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Climate Change 

280 ppm preindustrial

Main Points for Today
• Physics of Global Change
• Evidence of Change
• Consequences of Change
• Impact of Changing our
Habits
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Review of Global Climate

Earth’s Surface 

Incoming Solar Radiation

H2O,  CO2

Outgoing Terrestrial Radiation

Not blocked by atmosphere
Some blocked by atmosphere

Incoming different wavelength than outgoing
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Trends in Greenhouse Gas Amounts in Atmosphere
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Trends in Greenhouse Gas Amounts in Atmosphere

Measurements
Black- in situ observations
Dots - from ice cores

CFCs - in situ since 1977,
before that estimated
from industrial
production and lifetimes

Leveling off ☺☺☺☺
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Industrial Nations Produce the most Carbon Dioxide
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Due to changes in land use, rainforests cut down, leading to
urbanization, roads, and grassland which can hold less carbon.
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Greenhouse Gas Amounts in Atmosphere: Preindustrial & 1994 
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Indirect - change in cloud properties due to aerosols
(cloud nucleation)
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Aerosols Cool the Atmosphere
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Observed Trends in Surface Air Temperature

• The mean global surface temperature has increased by about 0.3 to
0.6°C since the late 19th century and by about 0.2 to 0.3°C over the last
40 years.

• The recent warming has been greatest between 40°N and 70°N
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• Info is derived mainly from tide-gauge data
• Over last 100 years, the global sea level has risen by ~10 - 25 cm
• 2-7 cm due to thermal expansion and 2-5 due to glacier melt
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•Precipitation has increased over land at high latitudes of the Northern
Hemisphere, especially during the cold season.
•Precip decreased in steps after the 1960s in subtropics & tropics
•Precip over land increased 1900-1960, but decreased since ~1980
• No good record of precip over the ocean
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Trends Arctic Ice Thickness & Fairbanks Permafrost Temperature

"""" Release Methane
Damage Roads and Buildings
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Changes in River Ice Breakup in Finland and in Nenana

Science 2001



1

Economic Costs that have increased from weather events

• Caution ==> Increase in cost partially due to more people
• Fewer frosts in several widespread areas
• Increase in the proportion of rainfall from extreme events over
Lower 48
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1000 year temperature reconstruction

• dendroclimatic, coral, and ice-core proxy records as calibrated by
instrumental measurements
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Paleoclimate Record shows increase in CO2 and Temperature

• Rapid changes in climate have occurred in the past 400,000 years
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Ocean and Climate Change

Schematic picture of the
deep slow ocean
circulation

•Increase air temperature, warm ocean
• stop this slow circulation (Halocline Catastrophe)  + Feedback
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Range of
Projections
Based on
Varying
Sensitivities
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increase in global mean sea level of between 13 and 94 cm.
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• Storm surges have impacted 100km inland, sea level country
• Already a very poor country, 1.5m increase devastating



2

Other evidence that supports climate has warmed

•Tropical glaciers are melting fast
E. Africa, New Guinea, Andes
Kilimanjaro may be ice free by 2015
73% decrease from 1913-1989

• Arctic sea ice has retreated, particularly in summer

Ice-albedo feedback
(more ice, more reflected Solar, cooler temperatures, more
ice…...positive feedback loop)
High latitude thawing of permafrost==>methane!

Polar Climate Change Largest and Ice Albedo Feedback
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Impact on Humans

• Disease transmissions - Malaria

• Change in Variability - more extremes
• more hurricanes
• more El Niños
• increased flooding of rivers in the US

•Permafrost thaws

• Sea level rises - ocean warms  and expands
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• Vector Borne Diseases increase with warmer climate
• VBD cause significant numbers of deaths in tropics
• Malaria and other fun stuff to think about



2

Changes in River Ice Breakup in Finland and in Nenana
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October 16, 2001 - News Story

2001 OZONE HOLE ABOUT THE SAME SIZE AS PAST 3 YEARS

26 million square kilometers - size of North America, area and depth

Chlorine compounds leveling off due to decreased production



2

Summary

• Atmospheric greenhouse gases are increasing
• Atmospheric temperature increasing

• Past Climate evidence
• Greenhouse gas increase goes with Temperature
increase

• Impact on Humans
• Due to climate change
• Due to change in extremes

• Natural Variability
• long time scales in ocean
• solar variability
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GGGGlllloooobbbbaaaallll    wwwwaaaarrrrmmmmiiiinnnngggg        WWWWeeeebbbb    ppppaaaaggggeeeessss
• IPCC    http://www.ipcc.ch/
• ACIA,  Arctic Climate Impact Assessment
             http://www.acia.uaf.edu/
• Climate Ark, Climate Change & Renewal Energy Portal
             http://www.climateark.org/
• UNEP site, many graphics from there

http://www.grida.no/climate/vital/17.htm

AAAAnnnnttttiiii----gggglllloooobbbbaaaallll    wwwwaaaarrrrmmmmiiiinnnngggg        ooooffff    ppppooooiiiinnnnttttssss    ooooffff    vvvviiiieeeewwww
• http://www.junkscience.com/  anti-environment web page

• Pat Michaels
http://www.evsc.virginia.edu/faculty/people/michaels.shtml

• Fred Singer
http://www.sepp.org/bios/singer/biosfs.html


