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Eoncliusion

« Paleoclimate science reveals that carbon
dioxide were not a greenhouse gas responsible
for maintaining the Earth’s climate, then the
evolution of complex eukaryotic life would not be
possible.

— In other words, if Anthropogenic Global Warming isn’t
real then “AGW deniers” do not exist.

In addition to AGW, other energy, environment

and economy problems we face can be

addressed by conservation and investment in

alternative energy sources;-in particular solar.




Drake’s calculations

B Type of star that can support life ?

o Stars with planets
¥ Is the star too close to the galactic

2 How many planets in habitable
S zone are large enough, have plate
= techtonics, a large moon ?
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The Habitanle Zone: ior: dliferent
star classes
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Eimiten complexdliie on Earbn

Complex life has a window of
about 1.5 billion years on Earth
out of the 10 billion years of the
sun’s existence

— Present -

~

There was not enough oxygen There willL.not be"enough carbon
on-Earth to-support Human life — dioxide to support-exi-—— — _
for the-first 4 billion years of the photosynthesis within 500

Earth’s‘gggistence e = million to 1 billion years
———  see—




The Habitanle Zone: ior: dliferent
star classes
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These Stars may not last long
enough for complex life to
evolve
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What are _necessarﬁ requwements

hydrogen oxyn“nltrogeﬂ' '
magnesmm iron, potassmm ;_5

constralned withinli
for at least a
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Wh@ Methgnogens
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e

e " years ago, Earth’ s‘mmre and oMs were

V|rtua y.ﬂ void ,_'Qf—oxgggg_ryma-lmg.theworld a nirvana for oxygen-

-d 0 obes such as methanogens. -

u Meth'é'r’i.bgpns w _‘%q;t_r::ne gas as a waste product, filled
the ancient skies with imes uch methane as they.do today.
= That methane would have produced a greenhouse effect powerful
enough to warm the planet.




Penetrating sunlight

A methane-induced haze of hydrocarbon particles may
have held the ancient Earth in a delicate balance between

a a hothouse and a deep freeze: The W
methane would have increased




Less carbon dioxide,
more methane

‘l

thereby intensifying the greenhouse effect




# Deflected sunlight

for no more than a few tens of thousands of years

¢ before the climate-cooling haze wouldW
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Amount of Water in Air at 100% Relative Humidity

Across a Range of Tem peratures
Calculated with tool at http: feveve. lennte ch.comécale ulatorsirelative-humidity . ibm
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Snewnall Eantn

Snowball periods:  Makganyene Sturtian Marinoan
3.5 3.0 2.5 2.0 1.5 1.0 0.0

Archean Proterozoic Phanerozoic

oceans anoxic surface oxic, oceans oxic
and iron-rich, deep water sulfate-rich
no surface anoxic-sulfidic

sulfur cycle (euxinic)?

p0, <107 present p0, <10°1(?) present

[ O o ) o ———y———ey 4 4 L | I I T Y |

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Age (Ga, billions of years before present)




Environment Life

0 Megafauna

Carbon dioxide drop Vascular plants

Cambrian explosion

Neoproterozoic
Second
glaciations wdamn""cau differentiation

14 in eukaryotes

Great oxidation

+K,

Methane-rich Oxygenic ¢
atmosphere RIS iRas

o
Impact events
>

> T
Ccean formation
Billions of years

First fossil organisms




COZ2 N the PRanerezoic

—@— GEOCARBSULF no vole
—O— GEOCARBSULF volc
—— GEOCARB III

Carbon dioxide level
required to achieve
today’s climate . (Berner
The Phanerozoic Carbon
Cycle) ==




When Vascular Plants
Changed Climate

The Carboniferous-Permian




The Carboniferous- P’erml@*é.%‘v~
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Carboniferous-Permian

The Serpukhovian

Panthallasic
Ocean

Paleotethys '. S &
Ocean :
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Plate’ tecionics

Alfred Wegener originated the
continental drift theory. In the 1920
edition of his book The Origin of
Continents and Oceans, he
postulated supercontinent Pangaea
existed during the Paleozoic and
Mesozoic eras about 250 million
years ago.

The break-up of Pangaea took place
about 180 million years ago (180 Ma)
inithe Jurassic Period, first into two
supercontinents (Gondwana to the
south-and Laurasiasto the north),
thereafteriinto the continents we

——
—

- a3

_— .



“0; emission and consumption are kept [~ heri )
n rough balance by a negative feedback (weathering)

esulting from the temperature-depend- COZ -+ CaSiO3 4_’ CaC03 + Si02
2nce of silicate weathering. The feedback (metamorphism)

)perates on a million-year time scale. \ )
Walker et al. (1981) Jour. Geophys. Res., 86, 9776.

f CO, sources (emissions)

CO, sinks
- 20% organic matter
- 80% carbonate Rain scrubs CO,
from atmosphere _
H2CO; reacts with silicate rocks ::::/ volcanic , arc
producing cations and bicarbonate ‘', :
! marine organisms precipitate CaCO; and SiO, forearc " e
)
[ T 1 seawater * ’ basin D
accretionary
prism
continental . .
oceanic crust continental crust
platform
mantle lithosphere "
) PFH 06




Temperature of Planet Earth
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Sapiens

Mountaintop removal for coal in
West Virginia






RalErei ol consumpiien

Ultimate recoverable reserves (URR) oil equals 2.1
trillion barrels of which there may be 800 billion barrels
left.

Assume all oil was formed after the Cambrian explosion
542 million years ago.

Average rate 2100000/542 = 3900 barrels/yr

sequestered
We use 31.025 billion barrels/yr

31025/3900 = 8 million years worth of URR oill
sequestration is burned every single year

Humans-have extracted thesessubstances from-the
ground so-quickly;from ageétlogical perspective that —

oxidation of carbon occurs-at-a-rate"about 100 times
faster than what Woﬁla'tfccu__ﬁéﬁmally (Berner, 2007y




2000 Fossil Fuel:

[2006-Total Anthrop. Emissions:8.4+1.5 = 9.9 Pg]
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Tropical deforestation
each year
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Tropical Americas 0.6 Pg C y!

Tropical Asia 0.6 Pg Cyt
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PoIERUEIFAINOSPRENC CO2

Worst case estimate for remaining recoverable
fossil fuels is 560 GtC

Carbon content of remaining forests is 290 GtC
Cement manufacture 0.5 GtC/yr
Permafrost carbon content 800 to 1600 GtC

Methane hydrates 5000 to 10000 GtC
Carbon stored in soil 1500 GtC

(560+290+50+900)/4.2 = 430 ppmV
430 + 387 =820 ppmV
Puts-us-in the middle of the-Eocene-with-no

Antarctic ice sheets =="80 meter-sea-level rise—







Dead Tone
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observes that 65% of all new energy in the = Western Europe

3 7 US must come from Conservation
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e Vaclav Smil: “[Nobel Laureate Wilhelm]
Ostwald’s energetic imperative — Waste no
energy but value it — Is relevant as humankind
makes the inevitable transition to a permanent
economy based exclusively on solar radiation.”

Dave Rutledge: “My own preference is to fill the
Mojave with solar concentrating plants, and save
some of this wonderful stuff [oil] for our
descendants.”

« Thomas Edison: I'd put my money on solar
energy....IFhope we don't have to \ALaIt ti-oll and
goal run out before we tackle that '




Nevada Solar One




electricity as the entire US grid
(1/5 the area of our lawns)

Photo: Schott Glass




Pepulaten EXplesion

1920 wrdespread adoptlon of |
Haber-Bosch and chemlcal fel'tlll er|.
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Eoncliusion

« Paleoclimate science reveals that carbon
dioxide were not a greenhouse gas responsible
for maintaining the Earth’s climate, then the
evolution of complex eukaryotic life would not be

possible.

— In other words, if Anthropogenic Global Warming isn’t
real then “AGW deniers” do not exist.

In addition to AGW, other energy, environment

and economy problems we face are addressed

by Conservation and investment in alternative

energy-sources, in particular solar— _




