Target CO,
Where Should Humanity Aim?

“If humanity wishes to preserve a planet similar to
that on which civilization developed and to which
life on Earth is adapted, paleoclimate evidence and
ongoing climate change suggest that CO, will need
to be reduced from its current 385 ppm to at most
350 ppm.”

Hansen, et al, 2008, p. 1
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CO, During Glacial Cycles

A CO, Data

Pent et al. (1999) Luthi et al. (2008)

COy (ppm)

Pre-industrial: 280 ppm
Current: 385 ppm
Hansen Target: 350 ppm

Hansen, et al, 2008, p. S18
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IPCC Predictions

Six different scenarios.

Most optimistic: hold CO, below 560 ppm during 21t century.

Global Climate Projections, IPCC AR4, p.803
http://ipcc-wgl.ucar.edu/wgl/Report/AR4WG1_Print_CH10.pdf
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Hansen 2007 Target

GISS (Goddard Institute for Space Studies) Atmospheric
ModelE driven by 1880-2003 forcings and extended to 2100
IPCC scenarios produced “effects that may be highly
disruptive.”

Alternative scenario (keeping CO, below 450 ppm) is not so
bad.

Hansen (2008): It is insufficient to look only at 1880-2003.

J. Hansen et al., Atmos. Chem. Phys. 7, 2287 (2007).
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What Data Are Relevant?

1880 — 2003 A.D. Historical Record
400 Kyr — 0 Kyr bp Glacial Record
40 Myr — 30 Myr bp Ocean Sediment Record
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Glacial Record

Projections from Glacial Record
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Historical Overview of Climate Change Science, IPCC AR4, p.96
Hansen, et al, 2008, p. 5 http://ipcc-wgl.ucar.edu/wgl/Report/AR4AWGL_Print_CHO1.pdf
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Energy Units

Average Insolation: 342 Watts per square meter
Surface area of Earth: 5.1x10%4 m?
Total Insolation: 1.74x10Y7 W
(about 200,000,000 huge power plants)
1 Watt year = 8.77 Kilowatt hours
Yearly Total Insolation: 1.74x10Y W yr
Yearly Insolation: 342 W yr m2
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Heat Capacities

Assume all insolation goes toward warming.

Warm air 1°C:
0.32 W yr m2 or 8 hours
Warm land surface 1°C:
0.7 W yr m2 or 18 hours

Warm ocean 1°C to depth of 1 km
93 W yr m?2 or 3.3 months

Melt enough ice to raise sea level 1 m
(assuming ice temperature -10°C and sea temperature 15°C)
9.3 W yr m2 or 10 days

Melt all ice on Earth:
650 W yr m?2 or 23 months

Hansen, et al, 2005, Table S1
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Heat Capacities

Assume global heat imbalance of 1 W m2,

Warm air 1°C:
0.32 W yr m2 or 3.8 months
Warm land surface 1°C:
0.7 W yr m?2 or 8.4 months

Warm ocean 1°C to depth of 1 km
93 W yr m?2 or 93 years

Melt enough ice to raise sea level 1 m
(assuming ice temperature -10°C and sea temperature 15°C)
9.3 W yr m2or 9.3 years

Melt all ice on Earth:
650 W yr m?2 or 650 years

Hansen, et al, 2005, Table S1

Target CO,

Heat Imbalance

Claim: During the glacial cycles, the average heat imbalance
has been a fraction of 1 Wm-2.

Proof: A heatimbalance of 1 W m2 would raise the sea level 100
meters in 930 years. But it took 10,000 years. The imbalance was
more like 0.1 W m-2.

Hansen, et al, 2008, p. 2
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Heat Imbalance

The current heat imbalance is 0.85 + 0.15 W m-2.
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Milankovitch Cycles
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Zachos, et al, Science 292 (2001), p. 689
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Deep Ocean Temperature
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Deduced Forcing

A Total Farcing
16 T
1

B. Current Conditions
C. Last Glacial Maximum

A. Antarctic Ice Caps
Formed.

] W 0
Solar and Albedo Forcings

Alarm: B is midway
between A and C.

A Fiwmh e

b Sp— BT s A
4 Salar 8
2 Albedo }

7 5 % 10

]

W s 3
Greenhouss Gas Forcing

&0 50 « 0 20
Time (My BF)

Hansen, et al, 2008, p. 8

Target CO,

Claims

. Pleistocene and Holocene (last 1.8 Myr) cycles are driven
by Milankovitch with CO, and albedo feedbacks.

. Paleocene and Eocene (35-65 Myr bp) climate was driven
by higher levels of atmospheric CO, caused by plate
tectonics.

. Antarctic ice caps formed (OI-1 glaciation) at the Eocene —
Oligocene boundary (35 Myr bp) when CO, levels fell to
425 + 75 ppm, again caused by plate tectonics.

. The current level of 385 ppm is within the error bounds of
estimates at the Ol-1 boundary.

Hansen, et al, 2008
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Claims

5. Although the current forcing is only 0.85 W m above
preindustrial levels, the albedo feedbacks have not fully
developed yet.

6. Taking feedbacks into account, a CO, change from 180 to 285
ppm (glacial cycles) corresponds to 2.6 W m2, while a further
change from 285 to 450 ppm corresponds to an additional 2.7
W m2, which is the estimated forcing at the OI-1 glaciation (35
Myr bp) and during the intermittent Antarctic glaciations (15 —
25 Myr bp).

7. A sustained CO, level of 450 ppm could lead to an ice-free
Earth.

Hansen, et al, 2008, p. 9
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Conclusion

Let's be safe and keep the level CO, level below
350 ppm.

How?

Hansen, et al, 2008
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Emission Sources

Fossil Fuel and Net Land Use Emissions
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Proposal

1. Phase out all coal use by 2030. (or use coal
only with carbon capture and sequestration
(CCs)

2. Change land use practices to return carbon to
soils. (reforestation, “biochar”)

3. Biofuels with CCS.

Hansen, et al, 2008
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