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CO2 Emissions from Burning of Fossil 
Fuels & Cement# Production 
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#CaCO3 (limestone) ! CaO (quicklime) + CO2 

Carbon Dioxide Information Analysis Center 
http://cdiac.ornl.gov/trends/emis/glo_2010.html 



Adding CO2 Increases Ocean Acidity 
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        K1                   K2  

 CO2 + H2O  ↔  HCO3
- + H+ ↔  CO3

2- + 2H+ 
 

          

                 ⇒                     ⇐ 
CO2 + H2O+ CO3
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Ocean Surface PCO2 Tracks Atmospheric pCO2 
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     Iglesias-Rodriguez et al., 2010. Plenary Paper, OceanObs09, ESA Publ. WPP-306 
       [adapted from Dore et al., 2009, US-PNAS, 106(30)]            
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What Track Are We On? 
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http://www.globalcarbonproject.org/carbonbudget/index.htm 
            21 September 2014 



CCCma Ocean Model Surface pH Decrease 
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No Emissions 

Observed + A2 Emissions 

0.1 

0.14 – 0.35 

IPCC 
AR4 

Due primarily to adding CO2,, 
not to the changing climate 

Denman et al., 2011, ICES Journal of Marine Science, 68: 1019-1029. 
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Economics of OA on Coral Reefs 
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We are about to start a year-long test deployment 
in Saanich Inlet of two pH sensors for long term 

monitoring of pH 
 

Why are we interested? 

The costs of dealing with ocean acidification 
damages (to coral reefs alone) over the next 
century are estimated to add about 10% to 

the total costs of dealing with climate change 



Hofmann pH time series 
December 2011, 6(2), e28983 
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Saturation State !  
ΩA < 1 at High Latitudes 
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‘A2’ CanESM1.1 
Simulations 

[N. Steiner, CCCMA/DFO;          
Denman et al. 2011,ICES-JMS]        
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Long Term pH Decrease on the Scotian Shelf 
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Decrease in pH on the Scotian Shelf over the past century. Time is reported in month 
and year (DFO 2009). Blue data points represent pH measurements from various 
locations on the Scotian Shelf, the black trend line indicates a decrease 
in pH with time, and the pink trend line represents the mean global ocean decrease in 
pH over the same time period. [K. Curran & K. Azetsu-Scott, DFO-BIO, Oct 2012.] 



Long Term pH in 
the Lower 

Saint Lawrence 
Estuary 

[Mucci, Starr, Gilbert & 
Sundby, 2011, Atmosphere-
Ocean 49] 
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0 – 20 m 

       Modelled pH estimated 
  from Apparent Oxygen  
Utilization (AOU) using 
the remineralization 
reaction 

170 – 335 m 



Multiple Stressors: Decreasing Ωarag & O2 

Dissolved Oxygen at 125 m, 
south of La Pérouse Bank in 

water 143 m deep. 
Depth 

Ωarag = 1 

Feely et al. 2008. 
Science 320: 
1490-1492 

From: Crawford and Peña, 2013 
Atmosphere-Ocean,  

DOI:10.1080/07055900.2012.753028. 

OA Forum 18 Feb 15 12 



Victoria 

Red areas 
offshore indicate 
upwelled high 
nutrient, low pH, 
low O2 waters 
yielding high 
chlorophyll 
concentrations on 
this colour scale 

Upper Water 
Phytoplankton 
Chlorophyll 

Concentrations 
from Satellite 
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Tatoosh Isl. SW Tip of Juan de Fuca Strait 
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In a given year pH varies with O2 , but pH at same O2 is  
decreasing from 2002 to 2010. 
     [Wootton & Pfister, PLoS1, 2012]  



Time Series of pH collected by 
the Vancouver Aquarium 
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from Vancouver harbour 



Scallop 
Farming in 

the Strait of 
Georgia 
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Oysters  
+ scallops  

farmed in BC  
~$30M (2013) 



Pacific Oyster 
Larvae Subjected to 
Different pH Values 
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Raised by the Taylor Shellfish 
Hatchery in natural waters of  
Dabob Bay, WA.  
 
Images are Scanning Electron 
Microscopy (SEM) of representative 
larval shells   
 
The scale bar in the upper right panel 
is 0.1 mm, or approximately the 
diameter of a human hair.  
 
Photo credit- Brunner/Waldbusser. 

403 ppm 1418 ppm 

pH = 8.00 pH = 7.49 



Review Paper Hot off the Press 
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Haigh 

Likely Effects of Ocean Acidification 



Likely Effects of Ocean Acidification 

PublicOAtalk 17 Feb 15 20 



Key Research Issues 
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Need to expand: 
1.  From single to multiple drivers - including warming,  

de-oxygenation and increased stratification 

2.  From organisms to ecosystems 
3.  From acclimation (physiological, usually within 1 lifetime)  

to adaptation (through selection within existing genetic 
variation or via genetic mutation) 

4.  Observations to develop a 'climatology' of pH and pCO2 
in critical coastal habitats 

 



Thanks  
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denmank@uvic.ca 
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