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ABSTRACT

VOLCANIC ERUPTIONS AND CLIMATE
A MODEL AND DATA INTERCOMPARISON
FEBRUARY 2002
CASPAR M. AMMANN,
M.S.. UNIVERSITY OF BERN. SWITZERLAND
Ph.D.. UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Raviond S. Bradley

Explosive volcanism can release large amounts of particles and gases into the atmosphere. Sulfuric
acid «Jroplets in the lower stratosphere are the primary substance interacting with the radiative
fluxes over manyv months and possibly vears. Because of their sub-micron size. thev are more
efficient at scattering incoming shortwave radiation from the sun back into space than absorbing
and trapping longwave radiation from the earth. This results in a negative impact on the earth
energy halance causing a general cooling below the aerosol laver. The magnitude of the cooling
depends mostly on the amount of radiatively active aerosol particles as well as the duration of
the perturbation. The cooling signal is largest in the upper troposphere through feedbacks with
a slowed hydrologic cvele. At the surface, heat release. mostly from the oceans. can buffer some
of the cooling.

A combined approach using both observations, proxy data and a state-of-the-art coupled

General Circulation Mode!l (GCM) to analvze the volcanic effects on climate can help in our

viil



understanding of the possible range of responses. Here. the most recent large eruption of Mt.
Pinatubo {June 1991) was used to verify the implementation of the aerosol parameterization in
the radiation code of the GCM. From there. an analysis of the volcanic contribution since 1870
A.D. was performed. A simple way of describing the spatial aerosol distribution is presented. In
general. only a handful of eruptions were found large enough to significantly perturb the radiative
balance of the earth. These few events caused a global climate signal. which is clearly detectable
against the background noise of internal variability of the climate system. Next to the influence
of isolated events. model simulations confirm earlier suggestions that temporally closely spaced
large events can cause a further cooling in climate before the system can recover. Thus. explosive
volcanism must be regarded as an important plaver in decadal to multi-decadal natural climate
variations. In case of the 20**-Century. volcanic cooling in the last decades could have offset
any possible warming due to increased solar irradiation. The potential volcanic role in other
important time perious in the past must be studied. including the cooling in decades generally
solely attributed to the sun. Proxy records. in particular tree rings. point to a potentially large
role of explosive volcanism in the past.

Additionally to the radiative effects. increased atmospheric fiow at high latitudes. particularly
in winter. 15 the result of dynamical responses to changes in meridional temperature gradients in
the lower stratosphere through heating in the aerosol laver. This effect helps to orchestrate the
spatial distribution of the climate signal for several vears after the eruption. Currently. no clear
intluence on other internal modes of vanability, such as El Nifo. could be unanimously confirmed
in both observations, proxy reconstructions and the model simulations. But more work is needed.

as better proxv climate data for earlier large events get available.

ix
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Chapter 1

INTRODUCTION

1.1 Explosive volcanism - Hazard and Life line

Voleanic eruptions are somne of the most spectacular and powerful natural events on our pianet.
They range in size from the smallest eruption. which produced a little more than one cubic
meter of lava (accidently initiated during a hyvdrothermal drilling attempt Decker and Decker.
1991). to volumes of several thousand cubic kilometers of material for some of the largest events
known ( Rampino and Self. 1992). These events are generally concentrated along tectonic plate
houndaries (for example the Ring of Fire around the Pacific) and at a number of isolated places
over mantle plumes. so called hot spots, with Hawaii as its most famous example. Eruptions have
long captured the mnterest of man and their enormous power has been honored in many cultures.
Dangers and gains from volcanoes have balanced each other to the extent that the presence of
volcanoes does not prevent humans from settling. even in closest proximity to continuously active
volcanoes.

The spectacular exhibits of earthly power can come with a high price. The impact of big
eruptions can be very devastating. depending on the character of the eruption and on the distance

of humans and their property to the eruption itself. Pressure waves in the air (and extended in






