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GEO 2200 Physical Geography

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

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

Milankovitch Cycles: Changing of Insolation 
and Seasonality by Orbital Forcing

NOW

9000 years ago

http://www.ipcc.ch/
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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.

How do we know this?

ÅMaterial
ï Ice Cores
ïOceanic Sediment Cores
ïLake Sediment Cores
ïDendrochronology
ïModern distribution and 

characteristics of items under 
άaŜŀǎǳǊŜƳŜƴǘǎέ

ï Instrumental Measurements
ïAnd many others

ÅMeasurements
ïAnnual Ice accumulation 

thickness
ïStable Isotopes of Oxygen, 

Hydrogen
ïGases trapped in ice-core 

bubbles
ïPollen Analysis
ïCharacteristics of Conodonts 

and other organisms
ïTemperature, precipitation, 

evapotranspiration, wind 
speed and direction, 
humidity, etc.

ïAnd many others

Ice Cores

Ice Core Drilling in 
Greeland, Antarctica

http://www.emporia.edu/earthsci/student/tinsley1/drilling.jpg

http://www.wmo.ch/pages/publications/meteoworld/archive/

en/dec2004/images/Ice_Core_Illimanis.jpg

Alpine Ice Cores

Quelccaya Glacier from http://www.ncdc.noaa.gov/paleo/slides/slideset/20/20_401_slide.html

Photo by Lonnie Thompson, Ohio State University

http://www.ncdc.noaa.gov/paleo/slides/slideset/20/20_401_slide.html


3

Ice Core

Here is a photo of ice in a core collected by from the North Greenland Ice Core Project showing 

annual layers of the ice from about 1800 m depth, which means the ice is about 20 000 years 

old.The curve shows the variations in light intensity measured by a line scanner showing the light 

intensity scattered from the ice.

Ice Core Locations

http://antarcticsun.usa

p.gov/science/content

Handler.cfm?id=1472

Deep Drilling of Ocean Sediments Drilling Locations

Foraminifera Ocean Sediment Drilling
Geophysical 
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http://bprc.osu.edu/Icecore/images/retreat-map.jpg

