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Last Time
Å9ŀǊǘƘΩǎ /ƭƛƳŀǘŜ {ȅǎǘŜƳ wŜǾƛŜǿŜŘ

Å Introduce climate fluctuation from inter-annual to millennial 
scales.

ÅClimate Variation at Millennium, Century, Decade time scales.

ÅMilankovitch Cycles ςCelestial Forcing of Climate

ïTime of Perihelion and Aphelion (18,000 yr cycle)

ïEccentricity ςǎƘŀǇŜ ƻŦ 9ŀǊǘƘΩǎ ƻǊōƛǘ ςdistance from Sun 
(100,000 yr cycle)

ïPrecession (Wobble) of Earth on axis ςtilt of axis during 
different times of the year (26,000 yr cycle)

ïObliquity ςangle of tilt (ecliptic vs. equator) ςseasonality 
(40,000 yr cycle)

Å1000 Years of Global Temperature

Å2 million years of Global Temperature



This Time

ÅClimate Variation: Insolation, Milankovitch 
Cycles and other Controls

ÅHow do we know this? Paleoclimatology, 
Paleoecology, Paleothermometry!

ÅHuman Activities Control Climate?



9ŀǊǘƘΩǎ /ƭƛƳŀǘŜ {ȅǎǘŜƳ
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Drivers of climate and climate fluctuation

Source: Climate Change 2007ñ PCC Fourth Assessment Report (AR4); Working Group I 

Report "The Physical Science Basisñ

http://www.ipcc.ch/ Hereafter IPCC 2007

Insolation

http://www.ipcc.ch/


Milankovitch Cycles: Changing of Insolation 
and Seasonality by Orbital Forcing

NOW

9000 years ago



Other Climate Drivers

ÅVolcanism
ïash and dust increase albedo

ïSulfuric acid production

ÅChanges in solar output
ïSunspots ς11-year cycles: more sunspots, more 

energy output.

ÅAtmospheric heat absorption
ïGreenhouse gases
ÅWater Vapor and Clouds

ÅCO2

ÅOthers



1000 and 2 million 
Years of Global 
Temperature

Source: Jones et al. 

1999. EOS.


