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FundamentalConclusion

Large, explosive, volcanic eruptions cool Ea
Small, effusive, basaltic eruptions warm Ear

lce Ages Warm Periods
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(1) Humans depleted stratospheric ozone ~3% for a centt

Each volcanic eruption deplessozone ~6% for a decade

Ocean heat content (1 ca.:
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(2) Ozone depletion allows more UY to warm Earth

Ozone depletion: ol S
a) Cools the lower stratosphergg 2

(purple line above) - L] [
b) Raises the height of the < 1| =

tropopause | W o] || 7
c) Warms the ocean R R |

Observed decrease in ozone and increase in thé’
ultraviolet index at noon in Lauder, New Zealaffd.-
A 50% decrease in total Mckenzie et al. (1999) -1
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(3) 3% depletion of ozone by humans appears to
have caused global warming of up t¢@ 19751998

a) Anthropogeniachlorine (green line)ncreased rapidly betweerd970 and1992
when the Montreal Protocol led to decreased production

b) Mean monthly (black line) and annual (red line) temperatures in the northern
hemisphere (HadCrutdNH) rose $C between 1975 and 1998

c) Meanwhile, CO has been increasing at increasing rates for more than a centt

400

"

W
| |
I | | | | [ | | [ | | | |

—370

|

N
|

(wdd) aprxolp uogJeq

-
|

—340 =

Temperature anomaly (°C)

Total tropospheric chlorine (ppvb)

o
|

310




(4) Large, exploswe eruptions

form aerosols in the stratospher - 41

But also deplete ozone leading to
warming during mid to late winter
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(5) Large eruptions every decade or so increment
Earth into ice ages

Atmospheric cooling following
eruption of Krakatoa in 1883
persists in modeled ocean
temperatures for a century
shown with (upper) and
without (lower) volcanic forcing
Gleckleret al., 2006

Modelled annual globaimean
sea level change due to cooling
following 4 major volcanic

eru pthnS Gregory et al., 2006




