal width
ranging from 25 degrees to 45 degrees
The narrowing at 40°N is seen in models.

Result: EOFs of the 1yr low-pass MHT anomaly

•
•
•
•

Generally consistent between models
EOF mode 1 - the dominant coherence mode from 35°S to 40°N, with its maximum in the tropics.
EOF mode 2 - opposite sign in the northern and southern subtropical areas
EOF mode 3 - opposite sign between tropics and subtropics, but GFDL-ESM2M in southern
hemisphere is different.

Result: Fraction of variance of 1yr low-pass MHT anomaly explained by PCs

•
•
•
•

Mode 1 - dominating in the tropics and part of subtropical areas
Mode 2 - dominating in the south Atlantic, except for GFDL-ESM2M
Mode 3 – dominating in the northern subtropical areas
The latitudinal width of the coherence mode 1 in different models differs.

Result: lagged correlation relative to the MHT anomaly on equator

Ø Southward
propagation

Ø

Ø

MHT anomaly on equator leads

Northward
propagation

Possible explanation: Southward propagation
Correlation between AMOC anomaly and AMOC at 49.5°N
(GFDL CM2.1 1000 year control run)

From Zhang (2010)

•

Figure 2. AMOC variations in the 1000‐year control simulation. The AMOC Index at eac
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These winds are related to the latitude of the oceanic subtropical front
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Possible explanation: AAO and MHT

Lagged correlation between AAO and EOF PC1 of MHT in GOLD
MHT leads

•
•

AAO leads

It indicates that there might be a northward propagation of the MHT signals
responding to the winds in the Southern Ocean within 1-1.5 years.
Stronger and poleward westerly in the Southern Ocean -> southward
subtropical front -> increased Agulhas leakage

Possible explanation: Ekman heat transport

Anomaly

Intensification of poleward Ekman heat transport
1998
in the
tropics
Fromsince
Liu and Xie’s
preliminary
results
•

Atlantic Ekman heat transport anomaly also shows coherence
pattern.

Meteorol. Z., 18, 2009

C. Wang et al.: Teleconnections of the tropical Atlantic to the tropical Indian and Pacific Oceans

Possible explanation: teleconnection between Pacific and Atlantic

Meteorol. Z., 18, 2009
C. Wang et al.: Teleconnections of the tropical Atlantic to the tropical Indian and Pacific Oceans
Atlantic to the tropical Indian and Pacific Oceans
Meteorol. Z., 18, 2009
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Figure 8: Schematic diagram showing two anomalous Walker circulations: The Pacific Walker cell and the Atlantic Walker cell.

Figure 8: Schematic diagram showing two anomalous Walker circulations: The Pacific Walker cell and the Atlantic Walker cell.

Figure 7: Atmospheric responses to the inter-basin SST gradient
variability. Shown are correlation maps of (a) the 200-hPa velocity
potential and divergent wind anomalies and (b) rainfall anomalies
with the inter-Pacific-Atlantic SST anomaly gradient index. Positive
(negative) correlation is in red (blue) color. The dark red and dark
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Conclusions
•
•
•
•
•

Strong interannual variability of MHT anomaly are from 30°S to 40°N,
decadal signals are in the North Atlantic North of 40°N.
The interannual to decadal MHT anomaly has a dominant coherence
mode from the southern subtropics to 30- 40°N, with its maximum and
dominance in the tropics, consistent in all of the models.
EOF mode 2 has opposite sign in the northern and southern subtropical
areas, dominating in the south Atlantic, except for GFDL-ESM2M
EOF mode 3 has opposite sign between tropics and subtropics, but GFDLESM2M in southern hemisphere is different; its dominance is in the
northern subtropical gyre.
Southward signal propagation from subpolar region, northward
propapgation of Agulhas leakage eddies, Ekman heat transport and
teleconnection between Pacific and Atlantic are the possible explanations
for the coherence mode of the MHT anomaly.

Future work
•
•
•
•

Is the MHT anomaly in the south Atlantic associated with Agulhas
leakage or transport through the Drake Passage?
How do the teleconnection between Pacific and Atlantic contribute to
the coherence mode of the MHT anomaly in the Atlantic Ocean?
What are the mechanisms that winds can influence the MHT on
interannual and decadal time scales, Ekman transport or Sverdrup
transport?
What is the structure of the meridional velocity and temperature
associated with the MHT in the models?
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