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Overview 

The 1991 Mount Pinatubo eruption was the second 

largest volcanic eruption in the 20th century, injecting 

nearly 20 million tons of sulphur dioxide ~35 km into 

the atmosphere, dispersing gases globally. The climatic 

impact of this eruption followed over the next three 

years with mean cooling of ~0.4°C over large parts of 

the globe (Self et al., 1993). While the climatic impacts 

of Pinatubo were significant, the magnitude of this 

eruption (Volcanic Explosivity Index = 6), pales in 

comparison to higher magnitude eruptions (> VEI 6) 

like Tambora (1815 AD) and Toba (approximately 

74,000 years ago). A recent study revealed a 

compelling link between large volcanic eruptions and 

abrupt, millennial-scale climate events between 30,000 

and 80,000 years ago (Baldini et al., 2015). The degree 

of radiative forcing of climate and weather from 

volcanic eruptions depends on several factors 

including the geographic distribution and volume of 

the aerosols injected into the atmosphere. Recent 

research demonstrates that the climatic response is 

concentrated in the opposite hemisphere to the 

eruption due to the impact of hemispheric cooling (by 

solar dimming) on the position of atmospheric 

circulation and the tropical rainfall belt (the 

Intertropical Convergence Zone-ITCZ) (Ridley et al., 

2015). Large sulphate bearing eruptions in the 

Northern Hemisphere induce a southward shift in the 

ITCZ that compresses atmospheric circulation cells in 
the opposite hemisphere, leading to a climatic fallout 

that ranges from drought in the tropics to warming in 

 
Image of Mount Pinatubo (Phillipines) erupting a massive 

cloud of volcanic ash and gas in 1991. Image from 

NASA/GSFC 
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Antarctica (Baldini et al., 2015). A similar effect but in 

the Northern Hemisphere is likely following large 

Southern Hemisphere eruptions. Large scale effects of 

volcanic eruptions on ocean-atmosphere phenomena 

like the Asian Monsoon and El Niño Southern 

Oscillation (ENSO) have already been observed (Liu 

et al., 2016, Pausata et al., 2015). Additionally, a recent 

reconstruction of North Atlantic tropical cyclone 

activity revealed a southward migration of the tropical 

rainfall belt and temporary reinvigoration of low 

latitude tropical cyclone activity following the 1783 

AD Laki eruption in Iceland (Baldini et al., 2016; 

Loughlin et al. 2012). This result was consistent with 

other research documenting a southward shift in 

ITCZ position following large Northern Hemisphere 

eruptions (Baldini et al., 2015; Ridley et al., 2015) but 

is potentially in contrast to other work that links high 

latitude eruptions with El Niño-like conditions in the 

tropical Pacific (Pausata et al., 2015), a condition that 

typically suppresses Central American tropical cyclone 

activity.  

The proposed research aims to address these and 

other questions related to the climatic impact of large 

northern and Southern Hemisphere eruptions 

focusing on the ITCZ and atmospheric circulation 

reorganisation as described in Baldini et al. (2015). 

Particular attention will be paid to changes in the 

North Atlantic Oscillation (NAO) and ENSO in 

response to aerosol-forced ITCZ migration. The 

results of this research will enhance the ability to 

predict the atmospheric circulation response to 

volcanic eruptions of varying scale and is relevant to 

predicting the climatic response to anthropogenic 

aerosol forcing. The research will also investigate 

whether changes in the strength and position of 

Southern Hemisphere westerlies and the observed 

3.4°C warming of the Antarctic Peninsula over the 

20th Century (e.g., Shevenell et al., 2011 and 

references therein) can, in part, be explained by 

Northern Hemisphere volcanism rather than solely 

anthropogenic climate change. Future industrial 

aerosol emissions scenarios project a rise in Southern 

Hemisphere aerosol emissions and continued 

reduction of Northern Hemisphere aerosol emissions. 

The impacts of this trend are likely to simulate a large 

Southern Hemisphere eruption including a strongly 

positive NAO, increasing drought in Central America 

due to northward ITCZ migration, increasing 

hurricane impacts on the Northeastern coast of 

North America and accelerated warming of the 

Arctic. The proposed research is thus, both timely 

and important. 

 

 
Methodology 
 

The proposed research will take advantage of available 

online climate datasets and modelling software to 

characterise the climatic response to large sulphur-

bearing volcanic eruptions that have occurred over 

the instrumental record and the distribution of that 

response in both space and time. Importantly, the 

analysis will be focused on evaluating the key findings 

of Baldini et al. (2015) that the climatic impacts are 

concentrated in the opposite hemisphere to the 

eruption and are related to a large-scale shift in global 

atmospheric circulation dynamics. The research will 

be focused on understanding the atmospheric 

circulation and ITCZ response to volcanic eruptions 

in the North Atlantic but teleconnections will be 

explored across a spectrum of global climate zones 

and systems providing the student with a broad and in 

depth understanding of the Earth’s Climate System. 

Although Baldini et al. (2015) suggest that volcanic 

eruptions of VEI 6 or greater are the most likely to 

impart a significant impact on climate in the opposing 

hemisphere on millennial timescales, the student will 

not restrict their analysis to large magnitude eruptions 

alone but will utilise all available data over the 

instrumental record to establish the magnitude 

threshold below which no climatic response is 

registered. 

 

Research Aims and Objectives 

I. Assess the existing LaMEVE database of volcanic 

eruptions (Crosweller et al. 2012) and, using 

reanalysis and instrumental data, assess the nature 

and magnitude of their climatic impacts in space 

and time. 

II. Based on the results of Objective I, the student will 

conduct an in-depth analysis of the climatic impact 

of a subgroup of eruptions of their choosing with 

the aim of fully characterising the atmospheric 

circulation response to each.  
III. To investigate the impact of volcanic and 

anthropogenic aerosol forcing on low- to high-

latitude teleconnections (specifically between 

ENSO, ITCZ position, westerlies strength and 

position, and high latitude ice sheet dynamics). 

 
Timeline 
Year 1: During the first year of the project, the 

student will conduct a thorough literature review to 

develop an in depth understanding of the state of the 

art in volcanic forcing of climate. During this time, the 

student will also assess the existing LaMEVE database 

of eruptions and compile available data on the climatic 

response across a range of eruption magnitudes and 

climatic settings.  

Year 2: Modelling and statistical analysis will be 

carried out in the second year of the project to 

address the main Research Aims and Objectives. 

Manuscript preparation and thesis writing will begin. 

Years 3 – 4 (six months only): Publish key findings 

in high impact scientific journals. Key findings will be 



  

presented at UK conferences, at least one 

international conference, and to IAPETUS. Thesis 

preparation and submission.  

 
Training & Skills 
 

The student will join the Durham Geography 

Department’s Physical Geography Research Group 

and will contribute to the Hazards and Surface 

Change research cluster. The student will be trained 

in climate data analysis, statistical analyses, climate 

modelling, manuscript preparation and presentation of 

results at international conferences. The student will 

gain experience in the use of online climate modelling 

tools including but not limited to the Earth System 

Research Laboratory’s global gridded reanalysis 

products. The student will develop an in depth 

understanding of the climatic impacts of volcanic 

eruptions. Major features of the Earth’s climate 

system including ocean-atmospheric interactions, low- 

to high- latitude teleconnections, atmospheric 

circulation dynamics, and aerosol (natural and 

anthropogenic) forcing of climate are a subset of 

concepts that the student will gain experience with 

over the course of the project. The student will also 

be part of the Volcanology Team at the British 

Geological Survey who research volcanic processes, 

hazards and risks, and work on applied science 

through engagement with policy and decision makers. 
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Further Information 
 

If interested and you would like more information 

about this project, please contact Dr Lisa M. Baldini 

(l.m.baldini@durham.ac.uk).  
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