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Ocean Acidification: What is it?

A prolonged
reduction in
seawater pH,
driven by
Increasing
levels of
carbon
dioxide (CO,)
In seawater

Source: http://kimprint.wordpress.com/



The Keeling Curve:
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The rate of change is rapid
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Figure source: http://www.globalwarmingart.com, based on published data through 2000
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Presentation Notes
The concentration of CO2 was fairly level over the last 10,000 years until the start of the Industrial Revolution, when the pace of  fossil fuel use and land conversion rapidly increased. 

Pre-industrial CO2 levels were 280 parts-per-million (ppm). The current concentration (as of October 2012) is 391 ppm. This is greater than any time in the last 800,000 years and possibly the last 2 million years. 

Approximately 66% of CO2 emissions come from fossil fuel burning and about 33% come from land use change  (IPCC 2007, WG1, p. 25). About ½ of the CO2 is removed from the atmosphere in about 30 years. Another 30% is removed within a few centuries; the remaining 20% will stay in the atmosphere for several thousand years  (IPCC 2007, WG1, p. 25). Since the 1980s, natural processes of CO2 uptake by the terrestrial biosphere and the oceans have removed about 50% of anthropogenic emissions in that time. (IPCC 2007, WG1, p. 26)
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Atmospheric and Oceanic CO2 and pH

Source: NOAA Pacific Marine Environmental Laboratory



The rate of recent change is rapid
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“People wrote me and said you’re
wrong...and I’'m going to prove you’re
wrong. And | took comfort in that. But

the rebuttals never came. As people
looked closely at the evidence ... they
slowly came to realize that this is a
serious issue.”

JOANIE KLEYPAS, NCAR
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http://www.whoi.edu/oceanus/




Surface pH in the California Current System

Gruber et al. 2012




Source: Wootton and Pfister 2012




Water Quality Variables

Cattle Pass Autumn 2011

South Station

Standard

Measurement Minimum | Maximum | Average | Deviation | Range
pH 7.59 7.78 7.71 0.05 0.18
pCO, (patm) 750.28 1192.88 912.05 120.63 | 442.61
Calcite 1.04 1.52 1.31 0.14 0.49
Aragonite 0.65 0.96- 0.82 0.09 0.30
Dissolved

Oxygen (mg/L) 3.77 8.14 5.56 1.17 4.37
Salinity (ppt) 29.82 32.87 31.28 1.05 3.05
Temperature (C) 7.94 10.30 9.01 0.71 2.35
Anthropogenic

DIC 10.07 16.40 13.60 1.84 6.32

Data Source: Connie Sullivan, UW
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Washington is Particularly Vulnerable
to Acidification

Ocean acidification is appearing in
Washington decades sooner than
anticipated.

A combination of regional factors can
exacerbate acidification caused by
global CO, emissions:

Coastal upwelling of CO,-rich waters
Runoff of nutrients and organic carbon
from land-based activities

Decay of organic matter in subsurface
waters

Emissions of acidifying gasses

(NOy and SO,)
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Presentation Notes
Notes for 1st bullet point: Upwelled seawater is naturally acidic (due to biological processes that occur at depth), but human-generated CO2 has made it even more acidic. Because of ocean circulation patterns, the water currently upwelling along the West Coast bears the imprint of atmospheric CO2 levels of the 1970s (about 325 ppm). Water that reflects current atmospheric CO2 levels of almost 400 ppm won’t reach our coastline for another 30-50 years. We are, in essence, “locked in” to 30-50 years of increasingly corrosive conditions along the coast, even if global CO2 emissions were halted today.

Notes for 2nd, 3rd & 4th bullets: The relative size of the contributions of nutrients, organic carbon, decay of organic matter and acidifying gasses in Washington marine waters has not yet determined, and will vary depending on location. However, it is known that these different factors also lower pH in marine waters. 


New Instruments and
Observing Capacity
(NOAA and UW)
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One example of such a collaboration is the California Current Ocean Acidification Network. C-CAN was established about 18 months ago as a collaborative approach between agencies, universities, and the private sector. A major goal of the network is to mitigate harm to economic systems in the California Current.


New Experimental Facilities at Friday Harbor,
Shannon Point, and NOAA Seattle
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Presentation Notes
One example of such a collaboration is the California Current Ocean Acidification Network. C-CAN was established about 18 months ago as a collaborative approach between agencies, universities, and the private sector. A major goal of the network is to mitigate harm to economic systems in the California Current.


Washington State Panel Reports

http://www.ecy.wa.gov/water/marine/oceanacidification.html



Three Big Challenges in OA Research
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Time history of atmospheric carbon dioxide from 800,000 years ago
until 2007

1989

http://www.esrl.noaa.gov/gmd/ccgg/trends/history.html



Seawater Carbonate System



OCEAN ACIDIFICATION

HOW WILL CHANGES IN OCEAN CO; absorbed from the atmosphere
CHEMISTRY AFFECT MARINE LIFE?
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carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

Source: NOAA PMEL
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