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The Rise of Carbon Dioxide

Other Greenhouse Gases

Human Energy Usage Drives Climate Change

Changing Temperatures, Ice Losses, Sea Level Rise

Mitigation and Adaptation

Defining "dangerous"

OUTLINE



C. D. Keeling





Mauna Loa, Hawaii

From Petite et al (1999), Fischer et al (1999) and Figure 4 (inset)



Global, Regional, and National CO2 emissions

Global CO2 emissions from fossil fuel burning, cement
production, and gas flaring for 1751-2002

http://cdiac.esd.ornl.gov



Hydro (0)

Biomass (0)

Geothermal (0)

Wind (0)

Solar (0)

Nuclear (0)

Coal 2.12

Natural Gas 1.18

Petroleum 2.58

U.S Carbon Dioxide Emissions From Energy Consumption
by Source (in billion metric tons CO2)
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Natural Gas
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Source: LLNL 2006; data is based on EIA-DOE 2006b.
University of California,  Lawrence Livermore National
Laboratory and the Department of Energy



U.S Carbon Dioxide Emissions From Energy Consumption
by Usage  (in billion metric tons CO2)

Electricity
Generation

2.32

Industrial
1.21

Light-Duty
Vehicles

1.07

Residential
0.36

Commercial
0.22

Freight/
Other
0.48

Aircraft
0.22

Source: LLNL 2006; data is based on EIA-DOE 2006b.
University of California,  Lawrence Livermore National
Laboratory and the Department of Energy
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http://agage.eas.gatech.edu
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2004 Radiative forcing from well-mixed greenhouse gases



 www.giss.nasa.gov/gistemp
(updated from Hansen et al., 2001)



Last 50 Years Surface Temperature Change Based on Linear Trends (oC)

www.giss.nasa.gov/gistemp (updated from Hansen et al (2001))



1882-2005 sea level rise based on Permanent Service for Mean Sea Level
(PSMSL) tide gauge data from 23 sites selected by Douglas (1997)

This figure was prepared by Robert A. Rohde
http://www.globalwarmingart.com/wiki/Image:Recent_Sea_Level_Rise.png
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1992-2006 sea level rise observed by satellite altimetry
(Leuliette et al 2004, updated at http://sealevel.colorado.edu)



Northern Hemisphere
Sea Ice Extent

(1979 versus 2003)
Image courtesy of NASA-Goddard Space

Flight Center



GRACE: Mission Concept

Ground-based
GPS Receiver

K-band ranging measures
distance change between satellites

GPS Satellites

Mass anomaly of interest

17 http://www.csr.utexas.edu/grace/gallery/animations



GRACE: Mission Concept

Ground-based
GPS Receiver

Leading satellite feels effect of gravity
‘lump’ sooner, accelerating faster than

the trailing satellite

GPS Satellites

Mass anomaly of interest
18 http://www.csr.utexas.edu/grace/gallery/animations



GRACE: Mission Concept

Ground-based
GPS Receiver

Now trailing satellite is also
accelerated by mass ‘lump’

GPS Satellites

Mass anomaly of interest
19 http://www.csr.utexas.edu/grace/gallery/animation

s



GRACE: Mission Concept

Ground-based
GPS Receiver

Leading satellite is decelerated while
trailing satellite is still being accelerated

GPS Satellites

Mass anomaly of interest
20 http://www.csr.utexas.edu/grace/gallery/animations



GRACE: Mission Concept

Ground-based
GPS Receiver

Trailing satellite catches back up with
leading satellite but ‘signature’ of 

mass ‘lump’ has been observed in K-band range data

GPS Satellites

Mass anomaly of interest
21 http://www.csr.utexas.edu/grace/gallery/animations



Isabella Velicogna & John Wahr   2006b

Greenland Grace monthly mass solutions.  For the entire Greenland ice sheet, for April
2002 to April 2006, after scaling the results and removing the mean. The blue error
bars include only the contributions from uncertainties in the GRACE gravity fields.



 www.giss.nasa.gov/gistemp
(updated from Hansen et al., 2001)



Frohlich and Lean (2005): Recent analyses of satellite measurements
do not indicate a long-term trend in solar irradiance

(the amount of energy received from the sun)





Computed and Observed Temperatures
     Stott et al (2000)







Climate Change Mitigation and Adaptation

Mitigation = Reduce Amount of Climate Change
(slow it)

Adaptation = Reduce Impacts of Climate Change









Article 2, UN Framework  Convention on
Climate Change (1992)



Questions from White House (2001)

• By how much will temperatures change over the next 100
    years and where?

• What will be the consequences (e.g., extreme weather,
     health effects) of increases of various magnitudes?

• Has science determined whether there is a “safe” level of
    concentration of greenhouse gases?

• What are the substantive differences between the IPCC
    Reports and the Summaries?

• What are the specific areas of science that need to be
    studied further, in order of priority, to advance our
    understanding of climate change?



Defining "Dangerous"

                Link Danger with Irreversibility

                        examples:  sea-level rise, loss of biodiversity

                Rate of Disruption  >  Rate at which we can adapt



Who Should Define "Dangerous" ?

scientists?

elected leaders?

____________ ?





From Lawrence Berkeley Laboratory



From Lawrence Berkeley
Laboratory



Immediate action with multiple benefits.
Energy efficiency would:

 decrease our dependency on foreign oil
 improve our national security
 decrease our trade deficit
 decrease local air pollution
 increase our national competitiveness
 encourage development of  new products for

global markets
 decrease household energy costs while also

slowing the increases of CO2 and CH4  !




