ASSESSMENT OF THE HAZARDS AND RISKS ASSOCIATED
WITH THE SOUFRIERE HILLS VOLCANO, MONTSERRAT

Eighth Report of the Scientific Advisory Committee on Montserrat
Volcanic Activity
Based on a meeting held between 20 and 22 March 2007 at the Montserrat Volcano
Observatory, Montserrat

Part II: Technical Report

Issued on 16 April 2007

Contents

Introduction
Activity and Observations since September 2006
Pyroclastic Flow Hazards in the Lower Belham Valley
Emission Rates of Sulphur Dioxide and Lava
Spring Discharge and Volcanic Activity
Long Term Prognosis
Assessment of Volcanic Hazards
Elicitation of Probabilities for Hazard Scenarios
Quantitative Risk Assessment
Societal Risk Levels
Individual Risk Exposure Estimates

1
1
5
10
12
13
15
16
21
22
24

Appendix 1: Limitations of Risk Assessment
Appendix 2: Chief Medical Officer's Risk Scale

29
31

Figure 1. MVO plot of monitoring data for September 2006 to March 2007
Figure 2. PYROFLOW simulation of a 20 million cubic metre pyroclastic flow in the
Belham Valley
Figure 3. PDAC simulation of a 10 million cubic metre lateral blast-derived pyroclastic
flow in the Belham Valley
Figure 4. Cumulative amounts of sulphur dioxide and lava emitted during the eruption
Figure 5. Measured emission rates of sulphur dioxide and lava together with the summit
altitude during episode 3.
Figure 6. Two hypothetical extensions to the cumulative lava extrusion curve
Figure 7. Event tree for violent dome disruption
Figure 8. Revised map of population areas for risk assessment
Figure 9. Societal risk curves
Figure10. Maritime Exclusion Zone map
Table 1. Societal risk numbers
Table 2. Comparative individual risk scale values for residents
Table 3. Comparative individual risk scale values for workers

ii

Introduction
1.

This is the second part of the report resulting from the eighth meeting of the
Scientific Advisory Committee (SAC) on Montserrat Volcanic Activity that took
place at the Montserrat Volcano Observatory from 20 to 22 March 2007. Part I of
that report, the Main Report1, gives the principal findings of the meeting 2, and
this, Part II, gives the technical data and analysis that led to those findings.

2.

For this meeting MVO produced Open File Report 07/013, which synthesises the
monitoring data and observations collected by MVO between September 2006
and March 2007 and considers some of the new developments at MVO during the
last seven months. In addition we considered a number of short presentations and
papers generated within the SAC membership on scientific and hazard analysis
topics.

3.

During January to March 2007, volcanic activity and concern was elevated. The
SAC responded to this increased concern by initiating a series of computer
models of the likely effects of pyroclastic flows in the Belham Valley and
eliciting the opinions of the SAC members as to the probability of their impact on
neighbouring populated areas. The results of these extramural activities were
summarised in two interim reports for February4 and March 5 2007 that are
appended to Part I of this report.

Activity and Observations since September 2006
4.

Nearly seven months have elapsed since our last SAC (7) report6. During that
time the vigorous average rate of growth of the dome has continued at a rate
similar to that of the second half of the first episode of dome growth in 1997-98,
and much greater than that during the second, 1999-2003, episode.

5.

For three weeks at the start of September 2006 there was an increase in lava
extrusion, directed radially, that was accompanied by vigorous ash venting from

1
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The information provided in both parts of this Report is advisory. It 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, and has been prepared subject to constraints imposed on
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the vent just inside the southern end of the Gage’s Wall. This activity eroded the
top of the wall and sent minor column collapse flows into Gage’s Valley. The

Fig.1 Integrated MVO monitoring data for September 2006 to March 2007. Variables
plotted from top to bottom are numbers of volcano-tectonic seismic events, hybrid seismic
events, long period seismic events, rockfall seismic events, daily sulphur dioxide emission
rates (tonnes/day), length of baseline between MVO1 and SOUF cGPS stations (metres).

dome itself was still contained within the crater and had a volume of about 80
million cubic metres. Growth over the next two months was first directed to the
northeast and then to the southwest after mid-November. By early December
2006, the crater above Farrell’s Wall was overtopped, sending small flows onto
the Farrell’s Plain and down Tuitt’s Ghaut. By 12 December it was clear that the
direction of growth had changed to the southwest.
6.

A vigorous pulse of lava extrusion began on 24 December 2006 that involved the
whole of the western side of the dome. Ash venting, an ash column to about 4
km, small pyroclastic flows into Tyre’s Ghaut, tremor/long period earthquakes
and night-time incandescence were all observed. As a result the Alert Level was
raised to 4. By 28 December small pyroclastic flows were occurring in Gage’s
Valley and by 30 December flows in Tyre’s Ghaut had runout distances of up to
1.5 km. In some instances collapse flows split at the ridge to Gage’s Mountain,
part entering Gage’s Valley and part entering Tyre’s Ghaut. The dome on the
northwest side grew rapidly during the last week of the year to form the new
summit.
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7.

A period of increased activity on 7 January 2007 culminated the next day in the
formation of a pyroclastic flow in Tyre’s Ghaut that produced a deposit extending
for 5 kilometres along the Belham Valley to Cork Hill – the largest such flow in
the Belham Valley since the eruption began. This flow was emplaced about 06:00
East Caribbean Time on 8 January 2007, about 8 to 10 minutes after an audible
apparently explosive event, though seismically this does not look like a typical
explosion7. At 06:25 the ash cloud had reached about 9 kilometres in height. A
series of much smaller pyroclastic flows with runouts of 1-1.5 kilometres
followed over the next one and a half hours with a periodicity of about 5-7
minutes. Activity waned still further over the following days, though slower
dome growth continued.

8.

Seismically, the 8 January 2007 event appeared to be a typical dome collapse7. A
small amphitheatre scar, poorly observed, led into a well-defined chute that had
eroded about 30 metres into the rim of the crater above Tyre’s Ghaut. This had
been completely infilled by 26 January. The volume of the distal pyroclastic flow
deposits in the Belham Valley and the more proximal surge deposits around
Tyre’s Ghaut was about 3-4 million cubic metres. Including other deposits in
Gage’s Valley and across Farrell’s Plain as far as Harris increases the volume to
about 5 million cubic metres. The flow deposits were vesicular and parts
consisted of highly vesicular pumice, similar to that produced during the
Vulcanian explosion period of late 1997. The associated plume split into loweraltitude westward- and higher-altitude eastward-moving components with a total
sulphur dioxide load of about 1000 tonnes (S. Carn, pers. comm.). There is no
direct evidence of central vent evacuation (to produce the pumice), but it is hard
to square the pumice and moderately high plume with a non-explosive event.

9.

Coincident with a swarm of long-period earthquakes, the focus of dome growth
switched from northwest to southwest on 28-29 January, a pattern then repeated
about every ten days; on 13 February (switch to the east), 23 February (to the
southwest and east), and 3 March (to the northeast). Roaring noises (presumably
from the still active vent above Gage’s Wall that was clearly visible on 23
February 2007) were heard intermittently during this period.

10. By the first week of March 2007 the dome had grown to a summit height of about
1063 metres above sea level, and an estimated volume of about 204 million cubic
metres (the second largest to date). Within a month of the first overspill of the
crater rim at the beginning of December 2006 the dome had overtopped the
whole crater rim from Gage’s Wall in the west to the Farrell’s Wall above
White’s Ghaut in the northeast. Other than the rim erosion by the vent at Gage’s
Wall (in 2006) and the rim erosion of the Farrell’s Wall during the 8 January
2007 collapse, there is no other evidence that the structural integrity of these two
walls has been compromised. Though the thickness of the talus against these
walls is not yet large, the volume of material now emplaced in Gage’s Valley was
estimated on 9 February 2007 at 9 million cubic metres. The dome is still some
way from filling the moat, let alone overtopping the Galway’s Wall in the south.
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De Angelis, S., Bass, V., Hards, V., and Ryan, G. (2007) Seismic characterization of the pyroclastic
flow activity at Soufriere Hills Volcano, Montserrat, 08 January 2007.
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During the growth of this dome the prevalence of water vapour fumaroles at the
base and distributed along on the southern side of the dome has been noticeable.
The only equivalent fumarole on the northern side is of more restricted extent
near the Tyre’s Ghaut notch. The cessation of significant fumarolic activity on
the northeastern slopes has been notable.
11. Continuing the trend of episode 3, the numbers and magnitudes of volcanotectonic earthquakes have been small. They have been located in a narrow
column dipping steeply to the southeast down to about 2 km depth and separately
at about 2-3 km depth in the volume where the few hybrid events seem to
originate. Rockfall and long-period events have dominated the record. The period
from late September to the end of November 2006 was one of high rockfall rate
(more than 100 per day) and extrusion rate. Rockfall rates fell before and after the
late December-early January pulse of activity that produced the 8 January event.
Elevated rockfall rates resumed in mid-February and continued until mid-March
2007. The cumulative energy release from the rockfalls is dominated by the
numbers of events rather than by their sizes.
12. Line length changes in the GPS network have continued the shortening trend
observed since December 2005. This is interpreted to be caused by the reduction
of overpressure within the magma reservoir as dome growth continues. This trend
has become neutral since January 2007, but such changes have often been seen to
be temporary. The EDM lines from Spanish Point and Jack Boy Hill to
Hermitage show continuing shortening comparable to the pattern shown by the
GPS lines. These data are particularly valuable now that the Hermitage GPS
station cannot currently be serviced because of hazards. The MVO-Lees Yard
EDM line has been stable throughout 2006 and 2007.
13. The sulphur dioxide flux over this period has averaged 301 tonnes per day, about
half the eruption-long average. There were three peaks in September in the 500600 t/d range and the period from mid-October to mid-December was one of
generally elevated sulphur dioxide emission with an average of about 500 t/d.
Since then the emission rate has been low at around 180 t/d. There is some
evidence of a 7-10 day periodicity in output. Ground-level diffusion tube
measurements of sulphur dioxide on the western side of the volcano have
generally shown low to moderate values during this period, though not as low as
in the second dome growth episode. They detected a distinct peak associated with
the 8 January 2007 event. Passive ground-level samplers of sulphur dioxide and
hydrogen chloride show a general reduction of the hydrogen chloride/sulphur
dioxide ratio from June to November 2006. Unfortunately, this trend cannot be
compared with equivalent FTIR measurements through the plume.
14. Part of the deposits from the 8 January 2007 event comprised low-density pumice
with about 65% vesicularity. Hornblende phenocrysts within the pumice show
virtually no alteration rims indicating rapid rise from depth. These pumices bear
many similarities to those produced in 1997. A rare, denser andesite sample
displays evidence of plastic deformation and devitrification, perhaps within the
dome itself. Melt inclusions and matrix glass from these rocks show relatively
high chlorine and relatively low potassium values, which by reference to earlier
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studies are consistent with an equilibration pressure at about 4 kilometres depth
and a high extrusion rate (~ 8 cubic metres per second).
Pyroclastic Flow Hazards in the Lower Belham Valley
15. Until now our SAC analysis of pyroclastic flow hazards has used predominantly
the PYROFLOW simulation code to provide a probabilistic mapping of future
flow inundation across the whole volcano, based on past behaviour. The growth
of the dome in the northwestern sector in early 2007, and specifically the
pyroclastic flow within the Belham Valley on 8 January 2007, prompted a more
focused effort to better understand the ability of future flows to reach the
populated areas around the lower Belham Valley. In all we have used four
separate computer simulation methods: PYROFLOW, PFz, TITAN-2D and
PDAC. Combined use of these multiple techniques during an ongoing volcanic
crisis (as opposed to a retrospective or distant future analysis) is, we believe, a
pioneering effort.
16. The models simulating the extent of the pyroclastic flows require two main
sources of information to be available: an accurate digital representation of the
topography (a Digital Elevation Model, DEM), and an estimate of the source
volumes of the dome involved in generating the flows. We updated the existing
DEM of the Belham Valley using data collected during a GPS survey of the
Lower Belham Valley floor made in November 2006 by Dr. R. Herd. These data
helped provide a better representation of the valley after the emplacement of
mudflow deposits of recent years. The DEM was also modified to account for the
8 January 2007 deposits whose depth in the valley could be estimated from aerial
photographs. Generally, the greater the mass of the dome, the greater its summit
height and the greater the proportion in the northwestern sector above Tyre’s
Ghaut, then the larger will be the volume able to contribute to a pyroclastic flow
within the Belham Valley. Following a lidar-based survey from Perche’s
Mountain on 6 February 2007, a DEM of the lava dome was constructed by
MVO. Using this, the volume of the dome available to move into the Belham
Valley via Tyre’s Ghaut above the, now-buried, crater rim at about 800 metres
above sea level was calculated, assuming various collapse volume shapes. These
gave a probable available volume of between 12 and 20 million cubic metres,
with the lower figure being the more likely situation. Further growth will have
increased these values.
17. Each of the four simulation techniques represents the pyroclastic flow in a
different way. PYROFLOW is physically-based and has a 1D valley-following
avalanche component and a 1D lateral surge component, that together give an
areal mapping of the pyroclastic flow/surge extent8. The model parameters are
chosen to fit the known extents of previous pyroclastic flows on Montserrat. PFz,
however, is entirely statistically-based, using the LAHARZ approach to
effectively calculate how a given volume infills a valley with a deposit9 10. The
8

Wadge, G., Jackson, P., Bower, S.M., Woods, A.W. and Calder, E. (1998) Computer simulation of
pyroclastic flows from dome collapse. Geophys. Res. Lett., 25, 3677-3680.
9
Iverson, R.M., Schilling, S.P. and Vallance, J.W. (1998) Objective delineation of lahar-inundation
hazards. Bull. Geol. Soc. America, 110/8, 972-984.
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technique also uses examples from earlier Montserrat flows to calibrate its
performance. TITAN-2D simulates a granular flow with Coulomb friction
interactions that is averaged in the depth dimension but gives an areal mapping.
In particular, TITAN-2D provides a time series of mass location that reveals the
dynamics of flow, and earlier Montserrat flows were used for calibration11 12 13.
All three techniques can be used to simulate the generation of “normal” collapse
events from the dome that produce block-and-ash flow deposits. They all rely on
calibration with earlier, known Montserrat flow deposits to constrain their
performance. However, the longest pyroclastic flow from Soufriere Hills Volcano
that remained entirely on land to date was the 25 June 1997 flow, and flows
longer than this entered the sea and cannot be used directly. Thus to simulate
flows reaching the sea at Old Road Bay via the lower Belham Valley, a distance
of about 8 km, requires extrapolation beyond the empirically calibrated
behaviour.
18. Using the estimated volume of the 8 January 2007 flow deposit, the PFz
technique simulates the runout distance of the flow within the Belham Valley
very well. PYROFLOW under-represents the runout by about 20%, but has no
explicit volume parameter, and comparison is not straightforward. TITAN-2D
also provides a reasonable match for an internal friction angle of seven degrees.
So these three techniques all perform well for moderate-sized flows within the
upper parts of the Belham Valley.
19. Extrapolating to flows that are capable of reaching beyond the Belham Bridge
and entering the sea would involve perhaps 8 to 12 million cubic metres (i.e. 10 ±
2 million cubic metres) according to PYROFLOW and PFz simulations. We
know from observations after the 8 January 2007 event that the dome material
entering the upper catchment of Tyre’s Ghaut did so through a “notch” about 30
metres deep that had been eroded into the crater rim. This notch effectively
channelled some of the collapsing mass so that it would be directed into Tyre’s
Ghaut on this occasion. Simulations using PYROFLOW and particularly TITAN2D show that if the initial direction of collapse is not wholly directed in exactly
the right direction to enter Tyre’s Ghaut then the flow paths can be very different.
In particular, initial flow directions to the north or north-northeast can readily
send material across the Farrell’s Plain watershed such that much of the
pyroclastic flow mass travels to the northeast towards the coast between Trants
and Spanish Point, in addition to a portion travelling westward in Belham Valley.
Because of this partitioning, even very large potential collapse volumes on the
north side of the volcano in the future (e.g. 50 million cubic metres) are unlikely
to be able to feed more than 20 to 30 million cubic metres of material into the
Belham Valley.
10
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20. Thus pyroclastic flows with deposit volumes in the range 20 to 30 million cubic
metres represent the current upper limit for hazards of this type to threaten the
Lower Belham. Fig.2 shows the area affected by an ensemble of PYROFLOW
simulations of approximate magnitude equivalent to 20 million cubic metres. The
physical representation of surges here is relatively crude and the ensemble
simulation limits should be not be regarded as maxima from a hazard perspective.
(see Appendix 6, Fig.1 of Part 1 of this report for a detailed map of these limits).
21. The collapse of Galway’s Wall on Boxing Day 1997 produced a large debris flow
that was immediately followed by a lateral blast event that devastated
southwestern Montserrat. The lateral blast was triggered by the rapid exposure
and depressurization of the interior of the actively growing dome that responded
by exploding sideways, rising up a few hundred metres and the resulting
suspension of gas mixed with hot particles then flowed under gravity across the
landscape at high speed and pressure. Were such an event to happen on the
northern side of the volcano the hazard to the lower Belham communities would
be serious. The rapid growth of the current large dome and the accompanying
extra pressure on the Gage’s and Farrell’s Walls could trigger such an event if the
upper part of one of the walls failed. Alternatively, rather than the failure of one
of the retaining walls, a “normal” collapse of the lava dome that produces blockand-ash flow deposits and derived surges could itself trigger a lateral blast. To do
so the dome behind the collapse would have to be sufficiently pressurized.
22. The initial field and controlling parameters for the northern lateral blast
simulation were derived from the detailed studies that were undertaken after the
Boxing Day event. Blast volumes of 10 and 20 million cubic metres were
modelled using the PDAC code14 15 16 17. Larger volumes might conceivably be
involved but not all the volume would be at sufficient internal pressure to
produce the blast. Sequential dynamic states of particle density and pressure were
produced every fraction of a second for up to 200 seconds of simulation. By this
time, for both the 10 and 20 million cubic metre volume simulations, the
pyroclastic flow that had formed from the initial blast had reached the coast via
the Belham Valley and surges with a strong north northeasterly gradient were
moving more slowly northwards over the area north of the Belham Valley
(Fig.3).
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Fig. 2 PYROFLOW simulation ensemble of a “normal” collapse pyroclastic flow with a
volume of 20 million cubic metres that enters Tyre’s Ghaut.

8

Fig. 3 Map of central Montserrat showing the PDAC simulated extent of the ash
cloud 200 seconds after a lateral blast originating from a volume of 10 million cubic
metres of lava at the northern side of the dome. The colour scale represents the
particle density near ground level (warmer colours equal greater density). The map
above shows the northward progress of the flow front in seconds elapsed over the
lower Belham Valley area.
9

Emission Rates of Sulphur Dioxide and Lava
23. Figure 4 shows an updated version of the joint cumulative plot of sulphur dioxide
and lava emissions throughout the eruption that was shown in the previous SAC
report. The rate of lava extrusion has been almost constant at an average of about
7 cubic metres per second since the start of 2006. The contrast between the first
and third episodes of lava extrusion and the second (average extrusion rate =
2.2.cubic metres per second) is now even more obvious. The sulphur dioxide
curve is less stepped than the lava curve because it has continued to be emitted
when lava was not.
24. A big surprise associated with the 20 May 2006 dome collapse was the
magnitude of the 200,000 tonnes of sulphur dioxide that was observed to have
been released into the atmosphere (upward step in the curve in Fig.4), and the
implication that this must have been stored within the dome. However, the same
satellite-borne OMI sensor that measured the collapse pulse also measured a
period of elevated sulphur dioxide loading over the following month (Fig.5), at a
time when the MVO ground measurement system was out of action. This
suggests that a considerable, though decaying, amount of sulphur dioxide
continued to be released from a storage volume other than the dome (which had
been entirely removed). This could have been the volcano basement rocks, the
conduit contents or margins or the reservoir itself.

Fig.4 Plot of the cumulative amount of sulphur dioxide and lava emitted during the eruption
(lava curve is arbitrarily scaled to show trend).
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Fig.5 Measured emission rate of sulphur dioxide, extrusion rate of lava (cubic metres per
second) and the altitude of the dome summit ( metres above sea level) for episode 3.

25. From the start of episode 3 until the 20 May 2006 collapse the sulphur dioxide
emission rate declined slightly but remained close to the long-term average (red
line in Fig. 5). If the rate of sulphur dioxide supply remained constant during the
period then the decrease in emission would account for about 40,000 tonnes
within dome storage as the permeability decreased with the growing edifice (blue
curve in Fig.5). Only if the rate of sulphur dioxide supply from depth increased
significantly as did the lava extrusion rate, could the 200,000 tonnes seen on 20
May 2006 have been supplied to a shallow reservoir. Two months after the 20
May 2006 collapse the sulphur dioxide emission rate fell to about 180 t/d (Fig.5),
despite an elevated extrusion rate. This could be related to a depletion of sulphur
dioxide in the reservoir as a result of the 20 May 2006 unloading event.
26. The cumulative curve of lava volume is now close to the eruption-long average
extrusion rate, 2.2 cubic metres per second (Fig. 6). If the current rate of lava
extrusion continues (red curve ii in Fig. 6) then by the end of 2007 the overshoot
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will bring it close to the situation at the end of episode 1 in March 1998, when the
extrusion of lava ceased for twenty months. Of course this presumes the system’s
“origin” is approximately at the start of the lava extrusion, and that the system
continues to oscillate. Transition back to a more modest output rate as in episode
2 (red curve i) is a possible, but as yet unrealised, change.
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Fig.6 Cumulative volume of lava extruded during the eruption and two hypothetical (i and ii)
paths of future extrusive behaviour from the current position.

Spring Discharge and Volcanic Activity
27. Water levels in boreholes and springs have been known to correlate with
earthquake and volcanic activity. In the case of volcanoes, perturbations in crustal
stress, modification of rock joint networks and variation in thermal forcing of
groundwater flow could all play a role in linking groundwater behaviour to
volcanic activity. There is no monitored network of groundwater boreholes on
Montserrat, but there are a number of springs on both Soufriere Hills and on the
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Centre Hills whose discharge has been measured by the Montserrat Water
Authority for many years. These records could be used to help better understand
the relationship between the groundwater and the volcano.
28. Two time series of monthly averaged spring discharge records are currently
available: five springs on the northern flanks of the volcano (Long Ground,
Paradise and Rileys) and southern Centre Hills (Windy Hill, Corbette) from 1992
to end 1995, and six springs from the western Centre Hills (Killikrankie, Hope,
Olveston, Quashie, Lawyers and Fogarthy) for 2001 to end 2006.
29. The 1992-1995 record (although fragmentary) shows a general trend of
increasing discharge across all the springs. Only one (Riley’s) showed a distinct
acceleration in discharge in the months leading up to the start of the eruption in
July 1995. For the first three and a half years of the 2001-2006 record the
discharges of all the springs are seen to fall very gradually. Killikrankie spring
begins to reverse that pattern in January 2004 and around October 2004 all the
other springs’ discharge rates, except Fogarthy’s, also begin to rise. This elevated
discharge is then maintained through 2006. October-November 2004 was a
period of high rainfall, but nothing exceptional and cannot have been responsible
for the observed long-term pattern. October-November 2004 also marked a
period of unusual activity monitored by MVO18. On 8 October an emission rate of
13,000 t/d of sulphur dioxide was measured, followed on 15 October by the start
of a swarm of hybrid earthquakes, later joined by a series of volcano-tectonic
events lasting into November. At this time the GPS network showed a short-lived
period of line-lengthening. It is possible that this activity in October-November
2004 marks a crustal strain event that either allowed, or was caused by, the
movement of magma within the conduit that eventually resulted in the start of the
third episode of dome building in August 2005.
30. If the 2001-2004 spring discharge record had been available to the SAC in April
2005 then we may have been able to make the current inferred correlation and
become more alert to the potential of a re-start of lava extrusion. Retrospective
modelling of groundwater and crustal strain should help to elucidate the
processes involved. During any future cessation of lava extrusion the spring
discharge record should be monitored for evidence of increased flow pattern that
might indicate another re-start.
Long Term Prognosis
31. In terms of the volume of lava emitted (262 million cubic metres) the current
episode 3 is comparable to episodes 1 and 2 (299 and 255 million cubic metres
respectively), whilst its duration (20 months) is less (29 and 42 months
respectively). As discussed in paragraph 26 above, an overshoot of the long-term
trend of output (as happened in episode 1) into 2008 may be curtailed by another
cessation of extrusion. This oscillating pattern is also reflected in the GPS-
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Technical Report, April 2005 (Fig.1).
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measured deformation (G.Mattioli, pers.comm., March 2007) and these data
could be consistent with a possible cessation of extrusion in 2007.
32. 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 Generalised
Pareto distribution derived for the global database, as in the last report, we
calculate the survivor function for the present Montserrat eruption: given this has
now lasted 140 months, we obtain an estimate that the statistical probability of it
lasting another five or more years is 0.81, and is 0.50 for the duration exceeding
another twenty years or more.
33. In the SAC5 report we discussed the probability of very large explosions, (greater
than 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
eruption occurring at Soufriere Hills. Such explosions would present a serious
hazard and, because of the thickness of ash fall, potentially compromise social
functioning in the northern part of the island. In order to produce such large
volumes in an explosion, the volcano would have to tap the magma reservoir
directly to produce a Plinian eruption column.
34. Two new studies of the stratigraphy of Soufriere Hills19 20 have shed fresh light on
the occurrence of such Plinian events in the earlier history of the volcano. This
helps inform our estimate of the likelihood of such an explosion recurring now.
Soufriere Hills Volcano may be as old as 400,000 years, but only rocks younger
than about 260,000 years are known. The rocks can be divided into seven units
but there is a distinct separation between rocks older than about 130,000 years,
when basaltic South Soufriere Hills was built, and those younger than that. The
older rocks do contain at least two localised deposits of pumiceous ash flow and
fall that could have been produced by Plinian activity, though there is no
evidence of these preserved more widely on the northern parts of the island. This
pattern is also reflected in a marine piston core retrieved about 55 km southwest
of Montserrat which samples the period from 250,000 years before present to
now. On-island evidence for any deposits representing Plinian activity post130,000 years is lacking, but the marine core suggests a possible Plinian event at
about 70,000 years ago (though its attribution to Montserrat is speculative).
Evidence of an explosive event following the creation of English’s Crater about
4000 years ago is present in the marine core but this seems more likely to have
been a Vulcanian rather than a Plinian event.
35. In summary, while it appears that prior to about 130,000 years before present,
Soufriere Hills was capable of producing Plinian eruptions, the major basaltic
event at South Soufriere Hills apparently marked a change in the main magma
reservoir such that Plinian events (with the possible exception of the event 70,000
years before present) have not occurred subsequently. Thus these new findings do
19

Smith, A.L., Roobol, M.J., Schellekens, J.H., Mattioli, G.S. (2007) Pre-historic stratigraphy of the
Soufriere Hills-South Soufriere Hills volcanic complex, Montserrat, West Indies. J. Geol. (in press).
20
Le Friant, A., Lock, E.J., Hart, M.B., Boudon, G., Sparks, R.S.J., Leng, M.J., Smart, C.W.,
Komorowski, J.C., Deplus, C., Fisher, J.K. (2007) Late Pleistocene tephrochronology of marine
sediments adjacent to Montserrat, Lesser Antilles island arc. J. Geol. Soc. London (in review),
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not increase the likelihood of an extremely large explosion during this current
eruption.
Assessment of Volcanic Hazards
36. As anticipated in the last report, the lava dome has overtopped the crater rim on
all but the southern side, allowing pyroclastic flows to be generated on the
northern and western slopes of the volcano and thence to threaten the lower
Belham Valley. The dome that has formed since the 20 May 2006 collapse has
now had a number of small collapse events that have generated pyroclastic flows,
with the 8 January 2007 event the largest so far. However, it is still noticeable
that, compared to episodes 1 and 2, the frequency of such collapses in episode 3
has been less, overall. As yet there is no discernible petrological explanation for
such a change. The dynamics of episode 3 (high rate of sustained growth) have
been different from all but the limited period between mid-1997 and early 1998,
and this may be a factor.
37. We had anticipated in August 2006 that by now the current dome might have
collapsed wholesale down the Tar River Valley, as did the 20 May 2006 dome.
This remains our judgement as to the most likely major event over the next year.
However, the idea that the relative smoothness of the crater floor under this dome
(compared to that of the August 2005-May 2006 dome) might make it more
susceptible to failure has not been borne out, at least with respect to the
distribution of dome infill of the present crater. Retrospective analysis of previous
large dome collapses down the Tar River Valley (i.e. greater than ten million
cubic metres) suggests empirically that some collapses may involve a mechanism
in which growth moves to or away from the southern side of the crater. What
such a mechanism might be can only be conjectured.
38. The main types of hazard posed by the volcano currently are:
Pyroclastic flow from dome collapse;
Pyroclastic flow from explosive vertical or lateral blasts;
Vulcanian explosions with rock and ash fallout
39. As we mentioned in paragraph 20, there are two potential initiating triggers to a
lateral blast type of event: failure of a retaining crater wall, or a rapid “normal”
collapse event exposing the interior of the dome. We have a clear precedent on
Montserrat for the first type (Boxing Day 1997). In both cases the start of the
lateral blast involves the sudden exposure to the atmosphere of partly molten
dome lava at elevated gas pressures (several megaPascals). Increasing the internal
pressure of the dome above lithostatic will tend to make such an event more
likely. Ways in which the internal pressure might be increased include:
(i)
crystallisation of microlites in the magma,
(ii)
rising gas pressure in vesicles and cracks,
(iii) compression by new magma entering from below,
(iv)
intrusion of a new pressurized lobe through the dome finding a new
route to the surface, and
(v)
establishment of a rainfall-induced pressure seal at the surface.
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Rapid growth and a relative lack of structural disruption will also tend to reduce
gas permeability and raise the pressure. Varying pressurization in the dome will
exert a complex feedback on the magma flux from the conduit. Unfortunately, we
do not have a means of directly measuring this internal pressure or its variations,
though the Chance’s Peak tiltmeters were able to measure deformations in 1997
that were interpreted as pressure transients.
Elicitation of Probabilities for Hazard Scenarios
40. 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.
41. The present SAC elicitation followed on directly from two earlier elicitations
undertaken for the Interim Assessments in February and March 2007, mentioned
above4,5. Given the evolving circumstances at the volcano, these elicitations
involved some revising of the framework for estimating risks to populated areas
on Montserrat. In the present circumstances, any event that could give rise to
hazards beyond the Belham Valley margins is termed an initiating event on the
revised event tree (Fig.7) and denoted generically as a “violent dome disruption
to NW”. This initiating event scenario, which could involve a flow of 10 million
cubic metres or more of material going down the Belham Valley, is then
developed on subsequent branches in terms of a number of representative ‘size’
classes and styles of flow, surge or blast activity.
42. Other, alternative initiating scenarios, not involving direct hazardous effects to
the NW, are: the eruption stops; the dome just continues growing for twelve
months, but nothing else significant happens (maybe some ineffectual, limited
mass-wasting to W or NW that is less than about 5 million cubic metres
maximum in any one episode - i.e. no worse than 8 January example); or, within
the year, the dome collapses wholesale into Tar River Valley, or elsewhere other
than W/NW, taking away the immediate threat to the NW. As all the initiating
scenarios are exclusive and exhaustive, the summed likelihoods of the threatneutral alternatives are thus the complement of the chance of a violent NW dome
disruption scenario.
43. The SAC8 elicitation concerned itself chiefly with the relative probabilities for
the occurrence of what could be the next significant initiating event. The
following seven sets of values record the elicitation outcomes.
44. Thus, as before, the most likely anticipated scenario within the next year is a
major dome collapse into the Tar River Valley, with the group’s judgement being
there is a chance of 1-in-2 of this happening inside twelve months. The
possibility of a big collapse to the northeast, towards the old airport and Trants, is
not to be discounted (1-in-7 chance), however. That said, it is also considered by
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the SAC that it would be unsurprising if the dome actually continues to grow for
another year or so, without any significant disruption (1-in-6 chance); in this case,
it has to be presumed that in such a scenario sustained extrusion rates are lower
than they have been in recent months.
45. With the availability of the new blast modelling results, a need was identified in
preparing the Interim Assessments to revise the zone boundaries for risk
calculations in populated areas between the Belham and Nantes River, and to
rationalize these to reflect the modified flow scenario definitions - these changes
were made for the Interim Assessments (see also Fig. 8, below). To go with the
NW-impacting scenario probabilities, it was also necessary to look at the
conditional probabilities of flows/surges affecting different areas under each
scenario, in order to allow estimations to be made in the Interim Assessments of
risks to life and limb for residents in each area. We had, therefore, sought to
quantify the likelihood of a flow or surge reaching each zone by elicitation using where feasible any model results as guidance – and then, for each size of
event, to judge what percentage of each of these individual sub-zones might be
affected. These likelihoods and area impact percentages were elicited by email
dialogue in discussions for the Interim Assessments risk analyses, and were reendorsed by the SAC during its formal meeting.
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Fig.7 Event tree showing the branches and probabilities associated with a violent
disruption of the dome to the northwest.
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P1a GIVEN current conditions, the probability that within 1 year the next significant development will
be a cessation (pause or end) of the eruption:
Elicited Probability:
Credible interval lower bound
0.15%

best estimate
3.2%

Credible interval upper bound
10.0%

P1b GIVEN current conditions, the probability that for the next year the most significant aspect of
activity will be a continuation of dome growth WITHOUT major eruptive incidents:
Elicited Probability:
Credible interval lower bound
0.9%

best estimate
15.9%

Credible interval upper bound
48.1%

P1c GIVEN current conditions, the probability that within 1 year the next significant event will be a
major dome disruption event involving more than 10 million cubic metres of material collapsing to NE
(Trants/Bramble), with up to 10 million cubic metres spilling to NW:
Elicited Probability:
Credible interval lower bound
2.3%

best estimate
13.8%

Credible interval upper bound
34.7%

P1d GIVEN current conditions, the probability that within 1 year the next significant event will be a
major dome disruption event involving 10 million cubic metres or more material collapsing to NW
(Tyre’s/Belham), but without a blast:
Elicited Probability:
Credible interval lower bound
0.9%

best estimate
7.3%

Credible interval upper bound
31.7%

P1e GIVEN current conditions, the probability that within 1 year the next significant activity will be a
major dome disruption event involving 10 million cubic metres or more of material to NW
(Tyre’s/Belham), with lateral blast:
Elicited Probability:
Credible interval lower bound
0.03%

best estimate
0.9%

Credible interval upper bound
6.5%

P1f GIVEN current conditions, the probability that within 1 year the next significant activity will be a
major dome disruption event involving 10 million cubic metres or more of material to W (Gage’s), with
lateral blast and/or explosion column:
Elicited Probability:
Credible interval lower bound
0.4%

best estimate
9.1%

Credible interval upper bound
23.8%

P1g GIVEN current conditions, the probability that for the next year the most significant activity will
be collapse of the dome (e.g. to Tar River or the south, but not to W, NW or NE) which takes away the
bulk of the dome harmlessly:
Elicited Probability:
Credible interval lower bound
20.8%

best estimate
50.0%
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Credible interval upper bound
90.2%

46. For the scenario of most concern in hazard terms, i.e. a major flow/surge towards
the northwest, there is judged to be about a 1-in-14 chance in the year of a
significant dome disruption event, involving 10 million cubic metres or more of
material, directed into the Belham Valley and beyond; this particular scenario
assumes no blast component. There is thought to be about a 1-in-110 chance of
such an event having a blast associated with it. Given the high likelihood that any
event of this scale (with blast or without) would reach Area 1 (Fig.8), these
probabilities equate to about a 1-in-14 chance of an incursion over the next year
of a surge or flow into Area 1, or, approximately, a 1-in-160 chance on the
timescale of a month. (This latest evaluation indicates the eventuality is now
considered roughly half as likely as the estimate provided in the second Interim
Assessment – see paragraph 58 below). From the uncertainty distributions
provided by the SAC team, the 1-in-14 median probability sits within a 90%
confidence interval ranging from 1-in-53 to 1-in-5; in other words, there is 95%
confidence the odds would be no lower than 1-in-5, and a 5% chance they could
be as long as 1-in-53.
47. For Area 2, the elicited probability for a flow or surge incursion stands at about 1in-44 over the next year [90% conf. interval: 1-in-220 to 1-in-12], with a 1-in-280
median chance over the year of a blast reaching the area [90% conf. interval: 1in-4600 to 1-in-18]. Expressed on a month-long basis, this latter median
probability equates to odds of 1-in-3400, which is also lower than the most recent
Interim Assessment estimate (i.e. it was given then as 1-in-2200).
48. For Area 3, the median probability of a flow or surge reaching into the area is
roughly 1-in-1700 [90% conf. Interval: 1-in-15,000 to 1-in-150]. On a monthlong timescale this is equivalent to a 1-in-20,000 chance, or about 2.3x smaller
than the estimate of late February when the dome was more active and the
stability of its northwest sector was of heightened concern.
49. Collateral flows: the next pair of elicitation questions concerned the likelihoods
that major flows, directed either to the NE or to the NW, will also produce
collateral flows in the other direction (in much the same way as happened on 25
June 1997 when the main flow went east but a secondary flow separated off and
moved towards Cork Hill).
P2g GIVEN a dome collapse exceeding 10 million cubic metres to NE, what is the probability of up to
10 million cubic metres being directed into Belham:
Elicited Probability:
Credible interval lower bound
0.6%

Best estimate
9.3%

Credible interval upper bound
54.9%

P2h GIVEN a dome collapse exceeding 10 million cubic metres to NW, what is the probability of up to
10 million cubic metres being directed towards Trants:
Elicited Probability:
Credible interval lower bound
best estimate
Credible interval upper bound
0.01%
0.9%
37.0%
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50. Gages blast. This item was included to quantify the relative likelihood that, in the
specific case of a big dome disruption event directed towards Gage’s, the event
will involve a blast component.
Q2i GIVEN scenario P1f, i.e. a 10 million cubic metre or greater dome collapse down Gages, what is
the proportional probability it will involve a blast:
Elicited Probability:
Credible interval lower bound
1.1%

best estimate
13.8%

Credible interval upper bound
31.4%

51. All the ranges of uncertainty (and those associated with other parameters not
discussed here) have been each separately defined in the SAC’s elicitation
procedure by upper and lower bound credible interval quantiles, and the relevant
spreads of uncertainty are taken into account in the full Monte Carlo risk
assessment methodology.

Quantitative Risk Assessment
52. 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.
53. 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. The division of the populated southwestern parts of Montserrat into
three (new) zones is shown in Fig. 7. From data kindly supplied by the
Commissioner of Police, the Area 1 daytime entry numbers between 14 January
and end of February 2007 ranged between 14 and 46, with a mean of 26 (access
is allowed for up to 6 hours per day). The peak population in Area 2 at any one
time is taken to be about 1020 persons, and that of Area 3 about 215 persons.
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Fig. 8 Map showing revised population Areas [1], [2], and [3], adopted in SAC Interim
Report of March 20075

Societal Risk Levels
54. In order to assess societal risk levels, the impacts of different eruptive scenarios
are modelled for the present population of Montserrat, and aggregated according
to likelihood of occurrence. 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 collapse, lateral blast, and from
associated explosive activity that might develop within the next twelve months.
The potential impacts of each scenario are weighted according to the elicited
relative likelihoods of their occurrence. As before in full SAC meetings, our
estimates of risk are based on one year ahead, effectively from April 2007
onwards.
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Fig. 9. Societal risk curve (violet) for population distribution at time of SAC 8 meeting
(‘current situation’), compared to alternative exclusion zone configurations (see Fig. 8 for
Area definitions), the previous full SAC assessment (August 2006), and risks from other
natural hazards in Montserrat.

55. Fig. 9 shows the estimated current annualised societal risk for Montserrat (violet
curve), the corresponding curve from the second Interim Assessment, together
with those calculated for two alternative population scenarios (i.e. no admittance
to Area 1, and no admittance to Areas 1 & 2). Also shown is the societal risk
curve produced in the last previous full SAC meeting, in August 2006, and curves
for risk exposure from hurricanes and earthquakes. For all intents and purposes,
the present level of societal risk is closely commensurate with that derived in the
March 2007 Interim Assessment (comfortingly so, given the different conditions
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under which the two elicitations took place). Note that the difference between the
hurricane and current volcano risk curves is because recent hurricanes have at
most killed only a few people at a time as a result of generally better warnings
and shelter. However, the volcano is currently more capable of killing large
numbers in one event. So although the probability of one death from a hurricane
is slightly greater than that for the volcano, the probability of several tens of
casualties or more from volcanic action is much greater than that from a
hurricane – given the current conditions at the volcano.
56. The inflation of the curve in the present situation for large numbers of casualties
(i.e. five or more) - relative to previous SAC risk assessments - is mainly due to
the increased likelihood of lateral blast. The risk curves for alternative
population scenarios indicate that in order to reduce the population exposure to
make it comparable with other natural hazards, such as hurricanes or earthquakes,
Area 1 would need to be closed completely and a substantial portion of the
population in Area 2 would have to be moved to safer locations, further north
(additional analysis to determine where levels of risk intermediate between those
displayed can be undertaken).
57. For comparison with the societal risks levels provided in the Interim
Assessments, Table 1 shows potential casualty exceedance risks expressed as
indicative odds on a monthly basis (Note that on Fig. 9, the societal risk plot
numbers are annualised risks, not monthly risks):
Table 1. Societal risk numbers, expressed as casualty exceedance odds on a monthly
basis
Areas 2 & 1 fully
No.
Present
Area 1
closed
casualties:
situation
fully closed
(with Area 3 popn.
N or more
doubled to 425)
1
5
10
25
100

1 in 250
1 in 380
1 in 500
1 in 680
1 in 1600

1 in 420
1 in 470
1 in 510
1 in 690
1 in 1640

1 in 3,800
1 in 41,000
1 in 75,000
1 in 1,800,000
---

58. The estimates for the ‘Present situation’ and for ‘Area 1 fully closed’ show
modest reductions from those reported in the two recent Interim Assessments.
Closing Area 1 completely would reduce the likelihood of suffering a few
casualties (i.e. less than 10). In a situation where both Areas 1 and 2 were closed,
the chances of suffering multiple casualties are found to be somewhat reduced
from the estimates provided in the Interim Assessments. This result may be due
to one or to several reasons, particularly:
1) The level of activity has diminished during this interval.
2) Some SAC members in their March meeting rated the actual risk in late
March as reduced compared to the risk in January and February. Certainly
the activity of January and February 2007 (paragraphs 7-10), with the
northwestward growth of the dome, heightened SAC sensitivity to the
chances of an extreme event, such as a lateral blast directed to the
northwest.
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3) For the Interim Assessments, probabilities were elicited for just one
month ahead, as opposed to one year.
Individual Risk Exposure Estimates
59. In terms of individual exposure, individual risk per annum estimates (IRPA) for
people in different areas are calculated using the probabilities elicited from the
SAC committee, coupled with Monte Carlo population impact risk simulation
modelling. For the present, the numerical individual risk estimates will continue
to be categorised according to the descriptive scale of risk exposure levels
devised by the Chief Medical Officer (CMO) of the UK government (see
Appendix 2); however, we will also indicate, in numerical terms, the extent to
which the active volcano increases an individual’s risk over and above the
‘background’ risk of accidental death for a person living in Montserrat, currently
assumed to be 28 in 100,000. Table 2 shows how these the current evaluation for
residents compares according to these two measures.
Table 2. IRPA estimates for people living in the lower Belham area
SAC8 Individual
Risk Estimates

CMO Risk
Scale

Probability of
Death

Risk
Increase
Factor

HIGH

Soldier at war
1 in 100

Area 1 (full-time)
Area 1 (day-time)

MODERATE

Area 2 (full-time)

LOW

1 in 1000

1 in 10000
Area 3 (full-time)

VERY LOW
1 in 100000

36
21
6
4.6
4
1.35
1.04

Deep sea fishing

Sand and gravel
extraction
Construction
Forestry

1.03

MINIMAL

Service
industries
1 in 1000000

N. Montserrat

Occupations

1.003

NEGLIGIBLE

60. Thus, on the basis of our quantitative risk modelling, we now consider the level
of annualised risk of death (IRPA) due to volcanic hazards for an individual in
each Area of Fig. 7:
Area 1 (full-time resident): 1 in 180, MODERATE/HIGH on the Chief
Medical Officer’s (CMO) scale, 21x background risk level of accidental
death
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Area 1 (for a person in day-time entry mode only): 1 in 720 MODERATE
(CMO), 6x background risk level
Area 2 (full-time resident): 1 in 1300, LOW/MODERATE (CMO), 4x
background risk level
Area 3 (full-time resident, Woodlands, north of Nantes River): 1 in 80,000,
VERY LOW (CMO), 1.04x background risk level
61. These individual risk exposure levels are similar to those determined in the
second Interim Assessment (even though, in the latter, risks were judged on a
timescale of just one month, rather than one year). Whilst there is a slight
numerical lessening of the IRPA for Area 3 (from 1 in 53,000, to 1 in 80,000),
this change is marginal in terms of the net effect on risk over background (i.e.
moving from a 7% increment to a 4% increment), and the corresponding
individual risk exposure for Area 3 on the CMO’s scale remains in the VERY
LOW category.
62. Risks to workers at Fox’s Bay jetty
At Fox’s Bay the protection given by St George’s Hill and Garibaldi Hill to
inundation by “normal” block-and-ash type pyroclastic flows is considerable, but
these two hills afford much less protection from lateral blast-derived flows which
can flow above or around obstacles. As a result we find that the likelihood of such
an incursion at Fox’s Bay to be about 1-in-26 in a year (1-in-310 in a month). This
is about one quarter of the likelihood of a similar flow reaching Belham Bridge
and one half the rate for incursion into Area 1. The IRPA for a worker is estimated
at 1-in-1150, which puts it near the LOW/MODERATE category boundary on the
CMO’s scale. This is about 18x higher than the occupational risk level for the
extractive and utility workers in the U.K.
63. Risks to workers in the Belham Valley
For workers in the Belham Valley (building the bridge, or extracting sand just
below the bridge) we have included in the hazard scenarios a flow/surge of
between 5 and 10 million cubic metres from a NW-directed event. Using the
probabilities elicited at SAC8, the range of scenarios with potential to affect the
central part of the Belham Valley gives a chance of a flow/surge incursion into
that area of about 1-in-7 in a year (1-in-76 in a month) [5-95% confidence
interval: 1-in-24 to 1-in-3]. This is roughly double what is obtained for the
likelihood of incursion into Area 1. For limited working time exposure (i.e. not
full time occupation), the IRPA for a worker in the Belham Valley is about 1 in
400. This means the exposure level has moved from VERY LOW (on the CMO's
scale) in August 2006 to MODERATE now. In terms of (UK) extractive and
utility industries, this exposure is 51x greater than the generic fatality rate for
such workers. No allowance is made for possible mitigation/escape measures,
which could reduce the risk.
64. Risks to workers at Trants
Workers extracting sand and gravel from Trant’s beach and neighbouring flow
deposits are at risk from pyroclastic flows. The likelihood of a pyroclastic flow
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incursion into the Trants area in one year is 1-in-9 [5-95% confidence interval: 1in-48 to 1-in-3], or about 1-in-100 on a monthly basis. This is approximately the
same as the estimate for a flow incursion to Belham Bridge, above. We
understand that current safety practices at Trants involve checks with MVO on
activity levels, a lookout and evacuation practice. Incorporating such mitigatory
elements reliably into the Trants workers' situation produces an IRPA of 1-in3900, LOW on the CMO's scale, and about 6x occupational risk level for the
(UK) extractive & utility supply industry. If these measures are unreliable, fail or
are not implemented, then the IRPA rises to 1-in-770, MODERATE on the
CMO’s scale, and about 26x the occupational risk.
65. For the cases of working at Fox’s Bay, Belham and Trants above we have
calculated the risk of death that individual workers face with respect to the typical
risk level faced in the same industry in the UK. In Table 3 the risk increase
factors of working in these three places in Montserrat relative to working in a
similar job the UK are shown, as was done for residential risk increase in Table 3.
Note the reason for the higher factors in Table 3 is that the residential risk of
accidental death in Montserrat (1-in-3,600) is higher than this occupational risk in
the UK (1-in-20,000) which, of course, involves much shorter hours at risk.
Table 3. IRPA estimates for working risk relative to equivalent UK work (extractive industry)
risks
SAC8 Individual
Risk Estimates

CMO Risk
Scale

Probability of
Death

Risk
Increase
Factor

1 in 100

200
51

1 in 1000

1 in 10000

21
18
6
3

1 in 100000

1.2

1 in 1000000

1.02

HIGH

Belham work

Fox’s Bay work
Trant’s Bay work

MODERATE

LOW

VERY LOW

MINIMAL

NEGLIGIBLE

66. Risks in the Maritime Exclusion Zone
The Maritime Exclusion Zone was last amended at the time of the 8 January 2007
pyroclastic flow in the Belham Valley, with the addition of a 2 kilometre wide
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zone off Old Road Bay. As a result of the increased threat from the larger dome
and new computer simulations of flow runouts we consider that the maritime
areas to the northwest and northeast of the volcano are once again under
increased threat. In particular, we identify three areas that could be incorporated
within the zone (Fig.10):
(i)
the area offshore from Spanish Point to Pelican Ghaut. On Fig.10
we show the zone decreasing from 4 kilometres off Spanish Point
to 2 kilometres off Pelican Ghaut.
(ii)
the area 2 kilometres offshore Bransby Point from Sturge’s Park
to Iles Bay, and
(iii) the area 2 kilometres offshore north of Old Road Bluff as far as
any extension of the Unsafe Area boundary.
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Fig.10
Suggested amendments (black lines) to the Maritime Exclusion Zone
map of January 2007.
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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 methodology21, 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

21

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 models22.
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.

22

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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