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Volcanic eruptions

I SAT cools rapidly over 1-3 years post eruption, then
recovers over 6-7 yearsAdvanced Review wires.wiley.com/climatechange
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FIGURE 1 | Schematic overview of the climate effects after a very large volcanic eruption.21–23 (Reprinted with permission from Ref. 24 Copyright
2011 Elsevier Ltd.)

climate effects are especially evident if the aerosol con-
centration is enhanced after large volcanic eruptions.
After the Pinatubo eruption in June 1991, which is
the best observed eruption so far, a global maximum
cooling of 0.4 K12,13 and a stratospheric temper-
ature increase of 2–3 K14 was detected which led
to a decrease in tropopause height.15 Furthermore,
a decrease in stratospheric ozone16 and significant
changes of the hydrological cycle were observed,
such as a reduction in tropical precipitation,17 river
runoff,18 and sea level height19 as well as a drying of
the troposphere.20

At the turn of the last millennium two influential
review articles about volcanic eruptions and climate
were published23,25 summarizing the state of the
art at that time. While Zielinski focused on the
application of paleo records to understand the effects
of volcanism in the climate system, Robock in
particular discussed scientific results based on studies
of the 1991 Pinatubo and 1982 El Chichón eruptions.
The review by Robock also provided a detailed
overview of model simulations investigating the
atmospheric impacts of the 1991 Pinatubo eruption.
In 2010, Cole-Dai26 summarized the most significant
accomplishments in the last decade particularly related
to the interpretation of ice-core volcanic records. Here,
I will focus on recent advances in the simulation
of the climate effects of volcanic eruptions. Since
major volcanic eruptions have a strong impact on all
compartments of the Earth system (Figure 1) they are
an excellent test bed for evaluating comprehensive
climate models in general and Earth system models

(ESMs) in specific. ESMs are global climate models
with the added capability to explicitly represent
biogeochemical processes that interact with the
physical climate.27 Most notably in the last years,
an increasing amount of model studies appeared
which considered not only the impact of eruptions
on atmospheric composition and dynamics, but also
the impact on ocean heat content and dynamics,28,29

marine and terrestrial biogeochemistry,30–32 and the
cryosphere.28,33 I will concentrate in particular on
these complex climate model studies.

Large volcanic eruptions are often considered
as a fairly good analogue for climate engineering
experiments to counteract global warming34 and
received therefore much attention in the last years.
In particular the 1991 Pinatubo eruption serves as
a natural experiment allowing to investigate possible
side effects. However, the atmospheric duration time
of the volcanic disturbance is much shorter (several
years versus decades) and the corresponding emission
flux in general much stronger than in the climate engi-
neering scenarios. Therefore, microphysical processes
and radiative forcing will differ between both cases.
For climate engineering model studies the reader is
referred to, for example, Ref 35.

FORMATION AND DEVELOPMENT
OF VOLCANIC AEROSOLS
One of the largest uncertainties of the simulated
climatic effects of large volcanic eruptions can be

546  2012 John Wiley & Sons, Ltd. Volume 3, November/December 2012

Figure: Timmreck, 2012
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Volcanic eruptions and Pacific variability

I Many studies have investigated link to Pacific Ocean
variability

I El Niño response, hypothesised due to a dynamical
thermostat (Adams et al 2003; Seager et al 1988,
Clement et al 1996; Cane 1997, Mann et al 2005, Ohba
et al 2013)

I El Niño followed by La Niña (McGregor et al 2010)
I El Niño response only with Pinatubo or larger eruptions

(Emile-Geay et al 2008)
I No response (Hirono 1988; Nicholls 1990; Self et al

1997; Robock 2000; Ding et al 2014)

I Influences on the Pacific may then influence SST (El
Niño/La Niña associated with warm/cool SST)
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Maher, N., Sen Gupta, A. and England , M. H. (2014), Drivers of
decadal hiatus periods in the 20th and 21st centuries, Geophys.
Res. Lett., 41, 5978-5986
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Tropical modes of variability
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Volcanic forcing and SST response
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ENSO phase relative to volcanic eruption
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IOD phase relative to volcanic eruption
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Hovmoller of SST
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Hovmoller of SSH
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Hovmoller of zonal wind
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Change in probability of ENSO phase

At 95% significance level in the multi-volcano mean there is:

I 20-25% increase in probability of a positive IOD in 6-18
months after eruption

I 30% chance of El Niño- like response at same time
(seen in SSH field)

I 50% increase in chance of La Niña 18months - 3.5 years
after the eruption (in SST field)
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1. Large tropical eruptions consistently result in cooling in
the CMIP5 models

2. Large tropical eruptions cause a increase in probability
of the following sequence of events

I Positive IOD and El Niño-like event in the austral
spring/summer post eruption

I La Niña in the third austral summer after the eruption
I Increased persistence of volcanic cooling due to La Niña

state of the ocean
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Questions?

Thank you for your attention!
n.maher@unsw.edu.au

I Maher, N., McGregor, S., England, M. H, and Sen Gupta, A.
(2015), Effects of volcanism on tropical variability, Geophys.
Res. Lett., 42, 6024 - 6033
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Key questions

I Do the results differ if we subset for models that
represent ENSO well?

I Kim et al. [2014] have used ENSO magnitude to subset
the best 9 CMIP5 models

I These models have a noticeably reduced cold tongue
bias when compared to the remaining models

I We find no difference in result when subsetting for the
best 7 models

I Does it matter which forcing dataset is used?
I Each model uses one of the following volcanic forcing

datasets: Sato et al. [1993], Ammann et al. [2003],
Ammann et al. [2007], Stenchikov et al. [1998] or
Andres and Kasgnoc [1998]

I Different models also treat volcanic aerosols differently
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