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 Why are we interested in 
volcanic ash?  
 
 
 
 
 

 

During our research you told us it was an 
important issue in 1979; we found it to be very 

important in 1902 
 

 



• For our other study areas (ongoing eruptions 
in Montserrat and Tungurahua, Ecuador) also 
true 

 

Other study areas (ongoing eruptions in 
Montserrat and Tungurahua, Ecuador) also 
true 



Volcanic ash: messy, destructive and 
an irritant 

• Disrupts international 
air traffic 

• Destroys individual 
livelihoods 

• Damages crops and 
livestock 

• Damages infrastructure 

• Impacts human health 

1979 eruption of Soufriere St. Vincent 



How do we ‘predict’ the future?  

Tephra damaged breadfruit 
leaf from March 1903 
eruption, British Geological 
Survey Archive 

• Map out ash dispersal 
from past eruptions 
 

• Map out past impacts 
 

• Model future eruptions 
that represent a range of 
realistic eruption and 
weather scenarios 
 

• Look at close analogues 
to St. Vincent and 
understand their impacts 



Scenario Exercise St Vincent, STREVA 
Forensic Workshop January 2014 

Scenario Exercise St Vincent, Caribbean Ash 
Hazards and Impacts (CaASHI) Workshop  

March 2015 

Inter and 
intra-

setting 
learning 



Past ashfall: Databases we used 

• Official contemporary 
accounts (largely police, 
military and governmental) 

• Colonial archive: 
correspondence and 
observations 

• Anecdotal contemporary 
accounts and media 
reporting 

• Scientific analysis 
(contemporary and recent) 

• (‘new’) 

 

 David Pyle, British Geological Survey Archive 



New data gathering and modelling 

• More detailed ash 
dispersal modelling 

• Used several different 
types of model 



1902 – 1903 Eruptions 

7t 

7th and 21st may, 
3rd-4th September, 
15th-16th  October 
22nd March (1903) 
 
Larger than any of 
the explosions in 
1979 



Reconstruction of where ash fell 
(May 7th 1902) 



10 cm ash ‘contour’ illlustration of 
variability from differing prevailing 

conditions  and eruption size 



On St. Vincent (May 7th) 

• Official accounts 

 

• Small amounts of ash 
falling nr Georgetown 
by midday 

• Ash detected on 
Leeward side of island 
evening before 

• ‘Lamps lit’ in Kingstown 
at 4pm 

Ashfall remembered 

 

‘My grandfather was born 
in the 1800s and he told 
us for days that they were 
going to the mountains 
and seeing this white 
thing on the plants and so 
on….’ 



From Barbados 

• If sounds taken as height of  

eruption 

+ 2 hours becoming gloomy 

+2.75 hours first fall 

+4.5 hours ‘quite heavy’ 

 

4 kg per m-2 over 12 hours 

David Pyle, Natural History Museum Archive, London 

170 km but still received cms of ash!  



1979 eruptions 

Smaller eruptions over a few weeks 
 
13th, 17th and 22nd and 26th of April 



Observations in 1979 



Modelling of ash dispersal 

• Tephra 2D and ASHFALL (outputs as kgm-2) 

• WRF-CHEM (3D, outputs as kgm-2 and 
concentration over time) 

 



Using NCEP-DOE Reanalysis 2 data (1990-
2011). 

Show direction winds blow towards 

Winds at ~300 m Winds at  9 km Winds at ~16 km 



Tephra 2D 

 

1979 1902 



VEI 4 footprint of ash thickness (~1902) 

0.3 km3 volume  

16 km column height 

Representative wind 
field from Reanalysis 
(ERA-Interim) data 

2D dispersal model 
ASHFALL (GNS Science) 

Google Earth 3D 

N 



VEI 3 ash thickness footprint (~1979 size) 



Detailed modelling of ash dispersal 

• Ash dispersal prediction is typically carried out at ~10km 
resolution operationally and with ash modelling offline 

• This leads to parameterising or neglecting of lower resolution 
processes and details 

– Cloud formation 

– Local circulation 

– Terrain 

– Rainfall 

• Mesoscale models can be used with grid resolutions down to 
30-100m 

• How important are these extra details? 



High resolution numerical modelling  
Resolves 
general 
atmospheric 
circulation 



High resolution numerical modelling of 
ash 

  

Strong shear in layer 4-8 km, needs 
good vertical resolution, varies with 
windspeed 

J. Miller (1902) 

Poulidis et al., 2015 report and in prep. 



Secondary maxima and enhanced 
dispersal times 

  

Poulidis et al., 2015 report and in prep. 



 More anomalies: 1902 Ash Fall on Barbados 

May 7, 1902 : Patrick Sugden MSci Thesis 

 



Distal ashfall 



Key Research Findings 

 

•  We understand a lot more about how ash was be distributed 
in 1902 and 1979 (and their impacts) 

• We have models that do ‘a good job’ of reproducing that  

• We can ‘forecast’ ash dispersal and arrivals but know each 
eruption will be different 

• We can present this data in lots of different ways and would 
like your opinion about what is most important and the best 
way to do it for your needs 

 



How do we apply these lessons? 

 



Conclusions 

‘Forensic analysis’ has not only extended our understanding of  

the drivers of volcanic risk;  but has broadened our perspectives 
on the physical hazards and sign-posted the way for greater 
leaps in our understanding of the most important processes 
during an eruption.’ 

 



Secondary maxima and enhanced 
dispersal times 

  

Poulidis et al., 2015 report and in prep. 



Other 
Significant 
Hazard 

Historical 
Event 

Eruption Geological 
Advance 

  1718 

1719 Caribs 
invited 
French to 
settle 

1763 handed 
to UK, 
surveyed and 
land sold – 
fighting with 
Caribs (1779 
French rule) 

1783 Treaty 
of Versailles 
(UK colony) 
 

1784 
recognition of 
2 small lakes 
and steaming 
dome 

1785 Hutton’s 
‘Theory of 
the Earth’ 

1795-7 
further 
fighting and 
mass 
deportation 

1800+ Large 
Estates, 
largely sugar 
plantations 

1812  1815 1st 
Geological 
map of 
Britain 
published 

Hurricane 
1831 

 1832 Slavery 
abolished  

1830 – 
Principles of 
Geology 

1832-1896. 
Sugar price 
collapse, 
indebted 
estates -> 
Land reform 

Hurricane 
1898 

Sugar crop 
destroyed 

1902 

1903 

WW1 and 
WW2 

1928 
‘Evolution of 
the igneous 
rocks’ 

1971 

Independence 1979 

Hurricane 
1980 



St Vincent Botanical Station, 1850’s 

Past eruptions 

 

 

• March 26, 1718, explosive 

• April 27, 1812, explosive 

• May 7, 1902 – March 1903, explosive 

• October, 1971, effusive 

• April 13-26, 1979, explosive, 
followed by 6 months of lava dome 
emplacement 

London Volcano Blog – londonvolcano.com 



The 1902 eruption 



 

The 'eruption cycle’ on St Vincent 



1902 

 



Magistrate’s report, May 8, 1902 



 
International 
competition over 
provision of ‘relief’ 



The 1902 eruption of the Soufriere, St Vincent 

Impact of the pyroclastic density currents, from Flett and Anderson (1902) 



Aftermath - 1902 recorded by Tempest Anderson 



May 1902 Ash fall 
[Barbados, 10 May 1902] 

 

I.. forward .. herewith an extract from the 
"Agricultural News" .. respecting the fall 
of ash that occurred on this island 
between 4 pm on the 7th until 5 am on 
the morning of the 8th.. 

 

There is little doubt that this ash was 
brought by an upper current of wind 
from .. St Vincent..90 miles to the West of 
Barbados. ..  

 

With the view of obtaining the fullest 
information .. ash samples are being 
communicated to Professor Judd .. of the 
Royal College of Science, South 
Kensington 

 

British Geological Survey Archive 



19th Century 
Eruptions 

• 1812 Eruption 
(VEI 4) 

• 1834 Slavery 
abolished 

• (Portuguese and 
East Indian 
immigration) 

• ?1880 Eruption 

 
William Turner 



May 7 1902 Ashfallout 



1718 eruption, described by Daniel Defoe. 

Map of St Vincent, 1794.   
University of Illinois Rare Books Library. 

 

1718 – ‘that the island of St Vincent .. is turn’d in to 
a Vulcano or burning mountain’ [Daniel Defoe] 
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Diary of Hugh Perry Keane. 

 

St Vincent, Thursday April 30th, 

1812.  

 

In the afternoon the rousing of the 

Mountain increased and at 7 

o'clock the flames burst forth and 

the dreadful eruption began. All 

night watching it between 2 & 5 

o'clock in the morning showers of 

stones & earthquakes threatened 

our immediate destruction. 

 

 

 

The 1812 eruption of St Vincent 

Painting of the 1812 eruption by JMW Turner, based on a sketch by Hugh Perry Keane 

 



1979 – Impacts – Ash was 
important 

Teresa Armijos 
%  

Compare: self-reported house impacts of 20% in 2013 floods and 39% Hurricane Tomas 
 
Larger scale infrastructure damage esp. shelters 
 



2015, SRC Map 

New crater 



Incomplete evacuation 
Casualties/loss of life 

Distrust 
trauma 

Adaptable infrastructure 
Sustainable resettlement 
and livelihood diversity 

Risk sharing 
Trust/Tolerance of 

uncertainty 

High conformity with 
evacuation 

Trust 
Tolerance of uncertainty 

Livelihood degradation 
 Damaging migration 

Risk-taking/transference 
Misconceptions, mistrust 
Negative health impacts 

    damaging migration     sustainable resettlement 
  social and cultural degradation                                      social coherence 
    livelihood damage                                        livelihood diversification           

Social unrest, distrust               trust  

Poor governance                                           Good governance 

Low social capital    High social capital 
Poverty/poor well being  sustainable livelihoods/good well being 

Marginalisation/disenfranchisment  shared understandings of risk 
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No 
eruption 

Low intensity/ 
Slow build-up 

High intensity/ 
Rapid onset 

Post 
eruption 

Outcome under duress  

               Initial Social Characteristics Vulnerable Resilient 
Barclay  et al., 2015 



2015, SRC Map 

1775 

THEN NOW  



 

Few and Hicks, 2015. J. App. Volc. 


