Why should a geoloqist be studying climate?
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Past climate change may help us
to predict the

future —
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What are the (non-hnuman) drivers of climate change?




What do these
striations
result from?




Continental glaciation is most likely cause of glacial striations
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Alligator fossils found on Ellesmere Island
78° North

(north of

Greenland)

54.8-33.7 Mya

Eocene




Fossil palm fronds from Eocene
(54.8-33.7 Mya) in Wyoming
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Have the positions
of Wyoming
and Ellesmere
changed much
over the last
40 Mya?




'Eocene thermal optimum
INOT caused by plate tectonics
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What else besides plate tectonics can cause climate
changes over long timescales?
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What causes the
“eccentricity” of = Circular
Earth’s orbit? « orbit

Elliptical
orbit




Gravitational interactions with the orbits of Jupiter and Saturn




What is the period of Earth’s eccentricity?

800 1000 kyrago
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What is the period of Earth’s eccentricity?
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What is the period of Earth’s obliquity?
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What is the period of Earth’s obliquity?
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“Precession” of the equinoxes occurs due to tidal forces
from Sun and Moon
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What is the period of Earth’s precession?
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What is the period of Earth’s precession?
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Combined solar forcing known as “Milankovitch cycles”

Serbian
engineer,
climatologist,
geophysicist
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Deep sea sediments record Milankovitch cycles over 500 Kya




Milankovitch cycles influence glacial cycles

800 1000 kyrago

st

Precession
19, 22, 24 kyr

Obliquity
41 kyr

Eccentricity
95, 125, 400 kyr

Solar Forcing
65°N Summer

Hot

Stages of
Glaciation

Cold




How have glacial cycles changed over last 1000 Kya?
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What else besides:

1) plate tectonics
2) orbital changes (Milankovitch cycles)
3)...7

can cause natural climate changes?
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NATURAL causes of global climate change:

1) plate tectonics
2) orbital changes
3) solar intensity
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Climate system is complicated - how can we simplify?
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Forcing and response — “cause and effect”

CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
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Forcing and response — “cause and effect”
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Forcing and response — “cause and effect”

CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
(external forcing)@ (internal interactions) (internal responses)

Changes in
plate tectonics

Changes in Changes in
Sun's strength land
surface




Temperature of water
(response)

Source of heat

(forcing) Forcing
turned on

Lagtime: NmENpimeme.

The time it
takes a
system to
react to a Slow
Change in response
forcing

Fast
response

Slow
response

Fast
response




Earth’s Climate Components — The Human Factor

CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
(external forcing)® (internal interactions) (internal responses)
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Speed of Forcing Speed of Response
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Speed of Forcing
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Forcing = Slow, Response = Big Forcing = Fast, Response = Small
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1) If aforcing is slow relative to aresponse, the
system can reach equilibrium

2) If aforcing is fast relative to a response, the system
does not reach equilibrium
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