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Is there an observed influence of MOC on climate ?

Simulated SST anomalies associated
with a max of the MOC
(Vellinga and Wu 2004)
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FIG. 5. Regression of decadally averaged SST anomalies onto MOI (units 0.01!C Sv"1, contours values
at #50, 25, 10, 5, 2.5, and 0). Positive values have solid contours, negative values have dash–dotted contours,
and zero contours are heavy solid lines. Shading indicates where regression is significantly different from
zero at 95% level.

(DJF)] are shown here. Significance of anomalies in
each grid point is assessed by testing the null hypothesis
that they were taken from a distribution that has the
same mean as that of the anomalies in the remaining
decades. To account for serial correlation in the fields
we have used the moving blocks bootstrap method of
Wilks (1997) to estimate sample variance.
Shown in Fig. 6 are DJF anomalies of surface air

temperature, precipitation, and mean sea level pressure
(MSLP). Only significant values (at the 10% level) are
colored. Surface air temperature anomalies resemble the
SST regression pattern of Fig. 5, and vary from about
0.1!C in the Tropics and subtropics, to over 1!C over
the Greenland Sea. At high latitudes sea ice cover is
reduced when a strong THC brings in warmer water,
and amplifies atmospheric warming. Surface air tem-
perature anomalies are significant (in the sense as de-
fined earlier) mainly over the Atlantic and North Pacific
Oceans, as well as parts of Europe and large parts of
Asia. Lower MSLP appears near the Icelandic low and
extends over large parts of Europe, Fig. 6b. Such a
pattern would have a projection on the NAO, possibly
reflecting some oceanic (THC) influence on the NAO
at decadal and longer time scales (Marshall et al. 2001;
Wu and Gordon 2002). The most striking features in
precipitation (Fig. 6c) appear in the tropical Atlantic,
where rainfall anomalies of opposite sign exceeding
#10 cm yr"1 occur on each side of the equator. The
pattern clearly indicates a shift of the ITCZ associated
with the THC anomolies. A strong THC is accompanied
by a northward shift of the ITCZ. As further discussed
later in section 5e, the freshwater flux resulted from a
such a shift of the ITCZ plays a crucial role in the
centennial oscillation of the THC. Anomalous rainfall

in the Tropics is not limited to the Atlantic sector: anom-
alies can be readily communicated elsewhere via the
equatorial waveguide (Gill 1980). Precipitation anom-
alies over NH midlatitude land areas weak and less sig-
nificant.

5. Mechanism of centennial THC fluctuations in

the Atlantic

a. Relation of THC to density anomalies

From the geostrophic balance one expects a relation
between zonal mean meridional flow and zonal pressure
difference. Theoretical considerations (Marotzke 1997)
and GCM experiments for idealized geometry (Klinger
and Marotzke 1999) have shown that the maximum
east–west density difference scales as the north–south
surface density difference. This may explain the strong
empirical relation between the equilibrium strength of
the THC and the large-scale meridional density differ-
ence found in several GCMs with more realistic ge-
ometry (Hughes and Weaver 1994; Rahmstorf 1996;
Thorpe et al. 2001). We find that in HadCM3 low-fre-
quency THC fluctuations are also associated with a pat-
tern of basin-scale density anomalies. Figure 7a is a
linear regression of the top 800-m vertically averaged
density field on the MOI. Strongest anomalies occur
along the western edge of the North Atlantic, that is, in
the Labrador Sea and along the east coast of Greenland.
This anomaly pattern sets up an enhanced west–east
density difference which drives a thermal wind shear,
that results in the vertically averaged flow of Fig. 2.
The convergence of this anomalous flow feeds into the
downwelling branch of the THC, (Fig. 7b). This effect

Observed SST anomalies associated
with the AMO
(Sutton and Hodson 2005)

To show that the response is indeed from
the polymer within the gap, we studied the I-V
response as a function of photoexcitation with
a Xe lamp (150 W). The I-V response for the
polymer-filled nanowire becomes slightly
more conductive upon Xe light exposure.
During the backward scan, the device was
irradiated with the Xe lamp starting at –0.1 V
(red arrows in Fig. 2A), and a change in slope
in the I-V response was observed. The tran-
sient conductance change between 1.1 nS in
the dark to 1.6 nS when irradiated is con-
sistent with an increase in charge-carrier den-
sity, which would be expected if the gap were
filled with the p-type polypyrrole (16).

We report a novel lithographic process that
allows one to generate designed gap structures
on nanowire templates. The process is remark-
ably controllable, high-yielding, and easy to
implement. It does not require sophisticated
and expensive instrumentation and facilities,
and it allows manipulation of an important
class of structures that cannot be easily manip-
ulated with conventional lithographic tools.
Being able to make gap or notched structures
with nanowires with OWL and relatively in-
expensive instrumentation will facilitate the
study of the electronic properties of nano-
materials and open avenues to the preparation
of novel disk structures, which could be de-
signed to have unusual optical properties as a
function of gap and metal segment size Ee.g.,
plasmon waveguides (17)^.
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Atlantic Ocean Forcing of
North American and European

Summer Climate
Rowan T. Sutton* and Daniel L. R. Hodson

Recent extreme events such as the devastating 2003 European summer heat
wave raise important questions about the possible causes of any underlying
trends, or low-frequency variations, in regional climates. Here, we present new
evidence that basin-scale changes in the Atlantic Ocean, probably related to
the thermohaline circulation, have been an important driver of multidecadal
variations in the summertime climate of both North America and western Eu-
rope. Our findings advance understanding of past climate changes and also
have implications for decadal climate predictions.

Instrumental records show that during the 19th
and 20th centuries, there were marked vari-
ations on multidecadal time scales in the sum-
mertime climate of both North America (1–4)
and western Europe (5). In the continental
United States, there were significant variations
in rainfall and drought frequency (1–4), and it
has been suggested (1, 4) that changes in the
Atlantic Ocean, associated with a pattern of
variation known as the Atlantic Multidecadal
Oscillation (AMO) (6, 7), were responsible.
If confirmed, such a link would be important
for climate predictions because the AMO is
thought to be driven by the ocean_s thermo-

haline circulation (6) and may be predictable
(8, 9). However, thus far the evidence for an
Atlantic link is mainly circumstantial, being
derived from observations and showing corre-
lation rather than causality. Clarifying whether
AMO-related changes in the Atlantic Ocean
were indeed responsible for the observed var-
iations in North American summer climate
and whether, in addition, there were impacts
on other regions is therefore an important
challenge.

Figure 1 shows the time series and pattern
of North Atlantic sea surface temperatures
(SSTs) that characterize the AMO during the
period 1871 to 2003 (10). There are AMO
warm phases in the late 19th century and from
1931 to 1960; cool phases occur from 1905 to
1925 and from 1965 to 1990. The spatial pat-
tern shows anomalies of the same sign over
the whole North Atlantic, with the largest
anomalies (s È 0.3-C) found just east of
Newfoundland.

Fig. 1. (A) Index of the
AMO, 1871 to 2003. The
index was calculated by
averaging annual mean
SST observations (29)
over the region 0-N to
60-N, 75-W to 7.5-W.
The resulting time se-
ries was low-pass fil-
tered with a 37-point
Henderson filter and
then detrended, also re-
moving the long-term
mean. The units on the
vertical axis are -C. This
index explains 53% of
the variance in the
detrended unfiltered in-
dex and is very similar
to that shown in (1).
(B) The spatial pattern
of SST variations asso-
ciated with the AMO
index shown in (A).
Shown are the regres-
sion coefficients (-C per SD) obtained by regressing the detrended SST data on a normalized (unit
variance) version of the index.
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The AMO has been linked to various climate anomalies :
Sahel droughts (Rowell et al. 1995)

Northeast Brazilian rainfall (Folland et al. 2001)

Frequency of Atl. Hurricanes (Goldenberg et al. 2001)

Changes in the European/US climate (Sutton and Hodson 2005)

To show that the response is indeed from
the polymer within the gap, we studied the I-V
response as a function of photoexcitation with
a Xe lamp (150 W). The I-V response for the
polymer-filled nanowire becomes slightly
more conductive upon Xe light exposure.
During the backward scan, the device was
irradiated with the Xe lamp starting at –0.1 V
(red arrows in Fig. 2A), and a change in slope
in the I-V response was observed. The tran-
sient conductance change between 1.1 nS in
the dark to 1.6 nS when irradiated is con-
sistent with an increase in charge-carrier den-
sity, which would be expected if the gap were
filled with the p-type polypyrrole (16).

We report a novel lithographic process that
allows one to generate designed gap structures
on nanowire templates. The process is remark-
ably controllable, high-yielding, and easy to
implement. It does not require sophisticated
and expensive instrumentation and facilities,
and it allows manipulation of an important
class of structures that cannot be easily manip-
ulated with conventional lithographic tools.
Being able to make gap or notched structures
with nanowires with OWL and relatively in-
expensive instrumentation will facilitate the
study of the electronic properties of nano-
materials and open avenues to the preparation
of novel disk structures, which could be de-
signed to have unusual optical properties as a
function of gap and metal segment size Ee.g.,
plasmon waveguides (17)^.
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⇒ Are they MOC-induced impacts ?
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Outline

Is there a direct influence of the MOC on the atmosphere ?

What is the seasonality of the atmospheric response ?
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The IPSL-CM4 coupled model

IPSL-CM4

Atmosphere :LMDZ, horizontal resolution 3.75 ˚,
19 vertical levels

Ocean :OPA/NEMO, resolution 2 ˚, 31 vertical levels

Sea ice : LIM, dynamics and thermodynamics

Land surface : ORCHIDEE

Coupling : OASIS

Marti et al. 2005

http ://mc2.ipsl.jussieu.fr

Model used for IPCC AR4
Control simulation 500 yrs
Fixed present-day CO2 level no anthropogenic forcing



Introduction MOC influence on the atmosphere Mechanisms of the atmospheric response

Decadal variability of the MOC

5000

4000

3000

2000

1000

Latitude
20S 0 20N 40N 60N

De
pt

h 
(m

)

% VAR = 43

No
rm

al
ize

d 
in

de
x

0 50 100 150 200 250 300 350 400 450 500
−3

−2

−1

0

1

2

3 

Time (years)

EOF1 MOC

PC1 MOC
⇒ Decadal to multidecadal variability
⇒ Red spectrum but no significant
peak



Introduction MOC influence on the atmosphere Mechanisms of the atmospheric response

MOC response to atmospheric forcing

5000

4000

3000

2000

1000

Latitude
20S 0 20N 40N 60N

De
pt

h 
(m

)

EOF 1 MOC

−2 −1 0 1 2

EAP

 80W  70W  60W  50W  40W  30W  20W  10W   0  10E  20E
20N

30N

40N

50N

60N

70N

mb

−30 −20 −10 0 10 20 30

−0. 4

−0. 2

0

0. 2

0. 4

0. 6

NAO leads   

EAP leads   

Lag (years)

Cross-correlation
PC1 MOC/EAP
Low-frequency

(Msadek and Frankignoul 2008)



Introduction MOC influence on the atmosphere Mechanisms of the atmospheric response

Detecting an influence of the ocean on the atmosphere

Lagged cross-correlations/regressions between oceanic and atmospheric
fields

In phase : both forcings of the ocean and the atmosphere

When the atmosphere leads : atmospheric forcing only

When the ocean leads : ocean forcing only
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Summer SLP anomalies when the MOC leads
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Robust and persistant : t-test + MonteCarlo

The annual response is dominated by the summer response

⇒ Weak positive feedback
(Msadek and Frankignoul 2008)
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Vertical structure of the summer response
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What are the SST anomalies few years after the MOC
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Link with the AMO
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Link with the AMO
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Climatic impacts forced by the MOC

Temperature and Precipitation anomalies 10 yrs after a max of the MOC
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Precipitation response

Increased rainfall in the subpolar
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Africa
Northward shift of the ITCZ



Introduction MOC influence on the atmosphere Mechanisms of the atmospheric response

Comparison with climatic impacts induced by the AMO

10yrs after the MOC 5yrs after the AMO
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Sensitivity experiments with a simplified coupled model

Slab ocean mixed-layer model coupled to an AGCM (LMDZ) in the North
Atlantic
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Geopotential height response in summer
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Non-linearity of the summer response

Z500 anomalies in JJA
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⇒ Strong non-linearities
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Non-linearity of the summer response

Zonal mean temperature and wind anomalies
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- change of sign in temperature
- but asymetrical response
⇒ Negative anomalies in the zonal wind between 30 ˚N et 45 ˚N for SST- et SST+

⇒ Eddy-mean flow interaction
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Mechanisms of the summer atmospheric response
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Eddy-mean flow interaction
- Increased Storm track Activity in
the North Atlantic
-Anomalous divergence
⇒ Jet acceleration
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Global scale response
-Strengthened convection over the
Asian summer monsoon region
⇒ North Atl./Asia teleconnection
- Rossby wave sources
⇒ Asia/North Atl. teleconnection ?
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The winter signal

   0o    80oE  140oE   80oW  140oW 

  25oS 

   0o  

  25oN 

  50oN 

  75oN 

−10
−8
−6
−4
−2

0
2
4
6
8

10

 120oW   80oW   40oW    0o    40oE 

  20oN 

  40oN 

  60oN 

  80oN 

   0o    80oE  140oE   80oW  140oW 
  60oS 

  50oS 
  40oS 
  30oS 
  20oS 
  10oS 

   0o  
  10oN 
  20oN 
  30oN 
  40oN 
  50oN 

  60oN 

−3
−2
−1

0
1
2
3

DJF Storm Track Activity
DJF U200 anomaly

DJF Z500 response

(Msadek et al. 2009 in prep.)
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Summary

The variability of the Atlantic MOC at decadal timescales is primarily driven
by the EAP (poor location of the convection sites)

Significant influence of the MOC on the atmosphere during summer through
an extratropical AMO-like SST pattern.

Weak positive feedback of the MOC on the atmosphere

The climate impacts extend beyond the North Atlantic region and are broadly
consistent with previous model studies and observations

The summer atmospheric response is controlled by an eddy feedback
mechanism by perturbing the North Atlantic storm tracks

The MOC has also a significant impact on the atmosphere in winter :
NAO-like response

Highly non linear response ⇒ difficult to detect in coupled simulations using
linear methods (regressions etc..)
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