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

Å MilankovitchCycles

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 ςslow decline until last century

Å 160 thousand years of climate change ςhighly variable

Å 2 million Years of Climate Change (19 Glacial, 20 Interglacial periods ςwe are in 
an interglacial)

Å Paleoclimatology: How we know.

Å MAIN POINT: Climate is variable at all scales ςis ALWAYS changing ςchanges 
driven by astronomic factors and atmospheric factors.

Å MAIN POINT: Paleoclimate(climates of the past) are known from multiple lines 
of evidence from all over the globe, all of which point to the same patterns, 
trends, and processes of climate.



This Time
ÅClimate Change in the News

ÅAtmospheric CO2 and Global Temperature

ÅAnthropogenic drivers of climate change.

ÅMain points

ïClimate is changing, again.

ïThe trend is warming during a period of astronomical 
forcing that should lead to cooling.

ïHuman activities are responsible for a significant amount 
of the warming because they are short-circuiting the 
global carbon cycle by mining and burning fossil fuels, 
adding CO2 and other radiatively active gases to the 
atmosphere.



Climate Change in the News



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

All these change insolation ïseasonality ïcooler summers = more ice accumulation



1000 Years of Global Temperature

Source: Jones et al. 
1999. EOS.



Atmospheric Composition ςά{ǘŀōƭŜέ 
Components of the Troposphere

ÅGas % by Volume ppm
ÅN2 78.084 780,840
ÅO2 20.946 209,460
ÅAr 0.934 9,340
ÅCO2 0.038 380
ÅNe, He, CH4, Kr      0.0025 25
ÅO3 (Ozone) Variable 
ÅN2O, H, Xe  Traces
ÅH20 (Water Vapor)  Variable around 2.5% by mass
ÅMajor greenhouse gases in red. 

άDǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎέ ςradiatively active atmospheric 
gases that absorb shortwave radiation and emit 
longwave (thermal) radiation.



CO2 and Temperature


