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Geothermal heat and climate variability
This article is based on a talk by Professor Wyss Yim (Geology 1971-74) to the Global Warming Policy 
Foundation in Westminster, London on August 29, 2018.

Monsoons are a major type of regional climate 
variability caused by the solar heating of 
continental land masses distributed in the 
northern and southern hemispheres. Other 
smaller less well-known regional climate 
variability includes the Arctic Oscillation, the 
North Atlantic Oscillation, the Madden-Julian 
Oscillation, the Pacific Decadal Oscillation, 
the Quasi-Biennial Oscillation, the Indian 
Ocean Dipole and the Southern Annular 
Mode. They represent pressure changes which 
may be triggered by volcanic eruptions in 
combination with other factors including the 
sun.

Three models of volcanic eruptions 
with variable amounts of geothermal heat 
contribution can be identified. They include:

 
(1) Terrestrial/sub-aerial model
The main features of the terrestrial model 
are shown in Figure 1 below. This type of 
eruptions switches on hot air initially followed 
by cooling. The injection of ash, gases and 
aerosols causes: shortwave radiation blockage; 
pressure changes; moisture redistribution; 
continental cooling; ozone depletion; 
circulation changes including changes to jet 
streams, and severe weather events. Lava flows 
entering oceans may be an additional cause 
of warming. For measurement, the Volcanic 
Explosivity Index – a scale ranging from 0 to 
8 based on the volume of erupted tephra – is 
used.

(2) Submarine model
The main features of the submarine model 

are shown in Figure 2 below. This type of 
eruption switches on hot seawater causing: 
ocean warming; pressure changes; circulation 
changes including changes to jet streams; 
moisture redistribution; continental warming, 
and severe weather events. No scale is available 
for measurement at present.

(3) Mixed submarine and terrestrial model
This type of eruptions is initially submarine 
and later terrestrial following the birth of new 
volcanic islands rising above the sea level. 
Their impacts on weather are a combination 
of (1) and (2).

Satellites were first used for tracking volcanic 
eruption clouds in the early 1980s. In 1982, 
the first study was made on the VEI 5 eruption 
cloud arising from the El Chichón volcano 
in Mexico. The debris injected into the 
stratosphere took 21 days to circle the globe 
and was responsible for the second wettest year 
in the city of Hong Kong since records began in 
1884, caused by the predominance of onshore 
wind during the year. Currently NASA’s 
A-train satellites are 
equipped with CALIOP 
(Cloud-Aerosol Lidar with 
Orthogonal Polarization) 
for the vertical profiling of 
volcanic eruption aerosols.

Since the early 2000s. 
the ARGO global array 
of ocean profiling floats 
for the observation of 
temperature, salinity 

Geothermal heat released through terrestrial and submarine volcanic eruptions is an underestimated cause of natural climate 
variability. Satellites since the early 1980s and ARGO ocean profiling floats since the early 2000s are providing observational records 
that enable us to study the influence of geothermal heat on regional climate. Both cooling and warming of the atmosphere and the 
hydrosphere as well as severe weather events can be caused by volcanoes. During large terrestrial eruptions, high plumes inject ash and 
sulphur-rich particles into the troposphere and stratosphere causing warming initially, followed by cooling. Large amounts of gases 
including carbon dioxide can also be released into the atmosphere. Lavas flowing into oceans warm the seawater below the surface. 
Studies based on observation records have shown that the natural release of geothermal heat was responsible for recent climate change 
including the long-lasting 2014-2016 ENSO (El Niño–Southern Oscillation) and Arctic sea ice variability during the past decade.

Figure 1: Terrestrial volcanic eruption model Figure 2: Submarine volcanic eruption model

The Volcanic Explosivity Index (VEI) used 
for the estimation of terrestrial volcanic 
eruptions.    Source: Newhall and Self (1982)

ARGO global array of ocean profiling floats.  Source: NOAA.

and currents to a depth of 2000m below 
sea level became available. Because of this 
development, the occurrence of submarine 
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volcanic eruptions can now be detected much 
earlier.

2010 Eyjafjallajoküll eruption and 
extreme rainfall
The VEI 4 Eyjafjallajoküll 2010 terrestrial 
eruption in Iceland lasted 39 days from April 
14, 2010. Based on the recommendations of 
the London Volcanic Ash Advisory Centre, 
the civil aviation authorities made decisions 
on airspace closures and opening. By April 
21, 2010, 95,000 flights had already been 
cancelled.

A poorly known severe weather impact 
caused by the migrating eruption cloud into 
central Europe was the record heavy rainfall 
and the widespread disastrous flooding. 
In the weather map of Europe based on 
satellite analysis on April 29, 2010, successive 
occluded cyclonic frontal systems transporting 
Eyjafjallajoküll eruption aerosols penetrated 
deeply into the continent via Scandinavia. 

Most severely affected was Slovakia Republic 
where a new record for annual rainfall was set 
in Hurbanovo since records began in 1881. 

Based on the National Oceanic and 
Atmospheric Administration (NOAA), 
the past four years have been the hottest in 
modern history with 2016 the hottest, 2015 
the second hottest, 2017 the third hottest and 
2014 the fourth hottest. This rising global 
temperature trend appears to be in support of 
the Arctic temperature rank by months from 
1979 to 2017. However, based on the release 
of geothermal heat into the North Atlantic 
Ocean by the El Hierro submarine eruption 
from October 2011 to March 2012 and into 
the North Pacific Ocean by the Nishino-
shima eruption from March 2013 to August 
2015 (initially submarine and later terrestrial), 

NASA’s A-train including CALIOP used for the vertical profiling of volcanic eruption 
aerosols.  Source: NASA.

Sabre Flight Explorer map on April 14, 2010 showing the forecast extent of the 
Eyjafjallajoküll eruption ash cloud, flights and the normal transatlantic routes

Weather map of Europe based on satellite analysis on April 29, 2010 showing successive 
cyclonic frontal systems transporting Eyjafjallajoküll eruption aerosols including 
ice crystals penetrating deeply into the continent via Scandinavia causing torrential 
rainfall and severe flooding. Source: USAF

Annual temperature (red) and annual 
rainfall (blue) record from 1881 to 2010 
in Hurbanovo, Slovakia Republic 

Source: Peccho et al. (2010)

This was responsible for torrential rainfall and 
severe flooding in Slovakia Republic, Czech 
Republic, Poland and southern Germany. 

Climate variability
Notable climatic events caused by volcanic 
eruptions examined by the author in past issues 
of Imperial ENGINEER are summarised in 
the table overleaf.

Arctic air temperature rank by month 
1979-2017 Source: NOAA
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this has provided the better explanation in 
agreement with the observational records 
including NOAA’s global maps of sea-surface 
temperature anomalies, NASA’s ocean surface 
topography and the National Snow and Ice 
Data Center’s record of Arctic sea ice changes. 
While global temperatures have been rising in 
the past decade, the identified driving force 
was two episodes of ocean warming caused 
by the natural release of geothermal heat 
into the North Atlantic Ocean and into the 
North Pacific Ocean. The possible explanation 
for NOAA’s ten globally hottest years, their 
connection with volcanic eruptions and 
ENSOs can be interpreted as shown in the 
table below.

Professor Wyss Yim DSc PhD DIC FGS was at Imperial College in 
the Department of Geology from 1971-1974. After that he spent 
35 years until retirement at the University of Hong Kong where he 
taught civil engineering, geosciences and environmental management 
students, and, helped found the Department of Earth Sciences. He 
was awarded the DSc by the University of London in 1997. Wyss 
served as the Deputy Chairman of the Climate Change Science 
Implementation Team of UNESCO’s International Year of Planet 
Earth 2007-2009.

A cartoon illustrating selected topics covered by the talk  © Cartoons by Josh www.cartoonsbyjosh.com.

Summary table of climatic event(s) involving volcanic eruption(s) examined by the 
author in past issues of Imperial ENGINEER

Notable climatic event(s) Volcanic eruption(s) IE Issue
Torrential rainfall in South Africa, Australia & 
southern China including Hong Kong’s worst 
rainstorm on June 7, 2008

Chaitén, Chile IE12, pp10-11

Global drought year 1991 Pinatubo, Philippines IE14 p10

Numerous impacts in 2012 including Hurricane 
Sandy, UK floods & record low Arctic sea ice

El Hierro, Canary Islands IE19 pp12-13

Disastrous 2010 winter storms in Madeira & 
France (Xynthia)

Montserrat, Caribbean IE24 p19

North Pacific Blob 2014-2016 Nishino-shima, Japan IE25 p15

ENSO 2014-2016 & Great Barrier Reef coral 
bleaching

Nishino-shima, Japan;
Hunga, Tonga; Wolf, Galapagos

IE26 pp14-15

Record low Arctic sea ice 2012 & gradual decline 
in Arctic sea ice 2014-2016

El Hierro, Canary Islands;
Nishino-shima, Japan

IE28 p26

Conclusions
The conclusions drawn include:
1. Terrestrial and submarine volcanic eruptions 

are underestimated natural causes of climate 
variability.

2. The study of observational records has 
revealed a connection between severe 
weather events and volcanic eruptions.

3. Water vapour/cloud distribution in the 
atmosphere is much more important than 
carbon dioxide in climate variability.

4. Volcanic eruptions can be the cause of both 
abnormally dry and abnormally wet years.

5. Possible contributors to the strong and 

Rank Year Possible explanation
1 2016 ENSO conditions and 

North Pacific Blob 
dissipation

2 2015 ENSO conditions and 
North Pacific Blob

3 2017 Unrelated to ENSO

4 2014 ENSO conditions and 
North Pacific Blob

5 2010 El Hierro eruption 
causing North Atlantic 
Ocean warming October 
2010-March 2012

6 2005 –

7 2013 Nishino-shima eruption 
causing North Pacific Ocean 
warming March 
2013-August 2015

8 2009 –

9 1998 ENSO conditions

10 2007 –
Summary table of NOAA’s ten globally 
hottest year and their possible explanation

long-lasting 2014-2016 ENSO include the 
Nishino-shima eruption during March 2013 
to August 2015, the Hunga eruption during 
December 2014 to January 2015 and the 
Wolf eruption during May to June 2015.

6. Climate models can be improved by 
considering the impact of multiple volcanic 
eruptions on circulation changes.

7. The missing heat attributed to carbon 
dioxide storage in oceans may be better 
explained by geothermal heat released 
through submarine volcanic eruptions.

8. Volcanic eruptions are natural experiments 
for us to learn from.

http://www.cartoonsbyjosh.com

