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Lecture 27, 27 October 2009: Anthropogenic
Causes of Climate Variation

This Time

A Climate Variation: Insolation, Milankovitch
Cycles and other Controls

A How do we know this? Paleoclimatology,
Paleoecology, Paleothermometry!

A Human Activities Control Climate?

Drivers of climate and climate fluctuation
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Last Time
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A Introduce climate fluctuation from inteannual to millennial
scales.

A Climate Variation at Millennium, Century, Decade time scales.

A Milankovitch Cycleg Celestial Forcing of Climate

i Time of Perihelion and Aphelion (18,000 yr cycle)

| Eccentriciticd K LIS 2 F @distsldrekira Sud ND A
(100,000 yr cycle)

| Precession (Wobble) of Earth on axtit of axis during
different times of the year (26,000 yr cycle)

I Obliquityg angle of tilt (ecliptic vs. equatog)seasonality
(40,000 yr cycle)

A 1000 Years of Global Temperature

A 2 million years of Global Temperature
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Milankovitch Cycles: Changing of Insolatiol
and Seasonality by Orbital Forcing

Eccentricity Cycle (100 k.y.) Obliquity Cycle {1 ky.)

ra—— P

Mormal to Ecliptic

Precession of the Equinoxes (18 and 23 k.y.)

= 9000 years ago

Northern Hemisphere tilted away from the sun at aphelion.

(Figures from Scott Rutherford,
Roger Williams University)
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Other Climate Drivers ~ 1000 and 2 million
A Volcanism Years of Global
i ash and dust increase albedo
1 Sulfuric acid production
A Changes in solar output ER—
I Sunspotg; 11-year cycles: more sunspots, more
energy output.
A Atmospheric heat absorption
i Greenhouse gases
Awater Vapor and Clouds E i
Acg vica
Aothers
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ure 17-16 in Christopherson

Ice Cores

How do we know this?

Dendrochronology

Modern distribution and
characteristics of items under
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Instrumental Measurements
And many others

A Material A Measurements .
i lce Cores i Annual Ice accumulation i il [J‘mnl” }
i Oceanic Sediment Cores thickness | 11 ! — U TR
i Lake Sediment Cores i Stable Isotopes of Oxygen, ‘
i Hydrogen
i

i Gases trapped in ieeore
bubbles

i Pollen Analysis

i Characteristics of Conodonts
and other organisms

I Temperature, precipitation,
evapotranspiration, wind
speed and direction,
humidity, etc.

i And many others

Ice Core Drilling in
Greeland Antarctica
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Ice Core

Here is a photo of ice in a core collected by from the North Greenland Ice Core Project s
annual layers of the ice from about 1800 m depth, which means the ice is about 20 000
old.The curve shows the variations in light intensity measured by a line scanner showing
intensity scattered from the ice.
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http://antarcticsun.usa
p.gov/science/content
Handler.cfm?id=1472
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