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Introduction
1. This is the second part of the report resulting from the seventh meeting of the
Scientific Advisory Committee (SAC) on Montserrat Volcanic Activity that took
place at the Montserrat Volcano Observatory from 28 to 30 August 2006. Part I
of that report, the Main Report1, gives the principal findings of the meeting2, and
this, Part II, gives the technical data and analysis that led to those findings.
2.

For this meeting MVO produced Open File Report 06/073, which synthesises the
monitoring data and observations collected by MVO between April 2006 and
August 2006 and considers some of the new developments at MVO during the
last six months. A summary and timeline of the 20 May 2006 collapse is given as
appendices to that report. In addition we considered a number of short
presentations and papers generated within the SAC membership on scientific and
hazard analysis topics.

Activity and Observations since March 2006
3. Five months have elapsed since our last SAC(6) report4. We are now into the
fourteenth month of this current episode of dome growth. The vigorous average
rate of growth noted in the last report has continued, confirming this episode to be
distinctly different from the second, 1999-2003, episode.
4. This period was notable for the collapse of the dome on 20 May 2006. The
collapse was remarkable in that it removed the entire dome that had grown since
August 2005 also taking away some remnant material left over from the July 2003
collapse. It also produced the highest plume of gas and ash (~ 20 kilometres)
recorded during the whole eruption. Renewed, vigorous dome growth began
within hours of the collapse and has continued since.
5. The easterly-directed growth of the dome of March 2006 continued into early
April when the dome had a height of about 920 metres above sea level and a lobe
was growing to the southeast. The second half of April saw a pronounced phase
of upward growth that produced a dome with a flat-topped profile. During May
1
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the dome profile was more rounded, with a more substantial talus apron. Just prior
to collapse the dome summit, which had an altitude of 1006 metres above sea
level, produced a stubby 50 metre diameter spine. It was clear at that stage that
partial collapses to the southwest, northwest and west could overtop the crater
rims, but none did.
6. On 18 May 2006, the highest daily number of long-period earthquakes occurred
since the start of the third episode, but the numbers then declined. In the hours
leading up to the collapse on 20 May 2006 it became apparent that the direction
of dome growth had changed to the northeast from southwest. The first visual
reports of a glow on the north side were made between 01:00 and 02:00 on 20
May. A single large precursory long-period event occurred at 02:22. Low
amplitude tremor (indicating ash venting) occurred from 03:08 to 03:47 coinciding with about 8 millimetres of rainfall recorded at Garibaldi Hill. Tremor
began again at 05:52 and increased, at the same time as a large long-period
rockfall event. Again, this tremor nearly co-incided with more intense rainfall (10
mm between 05:49 and 06:10). The collapse of the dome and generation of
pyroclastic flows began between 06:11 and 06:23. By 06:20 ash was falling near
the Belham Valley and an increase in mudflow and pyroclastic flow activity (to
the sea in the Tar River Valley) occurred over the next hour. Most of these
pyroclastic flows went down the Tar River Valley but at least one almost reached
the sea via Whites Bottom Ghaut some time before 07:20. From 07:32 to 08:02 a
series of explosions occurred, the largest (perhaps a double explosion) at 07:36,
together with very large pyroclastic flows into and over the sea for up to 3
kilometres off Tar River Valley. The explosions at 07:35 and 07:43 produced two
pulses of fallout (fragments up to 6 centimetres in size at Olveston). The seismic
energy increased again just after 08:00, but then declined sharply. There was a
final pulse of pyroclastic flow activity at 08:35 and seismicity returned to
background levels by 09:00. Although the whole event lasted three hours, most of
the activity occurred during the hour between 07:36 and 08:36 and much of the
dome was removed in as little as 40 minutes.
7. The entry of pyroclastic flows into the sea on 20 May generated a 1 metre high
tsunami in Guadeloupe and 0.3 metre swells in Little Bay, Montserrat, and in
Antigua. There is evidence of pyroclastic surge activity on the northeast coast of
Montserrat from flows driving inland to the north around 07:40, perhaps from a
hydrovolcanic source region off the Tar River delta, as invoked for the 12 July
2003 collapse event5. The unusually high cloud, reported at ~ 20 kilometres, was
probably derived from the 07:36 explosions. Prior to this event, no cloud from the
eruption had been reported higher than ~ 15 kilometres. The reasons for the
unusual height on this occasion may have been a combination of the very rapid
exposure of a hot, large dome interior, producing a very buoyant thermal plume,
and very low wind speeds at the time. The sulphur dioxide injected into the
stratosphere by this event was tracked westwards across the Caribbean and the
Pacific Oceans by the AIRS satellite sensor6. Also the total atmospheric loading of
sulphur dioxide was measured to be about twice that of the release on 12 July
5
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2003, even though that event involved about twice as much dome material as in
this collapse. Ash from the cloud was deposited on land along a WNW axis with
thicknesses of about 3 centimetres at Old Towne, 17 centimetres at Cork Hill, and
up to 60 centimetres above Lees Yard. Unlike the explosions that followed the
collapse of July 2003, very little pumice was deposited by this event. In the hour
after the climax of the event, some people living in Old Towne experienced a
strong smell of gas and difficulties in breathing, indicative of very high levels of
sulphur dioxide at ground level7. This may have been a result of a gravity flow of
gas-rich air down the Belham Valley in the still conditions.
8. The 20 May event was remarkable not only in the rapidity of the collapse, but in
the complete removal of the new dome (about 100 million cubic metres). In
addition, the northwest-trending transverse ridge within the crater that had
restrained the early stages of dome growth and the large remnants of talus on the
northeastern margins of the Tar River Valley were also swept away (about 13
million cubic metres). Moreover, the dome remnant that had sat atop the Gage’s
Wall collapsed, almost entirely, down Gage’s Ghaut. This left English’s Crater
with virtually no recognisable remnants of either Castle Peak dome or any of the
domes that have grown over the past eleven years. Two unusual observations were
made later on 20 May. Firstly, an ash vent, active for several hours, apparently
developed in the vicinity of the Tar River Soufriere area of the crater wall. The
location and nature of this vent has not been established by subsequent fieldwork.
Secondly, the westernmost part of the crater floor, which previously had underlain
the dome, steamed vigorously for several hours, even though no rain had fallen
since the removal of the dome. The source of this steam could be the rising
magma within the conduit, or it could be groundwater rising as a result of poroelastic relaxation of the crater floor induced by removing the dome mass.
9. Within several, and certainly less than eight hours, magma rose from the conduit
and began to form a new dome (observed by thermal camera at 16:00 local time).
There is some indication that the vent for this dome was located a little to the
north of the one that formed in August 2005. In addition there was a vent emitting
ash and steam near the back western wall of the crater. The dome grew rapidly
and endogenously at a rate of about ten cubic metres per second, in marked
contrast to the very slow rate of growth at the start of the episode in AugustNovember 2005. The removal of any transverse topographic barriers within the
upper part of English’s Crater means that this new dome has no effective lateral
structural support. Thus it is likely to be even more susceptible to collapse down
the Tar River Valley than was the case for the August 2005-May 2006 dome.
10. Since the resumption of dome growth on 20 May 2006, the rate of growth overall
has been similar to that observed since mid-December 2005 when supply to the
dome accelerated, though there have been peaks in extrusion rate in mid-June and
early September 2006. On 8 June a high extrusion rate “pancake lobe” capped the
dome, advancing mainly eastwards. By 27 June the dome already had a volume of
27 million cubic metres. The first evidence of internal shear discontinuity
formation in the new dome was recognised between 16 and 23 June. This was
7
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directed to the east by 27 June, and a relatively small, (one to two million cubic
metres) collapse to the east occurred over a twenty-minute period on 30 June. The
highly vesicular lava from this collapse formed a pyroclastic flow that reached the
Tar River delta. Following this, a succession of lobes was directed to the
southeast, southwest and northeast during July and to the northeast and north
during August. Further small-scale collapses occurred down the Tar River Valley
occurred on 29 August. As of the end of August 2006 the dome had grown to a
volume of about 55 million cubic metres and a height of about 930 metres above
sea level.
11. On 31 August 2006 two vents had developed: one high on the north side of the
dome and one between the dome and Gage’s wall. These emitted high-pressure
gas and ash with intermittent roaring noises, similar to those produced in midFebruary 2006. As in that case, a period of high extrusion rate ensued, producing a
large mass of lava on the north and western sides of the dome. On 10 September
the vent by the Gage’s Wall was sufficiently vigorous to erode the uppermost part
of the Wall and generate small column collapse pyroclastic flows for about one
kilometre down Gage’s Ghaut. It is likely that this vent is linked to the one that
was emitting ash and steam immediately after the 20 May collapse (paragraph 9).
12.

Fig.1 Integrated MVO monitoring data for March 2006 to September 2006.
Variables plotted from top to bottom are: total daily counts of seismic events,
hybrid seismic events, long period seismic events, rockfall seismic events,
volcano-tectonic seismic events, daily sulphur dioxide emission rates (tonnes/day),
(note the gap in data from May to July), length of baseline between MVO1 and
SOUF cGPS stations.
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As in the previous period, levels of seismicity have been generally low with
events located within four kilometres below the crater. The increase in the
number of long period and hybrid events that began on 10 February 2006
continued in this period as a series of clusters of events, typically separated by a
few days. The energy content of these earthquakes moved to a higher overall
frequency after the collapse event of 20 May 2006. This could be interpreted as a
”stiffening” of the conduit system, say due to a widening of the conduit or
reduced gas. A particularly intense swarm of long period and hybrid events that
began on June 25 developed into tremor by 26 June. This pattern was repeated on
29 June until the small collapse of 30 June. These events show very similar
waveforms indicating a common source. The occurrence of this seismicity just
before the first shear lobe appeared suggests a causal link. The number and
energy of rockfall earthquakes recorded reached a peak in April. Energy, but not
numbers then fell in May until the collapse on 20 May.
13. The average sulphur dioxide emission rate since March 2006, measured by the
MVO’s Scanspec instruments and not including the 20 May release, has been
about 460 tonnes per day, below the equivalent eruption average of 544 tonnes per
day, though the instrument was out of commission between 17 May and 7 July.
Low values were recorded in mid-April and again in late-July/August of around
200 tonnes per day. A preliminary study of satellite-measured sulphur dioxide
emission rates from the OMI sensor8 shows that average values are about 50%
those of the Scanspec technique. The hydrogen chloride:sulphur dioxide ratio was
measured until the end of May. A rising trend of values from 3.9 to 5.9 from midMarch to 17 May was measured, the latter being the highest value for episode 3.
After the 20 May collapse values fell to about 2. Ground level sulphur dioxide
amounts measured by diffusion tubes between Plymouth and Old Towne had been
decreasing since the start if the dome growth, though there were signs of an
increase in June. A denser network of passive samplers to augment the old
measurements has been established and will be measured fortnightly. These
passive samplers show an approximate ratio between hydrogen chloride and
sulphur dioxide of about 2.
14. The general deflationary trend measured by the GPS network beginning in
December 2005 (noted in the last report) continued, though with some reduction
in rate during the last two months. This deflation, measured over the last eight
months or so, is of the same size, but opposite sign, as the inflationary signal
measured between July 2003 and December 2005. This pattern is consistent with
the pause/dome growth cycle observed. Elastic source models (by G. Mattioli)
indicate a similar source location for the magma reservoir during these two
periods. The Electronic Distance Measurement (EDM) readings between
Hermitage-Spanish Point-Jack Boy Hill continue to record the shortening (now
about 30 mm) between points to Hermitage. Lack of measurements soon after the
20 May collapse preclude detection of any unloading signal. Similarly the
shortening that began in February 2006 on the Windy Hill-Farrell’s line stood at
12 mm at the end of April 2006. Both sets of measurements probably indicate
weak northward/downward components of motion for Hermitage and Farrell’s
8
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stations. The motions may be influenced at least as much by motion of JackBoy
Hill and Windy Hill stations, as suggested by GPS data for nearby stations.
15. Petrological analysis has now been carried out by two analysts on three samples
from this episode: 10 February, 20 May and 30 June 2006. The samples are
andesitic, very similar to those seen in previous episodes. The February sample
shows no hornblende breakdown rims, indicative of a rapid rate of ascent (< 6
days) from the reservoir, but does show evidence of temporary storage at shallow
levels, as evidenced by patchy cotectic crystallization of feldspar and quartz. The
pumice sample from the explosion on the 20 May shows a variety of hornblende
breakdown rims and pronounced growth rims on plagioclase, hornblende, and
pyroxene phenocrysts, suggesting temporary magma arrest at a depth of about 3
kilometres on its way to the surface. In lower density samples from 20 May, the
high proportion of groundmass glass and absence of groundmass quartz further
suggest that magma rose rapidly from 3-4 kilometres to the surface during this
event. The 30 June sample is vesicular, has variably rimmed hornblendes and
patchy cotectic groundmass crystallization, again suggesting that some residence
time (days?) in the dome and the conduit. There is some evidence from fluid
inclusions that the average values of chlorine found in the magma has increased
through each episode of the eruption. This, and other comparative aspects of the
second and third episodes will be studied in depth in the coming months.
Hazards from Lava Dome Collapse
16. A number of factors have been invoked to explain why the lava domes at
Soufriere Hills collapse. These include mechanical instability, internal gas
pressurisation, internal intrusion by magma, rainfall-induced pressurisation and
rainfall-induced erosion of talus. The evidence suggests that there are several
different mechanisms that have been dominant in various specific collapses, and
that no single causative mechanism accounts for all cases. Any lead time that the
MVO could give to warn of an impending major collapse would be of value so
that people could take mitigatory actions. MVO has been able to give such
warnings from time to time, based on their interpretation of monitored data. In this
spirit we have revived earlier work to estimate the probability of dome collapse
based on the observations made at MVO that could provide such a forecast
capability.
17. Although there are some deterministic models for dome collapse, such models are
incomplete and the data required to use them for forecasting is very difficult to
acquire. Therefore, our approach is to capture the state of the main potential
causative factors in a Bayesian Belief Network (BBN). This builds on the PhD
work of Thea Hincks. Her system uses time series data that can allow for
“memory” to be employed during time stepping and also allows the structure to
evolve. We have tried a simpler approach that is shown in Fig. 2. Here four main
factors contribute to the collapse potential value: rainfall, volume of dome,
internal pressurisation and extrusion kinematics. The first two factors are
evaluated from observations or forecasts. The second two attempt to capture the
observation that prior to many collapses the direction of exogenous growth is
6

changing or has just changed, often with attendant swarms of hybrid earthquakes.
In physical terms this probably involves the development of a new shear surface
within the upper conduit/dome and perhaps intrusive displacement of the body of
the dome. Such a simple approach could initially be deployed via a look-up table
approach and updated by the MVO Director every week.

Fig. 2. Draft Bayesian Belief Network for assessing dome collapse probability given
various observables and hidden or latent factors.
18. Thea Hincks (pers. comm.) has undertaken an analysis of a comprehensive
catalogue of real data collected from the Soufriere Hills volcano over the period
1995 – 2005 for the purposes of assessing the utility of different observations for
dome collapse forecasting by the BBN technique. The relative significance of
individual observables is assessed by calculating the marginal distribution for each
individual node, Prob(collapse | observation), for a single observation, and this is
repeated for all states of each observable, to give a weighted sum of their
contributions to a probabilistic forecast. The relative ‘values’ of individual
observables, found through Thea’s analysis, are depicted in Fig.3, and suggest
that, when suitably categorised, the states of long-period rockfall (LPRF) activity,
dome volume and LP activity are the principal determinants of short-term
likelihood of dome collapse, followed by averaged rainfall and peak rainfall.
Implemented in a BBN, these insights should help improve capabilities for
determining when dome collapse probability is elevated, and further work in this
direction is recommended.

7

Fig 3. Relative contributions of different observables to dome collapse forecasting,
derived from real data from Montserrat (courtesy Thea Hincks, see paragraph 18).
19. Detection of “pressurisation” or “intrusion” in the above model will be a key
factor in the success of this approach. We saw from the period in 1997 when two
tiltmeters were working on Chance’s Peak that the near-field (few hundred
metres) of surface deformation around the dome could give an excellent basis for
understanding dome/conduit dynamics. MVO sorely needs such a capability
again. Perhaps a series of GPS receivers on the crater rim using “spider”
technology would meet this need.
20. We consider the growing lava dome more sensitive to collapse again down Tar
River Valley than previously, because some resisting structures within the crater
were removed on 20 May 2006. Nevertheless, because the dome can grow in
rapid spurts, there is the current and future danger of collapse over the crater rim
to the west and north that could pose a direct threat to people. Here we refine our
ability to mitigate this hazard in two ways; by developing a measure of how MVO
possibly might detect that the dome is about to collapse and by improving our
mapping of where the resultant pyroclastic flows might go.
21. Previously we have used the PYROFLOW program in Monte Carlo mode to
simulate the potential for the distribution of future pyroclastic flows. This method
generates flows starting at the tops of Farrell’s Wall, Gage’s Wall, Galway’s Wall
and the Tar River Valley. But the relative proportions of flows allocated to each
source region have been “best guesses”. This has now been improved by studying
the history of the direction of dome growth (and hence its propensity to collapse in
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that direction) and the actual collapses that have produced pyroclastic flows
longer than 2 kilometres during the first and second dome growth episodes. This
study has shown that the dome must achieve a summit altitude of about 950 m asl
or more before it is able to shed material over the crater rims to the north, east and
south. There is no such barrier to collapse to the east down Tar River Valley. The
directional weighting for the four source areas is derived by multiplying the time
spent with the dome growing in each of the relevant quadrants by the frequency of
observed large flows per day per quadrant. This produces the weightings shown in
Table 1.
Flow Source

% Weighting
(all altitudes)

% Weighting
( > 950 m asl)

Farrells’ Wall
Tar River Valley
Galway’s Wall
Gage’s Wall

28
40
22
10

39
21
29
11

Table 1. Relative weightings of pyroclastic flows from four source areas
22. Fig. 4 shows the result of applying this directional weighting compared to the
previous PYROFLOW analysis. The main difference is that the hazard levels from
flows to the west down Gage’s Ghaut are reduced. The relative rates of inundation
for Plymouth and Amersham areas fall from 0.47 to 0.22 and from 0.26 to 0.14
respectively. Other changes are not significant. These new values have been used
in the quantitative risk assessment. The basic assumption is that the past history of
the dome growth is a better guide to future failures than is the “best guess”
approach. There are caveats to this assumption, one being that changes in rim
geometry can be accounted for in “best guess” methods, but less easily in a
method using the eruption database. Thus whereas the results of the new method
are used in the quantitative risk assessment, we do not lose sight of the possibility
of other observations (such as the lowering of Gage’s Wall) influencing our
perception of the hazards.

Fig. 4. Probability of pyroclastic flow inundation: left result is with directional
weighting calculated; right result is from SAC6 with directional weighting guessed.
9

Changes to the Conduit/Magma Supply
23. The longevity of the eruption and the similarity of the lava erupted indicate a
deep magmatic system in a state of near-equilibrium. Of course there have been
great fluctuations in the rate of rise, the rheology and the explosivity of the
magma during this period. Some of these effects may be due to the inherent nonlinearity of the system’s dynamic behaviour9. There are other aspects of the
volcano’s behaviour with time that may indicate physical changes to the system,
for example varying apparent depths of pressurisation and depressurisation of the
crustal magma reservoir based on models inverted using GPS data. Here we
consider two such possible changes; of the diameter of the upper part of the
conduit and the rate of supply of basaltic magma to the reservoir.
24. We assume that because the volcano occasionally extrudes near-cylindrical spines
through the dome, these represent the almost-solidified fill of the uppermost part
of the conduit. They must therefore represent a period of slow rise of magma in
the conduit in which more depressurisation crystallisation takes place than normal.
The typical diameter of these spines has been taken to be about 30 metres, based
on remote observations throughout the eruption. However, on 26 February and
again on 18 May, 2006 spines with a diameter of about 50 metres were observed.
This led to speculation that perhaps the uppermost part of the conduit had been
widened prior to the resumption of Episode 3 dome growth. Discussion of this
topic with R.B.Watts, who studied the 1995-98 spines, led to the conclusion that
there were examples of approximately 50 metre diameter spines during episode1.
However, they did not appear until after the first significant explosion of 17
September 1996. One way to widen a cylindrical conduit is by wall-erosion during
explosive venting leading to upward flaring towards the surface. This could
explain why wider spines are favoured after major explosions on 17 September
1996 and on 12 –15 July 2003 in the case of episode 3. One way to generate
spines of variable width (30 – 50 metres diameter) is to generate the spine at
different depths in a flared conduit, deeper for the narrower spine, shallower for
the wider spine. Formation or modification of the spine’s shape within the dome is
another possibility.
25. Widening the conduit from 30 to 50 metres should reduce the magma rise velocity
by a factor of 2.78 if the flux stays the same. However, for a constant feeding
pressure (i.e. if the reservoir can supply magma fast enough), numerical
experiments in a 2D, compressible, Newtonian, Navier Stokes flow model show
that the flow in the centre of the conduit increases its velocity and the flux can
increase a factor of six or more as the conduit widens from 30 to 50 metres. Such
a model, however, does not account for any rheological changes due to
crystallisation that may affect conclusions about shear strain rates at the margins
and the generation of long period/hybrid swarms. A wider conduit should
9
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generally produce long period earthquakes with higher frequency content. This is
what was observed after the 20 May 2006 collapse event and may indicate a
correlation between explosive reaming of the upper conduit then and the character
of the long period events after.
26. In the SAC5 report we discussed the near-constancy of the long-term rate of
sulphur dioxide emission and interpreted this as evidence of a near-constant
supply rate of basalt into the andesite reservoir. The very large release of 200,000
tonnes of sulphur dioxide in the 20 May event was the largest such release during
the eruption and prompted us to look again at the assumption of a constant sulphur
dioxide/basalt relationship.
27. The cumulative sulphur dioxide release curve and the equivalent curve for lava for
the whole eruption are given in Fig.5. The accelerating character of episode 1 and
the linear character of episode 2 are represented by both curves. The increased
gradient of both curves in episode 3 relative to episode 2 are apparent. However,
unlike episode 1, the sulphur dioxide curve does not follow the inflection seen in
the lava extrusion curve in late December 2005.
28. The overall rate of sulphur dioxide emission for episode 2 was 630 tonnes per day
(including the pulses released during collapses, e.g. 12 July 2003), and the
equivalent rate for episode 3 to August 2006 is 1090 tonnes per day. This is a ratio
of 1:1.7. The ratio of the dense rock equivalent volume of andesite lava emitted in
the two episodes is 1:1.7 also. This suggests that if the rate of emission of andesite
magma from the reservoir is proportional to the rate of input of basaltic magma to
the reservoir and the amount of sulphur dioxide given off per unit volume of
basalt is the same, then the current episode represents a period of increased
basaltic magma influx to the reservoir relative to the 1998-2005 period. Whilst
this argument is plausible it is still possible that a release of sulphur dioxide stored
in a conduit or magma reservoir could be responsible for the current imbalance
relative to pre-2005.
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Fig.5. Plot of the cumulative amount of sulphur dioxide and lava emitted during the
eruption (lava curve is arbitrarily scaled to show trend).

Assessment of Volcanic Hazards
29. The continued rapid growth of the lava dome following the collapse of 20 May
2006 means that Montserrat is now in a very similar position to the situation it
faced in April 2006, when we last reported. A large dome has now almost reached
the point where it is capable of overtopping the crater rim, potentially to send
pyroclastic flows in directions other than down the Tar River Valley. The main
lesson learned from the collapse of 20 May is that the striking features of that
event - its short duration (for such a large mass movement), high kinetic energy
enabling it to remove all the dome and other remnants, and the great height and
high sulphur dioxide content of the explosion cloud- all point to a hotter and more
volatile-rich dome than before, certainly than was the case in episode 2. This view
fits with its high overall extrusion rate and the previously noted lack of minor
collapses that might have reduced the heat and volatile content. Most of the dome
that collapsed on 20 May had been emplaced in five months (since midDecember). By October-November 2006 the current dome will be of a similar size
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and have accumulated at about the same rate. The likelihood of it collapsing down
Tar River Valley again during this period is high. The rainy season could
accentuate the failure probability.
30. There are, however, differences between these two domes. As previously noted,
this current dome has less lateral support within the crater than the August 2005 –
May 2006 dome. This may make it more likely to fail down Tar River Valley. The
current dome has had more small collapses generating modest (2-3 kilometre
runout) pyroclastic flows down Tar River Valley, such as on 30 June and 29
August and in early September 2006, than the earlier dome. This will have
reduced the overall energy content of the dome, although not in a major way.
There are again no signs of major (e.g. 0.1xRef) explosions being generated
during periods of high extrusion rate (apart from the syn-collapse explosions on
20 May, which require further study), even though the lavas are highly vesicular.
However, this may indicate we are close to the explosion threshold.
31. The loss of the small Gage’s Wall remnant has removed its collapse as a potential
hazard. However, the development of the Gage’s Wall gas and ash vent and the
subsequent erosion of the southern part of the top of the wall in early September
2006 will make it easier to generate dome collapse pyroclastic flows there in
future, as well as the small column collapse flows (from the ashy vent) observed
there on 10 September. The vent could propagate further northwards and perhaps
lead to further erosion of the Wall. Another possibility considered is that this
venting might make the whole Wall unstable, leading to failure as in the Galway’s
Wall collapse of 26 December 1997. As we discussed in the last report, there are
no signs that this is happening currently and no signs that it happened during the
two previous dome growth episodes, when the Wall was both stressed by the
dome and overtopped by dome talus and flows. Nevertheless, the vent is a new
phenomenon and its impact on the integrity of Gage’s Wall needs to be
considered. Any partial collapses of the wall due to fumarole weakening could
occur inwards, rather than outwards towards Plymouth. Also during the period
when the wall is being overtopped by dome talus or flows, the Wall itself could be
eroded, reducing its rim height.
32. Overall the main types of hazard posed by the volcano continue to be:
Pyroclastic flows from dome collapse;
Rock avalanches from collapse of crater walls;
Explosions with ash and rock fallout;
Pyroclastic flows from explosive column collapse.
The likelihood of future occurrence is strongly controlled by the rate of extrusion,
with high rates more likely to initiate both collapses and explosions. The paths
and hence the hazardous consequences of flows and collapses depend on their
sources and the down-slope topography.
33. The dome is currently growing to the east/northeast, but the next time that the
locus of lava dome growth shifts to the north or west there will be the potential to
infill the moat between the dome and the crater walls and overtop the crater rims
above Gage’s and/or Farrell’s Walls. If this happens, the possibility will exist to
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send dome collapse pyroclastic flows towards Plymouth or into the lower Belham
Valley. Our new analysis of this (paragraphs 20-21) shows that the assessed
probability by flows down Gage’s Ghaut has fallen relative to the last report. This
analysis also shows that the top of the dome must be at least about 950 metres
above sea level for such collapses to occur at all, and that most collapses with
volumes greater than about 2 million cubic metres occur when the dome is above
1000 metres above sea level. As before, flows of volume greater than 2 million
cubic metres could threaten Plymouth.

Fig.6. Simulated limits of dome collapse pyroclastic flows and their surges in the
lower Belham Valley. The red boundary is for flows of up to 5 million cubic metres
such as has been experienced as a result of collapses over the Farrell’s Wall earlier
in the eruption. The blue line represents the boundary of a ~ 12 million cubic metre
flow. The purple line along Nantes River marks the northern limit of any conceivable
pyroclastic flow/surge activity. Note that the pyroclastic surge limits are derived by a
very simple method and thus the red and blue boundaries are not necessarily
conservative with respect to surge hazard.
34. As we have seen from the PYROFLOW probabilistic simulations of pyroclastic
flows and their surges (Fig.4), the 5 million cubic metre simulated flows would
reach no further down the Belham River Valley than Cork Hill. Because we have
not had such long flows on land on Montserrat we cannot with high confidence
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accurately simulate equivalent flows that reach all the way down the Belham
Valley to the sea. Nevertheless extrapolations of model parameters suggest that
such a flow would need to have a volume of about 12 million cubic metres or
more. The boundaries of such flows and their surges in the lower Belham Valley
simulated by PYROFLOW are shown in Fig.6. All of the volume of dome
material available to form pyroclastic flows by gravity collapse does not
necessarily contribute to a single flow. In fact, almost all larger collapses have had
multiple flow pulses10 that probably do not exchange momentum and are
effectively separate flow events. For this reason the largest reference flow volume
used in the PYROFLOW simulations is 5 million cubic metres even though the
largest total collapse volume out of the crater, other than down Tar River Valley
and in the sector collapse event of Boxing Day 1997, has been about 14 million
cubic metres (21 September 1997 down Tuitt’s and Whites Bottom Ghauts). Thus
generation of a flow of this size down the Belham would require not only a very
specifically located collapse just above Tyer’s Ghaut, but also an available volume
of dome of probably well in excess of 12 million cubic metres. This would in turn
require a dome with a summit at about 1100 metres above sea level, as it was in
July 2003. The current dome is not large enough to achieve that. However, the
simulations of the surge boundaries for a 12 million cubic metres collapse shown
by blue in Fig.6 are not necessarily conservative with respect to surge hazard.
Larger collapses (e.g. 20 million cubic metres) and physical effects not well
represented in the model could produce surges beyond the blue lines.
Long Term Prognosis
35. Whilst there are signs that the supply rate of magma into the chamber may have
increased, our view of the long-term behaviour of the volcano has changed little as
yet. We think that the current episode of dome growth can be expected to continue
for about another 17 months. Following that there may be another extended pause
in extrusion before another episode of dome growth. Or the eruption may stop
altogether. It is worth repeating that MVO would need to continue monitoring
signs of deep activity in the magma reservoir for about one year after a pause
began before we could decide whether the eruption was over.
36. This eleven-year eruption is now one of the longest-lived dome building eruptions
on record. Using one definition of this type of volcano with 97 examples worldwide, it is now the fifth longest-lived. Using the same Generalised Pareto
distribution for the global database, as in the last report, we calculate the survivor
function for the Montserrat eruption of having now lasted 133 months in terms of
the probability of it lasting another five or more years of 0.80, and 0.49 for
another twenty years or more.
37. In the SAC5 report we discussed the probability of very large explosions, (up to
10 times the size of the reference 17 September 1996 explosion; i.e.10xRef, a
volume of about 30 million cubic metres), much larger than seen in the current
10

Cole, P.D., Calder, E.S., Sparks, R.S.J., Clarke, A.B., Druitt, T.H., Young, S.R., Herd, R.A., Harford,
C.L. and norton, G.E., 2002. Deposits from dome-collapse and fountain-collapse pyroclastic flows at
Soufriere Hills Volcano, Montserrat. In, Druitt, T.H and Kokelaar, B.P.(eds) The erurption of Soufriere
Hills Volcano, Montserrat from 1995 to 1999. Geological Society, London, Memoir 21, 231-262.
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eruption occurring at Soufriere Hills. We now revisit this issue from the specific
scenario of the likelihood of an even larger explosion occurring that would put an
end to this eruption. Such an event could occur if the eruption process taps
directly into the magma reservoir and evacuates a large volume of andesite to
produce a Plinian explosion with a Volcanic Explosivity Index of 4 (equivalent to
a 30xRef explosion). Ogburn and Calder11 kindly studied this question at our
behest using the Smithsonian database and other sources. Of all the historical
eruptions around the world for which durations are known (77), none of those that
lasted longer than ten years had a large explosion during or at the end or soon after
(within 2 years) dome growth. Of all 288 dome-forming eruptions in the database,
95 were of similar general lava composition to Soufriere Hills (basaltic andesite dacite range) and only one, possibly, might be considered to have ended in a large
explosion. From this we conclude that it is rare for dome building andesitic
eruptions to end in large explosions: the equivalent probability is, at most, in the
range of 0.01 to 0.001, which can be regarded as a very conservative ‘statistical
baseline’. Given that other specific factors relevant to Soufriere Hills, such as size
of the magmatic system, are not taken into account, a more realistic probability for
Montserrat is likely to be much less.
Elicitation of Probabilities for Hazard Scenarios
38. Next, we summarise the results of the formal elicitation of the SAC members’
views on the probabilities of occurrence over the next year of the hazardous
events that are inputs to the risk simulation modelling. In order to assign
quantitative estimates to these probabilities, we use our knowledge of the factors
that influence specific hazard scenarios, results of any available modelling
analyses, and the Expert Opinion Elicitation method that we have used in previous
assessments. During the meeting, the opportunity was taken to renew the
individual expert’s performance-based calibrations with an extended set of ‘seed’
item questions12. The outcome of this exercise was a rationalization of the scores
used for pooling and combining the contributions of the experts and, for many of
the participants, represented the first revision of their scores in over eight years of
applying the methodology to the Montserrat volcanic crisis.
39. In order to update the present quantitative risk assessment, twenty five separate
items were discussed and elicited during the meeting on Montserrat. Six new
questions were added to the nineteen elicited at the previous SAC: the first was a
supplementary query concerning the length of time (in months) during the next
year for which populated areas might be exposed to a dome collapse threat, if
growth continues (Q2b); the other five (P9a – P10c) related to SAC judgments
about the total duration of the eruption and the likelihood of a major explosion at
the Soufrière Hills Volcano, given the information contained in the OgburnCalder report (see para.37). The elicitation outcomes for all questions are reported
below as items P1, P2, P3a-c, P4a-c, P5a-d, P6a-b, P7a-b, P8a-b - where
11

Ogburn, S. and Calder, E., 2006, Dome-building eruptions: a world-wide summary of lava domes
associated with major explosive activity (VEI≥4) MVO Open File Report 06/X.
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See Aspinall, W.P. (2006) Structured elicitation of expert judgment for probabilistic hazard and risk
assessment in volcanic eruptions. To appear as Chapter 2 in IAVCEI Volume "Statistics in
Volcanology", 31pp.
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probabilities are involved - and as Q1, Q2b where specific quantities (e.g. duration
of dome growth) were sought. A number of other values, mainly for conditional
probabilities that had been elicited in previous meetings, were accepted as
remaining valid and were not updated.
40. Each class of event connected with any particular conditional probability
represents one type of hazard with a given size or intensity. By assigning a
distributional spread of sizes to a set of such events, it is possible to represent the
uncertainties associated with each and combine them all into a model of the
continuum of hazards that can arise at this volcano. The set of hazard events for
the Soufrière Hills Volcano was initially defined in 1997, and has been
progressively modified, as understanding has improved.
41. GIVEN current conditions, the probability that the present episode of lava
extrusion will cease within 12 months (P1):
Given that active processes at depth have not stopped and the volcano has been
erupting magma for the last fourteen months, this question elicits views on the
probability that the latest episode of lava effusion will cease within one year
(from August 2006).
Elicited Probability:
lower bound
1%

best estimate
20%

upper bound
60%

The chance of a cessation of dome growth within one year is thus judged to be
about 5:1 against. These odds are slightly ‘shorter’ than those assessed at the last
SAC meeting (then, 6:1 against cessation) so they remain ‘substantial’, rather
than ‘strong’. Thus, curtailment of lava extrusion within one year is thought to be
unlikely, but if it happened it would not be a great surprise
42. GIVEN current conditions, the probability that within 12 months the next
significant activity will be a harmless major dome collapse that takes away the
bulk of the dome (e.g. to Tar River Valley) (P2):
This question elicits views on the probability that within a year a major collapse
of the dome could occur such as would remove potential collapse threats to the
Belham and Gages Valleys.
Elicited Probability:
lower bound
10%

best estimate
51%

upper bound
92%

That is, the assessed chance of such a collapse within one year is judged to be
about 1 in 2, which is a marginally increased likelihood, relative to that assessed
in March. In other words, a benign collapse down Tar River is about twice as
likely to happen as dome growth is to cease (P1, above).
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The product of the complements of these two probabilities ({1 – P1}*{1 - P2})
indicates there is a joint probability of about 39% (= 0.8 * 0.49) that lava dome
growth will be on-going and uninterrupted by major collapse throughout the next
twelve months. In other words, it is now felt there is a less than ‘evens’ chance
that the dome will continue to grow and there will be no major dome collapse
within the next 12 months; this scenario is thus considered somewhat less likely
to develop than it was in March.
43. GIVEN present conditions, what is the likely further duration of the current dome
growth episode, in months from time of meeting (Q1):
Elicited duration:
lower bound
2 months

best estimate
17 months

upper bound
157 months

The central value obtained for this question in the SAC7 meeting is notable for
the more restricted timescale that the experts consider most likely for the duration
of the remainder of this dome growth episode (at SAC6, five months ago, it was
28 months). However, on this occasion, the elicited upper bound credible
interval value extends the plausible maximal total duration to over 14 years,
which is conspicuously longer than the six years elicited at SAC6, or the seven
years at SAC5.
44. GIVEN present conditions and looking ahead over the next 12 months, for how
many months might there be a dome large enough to threaten collapses towards
populated areas (Q2):
Elicited duration:
lower bound
0.01 months

best estimate
1.9 months

upper bound
8.4 months

45. GIVEN the average flux rate over the last 8 months has been ~ 4.5 m3/sec, AND
assuming dome growth continues for the next twelve months, what is the
probability that the overall average flux rate will turn out to be less than 2 m3/sec
for the 12 months (P3a):
This and the following two questions seek to enumerate the probabilities of three
different ranges of overall average magma flux rates, spanning the full range of
observed behaviour during the Montserrat eruption. Each, potentially, could
engender different consequences in terms of the level of risk. High flux rates (i.e.
>>5 cubic metres per second) were experienced, most notably during the second
half of 1997. On occasion, short-term rates greater than 10 cubic metres per
second may have occurred briefly in 1996-97, and again during February- March
2006.
Elicited probability that magma flux rate will turn out to be below 2 cubic metres
per second over the whole 12 months:
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Lower bound
1%

best estimate
13%

upper bound
76%

Compared to the last two assessments, the probability of experiencing this low
overall flux rate is halved for a second consecutive time (SAC6 prob. 29%; SAC5
prob. 58%).
46. GIVEN the average flux rate over the last 8 months has been ~ 4.5 m3/sec, AND
assuming dome growth continues for the next twelve months, what is the
probability that the overall average flux rate will turn out to be between 2 – 5
m3/sec for the 12 months (P3b):
This range encompasses the average flux rate experienced for much of the
eruption from 1996 to 2002.
Elicited probability that magma flux rate will average out at between 2 - 5 cubic
metres per second over the whole 12 months:
Lower bound
17%

best estimate
49%

upper bound
93%

The SAC’s opinion now is that an average flux rate in the intermediate range (2-5
cubic metres per second) is slightly less likely than was assessed in SAC6 (prob
= 58%).
46. GIVEN the average flux rate over the last 8 months has been ~ 4.5 m3/sec, AND
assuming dome growth continues for the next twelve months, what is the
probability that the overall average flux rate will turn out to be 5 m3/sec or
greater over the 12 months (P3c):
Elicited probability that average magma flux rate will exceed 5 cubic metres per
second over the next 12 months:
Lower bound
5%

best estimate
38%

upper bound
73%

As noted above, such high flux rates were experienced during the second half of
1997, and again in February – March 2006. From this elicitation, the SAC
considers the chances of sustained flux rates of this intensity are now more than
twice as probable than those indicated by the SAC6 elicitation (prob = 14%),
continuing a upward doubling trend from SAC5 (prob. = 7%). These are
significant reconsiderations of the chances of this scenario happening.
47. GIVEN what has happened to date, the probability that the lava flux rate will
peak at less than 5 cubic metres per second (averaged over any 30-day period)
during the next 12 months (P4a):
This scenario implies that the high magma flux rates seen during the last few
months do not recur in the next twelve months, even for one month.
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Elicited probability:
lower bound
0.2%

best estimate
7%

upper bound
47%

This represents a significant reduction in likelihood - the central value being
down from 22% at SAC6.
48. GIVEN what has happened to date, the probability that the lava flux rate will
peak at between 5 - 10 cubic metres per second (averaged over any 30-day
period) during the next 12 months (P4b):
This scenario involves quite high magma flux rates that may have occurred
during brief peaks in activity, but have never been maintained for more than
several days. At such rates, the volcano may be expected to be bordering on a
change to explosive activity. The present item thus considers an acute situation
in which intense magma production is sustained for a month or more at between 5
to 10 cubic metres per second.
Elicited probability:
lower bound
12%

best estimate
42%

upper bound
91%

This outcome suggests some easing off of the likelihood of such a flux rate being
experienced: at SAC6, the corresponding probability was elicited at 59%.
49. GIVEN what has happened to date, the probability that the lava flux rate will
peak at 10 cubic metres per second or greater (averaged over any 30-day period)
during the next 12 months (P4c):
This scenario involves very high magma flux rates that may have occurred during
brief peaks in activity, but have never been maintained for more than several
days. At such rates, the volcano may be expected to be close to changing to
strongly explosive activity. The present item thus considers an extreme situation
in which intense magma production is sustained for a month or more at rates
exceeding 10 cubic metres per second.
Elicited probability:
lower bound
5%

best estimate
51%

upper bound
80%

Thus, on the basis of recent behaviour, there is thought to be an evens chance of
experiencing this extreme situation within the next twelve months; this is a big
increase (SAC6 prob.20%), taking up the reductions in likelihoods that are
ascribed currently to intermediate or lower levels of peak flux (P4a,b).
50. If magma extrusion increases to peak at one of the following (30-day period) flux
rates, what is the conditional probability of a 0.1x ref or greater explosion
occurring (P5a-d):
P5a: for peak flux rate no more than 2 cubic metres per second:
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lower bound
0.1%

best estimate
3%

upper bound
31%

P5b: for peak flux rate between 2 - 5 cubic metres per second:
lower bound
best estimate
upper bound
1%
16%
81%
P5c: for peak flux rate between 5 - 10 cubic metres per second:
lower bound
best estimate
upper bound
6%
33%
88%
P5d: for peak flux rate above 10 cubic metres per second:
lower bound
best estimate
upper bound
12%
47%
95%
These four sets of probability distributions (P5a-d) allow the likelihoods of
explosions of different sizes to be included in the quantitative risk assessment as
a function of attained peak magma flux rate. Generally, the central likelihood
values are reduced from those of SAC6, but the upper credible bounds are higher:
this suggests that while there is a feeling amongst the SAC that current conditions
are somehow not conducive to explosive behaviour, their conviction about this
appraisal is not strongly held.
51. What is the probability in the next 12 months of a failure of Gage’s Wall giving
rise to a flow (hot, cold or mixed) towards Plymouth (P6a):
Elicited Probability:
lower bound
2x10-3%

best estimate
2%

upper bound
17%

With the removal of the dome remnant on 20 May, this item indicates a belief
that the probability of such a failure causing a significant flow towards Plymouth
is now much reduced (by a factor of 5 compared to the outcome of the March
2006 elicitation).
52. What is the probability in the next 12 months of a failure of Farrell’s Wall part of
the crater rim giving rise to a significant flow on the northern flanks of the
volcano (P6b):
Elicited Probability:
lower bound
2x10-4%

best estimate
0.1%

upper bound
5%

This outcome represents a fractionally reduced probability of occurrence.
53. What is the probability that dome material will accumulate on or above Tyre’s
Ghaut notch such that 5 x 106 m3 or more is in a position to collapse into Tyre’s
Ghaut within the next 12 months (P7a):
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The figure of 5 million cubic metres of material is judged on the basis of
numerical modelling to be the minimum amount required to generate a flow with
a run-out potential at least as far as the middle reaches of the Belham Valley (i.e.
capable of approaching the vicinity of the former Belham Bridge).
Elicited Probability:
lower bound
2%

best estimate
22%

upper bound
77%

Here, following the events of May and the changes in the crater in particular,
there is a marked reduction in the SAC’s opinion of this scenario developing in
the next 12 months (SAC6 prob. 70%).
54. GIVEN that 5 x 106 m3 or more of dome material does accumulate on or above
Tyre’s Ghaut notch, what is the conditional probability that at least 5 x 106 m3 of
that material will collapse into Tyre’s Ghaut within the next 12 months (P7b):
Elicited Probability:
lower bound
5%

best estimate
26%

upper bound
74%

This response says that if sufficient material does so accumulate, the chances of a
directed collapse into Tyre’s Ghaut are now thought to be higher than before,
presumably reflecting the increased dynamism of the current dome building, and
the variability of growth directionality.
55. What is the probability that dome material will accumulate on or above Gage’s
Wall such that 2 x 106 m3 or more is in a position to collapse into Plymouth
within the next 12 months (P8a):
The figure of 2 million cubic metres of material is judged on the basis of
numerical modelling to be the minimum amount required to generate a flow with
a run-out potential at least as far as the outskirts of Plymouth.
Elicited Probability:
lower bound
4%

best estimate
35%

upper bound
82%

56. GIVEN that 2 x 106 m3 or more of dome material does accumulate on or above
Gage’s Wall, what is the conditional probability that a flow of at least that
volume material or greater will collapse into Plymouth within the next 12 months
(P8b):
Elicited Probability:
lower bound
7%

best estimate
35%

upper bound
62%

This outcome is marginally increased from the last SAC assessment, probably for
the same reasons given for the increase in P7b, above.
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57. GIVEN the additional information provided by the Ogburn - Calder analysis of
global historical eruption databases (paragraph 3-376, above), what is the
probability that the present Soufriere Hills eruption will have a VEI 4 explosion
associated with it (P9a):
Elicited Probability:
lower bound
2x10-4%

best estimate
0.01%

upper bound
0.3%

58. IF the present eruption does have a VEI 4 explosion associated with it, what is
the probability it will occur within next 12 months (P9b):
Elicited Probability:
lower bound
0.01%

best estimate
4%

upper bound
24%

Thus, taking P9a and P9b together, the best estimate likelihood of a VEI 4
explosion in the next 12 months is on the order of 4 x 10-6; the credible range
indicates this probability may reach as low as 2 x 10-8, and is unlikely to exceed 7
x 10-4.
59. GIVEN the statistically expected duration of a dome-building eruption that has
gone on for 133 months already (i.e. Soufriere Hills) is 30 years, what is the
probability THIS eruption will NOT exceed 20 years total duration (P10a):
Elicited Probability:
lower bound
9%

best estimate
25%

upper bound
66%

60. GIVEN the statistically expected duration of a dome-building eruption that has
gone on for 133 months already (i.e. Soufriere Hills) is 30 years, what is the
probability THIS eruption will exceed 20 years total duration but NOT exceed 30
years total duration (P10b):
Elicited Probability:
lower bound
11%

best estimate
33%

upper bound
75%

61. GIVEN the statistically expected duration of a dome-building eruption that has
gone on for 133 months already (i.e. Soufriere Hills) is 30 years, what is the
probability THIS eruption WILL exceed 30 years total duration:
Elicited Probability:
lower bound
7%

best estimate
43%
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upper bound
86%

These three results (P10a – 10c) together indicate a judgment that, on the limited
evidence available, this eruption is thought more likely to fall in the lower half of
the statistical distribution of durations, i.e. just below the median value of 30
years.
Quantitative Risk Assessment
62. We make use of the same procedures for quantitative risk assessment that have
been used since 1997. Once more, our previous calculations of volcanic risk are
revised by making adjustments to probability and rate estimates in the light of the
new developments in the volcano, and on the basis of the committee’s reappraisal
of the likelihood of the various associated threats. The risk levels are mainly
expressed as potential loss-of-life estimates and as annualised individual risk
exposures - that is, the risk of suffering a given number of casualties in the society
as a whole, or the risk of an hypothetical individual losing his or her life during
one year. Generally, these risk estimates do not include allowance for any
reduction in exposure that could be gained from early warnings and civilian
mitigation responses. Thus, while the quantitative risk assessment results are not
full-blown worst-case scenarios, they do represent conservative estimates for
policy-making purposes. The approach and methodology follow those described
in the December 1997 MVO Hazards and Risk Assessment report, validated by
the UK Government’s Chief Scientific Adviser’s consultative group.
63. The assumed total population on Montserrat is taken to remain at about 4,775
persons, a figure unchanged from previous recent assessments. Estimates of the
potential numbers of persons that might be injured by volcanic action are not
included here - for emergency planning purposes, medical and volcano
emergency specialists can infer casualty numbers from the probable loss-of-life
estimates.
64. In response to requests from the authorities, the present assessment focuses
principally on volcanic risk levels in the former Day-Time Entry Zone (fDTEZ),
and in certain areas that are connected with tourist or industrial activities. For
overall societal risk estimates, we retain the main occupied zone delineations that
have been used consistently throughout recent risk assessment updates for
Montserrat - (see Fig. 1 of the March 2004 Report, Part II, and Fig.5).
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Societal Risk Levels
65. Risk levels with the present population distribution
In order to assess societal risk levels, the impacts of different eruptive scenarios
are modelled for the whole population, and aggregated according to likelihood of
occurrence.. In addition to the population outside the former DTEZ, the model
also assumes there are less than 20 people living full-time within that area
(including those on Isles Bay). Using the elicitation results reported above, the
risk assessment analysis uses Monte Carlo re-sampling to explore possible
outcomes from a range of scenarios relating to dome-building, at different flux
rates, and from associated explosive activity that might develop within the next
twelve months. The potential impacts of each scenario are weighted according to

Fig7. Map showing areas used for risk exposure calculations
the elicited relative likelihoods of occurrence.
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66. Fig. 7 shows the estimated current annualised societal risk for Montserrat (curve
D), together with those calculated in September 2005 (curve B), March 2006
(curve A) and June 2006 (curve C); the latter curve was produced by a sub-group
of the SAC for the purposes of an interim risk assessment. The latest risk curve
is very similar in its overall shape and risk levels to the other three, all of which
relate to this third episode of dome growth. Overall, the threshold volcanic risk
level at which one or more casualties may occur is fractionally higher than it was
at the end of June, but remains slightly lower than those assessed in March 2006
or September 2005. For greater numbers of casualties (i.e. 10 or more), the
present societal risk curve falls below those of the previous assessments. This
latter outcome reflects the SAC’s collective view that, for some reason, the
volcano is currently disinclined to strong explosive activity. The slightly reduced
risk at low numbers of casualties can be attributed to a belief in an increased
likelihood that future collapses will go down the Tar River, given the changes in

Fig. 8. Societal risk curve (D, in red) for present population of Montserrat,
compared to previous assessments and other natural hazards
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the way the new dome is now seated in the crater.
67. Comparative risk exposures for hurricane and earthquake are also shown on
Fig.8: for small numbers of casualties, curve A indicates the present volcanic risk
in the populated areas of Montserrat falls closer to that from the regional tectonic
earthquake threat than from hurricanes, while for larger numbers of casualties
(e.g. 5 - 30 fatalities) the risks are a lot lower than those from either of the other
two natural hazards. That said, however, the residual threat posed by the erupting
volcano, from a minimal-probability more extreme event, re-emerges to approach
those of hurricane or earthquake for 30 or more casualties.
Scales of Risk Exposure
68. The numerical estimates of annual probabilities of risk exposure for peple living
in different parts of Montserrat cover six orders of magnitude. We have thought
that officials and citizens find it easier to assess values within this large span if it
is divided into a few descriptive classes and that this will remove the tendency to
over-interpret minor differences in the numerical values. Such a descriptive scale
of risk classes, the Chief Medical Officer’s (CMO) Risk Scale (Appendix 2), has
been in use on Montserrat since 1997 and throughout the SAC series of reports.
However, some citizens have objected to its use, inasmuch as the descriptive
classes do not necessarily match their personal perceptions of risk severity. Thus
we have looked at alternative measures of risk. However, we note that any system
of risk description is likely to meet with objections from part of the population,
particularly if regulations are imposed that are seen as unpopular in some
quarters.
69. It is important to recognise that SAC has attempted to estimate the annual
numerical risks attached to occupancy or work in specific places on Montserrat.
We do not wish, nor is it our job, to impose value judgements on whether such
risks are to be tolerated or not. It is up to the civil authorities to decide, on the
basis of numerous factors selected by them, how to use this information for
management decisions aimed at protection of the public. Inevitably, different
views will exist about the acceptability or otherwise of risks in such
circumstances, between safeguarding society and allowing individual tolerance of
risks. Replacing the CMO scale with another one will not eliminate this issue.
70. One of the issues with the CMO scale is that its language, though general, was
originally directed towards the UK National Health Service and not towards
Montserrat or situations involving long-term volcanic risks. It is useful therefore
to consider additional perspectives, so that official and citizens can relate a CMO
risk exposure class to some other situation in their experience. We have
considered two ways of improving such perspectives, one, by comparing the
annualised volcanic risks with annual risk of death associated with specific
occupations, and two, by considering what additional or incremental risk the
presence of the volcano has on the “background” risk people face going about
their lives. Considering the latter method first, we need a “background” risk of
accidental death for people living in the safe part of Montserrat. This is not
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currently available, but for illustration we can use the equivalent accidental death
mortality rate value from the US Virgin Islands of 28.1 per 100,000 of the
population per year. We then add the additional volcanic risk to this to give the
new joint risk level. When expressed as a ratio between the background level and
the level from the joint probabilities this gives a risk increase factor. A factor of
two means that the risk of accidental death has doubled as a result of being
exposed to the volcano. Numerically, this would require the person’s risk from
the volcano to be in the LOW CMO class.
71. The “background” risk is a societal average and some people put themselves more
at risk than others as part of their everyday jobs or hobbies. People find
comparisons of the risks faced as a result of their jobs helpful, particularly if they
involve occupations they follow or are familiar with. For example, in the UK
deep-sea fishing is often cited as the most risky occupation with an annual
mortality rate of about 1 per 1000. US data suggest about 1 per 300 for this for
their fishermen. Other occupations bear even high rates: 1 per 160 for helicopter
pilots and 1 per 50 for soldiers at war.

SAC7 Individual
Risk by Region

CMO Risk
Scale

Probability of
Death

Risk Increase
Factor

HIGH

Soldier at war
1 in 100

36

MODERATE

Deep sea fishing
1 in 1000

fDTEZ

Occupations

4.6

LOW

Quarrying
1 in 10000

1.35
Construction
Forestry

VERY LOW
1 in 100000
North of Nantes River

MINIMAL

Services
1 in 1000000

N. Montserrat

1.03
1.003

NEGLIGIBLE

Table 2. Comparative individual risk scale values

72. In Table 2 we show the CMO risk scale values and descriptors, the Risk Increase
Factor, and the SAC6 individual risk exposure values for the former DTEZ, Old
Towne/Salem and northern Montserrat. Also shown are some occupational risk
levels for some occupations relevant to Montserrat (though these numbers are
from the UK13). Thus for this present report we retain use of the CMO risk scale
because it use language that is easily understood and has the merits of familiarity
and continuity. But we seek to augment its use and improve understanding by
13

U.K. Health and Safety Executive, 2001. Reducing risks, protecting people, Table 3, 74pp.
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adding other risk measures, including a more locally relevant “background” risk
and occupational risk values.
Individual Risk Exposure Estimates
73. In terms of individual exposure, individual risk per annum estimates (IRPA) for
people in different areas are calculated using the probabilities elicited from the
committee, coupled with Monte Carlo population impact risk simulation
modelling. For the present, the numerical risk estimates will still be categorised
according to the descriptive scale of risk exposure levels devised by the Chief
Medical Officer (CMO) to the UK government (see Appendix 2).
74. Risks to people living north of Nantes River
The last two collapses of the lava dome have been the largest seen so far (about
200 and 100 million cubic metres). Could a collapse of this size occur towards the
populated northwest? Almost certainly not. The shape of English’s Crater ensures
that the bulk of the dome must collapse to the east. Earlier simulations14 of a very
large flow to the north showed that the Centre Hills would give protection from
any large flow. For a smaller flow volume (a few tens of millions of cubic
metres) moving down the Belham Valley, the line of Nantes River would be an
approximate limit to any flow hazard. That said, a flow of this size is highly
unlikely. North of Nantes River, an individual’s volcanic risk exposure outlook
for the next 12 months is assessed MINIMAL on the CMO’s scale, and reduces
strongly with distance further north.
75. Risks to people living between Nantes River and the Belham River
There is a general increasing gradient of risk as one moves from Nantes River
towards the Belham Valley because the distance to the volcano is reduced and the
valley itself would channel flows (Fig 5). For those parts of this area that adjoin
the Belham Valley itself, the individual risk level for the next 12 months would
be categorised as LOW on the CMO’s scale. The increased rates of defoliation in
2006 in the Belham Valley catchment mean that the likelihood of erosion and
mudflows has increased.
76. Risks in the former DTEZ areas
Given that dome growth has not yet reached the point when over-topping the
crater is taking place, the most immediate hazards to people residing or working
in the Lower Belham Valley and former DTEZ (including Isles Bay) could come
from: a) small to moderate explosions with fallout of rocks and ash, and b) larger
explosions with accompanying pyroclastic flows generated by column collapse.
The hazards from fallout of rocks could occur anywhere across these areas, and
can be mapped from simulation models. The hazards from column collapse
pyroclastic flows and surges would be concentrated in areas abutting flowpaths
coming from Gage’s Valley, and, marginally, in the Belham Valley near Cork
Hill. With the current conditions at the volcano, the individual risk exposure for
people residing in these areas is assessed LOW on the CMO's scale. However,
14

Wadge, G., Woods, A., Jackson, P., Bower, S., Williams, C., Hulsemann, F. (1998) A hazard
evaluation system for Montserrat, IDNDR Flagship Programme Report, 32pp. Thomas Telford.
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the risk could rapidly move into the MODERATE category if dome growth
becomes re-focused towards the northwest or the dome continues to grow over
the next year without major collapse or mass shedding.
77. Risk exposure for St. George's Hill
Volcanic hazards in this particular area are currently those from falling rock
fragments from explosions, and/or pyroclastic flows from a column collapse
eruption, although dome collapse threats could escalate with time if the dome
continues to grow uninhibited by wastage. Under the present conditions, our
current estimates indicate that the risk exposure for a person living full-time on
St. George’s Hill falls in the LOW category on the CMO’s scale. The individual
risk for individuals (e.g. tourists) making single short visits to St. George’s Hill is
much less, but should now be regarded as falling in the MINIMAL category. For
taxi drivers who return to the area frequently, the risk exposure is more likely to
fall in the LOW category (depending on the number of trips made, and time at
risk). However, it must also be recognized that whilst the risk levels are
insignificant for any one individual tourist, the chances of suffering two or more
casualties in the period of a year, with repeated multiple visits by different groups
comprising several persons, is potentially non-trivial; the actual risk exposure
involved depends upon a number of contributory factors.
78.. Risks from Gas
A discussion of gas hazards was given in the SAC5 report. Sulphur dioxide and,
to a lesser exten,t hydrogen chloride issuing from the crater are the main sources
of potential irritants to humans. Generally, the gas levels at ground level are
lower when the dome is large (and the plume is high), and are highest most often
downwind, to the west of the volcano. During 2006, the effects of sulphuric acid
rain on vegetation north of the volcano have been stronger than ever before. For
the first time, during the 20 May collapse, people around the lower Belham
Valley complained of high levels of gas irritancy and mild asthmatic attacks for a
period of several tens of minutes7, almost certainly due to high levels of sulphur
dioxide at ground level. The risks from sulphur dioxide are dependent on an
individual’s susceptibility to asthma. For people not susceptible there is no risk.
For asthmatics an inhaler must be carried and used. Visitors to the west coast
should be warned of the risk if they are asthmatic. Dr. Peter Baxter suggests that
to mitigate the effects of a repeat occurrence of the high gas levels accompanying
a major dome collapse such as 20 May 2006, people in the lower Belham area, on
being informed a major collapse is underway, should use a room in their house
that can be temporarily closed up to reduce the amount of gas-rich air entering.
79. Risks to workers on Plymouth jetty
The volcanic risk exposure to workers at the Plymouth jetty involved in loading
aggregate barges at the Plymouth jetty were examined in the SAC6 report, where
details of possible alternative operational arrangements are summarised. Under
pessimistic, but by no means worst-case, circumstances, the annualised individual
risk potential for a worker are assessed still in the LOW category on the CMO’s
Risk Scale, for two of the working options (i.e. one barge per week; three barges
per week), whilst under the third option (one barge per working day) the
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individual risk exposure is numerically equivalent to LOW but is very close to
the MODERATE category.
80. Risks to workers at a Fox’s Bay jetty
Although still susceptible to the hazards of ash fall and the gas plume any
workers on a jetty at Fox’s Bay would be at much less risk in an equivalent
operation at the Plymouth jetty. Pyroclastic flows are very unlikely to reach Fox’s
Bay. Also the time spent in vehicles crossing terrain susceptible to such flows or
mudflows is less. However, currently there would still be the need to drive back
toward the volcano, and then to cross the Belham River. On average, the risk
exposure for workers at Fox’s Bay could be a factor of 20 times lower than at
Plymouth jetty, or even less, subject to the exact conditions prevailing on the
ground.
81. Risks to workers in Belham Valley
The SAC was also requested to assess again the risk exposure of construction
workers who might work on a new Belham Bridge, should this project proceed.
Because of the limited hours involved, the current estimated IRPA for an
individual worker in this situation would fall into the VERY LOW category on
the CMO’s scale. A similar level of volcanic risk exposure exists for sand
quarrying activities in the lower Belham Valley.
82. Risks in the Maritime Exclusion Zone
The general levels of risk exposure to sailors and fishermen remains as reported
in the last meeting. The SAC reviewed the video and eye-witness evidence from
the energetic 20 May collapse flows and surges, which indicated that surges had
travelled over the sea maybe as much as 3 kilometres offshore. Given this
experience, and their judgement that future collapses are even more likely to
follow the Tar River route in future and may be just as voluminous and dynamic,
the SAC recommend that the Maritime exclusion zone offshore Tar River to
Spanish Point is adjusted to cover the area defined by Fig.9.
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Fig.9 Suggested amendment to the Maritime Exclusion Zone for the offshore area
between Whites Yard and Spanish Point.
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Appendix 1 Limitations of Risk Assessment
A1.1

It should be recognised that there are generic limitations to risk
assessments of this kind. The present exercise has been a relatively
quick assessment, based on a limited amount of field and observatory
information and on a brief review of previous research material. The
Foreign & Commonwealth Office, who commissioned the assessment,
allocated three days for the formal meeting. Thus the assessment has
been undertaken subject to constraints imposed in respect of time and
cost allowed for the performance of the work.

A1.2

While the outcome of the assessment relies heavily on the judgement
and experience of the Committee in evaluating conditions at the
volcano and its eruptive behaviour, key decisions were made with the
use of a structured opinion elicitation methodology15, by which means
the views of the Committee as a whole were synthesised impartially.

A1.3

It is important to be mindful of the intrinsic unpredictability of
volcanoes, the inherent uncertainties in the scientific knowledge of
their behaviour, and the implications of this uncertainty for
probabilistic forecasting and decision-making. There are a number of
sources of uncertainty, including:
Fundamental randomness in the processes that drive volcanoes
into eruption, and in the nature and intensities of those
eruptions.
• Uncertainties in our understanding of the behaviour of complex
volcano systems and eruption processes (for example, the
relationships between pyroclastic flow length, channel
conditions and topography, and the physics of pyroclastic flows
and surges).
• Data and observational uncertainties (e.g. incomplete
knowledge of the actual channel and interfluve topography and
conditions, material properties inside pyroclastic currents, the
uncertain nature of future eruption intensities, dome collapse
geometries and volumes etc).
• Simulation uncertainties, arising from limitations or
simplifications involved in modelling techniques, and the
choices of input parameters.
•

A1.4

15

These are all factors that are present when contemplating future
hazards of any kind in the Earth sciences (e.g. earthquakes, hurricanes,
floods etc.) and, in such circumstances, it is conventional to consider
the chance of occurrence of such events in probabilistic terms.
Volcanic activity is no different. There is, however, a further generic
condition that must be understood by anyone using this report, which
concerns the concept of validation, verification or confirmation of a
hazard assessment model (or the converse, attempts to demonstrate

Cooke R.M., Experts in Uncertainty. Oxford University Press; 1991.
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agreement or failure between observations and predicted outcomes).
The fact is that such validation, verification or confirmation is logically
precluded on non-uniqueness grounds for numerical or probabilistic
models of natural systems, an exclusion that has been explicitly stated
in the particular context of natural hazards models16.
A1.5

This report may contain certain "forward-looking statements" with
respect to the contributors’ expectations relating to the future
behaviour of the volcano. Statements containing the words "believe",
"expect" and "anticipate", and words of similar meaning, are forwardlooking and, by their nature, all forward-looking statements involve
uncertainty because they relate to future events and circumstances
most of which are beyond anyone's control. Such future events may
result in changes to assumptions used for assessing hazards and risks
and, as a consequence, actual future outcomes may differ materially
from the expectations set forth in forward-looking statements in this
report. The contributors undertake no obligation to update the
forward-looking statements contained in this report.

A1.6

Given all these factors, the Committee members believe that they have
acted honestly and in good faith, and that the information provided in
the report is offered, without prejudice, for the purpose of informing
the party commissioning the study of the risks that might arise in the
near future from volcanic activity in Montserrat. However, the state
of the art is such that no technical assessment of this kind can eliminate
uncertainties such as, but not limited to, those discussed above. Thus,
for the avoidance of doubt, nothing contained in this report shall be
construed as representing an express or implied warranty or guarantee
on the part of the contributors to the report as to its fitness for purpose
or suitability for use, and the commissioning party must assume full
responsibility for decisions in this regard. The Committee accepts no
responsibility or liability, jointly or severally, for any decisions or
actions taken by HMG, GoM, or others, directly or indirectly resulting
from, arising out of, or influenced by the information provided in this
report, nor do they accept any responsibility or liability to any third
party in any way whatsoever. The responsibility of the contributors is
restricted solely to the rectification of factual errors.

A1.7

This appendix must be read as part of the whole Report.

16

Oreskes, N., Schrader-Frechette, K. and Belitz, K., 1994. Verification, validation, and confirmation
of numerical models in the Earth Sciences. Science, 263: 641-646.
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Appendix 2: Chief Medical Officer’s Risk Scale
Negligible: an adverse event occurring at a frequency below one per million. This
would be of little concern for ordinary living if the issue was an environmental one, or
the consequence of a health care intervention. It should be noted, however, that this
does not mean that the event is not important – it almost certainly will be to the
individual – nor that it is not possible to reduce the risk even further. Other words
which can be used in this context are ‘remote’ or ‘insignificant’. If the word ‘safe’ is
to be used it must be seen to mean negligible, but should not import no, or zero, risk.
Minimal: a risk of an adverse event occurring in the range of between one in a
million and one in 100,000, and that the conduct of normal life is not generally
affected as long as reasonable precautions are taken. The possibility of a risk is thus
clearly noted and could be described as ‘acceptable’ or ‘very small’. But what is
acceptable to one individual may not be to another.
Very low: a risk of between one in 100,000 and one in 10,000, and thus begins to
describe an event, or a consequence of a health care procedure, occurring more
frequently.
Low: a risk of between one in 10,000 and one in 1,000. Once again this would fit
into many clinical procedures and environmental hazards. Other words which might
be used include ‘reasonable’, ‘tolerable’ and ‘small’. Many risks fall into this very
broad category.
Moderate: a risk of between one in 1,000 and one in 100. It would cover a wide
range of procedures, treatment and environmental events.
High: fairly regular events that would occur at a rate greater than one in 100. They
may also be described as ‘frequent’, ‘significant’ or ‘serious’. It may be appropriate
further to subdivide this category.
Unknown: when the level of risk is unknown or unquantifiable. This is not
uncommon in the early stages of an environmental concern or the beginning of a
newly recognised disease process (such as the beginning of the HIV epidemic).
Reference: On the State of Public Health: the Annual Report of the Chief Medical
Officer of the Department of Health for the Year 1995. London: HMSO, 1996.
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