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What is a Lunar eclipse

About once per year on average,
a Lunar Eclipse occurs when the Moon passes
through the Earth’s shadow.
At these times we can measure the effect of
volcanoes on Earth’s climate.

Implications for Climate
Comparison of Volcano, Solar TSI, and Greenhouse gas
forcing, converted to AT(Radiative Equilibrium) ...

Comparison of 3 forcings, and their sum.
Full scale range: * 2.5 Watts/m? or * 0.5°C

Volcanoes

Summary Abstract

In 2004, Hofmann et al. summarized five decades of stratospheric aerosol observations,
“Surface-Based Observations of Volcanic Emissions to the Stratosphere”, in Volcanism and the
Earth’s Atmosphere, AGU Monograph 139. Among the records were lunar eclipse aerosol
optical depth (AOD) determinations, updated here to April, 2015.

Sun light (coming from the right) is refracted (like a
lens) into the Earth’s umbra and onto the Moon
during a lunar eclipse.

FromJ. Kepler, “ Astronomiae pars Optica’ (1604)

Solar Variations
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About once per year, on average, the moon is totally eclipsed; the moon is then illuminated by
sunlight refracted into the umbra, primarily by the stratosphere. Stratospheric aerosols can
affect the brightness of the eclipsed moon, and AOD can be determined from the difference
between observed and predicted brightness.

Total Greenhouse Gases

Kepler wrote that sunlightis reddened & dimmed
as it passes through *“mists and smoke” in the
Earth’s atmosphere (mostly stratosphere, we now
know), causing the eclipsed moon to appear
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period (ESRL, 2014). Computed radiative equilibrium temperature changes between the same
intervals are +0.13C due to decreasing AOD and +0.11C due to increasing GHG, accounting for
most of the observed +0.27C warming of MSU global temperatures. After subtracting AOD and
GHG effects from annual MSU temperatures, over half of the residual variance can be
attributed to el Nifo/la Nifia (Multivariate ENSO Index).

Dirt on the lens...
Volcanic aerosol layer in the

stratosphere following the eruption of
Pinatubo in 1991

... which 1s where volcanic aerosols concentrate and
persist for vears after an eruption.

Put “dirt” in the stratospheric light path, and the
eclipse becomes darker.

Global Volcanic Aerosol climate forcing 1979-2014,

measured from Lunar Eclipse observations Subtract the radiatively forced AT (above)

Dark Eclipses
from the observed temperatures ... ! !

Dec. 9, 1992 — after Pinatubo
Dec. 30, 1982 — after FEl Chichon
Dec. 30, 1963 — after Agung - darkest since 1816.

Comparison of two eclipses

1884 (after Krakatoa, left), 1888 ( right) Normal bright

eclipse (1972)

Global Volcanic Aerosol climate forcing (red/blue bars)
W/m? = 21*Tau, AT = 0.185*Forcing
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Implications for future @

global climate change Comparing the first and second halves of

the 36-year period, the clearing of volcanic
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Photo: Klinchevskoy volcano from 5T5-68, Oct. 1, 1994

is +0.33 C (assuming, of course, no volcanoes).
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