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Water-mass Structure & Aragonite Saturation State 
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Mixing versus Biological Drawdown 
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Net Community Production 

After correction for 
gas exchange, 
seasonal DIC-
nutrient drawdown 
ratio agrees well 
with Redfield C/N 

Salinity-normalized 
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Salinity-normalized Nitrate 



Organic versus Inorganic Carbon Uptake 
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LDEO Surface Water 
pCO2 Data 

RMSE = 17.04 
R = 0.85  

Histogram 
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Climate Trends 
& Variability 
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Seawater CO2 System Trends 
Carbonate Ion umol/L 

Bopp et al. Biogeosciences 2013 

Palmer LTER 1993-2012 
No significant surface trends 
pCO2, DIC, Alk, Ω	


 
LDEO Surface pCO2 1999-2013 
Significant surface trends in 
central region in Fall and Spring 
 

pCO2 2.3 +/- 0.7 uatm/y 



Ocean Acidification versus Sea Ice 

Year

A
bu

nd
an

ce
 A

no
m

al
y

-1.4
-1.2
-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

Pteropods 
Limacina 
helicina 

Li
m

ac
in

a h
eli

cin
a A

no
m

aly

(S
ou

th
)

-1.2

-0.8

-0.4

0.0

0.4

0.8

1.2

Ice Anomaly
(Avian Isl., 1-year lag)

-0.3 -0.2 -0.1 0.0 0.1 0.2

 Ice Area
 Ice Days

D

Steinberg et al. Deep Sea 
Res. I 2015, in press 



Palmer LTER CO2 System Analysis!
Large-Scale Spatial Patterns   

§  Near-shore dilution & biological drawdown  
•  low DIC & alkalinity  
•  high pH & Ω 

§  Vertical structure controlled by UCDW 
upwelling, sea-ice, mixing etc. 
•  surface saturated for CaCO3  

 

-Seasonal & Temporal Trends 
§  Seasonal cycle estimated from underway 

pCO2 & surface alkalinity-salinity fit 
§  Large interannual variability (sea-ice, biology) 
§  Weak or undetectable decadal trends  

•  rising Fall & Spring pCO2 ~matching 
atmosphere   



Extra Slides 



WOCE Deepwater DIC & Alkalinity Comparisons 

DIC Alk 

-Compares well against other CO2 system data  
•  WOCE deep-water data 
•  LDEO underway surface pCO2 



Surface pCO2 Comparison 
LTER pCO2 
computed from 
surface DIC & 
alkalinity 
 
Data spatially 
matched within 
1km 
 
Years 2002, 
2005-2012  



Surface pCO2 Comparison 
LTER pCO2 
computed from 
surface DIC & 
alkalinity 
 
Data spatially 
matched within 
1km 
 
Years 2011, 
2005-2007 
larger range  



Biological & Solubility Carbon Pumps!
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Ocean Acidification!
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