
GEO 2200 Physical Geography

Lecture 26, 27 October 2009 ςClimate Variation

Last Time

ÅClimate System ςGeneral Processes
ïEnergy transfers between components (atmosphere, 

hydrosphere, cryosphere, land, ocean) and over space; 
all variable

ÅClimate System ςGeneral Patterns
ïGeneral Classification 

ïGlobal Distribution

ïLocations of climate regions

This Time
Å General Climate Distribution again ςFactors and Drivers

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

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

Å Milankovitch 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)

Å 1000 Years of Global Temperature

Å 2 million Years of Climate Change (19 Glacial, 20 Interglacial periods)

Climate variation

ÅRemember Means, Variation, and Extremes!

ÅAnnual

ÅDecadal

ÅCentury

ÅMillennial

ÅEven longer cycles/variation

9ŀǊǘƘΩǎ /ƭƛƳŀǘŜ {ȅǎǘŜƳ
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Generalized Climate 
Factors



Climate Variation Climate Variation

Figure 10-30 in Christopherson Figure 10-28 in 6th Edition of Christopherson (not 7th ed).

Global Temperature Trends 1880-2001

Anomaly (difference) from 

long-term average local 

temperatures

Climate Change Mechanisms (Ch. 17, 
pp 555-568 in Christopherson)

ÅOrbital Forcing

ï/ƘŀƴƎƛƴƎ {ƻƭŀǊ ά/ƻƴǎǘŀƴǘέΣ ŜΦƎΦ ǎǳƴǎǇƻǘǎ όϤмм-yr cycle)

ïOrbital Variation: Milankovitch cycles (Milutin
MilankovitchςHungarian astronomer)

ÅAtmospheric Factors

ïDust*, volcanic activity

ïάDǊŜŜƴƘƻǳǎŜέ ƎŀǎŜǎϝ

ÅOceanic Circulation (e.g. Isthmus of Panama formed 3   
million years ago, thermohaline current system).

ÅTectonics

ïContinents Have Moved

ïMountain Ranges Have Formed

Å*The factors that humans can affect.
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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

Milankovitch Cycles: Changing of Insolation 
and Seasonality by Orbital Forcing

NOW

9000 years ago

Cycle 1: Eccentricity, or shape of 

Earthôs orbit around sun.  Over 

100,000 years shape changes from 

nearly circular to elliptical and back.

Cycle 3: Obliquity, or angle of the 

axis to the ecliptic (now 23.5 

degrees), varies from 22 to 24.5 

degrees over a 40,000 year cycle.

Cycle 4: Variation of time of 

aphelion and perihelion, cycles over 

18,000 years.

Cycle 2: Precession of Earth on 

its axis, or ñwobble.ò  Like a 

spinning top, the axis turns with 

about a 26,000 year cycle.  

11,000 years from now, the 

southern hemisphere will be 

closer to the sun in July.

Milankovitch Cycles Milankovitch Cycles: Changing of Insolation
and Seasonality by Orbital Forcing

Summer insolation is the most important variable affected 

by Milankovitch Cycles!

Note that perihelion (closest 

approach of the Earth to the sun) is 

in January now, but has been at 

other months in the past (e.g. 

October 3 to 6 thousand years ago.

Note, too, that the direction of the 

tilt of the Earthôs axis, relative to 

the sun and stars, has varied over 

time. The angle of tilt has also 

varied.

ka = kiloannum, or thousand years ago.

Change in timing of aphelion/perihelion

Last Glacial Maximum
Northern Hemisphere Conditions past 18,000 years

http://www.ipcc.ch/


Temperature curve of the past 2 million years, as determined by

fluctuations of oxygen isotope ratios (18O/16O) in fossil foraminifera

in deep-sea sediment cores.

Very Long-term Climate Change
Next Time

ÅClimate Variation: Milankovitch Cycles and 
other Controls; Paleoclimates

ÅHuman Activities Control Climate?


