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Southern Ocean has global 
importance 

n  40% of 
anthropogenic CO2 
uptake to date 
(Khatiwala et al., 
2009) 

n  SO Nutrients 
support ~75% of 
the global ocean 
biological 
production 
(Sarmiento et al., 
2004) 



Ocean pCO2 measurements 

The SOCAT database
(1982-2014)

Bakker et al 2016, ESSDD
P. Landschutzer, OCB lecture, July 2016 



Number of years with pCO2surf data from at least six different months 

From LDEO database v2010 

Temporal 
coverage of 
pCO2surf data is 
sparse for the 
Southern Ocean – 
particularly for 
austral winter 
 
Drake Passage 
has the best 
temporal 
resolution for 
pCO2surf of any 
region in the 
Southern Ocean  
 

Sprintall et al. (2012) 



Drake Passage Time-series 
Surface Ocean Measurements 

Underway  
(~18-24 crossings yr-1) 
  ADCP (since 1996) 
  Atm and Oce CO2,(since 2002) 
  Oce O2 (since 2004) 

Discrete  
(~6-8 crossings yr-1) 
  XBT/XCTD (since 1996) 
  TCO2 (since 2002) 
  PO4 (Since 2002) 
  NO3 and SiO4 (Since 2005) 
  13C of TCO2 (since 2005) 
  14C of TCO2 (2005 – 2010) 

Total water column  
(Mar 2006 and Sep 2009) 
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Figure 1. Locations of discrete underway sampling from the ARSV Laurence M. Gould from 2002 to 2011 945"
superimposed on mean annual MODIS chlorophyll concentration. Magenta circles indicate station locations where 946"
depth profiles were collected in March 2006 and September 2009; this is also the orientation of the most commonly 947"
followed cruise track across Drake Passage. In all, discrete samples were collected on 64 crossings of Drake Passage 948"
from March 2002 to August 2011; underway sampling was conducted on 184 crossings over the same interval. 949"
Thick yellow lines denote boundaries between Regions 1 through 4 (north to south); coordinates of the box corners 950"
from the top corner of Region 1 to the bottom corner of Region 4 are as follows: 55.06°S, 63.29°W; 57.52°S, 951"
70.97°W; 56.49°S, 61.87°W; 58.95°S, 69.85°W; 57.92°S, 60.39°W; 60.38°S, 68.71°W; 59.34°S, 58.85°W; 61.81°S, 952"
67.54°W; 60.77°S, 57.26°W; and 63.24°S, 66.35°W. The black line indicates the mean position of the Subantarctic 953"
Front (SAF) as determined by Belkin and Gordon (1996). The blue and red lines represent the mean position of the 954"
Antarctic Polar Front (APF) during austral winter (i.e., June through September) and summer (i.e., January through 955"
March), respectively, determined using 8-day AMSR-E SST data and a procedure similar to Dong et al. (2006). The 956"
shaded areas indicate one standard deviation of all APF positions observed from June 2002 to October 2011.    957"
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Annual cycle of pCO2 in Drake Passage 
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pCO2oce obs during ORCAS 



ΔpCO2 obs during ORCAS 



xCO2atm obs during ORCAS 



•  N of Polar Front (ΔpCO2 + ) source (R1 and R2) 
•  S of Polar Front (ΔpCO2 -  ) sink (R3 and R4) 
•  ΔpCO2 more negative (é ocean uptake) south 

of the Polar Front over the time series 
 
•  ΔpCO2 = pCO2oce – pCO2atm 
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CaCO3	
  produc,on	
  in	
  DPT:	
  Geochemical	
  evidence	
  for	
  the	
  “Great	
  Calcite	
  Belt”	
  

From H. Dierssen 

Log(chl) micrograms/L Log(PIC) micrograms/L 



CaCO3	
  produc,on	
  in	
  DPT:	
  Es,mated	
  change	
  in	
  TA	
  from	
  satellite	
  PIC	
  produc,on	
  



CaCO3	
  produc,on	
  in	
  DPT:	
  Seasonal	
  change	
  in	
  sPA	
  from	
  DPT	
  (2002-­‐2016)	
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  uptake	
  from	
  DPT	
  
δ13CTCO2	
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Figure 3.  δ13C change rate (‰ decade-1) of surface layer of Pacific Ocean (mean and SD 948 
of data binned into 5° latitude bands) based on measurements during the 1990s and 2000s 949 
and 20 year time series measurements at HOT (23°N 158°W) compared with predictions 950 
from MOM. 951 
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Figure 8.  The anthropogenic CO2 inventory change (mols C m-2 yr-1) estimated from 995 
compiled depth-integrated δ13C inventory changes along P06, P10, P16, P17 and P18 996 
(dashed line).  Also shown are anthropogenic CO2 changes estimated previously for the 997 
Pacific Ocean (see Table 1), the latitudinal trend for P16 (along ~150°W) reported by 998 
Sabine et al. (2008) and zonally averaged estimates from MOM (solid line) and previous 999 
model inversion (Gruber et al., 2009). 1000 
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From P. Quay 

Interior C inventory change  from the 1990s to the 
2000s based on δ13CTCO2 depth profiles 
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Conclusions 
n  Drake Passage Time-series provides the densest dataset 

of ocean pCO2 in the Southern Ocean 

n  DPT observations help constrain: 
n  1) Biological production in the ocean 
n  2) Ocean uptake of CO2 

n  3) CaCO3 production in the surface ocean 



Questions 


