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



Last Time

A9 NIKQa /ftAYFOS {28a0SY wSOAS
A Introduce climate fluctuation from inteannual to millennial
scales.
A Climate Variation at Millennium, Century, Decade time scales.
A Milankovitch Cycleg Celestial Forcing of Climate
I Time of Perihelion and Aphelion (18,000 yr cycle)

i Eccentricitycd K LIS 2 F @Odistdce&fiQ Sud Nb A
(100,000 yr cycle)

I Precession (Wobble) of Earth on axidt of axis during
different times of the year (26,000 yr cycle)

I Obliquity¢ angle of tilt (ecliptic vs. equatog)seasonality
(40,000 yr cycle)

A 1000 Years of Global Temperature
A 2 million years of Global Temperature



This Time

A Climate Variation: Insolation, Milankovitch
Cycles and other Controls

A How do we know this? Paleoclimatology,
Paleoecology, Paleothermometry!

A Human Activities Control Climate?
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Drivers of climate and climate fluctuation
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FAQ 1.1, Figure 1. Etimate of the Earth's amual and global mean energy balance Over $he long ferm, the amount of incoming solar radiation absorbed by the Earth and
atmozphere is balanced by the Earth and amosphere releasing the zame amount of ouigoing longwave radiafon. About half of the incoming solar radiahion is absorbed by the
Larth's surface Thiz energy i fransferred to the atmozphere by warming tie ar in contact wilh the surface [thermals) by evapairansoiraion and by longwave radiafon that is
ahzorbed by couds and greanfiouse gases. The atmosphiere it tum radi@es longwave energy back to Earth az wall as out to space. Sowrce: Kigh! and Trenbertlh (1897),

Source: Climate Change 2007A PCC Fourth Assessme
Report "The Physical Science Basi si
http://www.ipcc.ch/ Hereafter IPCC 2007
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Eccentricity Cycle (100 k.y.) Obliquity Cycle (41 ky.)

Milankovitch Cycles: Changing of Insolatiol

and Seasonality by Orbital Forcing
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Precession of the Equinoxes (19 and 23 k.y )

.: It —>%-9000 years ago

MNorthern Hermisphere tilked away from the sun at aphelion.
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(Figures from Scott Rutherford,
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rihem hemisphere tilted toward the sun at apheliun.\
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Other Climate Drivers

A Volcanism
I ash and dust increase albedo
I Sulfuric acid production

A Changes in solar output

I Sunspotg; 11-year cycles: more sunspots, more
energy output.

A Atmospheric heat absorption

I Greenhouse gases
AWater Vapor and Clouds
ACQ
AOthers



1000 and 2 million
Years of Global

- instrumental data (AD 1902-1998)

- calibration period (AD 1902-1980) mean
—— reconstruction (40 year smoothed)
------- linear trend (AD 1000-1850)

e : Temperature

Fig. 2. Reconstruction of Northern Hemisphere temperature anomaly trend from 1000 A.D. to pre-
sent [Mann et al., 1999; see also Mann et al., 1998] from dendroclimatic, coral, and ice-core
proxy records as calibrated by instrumental measurements {Jones and Briffa, 1992]. Thin curves
give reconstruction and raw data from 1000-1998 A.D. Smoothed version (thick solid), linear
trend from 1000 to 1850 A.D. (long dashed), and two standard error limits (shaded) are also
shown

Source: Jones et al.
1999. EOS.



