
The massive eruption of the Hunga 
Tonga–Hunga Ha‘apai volcano this 
January in Tonga, in the south Pacific 
Ocean, was the volcanic equivalent 
of a ‘near miss’ asteroid whizzing by 

the Earth. The eruption was the largest since 
Mount Pinatubo in the Philippines blew in 
1991, and the biggest explosion ever recorded 
by instruments. 

Ash fell over hundreds of kilometres, 
affecting infrastructure, agriculture and 
fish stocks. The damage caused amounted 
to 18.5% of Tonga’s gross domestic product. 
Submarine cables were severed, cutting off 
Tonga’s communications with the outside 
world for several days; farther afield, the blast 
created a worldwide shockwave and tsunamis 
that reached Japanese and North and South 
American coastlines. Mercifully, the eruption 

lasted only about 11 hours. Had it gone on for 
longer, released more ash and gas or occurred 
in more densely populated areas of southeast 
Asia, or near a high concentration of vital ship-
ping lanes, electricity grids or other crucial 
global infrastructure, it would have had reper-
cussions for supply chains, climate and food 
resources worldwide1. 

The world is woefully unprepared for such 
an event. The Tongan eruption should be a 
wake-up call. Recent data from ice cores sug-
gest that the probability of an eruption with 
a magnitude of 7 (10 or 100 times larger than 
Tonga) or greater this century is 1 in 6 (ref. 2). 
Eruptions of this size have, in the past, caused 
abrupt climate change and the collapse of civ-
ilizations, and have been associated with the 
rise of pandemics3.

And yet, little investment has gone into 

More must be done to 
forecast and try to manage 
globally disruptive volcanic 
eruptions. The risks are 
greater than people think.

Prepare now for big eruptions
Michael Cassidy & Lara Mani

Tonga Geological Services staff making observations of the Hunga Tonga–Hunga Ha‘apai volcano.
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limiting what an eruption of this magnitude 
could do. Impacts would cascade across trans-
port, food, water, trade, energy, finance, and 
communication in our globally connected 
world. 

Over the next century, large-scale volcanic 
eruptions are hundreds of times more likely 
to occur than are asteroid and comet impacts, 
put together4. The climatic impact of these 
events is comparable, yet the response is vastly 
different. ‘Planetary defence’ receives hun-
dreds of millions of dollars in funding each 
year, and has several global agencies devoted 
to it. In September, NASA’s Double Asteroid 
Redirection Test (DART) mission will try to 
nudge an asteroid’s trajectory, testing capa-
bilities for future asteroid deflection. That 
advance-preparation project will cost over 
US$300 million. By contrast, there is no coor-
dinated action, nor large-scale investment, to 
mitigate the global effects of large-magnitude 
eruptions. This needs to change.

Deep impact
Although researchers have long known of the 
drastic impacts of large-scale volcanic erup-
tions, the likelihood of such an event has only 
recently been clarified.

The recurrence rate of large eruptions can 
be determined by searching the long-term 
records for sulfate spikes, stemming from 
the gas released during globally significant 
events. In 2021, researchers looked at ice cores 
from both poles and identified 1,113 signatures 
of eruptions in the Greenland ice and 737 in 
Antarctica, occurring between 60,000 and 
9,000 years ago. They found 97 events that 
probably had a climatic impact equivalent to 
that of a magnitude 7 eruption or greater. They 
concluded that magnitude-7 events happen 
about once every 625 years, and magnitude-8 
events (also called super-eruptions) about 
once every 14,300 years2. That’s more frequent 
than suggested by previous assessments — 
using geological records and statistical tech-
niques — that found recurrence intervals of 
1,200 years for magnitude 7 and 17,000 years 
for magnitude 8 (ref. 5). 

The last magnitude-7 event was in Tambora, 
Indonesia, in 1815. In the archipelago, an esti-
mated 100,000 people died as a result of 
volcanic flows, tsunamis, the deposition of 
heavy rocks and ash on crops and houses, and 
subsequent effects. Globally, temperatures 
dropped about 1 °C on average, causing the 
‘year without a summer’. The eastern United 
States and much of Europe endured mass crop 
failures, and the resulting famines led to vio-
lent uprisings and disease epidemics. 

The world is very different now. In some 
ways, it is more resilient: volcanoes are bet-
ter monitored, there is better education and 
awareness, and health-care and food systems 
have improved. In other ways, the risks to 
humanity are increasing. Thanks to changes 

in ocean and atmospheric circulation caused 
by climate change, a large-magnitude eruption 
in the tropics could cause 60% more cooling 
in the next century compared with today6. The 
frequency of eruptions could also increase as 
geophysical forces on the planet’s surface shift 
because of ice melt, changes in precipitation 
and sea-level rise7. 

Although the cooling effects of sulfate aero
sols in the stratosphere might counteract 
warming from greenhouse gases (the world 
is already around 1.1 °C warmer than in the 
pre-industrial era), the impact of a large vol-
canic eruption would be abrupt and immense, 
with uneven effects on weather, rainfall and 
temperature. 

The global population is eight times larger 
now than in 1800, and the trade it relies on has 
grown more than 1,000-fold since then. As the 
COVID-19 pandemic and the war in Ukraine 
have shown, the modern world is highly 
dependent on global trade for food, fuel and 
resources; a disaster in one spot can cause 
price spikes and shortages far away. 

The financial losses resulting from a 
large-magnitude eruption are estimated to 
be in the multi-trillions8, roughly comparable 
to those of the pandemic. Given the estimated 
recurrence rate for a magnitude-7 event, this 

equates to more than US$1 billion per year. 
Investing in crisis preparedness and mitiga-
tion would be far cheaper than reacting to a 
disaster. We call for increased attention to, 
and coordination in, research aimed at fore-
casting, preparedness and mitigation. Below 
we suggest what these efforts might look like; 
for further reading, see the Supplementary 
Information.

 Pinpoint the risks
Of the 97 large-magnitude volcanic eruptions 
detected in ice-core records, only a handful 
could be attributed to specific volcanoes. 
The sites of others remain a mystery, includ-
ing some that occurred startlingly recently 
— for example, the eruptions that led to the 
‘Late Antique Little Ice Age’ in the mid-sixth 
century. Estimates show that up to 80% of mag-
nitude-6 eruptions before ad 1 are currently 
missing from the global geological record9, 
with especially poor data for oceanic islands 
such as the Kuriles, as well as Indonesia and the 
Philippines, countries with some of the highest 
densities of volcanoes.

Some 1,300 volcanoes have erupted at some 
point during the past 10,000 years, meaning 
they  are considered active. But there are 

probably many other active volcanoes: their 
recent eruptions might not be known because 
their locations haven’t been studied, or they 
may have lain dormant for a long time but still 
be capable of a large explosive event. Identi-
fying potentially active volcanoes10 requires 
a comprehensive approach. 

Further research into historical and geologi-
cal records — including marine and lake cores, 
especially in neglected regions such as south-
east Asia — would help to pinpoint volcanic 
hazards and map out where large eruptions 
tend to happen. 

Regions of heightened vulnerability and 
exposure to volcanic threats should also be 
identified. That will require interdisciplinary 
research to locate the highest global risks to 
trade, energy, critical infrastructure, food and 
water security, and finance1. There are likely to 
be pinch points where large volcanic threats 
overlie dense trade networks, for example 
the Straits of Malacca — between Peninsular 
Malaysia and Sumatra in Indonesia — and the 
Mediterranean Sea.

Improve monitoring
Only 27% or so of the eruptions since 1950 
have been monitored with at least one instru-
ment such as a seismometer11. Data from 
only about one-third of these eruptions 
have been collected by the global database 
for volcanic unrest, WOVOdat. Improved 
ground-based monitoring of known active 
volcanoes — including measures of seismicity, 
gas release and ground deformation — could 
provide better advance warning of eruptions, 
especially when combined with emerging 
analyses that are aided by artificial intelligence. 

Where local ground-based monitoring is not 
feasible, particularly in remote areas, satel-
lite and aerial observation become essential. 
In addition to monitoring thermal, gas and 
deformation changes, satellites could provide 
real-time mass eruption rates, plume heights 
and imagery for disaster relief. But current sat-
ellites lack the necessary resolution in time 
and space. 

For example, after the Tongan eruption, 
it was 12 hours before the first radar images, 
from the European Union’s Sentinel-1A probe, 
captured changes at the volcano. Often, vol-
canologists must also rely upon the generosity 
of private satellite companies to provide real-
time high-resolution imagery, as was the case 
when Capella Space, based in San Francisco, 
California, provided images one day after the 
explosive eruption of La Soufrière, in Saint Vin-
cent and the Grenadines, began in April 2021. 

A four-year pilot project by the Commit-
tee on Earth Observation Satellites (CEOS) 
showed that existing satellite-radar images 
of ground deformation could be harnessed to 
help to track volcano activity in Latin America. 
CEOS recommended a host of steps to speed 
up transmission of data to local observatories, 

“There are likely to be 
pinch points where large 
volcanic threats overlie 
dense trade networks.”
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improve data interpretation and expand the 
strategy to other regions12. 

For more than two decades, volcanologists 
have called for a dedicated volcano-observing 
satellite to be launched. Much progress has 
been achieved by sharing satellites, yet a 
step-change in volcano surveillance could be 
achieved with a dedicated satellite observing 
in the infrared13, or high-altitude drones that 
acts as pseudo-satellites for months at a time. 

Ramp up preparedness
To increase resilience at the community level 
and to support the humanitarian responses, 
real-time monitoring and simulations of ash 
fallout, gas plumes and other hazards, such 
as volcanic flows, should be fed into real-time, 
targeted communication. This ‘nowcasting’ 
advice could be delivered by SMS, instructing 
someone to ‘clear volcanic ash off your roof to 
prevent collapse, as 50 centimetres of ash is 
expected over the next 2 hours’, for example, 
or directing them to the nearest centres for 
emergency supplies and health-care. 

Increased emphasis on community-focused 
education and awareness can help to pre-
pare people who live in vulnerable regions. 
The Volcano Ready Communities Project in 
Saint Vincent and the Grenadines, run by the 
University of the West Indies Seismic Research 
Centre,is a recent success story. It contributed 
to the effective evacuation of 20,000 people 
before the 2021 explosive eruptions, with no 
loss of life. Similar community-awareness pro-
grammes should be scaled up around the globe.

Building greater resilience into critical 
infrastructure such as energy grids and com-
munications networks could lessen regional 
impacts. Global policy agreements could 
prioritize transport of important commodities 
such as oil, gas, fertilizers, food, electronics 
and crucial metal resources, as well as ensuring 
that countries do not act in their own narrow 
interest by, for example, instigating export 

bans that could exacerbate food shortages. 
Global bodies such as the United Nations 
Office for Disaster Risk Reduction have not 
yet undertaken such focused efforts. 

Research volcano geoengineering
Some of the most widespread impacts of 
large-magnitude eruptions stem from the 
stratospheric injection of sulfur aerosols that 
block sunlight and abruptly cool the Earth. 
Research into how to counteract them could 
help to curtail a volcanic winter. 

Studies have considered the use of sul-
fates to counteract human-induced warming 
by deflecting solar radiation. The opposite 
scenario rarely gets attention. It is theoreti-
cally possible to release a short-lived warm-
ing agent, such as a hydrofluorocarbon, to 
counteract the cooling of sulfates14, or to use 
a high-altitude aircraft to release non-toxic 
substances that bind to sulfate aerosols to 
enhance their removal from the atmosphere, 
in a manner similar to cirrus-cloud thinning. 
Such efforts might have significant costs and 
side effects, such as acid rain, as well as large 
potential benefits. 

Being able to affect volcanic behaviour 
directly might seem inconceivable, but so 
did the deflection of asteroids until the for-
mation of NASA’s Planetary Defense Coordi-
nation Office in 2016. Numerous examples 
from geothermal exploration show that it is 
technically possible to penetrate magmatic 
bodies in the crust with little collateral dam-
age. In 2024, researchers plan to drill into a 
magma pocket at the Krafla test bed in Iceland, 
to provide a ‘long-term magma observatory’ 
and test sensing equipment to potentially 
improve volcanic prediction. Research should 
also be undertaken to assess if it is possible to 
manipulate the magma or surrounding rocks 
to moderate eruption explosivity — one such 
project, Magma Outgassing During Eruptions 
and Geothermal Exploration, has funding from 

the European Research Council to 2026. 
Whether scientists should conduct any 

volcano engineering, which has obvious 
risks, is a matter for debate. But such a debate 
requires rigorous theoretical and experimen-
tal research to underpin it. In our view, the 
lack of investment, planning and resources 
to respond to big eruptions is reckless. 

Will humanity learn from volcanology’s 
near miss in Tonga, or will a large-magnitude 
eruption be the next planet-disrupting event 
to catch the world unawares after the pan-
demic? Discussions must start now.
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Satellite imagery of the Hunga Tonga–Hunga Ha‘apai volcano before (left) and after (right) the eruption of 14 January 2022.
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