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Outline 

  Working hypothesis: A large increase in Atlantic heat content  since the 1950s 
is partly caused by the increased northward heat transport at 30S. 

  Method: CCSM3_POP forced with NOAA 20CR (1871-2008) 

  Conclusion: The northward heat transport in the South Atlantic at 30S has 
increased since the 1950s due to the increased wind stress curl at 50-30S and 
associated volume transport from the Indian Ocean 

  Implication: The increased northward heat transport in the Atlantic may be 
linked to the 20C warming pattern of the tropical Atlantic SST 



Levitus et al. (2000; 2001; 2005; 2009) 

 Global ocean heat content of 
the upper 3000m has been 
increased since the 1950s. 

 Coupled model simulations 
with Anthropogenic 
greenhouse gas effect could 
largely reproduce the deep 
ocean warming. 

 The rate of heat content 
increase in the Atlantic 
(8×1022J per 40yrs) exceeds 
that of the Pacific and Indian 
Oceans combined.  

 But, Atlantic Ocean covers 
only less than 20% of the 
global ocean in surface area. 

 Why has the Atlantic Ocean 
warmed substantially more 
than other ocean basins? 



Why do we care about the relative warming in the Atlantic? 

  IPCC-AR4 model simulations project that 
the tropical North Atlantic (TNA) warms at 
a slower rate than the tropical Indo-Pacific 
in the 21st  century.  

 To test how this regional SST warming 
pattern affects the climate in the 21st 
century, we performed two idealized 
experiments using CAM3 (Lee et al. 2011). 

 EXP_GLBW: TNA warms slower than other 
ocean basins.  

 EXP_WTNA: tropical SST warms uniformly 
over the globe.   

 Atlantic SST is well known to affect, among others,                                                                                             
=> Rainfall in the Americas (e.g., Enfield et al. 2001)                                                                                              
=> Rainfall in the West Africa  (e.g., Giannini et al. 2003)                                                                                                    
=> Atlantic hurricane activity (e.g., Goldenberg et al. 2001) 

 However, recent studies have suggested that it is not the absolute Atlantic SST 
that is important for the climate (e.g., Latif et al. 2007; Vecchi and Soden 2007; 
Xie et al. 2010; Lee et al. 2011). 



Why do we care about the relative warming in the Atlantic? 

 Lee et al. (2011) 
  If the tropical oceans 

are warmed uniformly 
over the globe, the 
IPCC-projected drying 
and the vertical shear 
increase over the TNA 
disappear.  

 This means that the 
relative warming of 
the Atlantic basin is 
an important forcing 
mechanism for the 
regional climate 
change in the 21st 
century. 



Hypothesis-1: Convection-induced enhancement  

  Is there any reason to expect that the radiative heating due to Anthropogenic 
greenhouse gas (back radiation – upward longwave radiation) is particularly 
large over the Atlantic Ocean? 

 Yes, there is. The deep convection over the subpolar Atlantic Ocean could 
maintain the subpolar North Atlantic SST relatively immune to the AGW, and 
thus the longwave heat loss at the sea surface is not increased. 

 This means more effective warming by Anthropogenic greenhouse gas (back 
radiation – upward longwave radiation)  

  1980:2000 – 1950:1970 (Lozier et al. 2010) 

 But, the deep subpolar 
Atlantic Ocean does not 
show any warming trend 
(e.g., Lozier et al. 2010; 
Wang et al. 2010). 

 So, we need a different 
hypothesis. 



Hypothesis-2: Great ocean conveyor 

 As the upper ocean temperature warms globally, ocean heat transport 
associated with the great ocean conveyor (Broecker 1987) should increase 
unless the circulation slows down. 

 The northward ocean heat transport in the South Atlantic at 30S is always 
positive (~0.3PW;  Ganachaud and Wunsch 2000), i.e.,  the Atlantic basin is 
characterized by advective heat convergence  

 Therefore, the Atlantic Ocean should further warm until the deep ocean fully 
adjust to the AGW. 



Method: 20CR and CCSM3_POP 

  20th Century Reanalysis (20CR)                                                                                     
=> Covers the entire 20th century for 1871-2008                                                                
=> Only synoptic surface pressure and SST data are assimilated on T62 
resolution NCAR_AGCM to minimize data discontinuity                                                      
=> Relatively more effective for long-term climate research (Compo et al. 2010).  

 CCSM3_POP                                                                                                                      
=> 100 longitude (3.6degrees) and 116 latitudes (0.9 degrees at the equator) on 
a displaced pole grid and 25 vertical levels                                                                   
=> Coupled to an ice model (CSIM5) 

 Spinup                                                                                                                               
=> 700 yrs of fully coupled CCSM3 spin-up run using pre_industrial conditions 
at the 1870s                                                                                                                               
=> 200 years of additional spinup using 20CR surface forcing data of the late 19 
century (1871-1900)                                                                                                   
=> AMOC is stable after 150 years of the 2nd spin-up run                                             
=> Other important modeling issues are discussed in Lee et al. (2011). 

 Control Experiment (EXP_20C)                                                                                                                      
=> After the 900yrs of the spin-up, the CCSM3_POP is forced with the 20CR for 
138yrs (1871-2008). 



Two idealized experiments 

 EXP_ATL: Atlantic basin is warmed 
only through the surface flux   

Real-time forcing   
(1871-2008) 

19th century forcing      
(1871-1900) 

19th century forcing   
(1871-1900) 

Real-time forcing      
(1871-2008) 

 EXP_REM: Atlantic basin is warmed 
only though heat transport at 30S  



Results 

 EXP_20C: The simulated Atlantic Ocean heat content in the upper 3000m is 
increased by ~9×1022J during the 1950s-1990s, consistent with the observed 
value of ~8×1022J (Levitus 2000).  

 EXP_ATL: If the northward heat transport at 30S is fixed at its 1871-1900 level, 
the Atlantic Ocean heat content is increased by only ~2×1022J, which could be 
described as a result of multidecadal variability.  

 EXP_REM: The Atlantic heat content is increased by ~8×1022J strictly due to the 
increased northward ocean heat transport at 30S. 



AMOC variability at 30S 

 The AMOC at 30N is only 9 Sv (smaller than the observed range of 14 - 20 Sv).  

 But, the overall spatial structure of the simulated AMOC is close to that derived 
from observations (e.g., Lumpkin and Spear 2007). 

 The simulated AMOC at 30S is significantly increased after the 1950s.  

 The ocean temperature increase in the South Atlantic at 30S cannot explain the 
large increase in the northward heat transport at 30S (~0.1PW) in the model. 



AMOC variability at 30S 

 The simulated AMOC at 30S in EXP_REM shows a similar increase as in 
EXP_20C.  

 On the other hand, the AMOC at 30S in EXP_ATL shows no long-term trend.  

 This suggests that the AMOC increase at 30S in EXP_20C is caused remotely, 
and not by processes within the Atlantic Ocean. 

 The AMOC increase at 30S is pushed, not pulled.  



Pathways of the northward heat transport 

 The mean pathways of the Atlantic northward heat transport is consistent with 
Van Sebille et al. (2011) 



The role of the wind stress curl at 50-30S 

 The increased subtropical gyres in the South Atlantic and Indian Ocean are 
consistent with Biastoch et al. (2009). 



Summary 

 The Atlantic Ocean in the upper 3000m has been warmed substantially more 
than other ocean basins since the 1950s (Levitus 2000) 

 A surface forced global ocean-ice model is used to show that the enhanced 
Atlantic warming is largely due to the increased ocean heat transport into the 
Atlantic basin across 30S, and thus the anomalous ocean heat convergence.  

 The increased heat transport in the South Atlantic at 30S is caused by the 
increased heat transport from the Indian Ocean.  

 The increased wind stress curl over 50-30S since the 1950s may have 
contributed to the increased heat transport from the Indian Ocean.  

  It appears that the simulated AMOC increase at 30S is pushed, and not pulled. 
Perhaps, it is driven by wind-stress curl over the 50-30S.  



Northward heat transport in the upper tropical Atlantic 

  In the thermocline layer (50-150m), the northward transport is only in the south 
of the equator through the South Atlantic subtropical gyre and the North Brazil 
Current.  

 Along the equator, the heat is carried eastward by the undercurrent, then 
entrained to the mixed layer through equatorial upwelling  

  In the surface mixed layer (0-50m), the northward transport is only in the north 
of the equator through western boundary currents and NEC.  

 Upper tropical Atlantic circulation system is an important component of the 
basin-wide northward heat transport and AMOC. 



Northward heat transport in the upper tropical Atlantic 

 The anomalous northward heat transport pathways are more complex, but 
generally agree with the mean pathways.  

 This suggests that the tropical Atlantic circulation system is strengthened in 
the early 21C compared to the late 19C.  



Tropical Atlantic mixed layer heat budget 

 The spatial pattern of 
the tropical Atlantic 
mixed layer temperature 
trend is much more 
consistent with the 
advective heat flux 
convergence pattern 
than the surface flux 
pattern. 

 This means that  the 
tropical Atlantic SST 
trend is sustained by 
the ocean dynamics and 
the atmosphere tries to 
damp out. 

 The advective heat flux 
convergence trend in 
the tropical Atlantic 
mixed layer is linked to 
AMOC variability. 



Levitus et al. (2009) 

 Even after correcting 
instrumental biases of XBT 
data, a similar inhomogeneous 
global ocean warming pattern 
is found for the upper 700m. 


