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• Anthropogenic atmospheric CO2 increases

• A warming Earth

• The rise in atmospheric CO2 (and other GHGs) is 
responsible for global warming

• Required amount of CO2 reduction to mitigate 
global warming





http://www.usgcrp.gov/usgcrp/seminars/960916DD.html
cdiac.ornl.gov/trends/emis/annex.html

Pre-18th Century C in atmosphere @280 ppm

Total C production from fossil fuel burning

More than enough to bring [CO2] up 40% to 
current value of ~390 ppm (excess is absorbed primarily by 
oceans, soils, plants)

600 billion metric tons (Gt)

320 Gt



Carbon isotope measurements of 
atmospheric CO2

 

supports a fossil 
fuel source. 

IPCC AR4 Fig. 2.3 



Carbon isotope measurements of 
atmospheric CO2

 

supports a fossil 
fuel source.

As does decrease in atmospheric 
O2

 

required for
combustion of the fossil fuels. 

IPCC AR4 Fig. 2.3 



IPCC AR4

Much of the rest of the 
excess CO2 is 
absorbed by the 
oceans. 

Reflected by increased 
pCO2 and decreased 
pH over time



• Anthropogenic atmospheric CO2 increases

• A warming Earth

• Rise in atmospheric CO2 is responsible for global 
warming

• Required amount of CO2 reduction to mitigate 
global warming



• temperature measurements

• ocean heat content

• shrinking cryosphere

• rising sea level



• temperature measurements (surface measurements)

en.wikipedia.org/wiki/File:Instrumental_Temperature_Record.png
data.giss.nasa.gov/gistemp



• temperature measurements (surface measurements)

en.wikipedia.org/wiki/File:Instrumental_Temperature_Record.png
data.giss.nasa.gov/gistemp



• temperature measurements (surface measurements)



• temperature measurements (surface measurements)



• temperature measurements (lower troposphere satellite)

en.wikipedia.org/wiki/File:Instrumental_Temperature_Record.png
data.giss.nasa.gov/gistemp



• temperature measurements (satellite and surface temps)

en.wikipedia.org/wiki/File:Instrumental_Temperature_Record.png
data.giss.nasa.gov/gistemp



• temperature measurements (borehole temperatures)

Harris and Chapman (2001)

Average borehole 
profile: N=439

Background 
geothermal gradient



• temperature measurements (borehole temperatures)

Harris and Chapman (2001)

Average borehole 
profile: N=439



• temperature measurements (borehole temperatures)

Harris and Chapman (2001)

Pollack, H.N., S. Huang and P.-Y. Shen, "Climate change 
record in subsurface temperatures: a global 
perspective" Science, Volume 282, pp. 279-281. 1998

Borehole data inverted 
to inferred surface 
temperature history



• temperature measurements (borehole temperatures)

Harris and Chapman (2001)

Pollack, H.N., S. Huang and P.-Y. Shen, "Climate change 
record in subsurface temperatures: a global 
perspective" Science, Volume 282, pp. 279-281. 1998

Borehole data inverted 
to inferred surface 
temperature history

Surface station
temperatures



• temperature measurements (temperature extremes)

IPCC AF4 Fig. 3.38

1901-1950
1951-1978
1979-2003

1901-1950
1951-1978
1979-2003

percentage of time during the year when the indicators  were below the 10th 
percentile for cold nights (left) or above the 90th percentile for warm nights (right)
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NASA GISS



Effect of volcanic aerosols…. 
Generally COOL the earth

Global T corresponding to 1991 Pinatubo eruption was 

successfully predicted using climate models



NASA GISS



NASA GISS

ENSO contribution
removed



• ocean heat content (i.e., temperature at depth)

Domingues, et al. (2008) Church, et al. (2009)



• ocean heat content (i.e., temperature at depth)

von Schuckmann, et al. (2009)



Domingues, et al. (2008) Church, et al. (2009)



• shrinking cryosphere (NH sea ice volume)

arctic.noaa.gov



• shrinking cryosphere (Antarctic and Greenland Land-Ice 
Mass)

Antarctica Greenland

Velicogna (2009)



• shrinking cryosphere (distribution of advancing vs retreating 
glaciers)

arctic.noaa.gov

Dyurgerov and Meier (2005)



• shrinking cryosphere (length of mountain glaciers)

arctic.noaa.gov

IPCC AR4 (2007)



• shrinking cryosphere (mountain glacier thickness)

arctic.noaa.gov

Dyurgerov and Meier (2005)



• rising sea level

IPCC AR4



• Atmospheric CO2 is rising

• A warming Earth

• Rise in atmospheric CO2 is responsible 
for global warming

• Required amount of CO2 reduction to 
mitigate global warming



epa.gov



TLS

TTS

TMT

TLT

Stratosphere is the only layer that is cooling.



www.esrl.noaa.gov/gmd/aggi/aggi_2009.fig4.png

noaa.gov

CO2 is the most important 
of several long-lived GHGs



IPCC AR4

Climate impact 
of GHGs relative 
to other 
influences



AGW Prediction: 
Increased CO2 over time 
should lead to more 
absorption (so less 
transmission into space) 
of space-bound radiation 
in the 600-800 cm-1 

wavenumber range.
Note: difference shown is 
based on observations made 
between 1970 and 1996.

Harries et al. (2001)



• Every doubling of *CO2 leads to T ~ 3 ˚C

• Radiation physics (Mhyre et al., 1988)

• Historical climate (Annan and Hargreaves, 2006)

• Paleoclimate (Royer, 2007; Hansen et al., 2008)

*and other GHGs



Pleistocene Temperatures using Radiative Forcings estimated 
from sea level, dust, vegetation, and ice core data

=3/4 K/W/m2



Royer (2006)

A similar climate sensitivity for CO2 
works for the Phanerozoic, also.

Atmospheric [CO2 ] 
from geologic proxies

e.g., stromatal densities are 
high when [CO2] is low and 
vice-versa.

Cretaceous fern modern fern



Royer (2006)

A similar climate sensitivity for CO2 
works for the Phanerozoic, also.

Atmospheric [CO2 ] 
from geologic proxies

e.g., stromatal densities are 
high when [CO2] is low and 
vice-versa.

Cretaceous fern modern fern
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• Every doubling of *CO2 leads to T ~ 3 ˚C

• Radiation physics (Mhyre et al., 1988)

• Historical climate (Annan and Hargreaves, 2006)

• Paleoclimate (Royer, 2007; Hansen et al., 2008)

• Transient vs Equilibrium (i.e., more in the “pipeline”)

*and other GHGs IPCC AR4



• Resulting climate models projections are consistent with 
observed temperature increases



• Resulting climate models projections are consistent with 
observed temperature increases



• Atmospheric CO2 is rising

• A warming Earth

• Rise in atmospheric CO2 is responsible 
for global warming

• Required amount of CO2 reduction to 
mitigate global warming



IPCC AR4

This commonly cited IPCC scenario 
results in a T of  3˚C at year 2100.



IPCC AR4
However, the most commonly cited 
target T is 2˚C

This commonly cited IPCC scenario 
results in a T of  3˚C at year 2100.



IPCC AR4

2˚C likely 
corresponds to 
peak CO2 levels 
of 450 ppm



IPCC AR4

2˚C likely 
corresponds to 
peak CO2 levels 
of 450 ppm



IPCC AR4

450 ppm, in turn, 
corresponds to 
carbon emission 
scenarios like the one 
shown in dark blue



IPCC AR4

T and CO2 concentrations 
associated with various 
emission scenarios 
constructed by the IPCC 
“Special Report on 
Emission Scenarios”

IPCC TAR (2001)
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IPCC AR4

Scenario A1B

Scenario B1

•global population that peaks in mid-century and declines 
thereafter
•rapid economic growth (3%/yr to 2100)
•rapid introduction of new and more efficient technologies 
(1.3%/yr decrease in energy/GDP) 
•substantial reduction in regional differences in per capita 
income
•balance across all energy sources (A1B)

•global population that peaks in mid-century and declines 
thereafter
•rapid change in economic structures toward a service and
information economy (2%/yr growth)
•introduction of clean and resource-efficient technologies
•less meat in global diet, more mass transit in cities



IPCC AR4 IPCC AR4



IPCC AR4 IPCC AR4



IPCC AR4

4 GtC yr -1
decrease
in peak

emissions

IPCC AR4

According to the IPCC 
scenarios, dropping from 
3˚C to 2˚C by 2100 would 
require reducing emissions 
by the difference in 
emissions shown in the 
green field. 

to keep T
to 2 ˚C



IPCC AR4

4 GtC yr -1
decrease
in peak

emissions

IPCC AR4

According to the IPCC 
scenarios, dropping from 
3˚C to 2˚C by 2100 would 
require reducing emissions 
by the difference in 
emissions shown in the 
green field.

This may be a conservative 
estimate.

to keep T
to 2 ˚C



IPCC AR4

4 GtC yr -1
decrease
in peak

emissions

IPCC AR4

Allen et al. (2009) suggest 
that 2˚C is a reasonable 
target only if we’ve already 
emitted half of the eventual 
CO2 .

That leads to a much more 
significant reduction.

to keep T
to 2 ˚C



IPCC AR4

to keep T
to 2 ˚C

Allen et al. (2009) suggest 
that 2˚C is a reasonable 
target only if we’ve already 
emitted half of the eventual 
CO2 .

That leads to a much more 
significant reduction.
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