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What about the Future?

Past and future CO, atmospheric concentrations
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Where does the heat go?
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Global Average Temperature and
Carbon Dioxide Concentrations, 1880 - 2004

— Global Temperatures
— CO2 (ice cores)
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Data Source Temperature: fip:/Mp.ncdc.noaa. govipubldata/anomalies/annual_land and.ocean.ts
Data Source CO2 (Siple Ice Cores): http//cdiac esd.oml.goviftpitrends/co2/siple2.013 e
Data Source CO2 (Mauna Loa): hitp://cdsac.esd.oml.govifip/trends/co2/maunaloa,co2

Graphic Design: Michael Ernst, The Woods Hole Research Center




Most up te.date record

Global Land—Ocean Temperature Index
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Global warming is not uniformly distributed

August 2011 L-0OTI("C) Anomaly vs 19511980

Soeurce: NASA GISS (2011)



Where does the heat go?
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Ocean Heat Content
0-3000m Layer, 5-yr Running Composites

South Atlantic : South Pacific
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Most of the heat goes into'the oceans

Energy Content Change (102
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Earth's Total Heat Content anomaly

— Land & Atmosphere Heating
— Ocean Heating
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Sea Level Rise
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Sea Level Rise

. Recent Sea Level Rise

23 Annual Tide Gauge Records

= Three Year Average
= Satellite Altimetry

Sea Level Change (cm)

1880 1900 1920 1940 1960 1980 2000




Where does the heat go?
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Summer Sea lce 1984

N
g
o B
&
Fussia
Creenland
L]
i 1]
Alaska i
1,000 km {LI_S_A]

NASA Goddard Space Flight Center



Summer Sea Ice 2012
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Ice - albedo feedback

Sunﬁght

"Albedo”

lce/show reflects



UWJC Polar Research Group
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Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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Arctic Sea Ice Volume Anomaly and Trend from PIOMAS
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Sea Ice—1900:to0:2010

Northern Hemisphere Sea Ice Extent
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Arctic Observing Systems




Ice Tethered Moored Profiler
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ITP Drift — One year
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Western Arctic Eastern Arctic

www.whol.eduf/itp



MELT ZONE

An Ice Cap
In Retreat
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Mass loss from the Greenland Ice Sheet

Sea-Level Rise
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Greenland’ s contribution to sea-level rise
has doubled since 2000



Most Recent Satellite Measurements

Greenland Ice Mass
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Ocean — Ice Sheet interactions

Warm subtropical waters flushing
through the subpolar seas and into
Greenland fjords appear to be linked to
the recent surge (since early 2000) in the
3 largest outlet glaciers.

The ocean Is more than just recipient of
meltwater from the ice sheets (affecting
surface density and sea level rise), ocean
heat content appears to play an active
role in_accelerating their decline.
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WHOI researchers are adapting existing
technologies and developing new ones to
make measurements under the Arctlc sea-'-;
ice, in Greenland’ s fjords -- and other
challenging environments -- to determine
how the ocean is interacting with these
components of the climate system.



N

-~

/'

w

o

o
T

Sermilik

depth (m)
N
o
=}

a

o

o
T

79N

gKangerdlugssuaq
A Fjord/Glacie







Fate of Anthropogenic CO, Emissions (2000-2007)
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Canadell et al. 2007, PNAS (updated); http://www.globalcarbonproject.org/



Ocean Acidification Primer

carbon
CO, gioxide

CO,(aq) + H,0
l bicarbonate

ion
H,CO5 —> HCO; + H*
carbonic T |
acid 4

carbonate 2 +
o CO;<+H

High CO, World

-Higher [CO,](aq)
-Higher acidity [H"]
(lower pH)

-Lower [CO57]

& carbonate saturation

State
Q = [CO,2|[Caz*]/Ks,

calcium
carbonate

CO;2 +Ca*t €—> CaCO,4(s)

(Scott Doney, pers. comm.)



CO, Time Series 1n the North Pacific Ocean
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-Rising CO, causes water to become more acidic -
Endangering shell-forming plants & animals

Doney et al., Ann. Rev. Mar. Sci. 2009 Dore et al. PNAS 2009



Acidification Impacts

- Shell forming plants & animals
- reduced shell formatlon '
(calcification): |
* lower growth rates

- Habitat loss (reefs)

- Less food for predators
- humans, fish, whales

- Possible negative effects on

fisheries & ecosystem

services

ERGE L v pteropods A
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M/P Id: wate’r corals ¥ e < planktonic snails scallops, clams, oysters

(Scott Doney, pers. comm.)



What about the Future?

Past and future CO, atmospheric concentrations
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Summary

The evidence Is strong that increasing atmospheric CO;
IS altering climate and ocean chemistry:

Atmospheric temperatures

Sea level

Glacier melting and sea ice retreat

Ocean chemistry and-acidification



For more information: www.bios.edu



