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Executive Summary
(i)

The collapse of the lava dome of Soufrière Hills volcano on 12 July 2003 was the
largest such event in the entire eruption. It produced major pyroclastic flows that
entered the sea from the Tar River Valley, a pyroclastic surge that covered the
northeastern flank of the volcano, a tsunami that reached Guadeloupe and a series of
explosions. Up to 15 cm of ash was deposited over western parts of the island. A
collapse of this size and direction was anticipated and fortunately there were no
pyroclastic flows down the Belham Valley, the lower part of which, when occupied,
had been identified as the populated area most at risk in the last assessment. The
destruction of the dome has reduced the overall level of risk to the people of
Montserrat considerably.

(ii)

The dome has not grown in the 8 months since August 2003, the second longest such
period experienced since the eruption began. To understand whether this means that
the eruption has stopped or has merely stalled and may resume later, we have
developed a set of criteria, that can be tested, over a period of one year, using
measurements and observations made by MVO. These criteria, applied to the situation
before 3 March 2004, indicated that the eruption had not stopped.

(iii)

On 3 March 2004 an explosion and collapse of part of the remnant 1997 dome
produced pumice-bearing pyroclastic flows that reached the sea at Tar River and
opened the vent that had been filled by a small dome during the last few days of July
2003. Prior to this there had been low frequency seismicity, which has continued
subsequently together with tremor, ash emission and other explosions. This suggests
that there is movement of, or changes in, the condition of magma at shallow depths
within the volcano that could lead to the resumption of dome growth.

(iv)

In the event of the resumption of dome growth there could be two sets of hazardous
processes. The first hazard would be from explosions. This could lead to pyroclastic
flows from collapse of the eruption column that could begin immediately, and to
fallout of rocks and ash. The second hazard would be collapse of the dome and the
generation of pyroclastic flows. This would become a significant risk to people if the
dome were to grow to sufficient height to overtop the crater walls. The rate at which
magma may be supplied after the resumption of dome growth would be important in
determining the likelihood of column collapse events and critical in determining the
rapidity with which the dome grew to the state of potential collapse to the west and
northwest.
i

(v)

Whilst the removal of the dome has reduced population exposure to risk in general, we
have also evaluated the risks for the example case of two hundred people being
allowed to live in the Daytime Entry Zone (DTEZ). If the dome does not grow then
the individual risk exposure for a person in that area is in the upper part of the LOW
category of the Chief Medical Officer's scale. If the dome does grow at a low rate,
such as it did on average in 2003, then the risk exposure for an individual in the DTEZ
could be LOW to MODERATE. For high dome growth rates with explosions, such as
occurred during 1997, the risk levels could increase further. Although we think this
high rate of lava supply restart to dome growth is less likely than the lower rate start,
the consequences would be increased risk to people in DTEZ.
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Introduction
1. The second meeting of the Scientific Advisory Committee (SAC) on Montserrat Volcanic
Activity took place at the Montserrat Volcano Observatory (MVO) from 1-4 March 2004.
This report is the main product of that meeting. The Committee was commissioned by the
Foreign and Commonwealth Office and operates under the Code of Practice for Scientific
Advisory Committees issued by the Office of Science and Technology. The Terms of
Reference for the Committee are presented in Appendix 1, and the agenda of the meeting
is given in Appendix 2.
2. The meeting was attended by: Prof. G. Wadge (SAC-Chairman), Dr. W.P. Aspinall
(SAC), Dr. P.N. Dunkley (MVO, SAC), Dr. V. Hards (MVO), Dr. A. Jolly (MVO), Dr. J.
Neuberg (SAC), Dr. G. Norton (MVO), Dr. G. Ryan (MVO), Prof. B. Voight (SAC), and
K. Haynes (observer). Appendix 3 gives a list of participants and their affiliations.
3. Since the previous meeting of the SAC (5-7 May 2003) the focus of the hazard assessment
of Soufrière Hills Volcano (SHV) has changed. First, the collapse of the lava dome on 12
July 2003 removed the immediate threat to the lower Belham River valley. Then, on 3
March 2004, during the meeting itself, the volcano had its first significant eruptive
activity since July 2003. This both interrupted the course of the meeting and meant that
we have had to re-evaluate some of our previous work.
4. There are two parts to the report: Part I contains the main findings and Part II contains the
technical aspects of the assessment. A Preliminary Statement (Appendix 4) was issued on
5 March at the time of a meeting of the Management Board of MVO when some of the
issues in this report were briefly discussed. Similarly, an interview involving Wadge and
Dunkley was broadcast on ZJB Radio on 5 March to inform the public of recent activity
on the volcano and discuss some of the preliminary findings of the risk assessment
meeting. Following the explosion and collapse events on 3 March 2004, and the
subsequent activity and high levels of seismicity, the SAC decided to wait for two weeks
in order to be able to estimate the lava flux rate if a dome started to grow. An Interim
Statement was released on 18 March (Appendix 5) to explain this and to give a
preliminary estimate of the risk exposures to people in the DTEZ. As of the writing of this
report (1 April 2004) no new dome growth had occurred.
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Volcanic Activity
5. The previous SAC report in May 2003 gave a full description of the activity from
November 1999 to May 2003. Since May 2003 there have been three distinct phases in the
eruption: further dome growth and the 12 July 2003 collapse, the August 2003 – March
2004 pause in activity, and then the 3 March 2004 collapse/explosion. These are the focus
of the discussion below. Appendix 6 has a glossary of technical terms.
6. From May until July 2003 the dome continued to grow, reaching the largest size it has
achieved with a volume exceeding 200 x106m3 and a general summit height of about 1100
m above sea level. At least 60% of this dome collapsed during an 18-hour period over 12
and 13 July 2003. This was by far the largest collapse event of the eruption (see the top
cover picture pair taken from Windy Hill on 31 May and 12 August 2003). As anticipated
by the SAC's first report, most of the resulting pyroclastic flows travelled down the Tar
River Valley and into the sea. During the climactic phase, pyroclastic surges moved
northwards from Tar River Valley across the eastern flanks of the volcano, extending
from Long Ground to Spanish Point and Bethel. The later phase of this dome collapse
unroofed the vent and several explosions occurred while the collapse was still underway.
In the three days following the collapse, four further explosions occurred. The airborne
ash that was created by all these events fell on western and northwestern Montserrat,
necessitating a major clean-up operation. About a week after the collapse a small new
dome ("domelet") grew for about a week at the bottom of the huge new crater caused by
the collapse. Following this the volcano was very quiet for nearly 8 months.
7. On 3 March 2004 an event involving collapse of part of the remains of the dome emplaced
in 1997, together with explosions, destroyed the "domelet" of the previous July. These
created a large eruption column and generated pyroclastic flows that flowed to the sea
through the Tar River Valley.
8. The details of the 12 July 2003 collapse and subsequent events are described in the MVO
Open File Report 04/01 and the more detailed MVO Special Report 10, currently in
preparation. The period between July 2001 and July 2003 was the longest there has been
between major collapse events so far in the eruption. A long period of sustained dome
growth at relatively low flux rates may represent a necessary condition to achieve such a
large dome size. A strong swarm of hybrid earthquakes in the three days preceding 12
July allowed MVO to issue a warning of possible collapse. Three hours of heavy rain, just
before the long collapse process began, apparently triggered the event. The SAC in May
2003 had noted that such a collapse could occur, but specified that a collapse of this size
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could only be directed mainly to the east. The 12 July collapse took place in a piecewise
manner, and ate progressively into the dome’s interior, with increasingly pressurised and
explosive events recorded by the seismometers and borehole instruments in the later
phases of the event. The climactic part of the collapse involved the hottest core of the
dome and these produced massive pyroclastic flows in the Tar River Valley, and dilute
pyroclastic surges that moved northwards towards Spanish Point. The larger pyroclastic
flows ran into the sea and caused tsunami effects that were recorded in northern
Guadeloupe. There were no equivalent pyroclastic surges to the south of the valley. This
asymmetry was probably caused by the initial direction of the flows and the topography
within Tar River Valley. High ash columns were produced and ash was transported by the
winds to the west and northwest. Rock fragments up to 6 cm in size and pumices up to 6.5
cm landed in some populated areas. These fragment sizes were slightly greater than those
predicted by the equivalent explosion models reported in MVO Special Report 9, but were
generally in line with expected behaviour.
9. The domelet that grew during the last weeks of July 2003 did so over the presumed
location of the conduit that has fed the whole eruption. It reached a height of only 30 m
above the surrounding crater floor which was at approximately the same height (670 m
above sea level) as the base of the Castle Peak dome that existed before the start of the
current eruption in 1995. This suggests that, for recent eruptions at least, this may be a
fundamental long-term structural surface, with dome failures, when they occur, taking
place above it. The simplest interpretation for the minor dome growth in July 2003 is that
it was fed by new magma rising from the reservoir after explosive draw-down in July, but
that it did not have enough driving pressure to maintain the dome growth.
10. The subsequent pause in dome growth from August 2003 to March 2004 has been the
second longest during the eruption (just under 8 months in duration, compared to the 20
months for the March 1998-November 1999 interval). The nature and details of
measurements made by MVO during the latest period and their interpretation are
discussed in the section on Long-Term Prognosis.
11. The events of 3 March 2004 cannot yet be fully interpreted and must await detailed
analysis. There was a gravitational collapse of part of the "Northwest Buttress" (a
remnant of the dome emplaced in 1997) involving a few million cubic metres of rock. The
"domelet" that had grown in the collapse amphitheatre in late July 2003 was removed (see
bottom cover picture pair taken from Perches in September 2003 (left) and 22 March
2004). and replaced by a vigorously degassing vent that was probably the main source of
the plume that rose to about 7 km. Pumice fragments collected from the pyroclastic flows
3

on the Tar River delta suggest explosive vesiculation of magma from within the conduit.
Hence there is evidence of both passive collapse and active explosions. The relative
timings of the start of the two processes are not yet clearly established and so we cannot
say whether one triggered the other. Careful observation over a few months will be
needed and further analysis of all the available data will be necessary to provide the best
interpretation of this particular event.
12. Since 3 March there has been a significant increase in the general level of activity at the
volcano with substantial periods of tremor, ash venting, minor explosions and generation
of pyroclastic flows. This suggests an actively degassing column of magma in the conduit
a few hundred metres below the surface. Whilst this has not led to the formation of a new
lava dome, we think that resumed dome growth is now more likely than before 3 March.

Long-Term Prognosis
13. The eruption is now in its ninth year. During most of the eruption lava has been effusing
to form a dome that has grown in size. However, there have been several periods when no
new lava has been extruded. The period from August 2003 to March 2004 was the second
longest of these. As the interval since the last observed dome growth in July 2003
increased, the question arose - Is the eruption over? To help provide an answer to this
question, now and in the future, we have developed a set of criteria that are based on
MVO measurements and observations.
14. Behind these criteria lies the assumption that the process that controls the eruption at
Soufrière Hills volcano is the rise of buoyant basaltic magma into the reservoir of
andesitic magma below about 5 km depth. Once this process stops then the reservoir will
lose its ability to drive magma to the surface, probably for years or decades. The criteria
represent our expectations of observable phenomena that would be consistent with this
hypothesis. A more detailed justification is given in the Technical Report. However, it
will take some time for the system to change to this new state, if it is going to do so, and
then even longer for the resulting manifestations to be unambiguously interpreted from
observations. We therefore adopt a minimum one-year period for this test.
Criterion 1
Criterion 2
Criterion 3

The SO2 daily emission rate averages less than 50 t/d
No low-frequency (Hybrid or LP) seismic events
No net surface inflation (greater than 5mm/year accuracy) at all cGPS
stations from a demonstrably deep source (~ 5km).
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Only with all three criteria satisfied for at least one year will it be possible to consider that
the current eruption has finished. With further work we may revise some of the details of
these criteria in future. In addition, we have another expectation for the end of the
eruption, which by itself is not a necessary condition however: this is that diffuse volcanotectonic seismicity around the reservoir/conduit might increase as the ambient crustal
stresses adjust to reservoir depressurisation.
15. Applying these criteria to observations from August 2003 to March 2004 period we find
that none of the criteria have been met. Therefore on the basis of this test, the eruption
could not be considered to be over. This does not mean that the dome will definitely start
to grow again, only that the volcanic system is not inert, and still has the potential to erupt.
We use the term "stalled". A stalled volcano may remain at a stop, or it may resume
surface activity.
16. There are some indications that the surface flux rates of magma had been decreasing since
1997, albeit slowly. This may represent a slow reduction of overpressure in the reservoir
and the waning of basaltic magma supply rate. However, as we pointed out in the previous
report, this does not mean that explosive events or vigorous effusion cannot happen in the
future. Recent research indicates that relatively small changes in the condition of the
Soufrière Hills magma reservoir can lead to complex changes in the behaviour of the
volcano, both in terms of pauses and more vigorous behaviour. Therefore a return to more
explosive activity in the future cannot be excluded.

Assessment of Volcanic Hazards
17. The focus of hazard assessment has shifted from those associated with pyroclastic flows
caused by dome collapse (particularly toward populated areas down the lower Belham
River Valley, as considered in the last SAC meeting), to those associated with future
activity that might endanger people in the Daytime Entry Zone (DTEZ).
18. Previously we have chosen to consider potential hazard scenarios only for six months into
the future, although those have been presented in terms of annualised levels of individual
risk exposure. The last SAC meeting was ten months ago and so to avoid having the
assessment become out-of-date for reasons other than events on the volcano we have
decided to move to hazard scenarios explicitly for one year ahead.

5

19. The collapse of 12 July 2003 removed at least 120 x 106m3 of dome material and left a
large amphitheatre open to the east down Tar River Valley. Even if the dome were to
begin growing immediately it would still take a considerable time before it overtopped the
crater walls and even longer to grow back to the size it was in July 2003. The key question
is, when would a newly growing dome be a hazard to populated areas and the key factor
for that is the rate at which lava is extruded. It was around mid-2002 that the dome grew
to a size and shape that had the potential to collapse with sufficient volume to produce
pyroclastic flows that could move down Tyre's Ghaut and into the lower Belham Valley.
To re-grow such a dome now would require at least 100 - 130 x 106m3 of new lava. We
can calculate how long this would take by considering values for the average rate of
growth achieved by the volcano at different times during the eruption. At the highest
sustained rate of flux seen during this eruption in 1997 (about 6.5 m3s-1) it would take
about 6-8 months to re-grow the mid-2002 dome and 19-25 months at a low flux rate (2
m3s-1), such as that seen in 2002-3. These elapsed times are conservative in that they do
not account for any volume lost by small-scale collapses during growth.
20. In terms of ashfall, the deposits of 12 to 15 July 2003 were the thickest of the entire
eruption and caused major disruption and clean-up costs. The probability of such an event
occurring again over a given future interval is a function of the probability of renewed
dome growth and of the time taken to re-grow the dome to its pre-collapse size, which in
turn depends on the effective sustained growth rate. The latter could be significantly
influenced by wasting in lesser collapses, which may prevent the dome reaching the size
of July 2003. If, however, it is assumed that no such wasting occurs, and given the SAC's
expectation that the most likely effusion rate of a new episode would be no more than 2
m3s-1, an expected minimum two years of unremitting growth would be needed to reach
the required dome size.
21. As noted in paragraph 15 above, MVO's monitoring data indicate that the volcano has not
necessarily stopped erupting. However, it is worth considering whether the volcano would
still pose any hazards even after the eruption is over. Our answer is that it would. Though
the nature of those hazards would be much more localised, some could still be lifethreatening. For instance, great care will be needed in the crater area of the volcano to
avoid harm from rockfalls, hot gas fumaroles and unstable ground particularly in the case
of unsupervised tourists. Trails and guides will obviously help. It will be many years
before mudflows cease to be a hazard in the major valleys and in Plymouth. In addition to
the immediate danger to vehicles and people we can expect that the trend of the gradual
rise of the level of the valley floors in the lower, flatter areas will continue (e.g. as with
the burying of Belham Bridge, and destruction of the Plymouth clock tower) and this
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could well inhibit development in some places for years. This issue will need to be
addressed rigorously when the eruption is declared over. In the meanwhile a more
quantitative study of the size, location and frequency of mudflows and their hazards is
needed.

Quantitative Assessment of Risks to People
22. As in the previous report we take each hazardous process identified above, estimate the
probability that they will occur in a given area of Montserrat and then calculate
quantitatively the risk that a given number of people in that area will be exposed to. We
use the Chief Medical Officer's (CMO) scale (Appendix 7) to convey a qualitative
description of the scale of risk based on the numerical estimates. Details of the probability
and risk calculations are presented in Part II of this report. These risk estimates have high
uncertainties and so the reader should not attribute detailed meaning to small numerical
differences in these values. The CMO scale reported here better captures these
differences.
23. The current risk to Montserrat society as a whole, given the present restrictions, is greatly
reduced compared to that of May 2003. This is because the threat of pyroclastic flows
from collapse of the giant dome of early 2003 down the lower Belham Valley is very
much reduced for the time being. Currently, societal exposure to volcanic risk for the
island as a whole is similar to those for hurricane and earthquake risk for small numbers
of casualties (less than ten), but the probabilities of higher numbers of casualties remain
potentially greater for the volcanic threat than for the other two hazards. We think there is
a small, but not negligible, probability that during the coming year the volcano could enter
another phase of highly explosive behaviour that would increase the probability of
hazards, particularly for parts of the DTEZ, and increase societal risk exposure generally.
24. We now consider the hazards from a pyroclastic surge in the lower Belham Valley in
relation to a future dome collapse. The 12 July 2003 collapse produced deadly surges over
11 square kilometres of the evacuated part of eastern Montserrat. The magnitude (volume)
of the collapse that was carried down the Tar River Valley could not be delivered into the
Belham Valley (unless the dome grew into some really exceptionable and implausible
configuration) and the specific dynamics of that surge flow are highly unlikely to be
replicated to the northwest with the very different topography there. Thus analogy with
the 12 July 2003 event is inexact and inappropriate. And so, at the moment, we have no
good reason to reconsider or revise the way our hazard boundary assessment was made for
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the lower Belham Valley for the particular circumstances in the early part of 2003. Our
previous hazard boundary was constructed with due consideration of the lava dome
conditions at the time and the modelling tools available. We would review both of these
fully in any future analysis of the situation if it became necessary.
25. Risks in DTEZ
The issue of safety within the current DTEZ is a primary concern. Firstly, we consider the
situation as it is now for the DTEZ, with no dome growing, some moderate level activity
including occasional ash venting and restrictions to daytime entry applicable. The hazards
faced are of possible sudden explosions with fallout of ash and rocks and also a large
sudden explosion with pyroclastic flows generated by column collapse. The likelihood of
any of these hazards, particularly the second, is small and for the DTEZ with daytime
entry restrictions the corresponding risk exposure is in the lower part of the LOW
category on the CMO's scale. We emphasize two major unknowns with regard to our risk
assessment for the DTEZ. The first is that we do not yet know the rate at which lava might
first reappear at the surface. If it does so at high rates then the initial, and continuing,
hazards will be greater than if the rate is low. The second unknown factor is where people
would be within the DTEZ. For the DTEZ there are no relevant census data on who would
be living where because they have been evacuated for so long. Only by specifying who
will be exposed to hazards where and for how long can a robust quantitative risk exposure
be estimated. In the following we assume two hundred people to be living in the DTEZ,
but this is an arbitrary number. The effect of these two unknown pieces of information
means that our risk assessments for the DTEZ have high levels of uncertainty.
26. Risks in DTEZ with 24-hour access
By this we assume a situation in which 200 people will be living full-time in Cork Hill,
Richmond Hill and Fox's Bay - given the current status of the volcano with no dome
growth. The risks depend crucially on whether the stalled state continues, and for how
long, or whether there is immediate renewed dome growth. Here we assume that the
former is the case initially and present the second case below. The potential hazards are
the same as above, and the average individual risk remains in the LOW category but at the
upper end bordering on MODERATE. Risks due to mudflow hazards at the Belham
crossing will increase with a larger population crossing more frequently. Also the
southern boundary of the zone will need to be carefully drawn, well north of Groves, to
avoid mudflow inundation. The gas plume is still very unpleasant to breathe. Richmond
Hill and Fox's Bay are more likely to experience the plume than areas further north.
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27. Risks in DTEZ with 24-hour access and dome growth
We now assume dome growth restarts with 200 people living in the DTEZ. As discussed
earlier, although initially any new dome will be small and the DTEZ will be protected
from the effects of direct dome collapse-derived pyroclastic flows, the hazards of fallout
of ash and rocks and the possibility of column-collapse pyroclastic flows descending
Gage's or Tyre's Ghauts increases the risk. The probability of these hazards occurring will
be further increased if the rate at which lava is supplied to the volcano is high, because of
the increased likelihood that the initial activity would be explosive. For low average dome
growth rates, such as those seen in the first half of 2003, which the SAC feel are most
likely to be repeated in any new dome growth, the risk exposure in an occupied DTEZ for
a typical individual could be LOW to MODERATE. However, although less likely, for
high dome growth rates, such as those seen in the second half of 1997, the risk levels
could easily (and rapidly) increase. Overall the chances of suffering one or more
casualties during a sudden explosion are approximately double those that exist in the nonexplosive restart scenario. If a major explosion were to occur with people living in close
proximity to the volcano in the DTEZ, it is possible that the equivalent societal risk
exposure for Montserrat as a whole could be higher than it was last year, when the huge
dome was present. The likelihood of such an eventuality is considered very low in the
absence of strong indicators to the contrary, but cannot be precluded altogether. HMG
posed several other specific scenarios for risks in smaller areas around the DTEZ which
we address below.
28. Risks to ash clean-up workers in the DTEZ
We estimated that truck drivers taking ash along the Cork Hill-Plymouth road for the two
weeks from 4 March 2004, will be subject to VERY LOW risk from the dangers of large
fragments falling from ash clouds.
29. Risks to people with daytime access to Plymouth jetty
There is a proposal to utilise the Plymouth jetty for the transhipment of materials from
Montserrat. The hazards faced by such workers in the present conditions would be from
sudden explosive activity as detailed above. The risk to workers is assessed with a risk
model based on 10 workers working on the jetty eight hours per day, seven days a week.
It is further assumed for this analysis that there may be little or no effective early warning
of an impending volcanic event which, although its probability of occurrence may be very
low, could have a very rapid onset. It is also assumed that the stevedores may require as
much as 25 to 30 minutes to make good their escape from Plymouth and reach the Belham
Valley crossing (presuming further that they have adequate transportation and reliable
vehicles, and behave responsibly at all times). Under these pessimistic, but by no means
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worst-case, circumstances, the annualised individual risk of exposure of a worker on the
jetty would be at the upper end of the LOW category on the CMO’s Risk Scale.
30. Risks to people in Fox's Bay given the proposed Garibaldi Hill road
This scenario acknowledges the possibility that in the event of a high level of eruptive
activity, such as a column collapse pyroclastic flow travelling down Fort Ghaut and or
Belham River valley, then it would be safer to evacuate from Fox's Bay to the north via a
road to the west of Garibaldi Hill rather than drive east towards the Plymouth - Cork Hill
road junction and the approaching hazard. Inevitably, only a proportion of the population
will be able to make an emergency escape via the two routes across the Belham River
before flows reach the sea at Belham River. Under typical scenarios we estimate the risk
to be at the LOW to VERY LOW category boundary for a Cork Hill escape, and VERY
LOW for the new road escape. However, the difference between the two only involves
about a 20% reduction in personal risk exposure. The main value of the road from the
perspective of risk reduction would be to enable Fox's Bay residents to get to a place of
refuge, to the west of Garibaldi Hill.
31. Risk exposure for tourists and drivers going to St. George's Hill
We take this to mean daytime visits, by tourists and drivers spending no more than about
two hours on the hill. The hazards are as for the DTEZ. Under the present conditions, our
current hazards model indicates that the risk exposure for a tourist who makes a single
short visit to St. George’s Hill, would be NEGLIGIBLE on the CMO’s Scale. For a taxi
driver who makes, say, three such visits a week, week-on-week, his annualised individual
risk of death is estimated to be about 1 in 17,000, or VERY LOW on the CMO’s Scale.
These estimates are predicated on the basis of the visitors (and drivers) receiving no
effective warning of impending activity, and taking a lot of time to react and remove
themselves from the danger areas. If there were, say, ten people visiting per day this
would equate to a 1 in 500 chance of suffering two or more casualties or fatalities per
year. We also note that people on hills are susceptible to increased risk of lightning
strikes during even mild volcanic activity.
32. All these risk estimates represent our best scientific judgement at the present time, given
the past behaviour of the volcano and the information and observations that are available.
There are limitations and uncertainties involved. If the levels of individual risk exposure
in the DTEZ are to be used to inform public safety decisions then an analysis done on a
more precautionary basis (i.e. incorporating some additional element to allow for the
margins of uncertainty) could easily provide rankings higher on the CMO's Scale than
those quoted above. Thus, given the limitations intrinsic in risk assessment, but mainly
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because of the potentially large range of risk exposure in the DTEZ that is partly
contingent upon the rate of supply of lava, government authorities may wish to add a
precautionary factor to any decision making concerning the long-term status of that area.
Once the effusion rate of lava is known (if indeed it does resume at the surface), then the
level of hazard becomes much more apparent and the risk exposure much better
constrained, enabling more informed decisions to be made, including reducing the
estimated exposure to risk.

Current and Future Operations at MVO
33. The Committee were made to feel welcome, given support and information and stimulated
in discussions with MVO staff. The international observers who attended the previous
SAC meeting had noted that the duality of the primarily observational role of the
observatory staff and the analytical role of the SAC was unusual for managing a volcanic
crisis. We think this is a complementing strength of the current arrangement, not a
weakness. The SAC members are in a position to take a broader, over-arching view of the
eruption without the operational pressures, whilst the MVO staff can challenge the SAC's
deliberations with the observations of what has actually happened.
34. Comprehensive contributions by MVO staff to the SAC meeting are vital. Ideally this
should involve full attendance by all scientific staff, participation in the technical debates
(including, as far as possible, the informal extra-mural ones) and involvement in the
elicitation process. On this occasion MVO staff were unable to participate in the
structured elicitation. We hope this will not be the case in future meetings.
35. The current lack of a signed management contract between BGS and the Government of
Montserrat creates uncertainty, disrupts continuity, and hinders the smooth running of
MVO. We recommend all necessary steps are taken to achieve a speedy resolution.
36. Staff morale at MVO seems good, though the lack of both a software engineer and a fulltime electronics engineer needs to be addressed. However, over the next year MVO will
probably lose two of its most experienced Directors; Drs Dunkley and Norton. Following
on the recent departure of Dr Herd, and probably Dr Edmonds too, this represents a loss of
all BGS staff with long-term, particularly managerial, experience of MVO. In addition,
the Governorship of the island is about to change again and the events of 3 March may
indicate that the volcano could become more active at a time when there is social pressure
to move closer to it. Such a combination is potentially worrying for the safety of people in
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Montserrat. BGS is aware of the need to respond positively to the imminent staffing
difficulties and the SAC will keep a close eye on the overall situation.
37. MVO has been well served throughout the eruption by helicopter support for observations
and maintenance of field stations. These twin roles have been of proven value, such as in
the rapid reconnaissance of the source of the 3 March event. When the new airport opens
towards the end of the year the need for the commercial, passenger-carrying helicopter
service, which has helped offset the costs of the MVO use, will be removed. MVO needs
to make a soundly argued scientific and operational case to continue some form of
helicopter support. The Committee will help contribute to such a case to be put via the
MVO Operations Board this summer. We note that the future monitoring efforts overall,
and hence the helicopter requirements, will have to be appropriately matched to the
community's current ambitions to return to live closer to the volcano.
38. Tensions have arisen both within MVO and between MVO and external researchers over
ownership and use of data and other collaborative issues. Such tensions are best resolved
in the first instance by direct discussion. A newly drafted MVO Research and Data Policy
is now in place which, subject to minor changes, we endorse. This should help to
minimise tensions arising in future and form a means to resolve disputes.

Next SAC Meeting
39. We anticipate that, over the next six months, sufficiently new data, information and
personnel will become available to necessitate a fresh consideration of the risks posed by
the volcano and justify meeting again at MVO in six months, preferably in the third or
fourth week of September 2004. No changes to the membership of the SAC are
contemplated before then.
40. We recommend that before the next meeting the members of SAC re-evaluate the
methods and models that underpin the quantitative part of the appraisal of volcanic risk in
Montserrat. This is both general good practice and particularly relevant if the volcano is
entering a waning phase or getting close to stopping. The provision of science-informed
risk advice to crucial decision-making on the return to normal life on Montserrat will be
just as vital as during the periods when the crisis was escalating.
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Appendix 1: Constitution of the Scientific Advisory Committee on
Montserrat Volcanic Activity
This document outlines the main responsibilities of the newly constituted Scientific Advisory
Committee (SAC) on the Soufriere Hills Volcano, Montserrat. The document includes the
terms of reference for the SAC and a membership template. The SAC is to replace the Risk
Assessment Panel and is commissioned by the Overseas Territories Department (OTD)of the
Foreign and Commonwealth Office (FCO). The SAC will work according to the Office of
Science and Technology (OST) Code of Practice for Scientific Advisory Committees.
TERMS OF REFERENCE
The main responsibilities of the SAC are:
1.
to carry out regular hazard and risk assessments of the volcano in co-operation with
the Montserrat Volcano Observatory (MVO) and to report its findings to HMG and the
Government of Montserrat; and
2.
to provide scientific advice at a strategic level to HMG and the Government of
Montserrat outside these regular assessments in co-operation with the MVO.
NB: The “Government of Montserrat” will normally mean, in the first instance, the Governor
as he has the constitutional responsibility for the safety of the Montserrat population. The
Governor will be responsible for ensuring appropriate dissemination of SAC assessments or
recommendations to the Government and people of Montserrat.
The SAC is also required to perform these additional functions:
3.
to provide independent advice on the scientific and technical operations of the MVO
to ensure that the work matches the level of risk;
4.
to provide scientific advice and assistance to the MVO as required by the MVO
Director; and
5.
to offer advice on new developments that were not foreseen when the TORs were set
up, and if appropriate make recommendations for changes to the TORs.
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The SAC will carry out its activities within the OST Code of Practice for Scientific Advisory
Committees. The SAC will be responsible to the UK Government through the FCO (OTD).
The SAC will not incur expenditure without prior FCO (OTD) authority.

These general terms of reference are supplemented with the following specific
points:
(a) The work of the SAC concerns scientific assessment of the volcanic activity and related
hazards and risks. This scientific work is an input to decisions made by the HMG and the
Government of Montserrat related to the safety of the people of Montserrat (such as
evacuation and extent of Exclusion Zones), to issues of planning and sustainable development
of Montserrat and to the mitigation of external hazards (e.g. to civil aviation).
(b) The provision of scientific advice to the Governor and Government of Montserrat is the
responsibility of the MVO and its Director. The SAC has the function of assisting the MVO
in its major missions in all respects of its activities and to assist in matters relating to the
provision of long-term and strategic matters.
(c) The MVO Director (or scientific staff designated by the Director) participate in all SAC
activities except for ToRs 3 and 4.
(d) The SAC has the function of giving advice and assistance to MVO and the management
contractor relating to scientific matters as required by the MVO Director. Such independent
advice to the MVO may include appraisal of the technical expertise of staff, evaluation of the
monitoring systems, assessment of proposed research projects by external groups, and advice
on technical matters.
(e) With respect to ToR 3 the Chair of the SAC will be a member of the MVO Board of
Directors and can provide independent advice to the Board as required. The Chair will be
expected to attend MVO Board meetings (currently twice a year).
(f) Given the special circumstances of Montserrat as a United Kingdom Overseas Territory,
reports of the SAC would be provided for both Governments. Reports would also be given to
the MVO Management Board.
(g) The SAC will be required to present its findings in a manner suitable for release to the
public. It will also be required to assist the Governments and the MVO in explaining the
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activity of the volcano and the scientific information pertinent to decision-making by the
authorities.
(h) The SAC will liaise with other relevant scientific organisations or committees as required,
which might for example include regional scientific institutions and the Department of Health
Committee on health hazards from volcanic ash.
(g) The Chair of the SAC will make an annual report to the MVO Board of Directors.
MEMBERSHIP
Membership of the SAC will be at the invitation of the FCO (OTD) and will cover the key
areas of expertise required to assess the hazards and risks of erupting volcanoes. Expertise
will include such areas as volcanology, volcano geophysics, and hazard analysis. The SAC
will continue the approach of the former Risk Assessment Panel that was endorsed by the UK
Chief Government Scientist in December 1997. Thus the Committee requires a facilitator as a
member for applying expert elicitation methods to estimate volcanic risk. These
considerations imply a minimum of four members, excluding the Director of the MVO.
Additional experts can be invited to participate as required by the Chair, with prior agreement
from the FCO (OTD), if a lack of expertise becomes apparent on a particular issue. As
required by the Code the SAC is expected to consider external opinion. The membership will
be considered on an annual basis with a view to regular changes and refreshment of
membership.
MEMBERSHIP TEMPLATE
Members invited to serve on the SAC for the Montserrat Volcano are expected to attend all
hazards and risk assessment meetings and to participate in the formalised elicitation
procedure. Members have the responsibility to use their scientific judgement and expertise to
meet the Terms of Reference. Opinions of the Members on scientific matters should be
expressed through participation in the work of the SAC. Divergences of scientific opinion will
normally be reported in terms of scientific uncertainty through the formal expert elicitation
procedure. Differences that cannot be incorporated through the elicitation methodology
should be included in the reports of the SAC as required by the OST Code. The Chair of the
SAC, or his or her delegate from the Committee, will be responsible for presenting the
findings of the SAC's work to the Governments of Montserrat and the United Kingdom and to
the public in co-operation with the Director of the MVO. Any disagreement or divergence of
opinion with the Director of the MVO that cannot be reconciled or incorporated through the
elicitation method should be reported through the MVO Board of Directors.
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SECRETARIAT
The FCO (OTD) will provide a Secretariat for the SAC, as set out in the Code of Practice.
FCO (OTD) will reimburse premium economy travel costs, reasonable hotel accommodation,
meals and professional fees (once agreed) in full. The SAC will not incur additional
expenditure without prior FCO (OTD) authority. The Secretariat’s main point of contact will
be Jess Seaward, Desk Officer for Montserrat in OTD. Her contact details are as follows:
Email: jess.seaward@fco.gov.uk
Tel: +44 20 7008 3123
Fax: +44 20 7008 2879
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Appendix 2: Scientific Advisory Committee on Montserrat Volcanic
Activity, Meeting 2, 1-4 March, 2004: Agenda

1. Terms of reference of SAC, meeting agenda
2. Previous SAC report and its reception, plans for this meeting's report
3. Synopsis of volcanic activity/monitoring since last meeting
MVO including 12 July Open File Report (PD,VH,AJ,GN)
CALIPSO (BV)
MULTIMO (JN)
4. Causes of Pauses: review of pauses in dome growth
Smithsonian Catalogue (WA)
SHV and unloading (GW)
5. Criteria for converting a pause to a stop (GW)
6. Likelihood that eruption has stopped
7. Probability of the duration of the current pause
8. Hazards associated with SHV when eruption has stopped
9. Risks accompanying resumed dome growth
10. Risks accompanying resumed activity with initial explosions
11. Probability of a repeat ash fall event of size of 12/13 July 2003
12. Risks to people with 24-hour access to DTEZ
13. Risks in 24hr DTEZ after dome growth restarts
14. Risks in extending DTEZ to top of St. Georges Hill
15. Risks to people with daytime access to Plymouth jetty
16. Risks to Foxes Bay given new Garibaldi Hill road
17. Hazards within Belham EZ by surge from future large dome collapse
18. Future risk assessment work, next meeting date
19. Review of MVO monitoring and collaboration
20. Committee membership
21. AOB
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Appendix 3: List of Participants

Chairman
Prof. G. Wadge

Environmental Systems Science Centre, University of Reading,
UK

Committee members
Dr. W.P. Aspinall

Aspinall & Associates, UK

Dr. P.N. Dunkley

Director, MVO

Dr. J. Neuberg

Leeds University, UK

Prof. B. Voight

Penn. State Univerity, USA

(Dr. K.C. Rowley

Trindata Ltd., Trinidad & Tobago, unable to attend)

MVO Scientists present in an advisory capacity:
Dr. V. Hards
Dr. A Jolly
Dr. G. Norton
Dr. G. Ryan

K. Haynes (observer)

University of East Anglia, UK
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Appendix 4: Preliminary Statement issued 5 March 2004

The Committee has been meeting over the last four days to discuss the current state of
Soufrière Hills volcano and the outlook for the next twelve months. The pause in surface
volcanic activity at the volcano since the events in July 2003 ended on 3 March 2004 after
nearly 8 months. An event, involving collapse of the northwest part of the old dome produced
a 7 km high ash cloud, hot pyroclastic flows that reached the sea at Tar River and ash
deposition over the west and southwest side of the island. The small new dome that grew
during the last week of July 2003 has been destroyed. Seismicity preceding this event did
indicate activity in the conduit that brings lava to the surface, which may mean that new
magma is approaching, though there were no clear signals precursory to what eventually
happened. There is the potential for at least the next few weeks for further explosions and
small collapses with associated hazards from falling rock fragments, particularly in the DTEZ.
There is the possibility of renewed dome growth during the coming months but the hazards
from this for the lower Belham valley are not a major concern at the moment.
The collapse of 12/13 July 2003 was the largest of the eruption with over 120 million cubic
metres of dome material collapsing into the sea at Tar River valley, a vigorous pyroclastic
surge as far north as Spanish Point and heavy ash fall over the west and northwest parts of
Montserrat. The largest dense fragments, about 6 cm in size, falling out of the ash cloud over
the populated areas were within the range of expected sizes from such an event and consistent
with the previous hazard assessment.
One of the most important issues since then has been whether the very quiet state of the
volcano, up to 3 March 2004, has been indicating that the eruption may be about to stop. We
have drawn up a set of criteria, to be based on measurements and observations made by MVO
over a period of about one year, that can be applied at any time to the question of whether the
eruption has finished. These criteria are not currently being met.
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Appendix 5: Interim Statement of 18 March 2004

1. We had intended to release our Main Report on the assessment of the hazards and risks
associated with the Soufrière Hills Volcano about now. However, because of the elevated
level of activity at the volcano since 3 March we have decided to defer the full Report and to
issue this Interim Statement instead. This is because the latest monitoring evidence suggests
that there is the possibility that a new dome may begin to grow very soon. If the dome does
grow soon and we can determine the initial rate of growth of the dome then that will enable us
to produce a better informed Report, one which will be of more practical use in the months
ahead. That said we anticipate providing our Report within two weeks from now.
2. We recognise that the issue of safety within the DTEZ is one of pressing concern. Hence in
issuing this statement we are restricting our thoughts to the risks within the DTEZ as an
entity. The main report will deal with the risk issues relevant to more localised areas within
the DTEZ and the rest of Montserrat.
3. Firstly, we consider the situation as it is now for the DTEZ, with no dome growing, some
moderate level activity including occasional ash venting and restrictions to daytime entry
applicable. The hazards faced are of possible sudden explosions with fallout of ash and rocks
and also a large sudden explosion with pyroclastic flows generated by column collapse. The
likelihood of any of these hazards, particularly the second, is small and for the DTEZ with
daytime entry restrictions the corresponding risk exposure is in the lower part of the LOW
category on the CMO's scale (see Appendix).
4. Next, we consider the situation in which 200 people might be living, full-time, in the DTEZ
in Cork Hill, Richmond Hill and Fox's Bay but still under the current state of the volcano. The
potential hazards are the same, and while the average individual risk remains in the LOW
category, it would now be at the upper end, bordering on MODERATE.
5. Finally, we assume that dome growth resumes. Then for several months at least, no hazards
from pyroclastic flows derived from dome collapse will be possible within the DTEZ.
However the probability of hazard from fallout and pyroclastic flows from column collapse,
as above, will increase slightly. Also the probability of these hazards occurring will be further
increased if the rate at which lava is supplied to the volcano is high. For low average dome
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growth rates, such as those seen in the first half of 2003, the risk exposure in an occupied
DTEZ for a typical individual could be LOW to MODERATE, but for high dome growth
rates, such as those seen in the second half of 1997, the risk levels could easily (and rapidly)
switch from upper MODERATE to HIGH.
6. All these risk estimates represent our best scientific judgement at the present time, given
the past behaviour of the volcano and the information and observations that are available.
There are limitations and uncertainties involved. If the levels of individual risk exposure in
the DTEZ are to be used to inform public safety decisions then an analysis done on a more
precautionary basis (i.e. incorporating some additional element to allow for the margins of
uncertainty) could easily provide rankings higher on the CMO's Scale than those quoted
above. Thus, given the limitations intrinsic in risk assessment, but mainly because of the
potentially large range of risk exposure in the DTEZ that is contingent upon the rate of supply
of lava, we would urge caution in any decision making concerning the long-term status of that
area. Once the effusion rate of lava is known (if indeed it does resume at the surface), then the
level of hazard becomes much more apparent and the risk exposure much better constrained,
enabling more informed decisions to be made.
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Appendix 6: Glossary of Terms
Andesite: The name given to the type of magma erupted in Montserrat.
Basalt: The type of magma entering the magma reservoir below Montserrat.
cGPS: Continuously-measured Global Positioning System for repeated measurement of ground
deformation.
Conduit: In a volcano magma flows to the earth's surface along a pathway known as a conduit. The
conduit is usually thought to be a cylindrical tube or a long fracture.
Hybrid/LP Seismicity: Varieties of earthquake signal often indicative of magma motion in the upper
part of the conduit.
Lava: Once magma gets to earth’s surface and extrudes it can be called lava. Below ground it is
always called magma.
Magma: The material that erupts in a volcano is known as magma. It is not simply a liquid, but a
mixture of liquid, crystals and volcanic gases. Magma must contain enough liquid to be able to flow.
Magnitude: The magnitude of an explosive eruption is the total mass of material erupted.
Mudflow: A flow of rock debris, ash and mud that occurs on many volcanoes particularly during
eruptions and after very heavy rain
Pumice: Pumice is bubbly frozen magma. Fragments of pumice are common on Montserrat and are
essentially frothy light rock with a density similar to water (about 1 g/cc).
Pyroclastic flow: These are flows of volcanic fragments similar to avalanches of rock in landslides
and snow avalanches. They can be formed both by explosions and by parts of an unstable lava dome
avalanching.
Pyroclastic surge: These are also flows, but they are dilute clouds rather than dense avalanches. A
surge is a rapidly moving mixture of hot particles and hot gas and their behaviour can be compared to
a very severe hurricane. Surges can be formed above pyroclastic flows or directly by very violent
explosions.
Tsunami: An ocean wave caused by a sudden impulse within the sea. It travels quickly and can
produce large damaging waves on shores far away.
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Volcanic ash: Ash particles are defined as less than 4 millimetres in diameter. Respirable ash consists
of particles less than 10 microns (a micron is one thousandth of a millimetre) in diameter.
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Appendix 7: 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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