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Given infinite 
time and infinite 

resources… 



Observing systems 
designed for 

rapid responses  
to rapid changes 



Sabine	et	al.,	2004	

Gruber	et	al.,	2009	

Kha5wala	et	al.,	2014	

Basin-scale anthropogenic CO2 inventories 



Decadal variability in carbon inventory 

2000s-2010s	
One	Decade	

1990s-2010s	
Two	Decades	

1990s	–	2000s	

2000s	–	2010s	

Wanninkhof	et	al.,	2016	 Carter	et	al.,	2017	



Expansion of corrosive water masses 



OA Attribution and direct BGC impacts 

Courtesy	Brendan	Carter,	2018	



OA Hotspots and Natural Hi-CO2 Labs 

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

Oc
ea
n 
Da
ta
 V
ie
w

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

0.5

1

1.5

2

2.5

3

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

OmegaA(P,T,ALK,DIC) @ DEPTH [M]=last

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

0.5

1

1.5

2

2.5

3

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

OmegaA(P,T,ALK,DIC) @ DEPTH [M]=last

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

Oc
ea
n 
Da
ta
 V
ie
w

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

Oc
ea

n 
Da

ta
 V

ie
w

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

0.5

1

1.5

2

2.5

3

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

OmegaA(P,T,ALK,DIC) @ DEPTH [M]=last

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

0.5

1

1.5

2

2.5

3

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

OmegaA(P,T,ALK,DIC) @ DEPTH [M]=last

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

Oc
ea

n 
Da

ta
 V

ie
w

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

0.5

1

1.5

2

2.5

3

65˚N

70˚N

75˚N

150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w
 
/
 
D
I
V
A

OmegaA(P,T,ALK,DIC) @ DEPTH [M]=first

65 °N

70 °N

75 °N

65 °N

70 °N

75 °N

150 °E 180 °E 150 °W 120 °W

0.5

1

1.5

2

2.5

3

Ω
Ar

Pre-industrial

Present

Cross	et	al.,	2018	



…And hiding hotspots 
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Anomaly of pCO2 (seawater) from PMEL-UNH-NERACOOS buoy.  Trend = 0.5 uatm/year

                   Estimate       SE        tStat       pValue  
                   ________    ________    _______    __________

    (Intercept)    -937.08       149.82    -6.2547    4.0547e-10
    X1             0.46553     0.074428     6.2547    4.0545e-10

Where does ocean 
acidification hide? 
 
a) Atmospheric CO2 trend, 
but no in- water trend 
b) Sensitivity of Omega A to 
variability in  1) acidification 
2) temperature, 3) alkalinity 
c) Last ten years of relative 
processes affecting Omega, 
pH and carbonate ion 
Physical variability drives 
omega and affects pH; big 
changes over decadal 
scales!  Courtesy	Joe	Salisbury,	2018	

Acidification monitoring in the U.S. Northeast 



New technologies span scales 

Nilssen et al (2015) based on Haury et al (1978) 



Complex environments need complex 
observatories 

Courtesy	Wiley	Evans,	2018	

Occurrence of CaCO3 corrosivity across 
Pacific coastal temperate rainforest domain

New buoy in 
spring 2018

AKMHS ferry data collected over 22 transits 
between Nov 3 2017 and Jan 13 2018

Multiscale Observing 
Systems:  

 
•  Ships 
•  Ships of Opportunity 
•  Moorings 
•  Coastal Observatories 



Coastal Acidification Networks 



Change Detection Arrays:  
Distributed Biological Observatory Model 



Observing systems 
designed for 

rapid responses  
to rapid changes: 

 
Time Series 
Technology 
Partnerships 
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