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ABSTRACT

Climate records of the past 140 years are examined for the impact of major volcanic eruptions on surface
temperature. After the low-frequency vanations and El Nifio/Southern Oscillation signal are removed, it is
shown that for 2 years following great volcanic eruptions, the surface cools significantly by 0.1°-0.2°C in the
global mean, in each hemisphere, and in the summer in the latitude bands 0°-30°S and 0°-30°N and by 0.3°C
in the summer in the latitude band 30°-60°N. By contrast, in the first winter after major tropical eruptions
and in the second winter after major high-latitude eruptions, North America and Eurasia warm by several
degrees, while northern Africa and southwestern Asia cool by more than 0.5°C.

Because several large eruptions occurred at the same time as ENSO events, the warming produced by the
ENSO masked the volcanic cooling during the first year after the eruption. The timescale of the ENSO response
is only | year while the volcanic response timescale is 2 years, so the cooling in the second year is evident
whether the ENSO signal is removed or not.

These results, both the global cooling and Northern Hemisphere continental winter warming, agree with
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general circulation model calculations.

1. Introduction

Major explosive volcanic eruptions can inject large
amounts of sulfur-rich gases (mainly SO,) into the
lower stratosphere (Rampino and Self 1984). These
gases undergo rapid oxidation to sulfuric acid vapor,
H,SO,, which has a low volatility and condenses with
water to form an aerosol haze. The resulting volcanic
aerosols can enhance the mass of the natural, ubiqui-
tous background sulfate layer by a factor of 100 or
more. They are carried by the strong zonal winds in
the lower stratosphere to circle the globe in a few weeks
(Robock and Matson 1983). Later, they are trans-
ported equatorward or poleward by the mean merid-
ional circulation and eddies to form a hemispheric or
global dust veil. These aerosols stay suspended in the
stratosphere for a few years, with a mean e-folding res-
idence time of about | year.

Volcanic aerosols scatter incoming solar radiation
to space, increasing planetary albedo and cooling the
earth’s surface and troposphere. They also absorb ter-
restrial radiation, warming the stratosphere. Downward
longwave radiation from the warmer stratosphere acts
to warm the surface, but, except for the winter in the
polar region, this warming effect is an order of mag-
nitude smaller than the cooling effect due to reduction
of shortwave radiation (Harshvardhan 1979). A direct
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calculation of the tropospheric radiative impact of the
El Chichén eruption in April 1982 (Ramanathan 1988)
shows that the decadal average radiative cooling may
be 0.2-0.4 W m~2, which can be compared with the
0.45 W m~ total trace gases heating from 1975 to 1985.
This shows that even averaged over a decade, volcanoes
can be important causes of climate change as compared
to anthropogenic greenhouse gases. Harshvardhan
(1979) and Lacis et al. (1992) have shown the net
effect of submicron volcanic aerosols to be a reduction
of about 3 W m™2 for every 0.1 in optical depth of the
aerosols. The instantaneous forcing after the 1982 El
Chichon eruption or the larger 1991 Pinatubo eruption
produced a cooling forcing larger than the warming
forcing of all anthropogenic greenhouse gases in the
atmosphere at that time. Dutton and Christy (1992)
have noted the correspondence between measured re-
duction in incoming solar radiation and the climatic
response to the Pinatubo eruption of 1991.

The spatial distribution of volcanic aerosol will, of
course, affect the forcing. For both the recent El Chi-
chon and Pinatubo eruptions, at essentially the same
latitude, the distribution of aerosols in the Tropics was
different the first summer. The El Chichén aerosols
stayed in the latitude band from 0°-30°N (Strong
1984), while the Pinatubo aerosols straddled the equa-
tor (McCormick and Veiga 1992; Stowe et al. 1992).
After the summer, in both cases the distribution was
similar, with aerosols spreading fairly uniformly in the
Tropics and to both poles (Strong 1984; L. Stowe 1993,
personal communication ). Clearly, the volcanic forcing






