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(a) is the temperature record of Earth during the past lBOmilhonycars (b) is an expanded rep-
resentation of the last one million years; and (c) is an expanded view of the last 160,000 years.
(After UCAR/OIES, 1991a.)
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(a) Temperature history of Earth during the last 18,000 years. (b) and (c) are expanded ver-
sions of the period 1000 to 1900 A.D. and 1870 to 1990 A.D., respectively. Notice the change

in scale for temperature in (a), (b), and (c).
(After UCAR/OIES, 1991a, and Houghton, et al., 1990.)
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&% . Smoothed (approximate decadal average) global sea surface temperature (SST), night-
time marine air temperature (NMAT), and land surface air temperature (LSAT) anomalies
1861-2000. [IPCC, 2001]. The smooth curves use a 21-point symmetric binomial filter on the
annual values. The five beginning and end points are folded over to provide smoothed estimates
near the beginning and end points of the time series.
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FIGURE ® Records of the late glacial transition and the Younger Dryas cold
event. (A) 5°O measurements from Lake Gerzen, Switzerland. (B) 'O along
a 120-meter core from Dye 3, Greenland. (C) Atmospheric CO, concentration
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The Butterfly Effecf 27

Adolph E. Brotman

THE LORENZIAN WATERWHEEL. The first, famous cheetic system discovered
by Edward Lorenz correspcnds exactly to a mechanical device: a water-
wheel. This simple device proves capable of surprisingly complicated
behavior.
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Wobble of axis-23,000 years.
Tilt of axis-43,000 years.

Eccentricity of orbit-100,000 years.
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