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fluxes associated with AMV changes and the implied heat transports in climate models 

and re-analysis. In Section 3, the description of the experimental setup used to assess the 

impact of these fluxes on the Northern Hemisphere surface climate follows. The results 

of the numerical experiments are given in Section 4. A discussion of our main findings 

and their implications concludes this paper.   

 

2. Atlantic multidecadal variability and associated heat transport 

changes 

The possibility is investigated that internal multidecadal variability originating in 

the North Atlantic (Manabe and Stouffer 1999; Schmittner et al. 2007) that is 

accompanied with a strong oceanic heat loss to the atmosphere in the North Atlantic and 

especially in the Arctic Sector (Bengtsson et al. 2004) has considerably contributed to the 

NH SAT change during the recent decades. The observed SAT trend pattern during 1978-

2007 (Fig. 2a) supports this, projecting strongly onto the positive phase of the Atlantic 

Multidecadal Variability (AMV) (Kerr 2005; Knight et al. 2006; Knight et al. 2005; 

Sutton and Hodson 2005) which is characterized by anomalous warming in the North and 

anomalous cooling in the South Atlantic. AMV is hypothesized to be linked to 

Meridional Overturning Circulation (MOC) variability and consequently to changes in 

the northward oceanic heat transport in climate models (Delworth et al. 1993; Latif et al. 

2004), and AMV-related North Atlantic SST changes do project onto NH and global SAT 

in these models. The latter is demonstrated by analysis of correlation between AMV and 

global (hemispheric) SAT anomalies in control simulations with an extensive set of 

climate models (Table 1).  

The multi-model ensemble mean SAT trend pattern during 1978-2007 obtained 

from 20th century climate model simulations with observed external forcing (Fig. 2b), 

natural and anthropogenic, shows considerable differences to the observed trend pattern, 

with less warming in the North Atlantic and more warming in the South Atlantic. 

Although other natural internal decadal climate modes may have contributed to the 

mismatch to the observed trend, the Atlantic signature of relatively warm north and cold 

south Atlantic suggests that the SAT trend observed during the recent decades may 
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3. Model setup 

The global climate response to an increase in heat transport in response to an 

internal multidecadal climate variation, which by definition does not contain an 

externally forced part, was studied with an atmospheric general circulation model 

(ECHAM5) coupled to a fixed-depth (50m) mixed-layer ocean model (ML), hereafter 

referred to as ECHAM5-ML (Roeckner et al. 2003), by driving it with the anomalous 

AMV -related heat flux from the MPI D16 simulation. This flux (monthly mean 

climatology) was calculated, as for SAT (Fig. 2c), as a difference between the same two 

30-year periods corresponding to a negative and a positive AMV extreme. The annual 

mean pattern is shown in Fig. 3. The atmosphere model was run at T31 horizontal 

resolution with 19 vertical levels. The coupled model ECHAM5-ML uses Q-flux derived 

from a stand-alone integration with ECHAM5 forced by observed SST/sea ice (AMIP2, 

(Hurrell et al. 2008).  

Three sensitivity integrations have been conducted. In one, the heat flux pattern is 

applied over the NA/Arctic Sector (ocean area: 40N-90N, 70W-80E) covering less 

than 6% of the NH area. In two others, the forcing was further restricted either to the NA 

[40N-60N, 70W-80E] or Arctic region [60N-90N, 70W-80E] (see denoted 

regions in Fig. 3). All experiments described here have a length of 100 years, and the last 

80 years were used in the analyses below. There is no long-term drift in the experiments, 

but a considerable amount of interannual to decadal variability. The experimental setup 

allows estimating the effect of persistent regional surface heating of the atmosphere 

caused by deep ocean dynamics. Similar to Zhang et al. (2007), we attempt to quantify 

the contribution of AMV to NH and global SAT variability. Here, however, we focus on 

solely internally generated changes not only in the NA but also in the Arctic Sector, and 

assess the relative contributions of these two regions. We note that this experimental 

setup does not allow a separation of internally and externally forced SAT changes 

observed in the recent decades. Instead, it provides an assessment of whether internal 

generated AMV may have potentially contributed to the recent acceleration in NH 

warming since 1980. 
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important role of anthropogenic forcing played during the recent decades in driving 

global climate change.  

 

5. Discussion 

We have investigated the atmospheric response to surface heat flux anomalies in 

the North Atlantic/Arctic Sector originating from a peak-to-peak change in the Atlantic 

Multidecadal Variability (AMV). This was performed by forcing a coupled atmosphere-

ocean mixed layer model by regionally confined surface heat fluxes that were simulated 

in a control run with a global climate model in association with one particular AMV 

realization. The latter is by definition internally driven and does not require external 

forcing. The heat flux forcing was restricted to the North Atlantic/Arctic Sector in order 

to specifically study the impact of that region on Northern Hemisphere and global climate. 

The results show that such an internal and regionally confined climate variation can drive 

relatively large surface climate anomalies on regional, hemispheric and even global scale. 

The Arctic plays an important role in this, explaining about 60% of the total Northern 

Hemisphere surface air temperature (SAT) response in our experiment.  

What are the implications of our work? First, concerning the hypothesis as to 

whether a strong AMV change could have considerably contributed to the Northern 

Hemisphere surface warming during the recent decades. Our model experiments suggest 

that natural internal multidecadal variability originating in the North Atlantic and 

associated processes in the Arctic could have played an important role, as the response is 

relatively large and statistically significant, and since the simulated patterns resemble 

some of the large-scale parts of the observed trend patterns during the recent decades. 

Ocean model simulations with prescribed observed surface forcing show indeed 

strengthening of the MOC during the recent decades and a stabilization during the recent 

years (Boning et al. 2006). One may therefore speculate that there is an increasing 

probability that the AMV may return back to neutral or negative state within the next few 

years or decades counteracting the long-term anthropogenic warming trend. This could 

potentially offset global warming for some time until the AMV swings back, which 

would be in line with the prediction of Keenlyside et al. (2009). However, our results 








