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Oceanic teleconnection  
between the Southern Ocean and other basins  



 Motivation 
 



Recent high quality observational surveys conducted 

during the WOCE and the WOCE revisit  have revealed 

the sobering fact that the deepest waters of the major 

oceans have warmed significantly during recent decades.  

Blue Earth (2004) 

Such temporal changes are important to understand the variability of abyssal 

circulation which have implications for large-scale thermohaline transport and 

thus for the global 3-dimensional heat budget that is presently of vital concern. 

MIRAI RV participate in WOCE revisit 

in the subarctic North Pacific in 1999 

Fukasawa et al. (2004) 

The difference in potential temperature between the two 

surveys of line P1 in 1999 and 1985.  

The bottom-water warming ranges in magnitude from 0.003 

to 0.01oC in the Pacific Ocean over the period. 

“Bottom-water warming” 
 



 “Bottom-water warming” in the global ocean 

Bottom-water warming looks familiar climate change in the global deep 

ocean. Strong connection with the Southern Ocean is apparently visible.     

Johnson and Doney (2006)   Johnson et al. (2008)   

Kouketsu et al. (2011)   



How about the Physical Mechanism?  

Our aim is to identify the possible causal dynamics, timescales 

and pathways involved in the observed bottom-water warming. 

Difference of the heat storage between 

WOCE-WOCE revisit observational periods. 

The physical mechanisms governing 

bottom-water warming are poorly 

understood since in-situ observations 

are spatially and temporally sporadic.  

The gradual changes in the water 

temperature between WOCE-WHP 

revisit seem to imply northward running 

of the warming signal from the Southern 

Ocean region, but… 
 

? 



Adjoint Sensitivity Analysis 



surface 

forcing 

ΔT(Bottom-water warming) 

The adjoint sensitivity analysis gives the temporal rate of change of a 

physical variable in a fixed time and space when model variables (e.g., 

water temperature) are arbitrarily changed in the 4-dimensional 

continuum of one temporal and three spatial coordinates. This is 

equivalent to specifying the “sensitivity” of a variable to small 

perturbations in the parameters governing the oceanic state.  

An adjoint sensitivity analysis moves the 

ocean representation backward in time! 

It has been applied to identify the 

possible causal dynamics, timescales and 

pathways involved in the bottom-water. 

Adjoint sensitivity analysis 



OGCM： 
 GFDL MOM3, quasi-global 75oS-80oN 
 horizontal res：1ox1o, vertical res:45 levels 
Spinup： 
 1. 3000-year with a climatological forcing (accelerated 

method) 
 2.  120-year as climatological seasonal march. 
 3.   10-year with interannual forcings from NCEP/DOE. 
Use of optimal parameters： 
 Green’s function method is applied to some physical 

parameters (Toyoda et al.,20XX). 
Data sysnthesis： 
 method： strong constrain 4D-VAR adjoint. 
 adjoint coding: by TAMC with some modifications. 
 assimilation window： 50 years (1957-2006) 
 control variables： initial conditions, 10-daily surface fluxes 
 first guess：results from Spinup 3 
 assimilated elements：OISST,T,S （Ensembles ver.3 + Mirai 

RV independent dataset ）,AVISO SSH anomaly. 

System 
Recently, a highly accurate ocean data assimilation system has been 

constructed (Masuda et al., 2010), based on a 4-dimensional variational (4D-

VAR) adjoint approach, whose adjoint component can be used for an adjoint 

sensitivity analysis. 



Target regions in our research  

Three regions, where significant bottom-water warming 

was detected, are selected for the target regions of the 

adjoint sensitivity analysis.  

N. Pacific 

S. Atlantic 

(S. Indian) 



Results 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 0-year 

Bottom-water warming 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 5-year 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 15-year 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 25-year 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 35-year 



 

---A contour surface shows bottom-water warming rate 

when a constant change in water temperature is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 45-year 



---Contour shows bottom-water warming rate  

    when a constant change in surface heat flux is given---  

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the abyssal North Pacific 

After 45-year 

Source region: Antarctic Sea off Adelie Coast 

Time scale:  40 year 

 in contrast to the previous estimation of O(multi-centennium).  

Masuda et al. (2010)   



After 50-year 

After 20-year 

Results of adjoint sensitivity analysis for a positive 
temperature anomaly in the mid-depth South Atlantic 



Summary  

An adjoint sensitivity analysis were applied to identify possible causal 

dynamics, timescales and pathways involved in the observed bottom-

water. 

An adjoint sensitivity analysis implies that an increase in the heat 

input into the Southern Ocean off the Adélie Coast of Antarctica leads 

to bottom water warming in the North Pacific on a relatively short time 

scale (within four decades) through the oceanic wave dynamics.  

The bottom-water warming in the South Atlantic could be caused 

through the increases in the subsurface water temperature in the ACC 

region. The wave dynamics plays an essential role in the teleconnection.  

Considering inter-ocean exchanges, wave dynamics is important 

factor since it built bridges across different basins over topographic 

constraints. In the large scale teleconnections, the time-scale can be 

sometimes significantly modified.    



Future Work 



Our scenarios should be tested by direct observations… 

WHP P04 revisit cruise by JAMSTEC RV “MIRAI” is now preparing for 

observations in the next December with an Argo-type float for deep water. 

WOCE sections 
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