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Summary 

 

1. This is Part II of the report resulting from the 23rd meeting of the Scientific Advisory 

Committee (SAC) on Montserrat Volcanic Activity that took place at Olveston House and the 

Montserrat Volcano Observatory (MVO) from 4th November to 8th November, 2018. Part I of 

this report, the Summary Report1, gives the principal findings of the meeting in a non-

technical form2, and Part II gives the underlying technical data and analysis in more detail, 

including several appendices, that led to those findings.  

  

2. The SAC meeting took place one year after we last met, in November 2017, and involved all 

seven SAC members, all MVO scientists and technicians. We also welcomed Prof Richie 

Robertson, Seismic Research Centre, University of the West Indies as a guest. A list of all 

participants and their affiliations is given in Appendix III. The meeting was chaired by Prof 

Jürgen Neuberg.     

 

3. The MVO produced a draft volcanic activity report to the SAC3 which were distributed to all 

SAC members prior to the meeting. This draft report covered the period between April and 

October 2018 in detail, but referred also back to the entire period from November 2017 

onwards. Based on this report, MVO staff delivered several oral presentations on the 

monitoring data and observations covering the entire period from October 2017 through 

October 2018, in the context of the entire eruptive pause since February 2010. 

 

4. Scientific discussions that followed the MVO presentations covered conceptual models that 

could explain the continuing deformation pattern and outgassing, as well as subtle changes in 

seismicity and reduced deformation rate. Models that were considered included (i) the initial 

emplacement of a magma body which ceased after Phase 2 (approx. 2004) based on a 

petrological study4, the (ii) the visco-elastic rebound of such initially emplaced magma 

reservoir in contrast to (iii) the steady influx of fresh magma into a reservoir, and (iv) 

pressurisation due to magma crystallisation, migration and accumulation of volatiles in a 

shallow reservoir. The discussion was informed by several, recent publications that were 

introduced by SAC members.  

 

5. On the basis of these discussions we assessed the potential behaviour of the volcano in the 

longer term in the context of past eruptive cycles. We concluded that in the light of the 

slightly reduced rate in the deformation signal the most likely explanation for the 

inflation/deflation pattern as well as the ongoing outgassing remains the continued 

                                                 
1 Assessment of the hazards and risks associated with the Soufrière Hills Volcano, Montserrat. Report of the 23rd 

Scientific Advisory Committee on Montserrat Volcanic Activity, Part I, Summary Report, December 2018. 
2 The information provided in all 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 the performance of the 

work.  While Committee members believe that they have acted honestly and in good faith, they accept no 

responsibility or liability, jointly or severally, for any decisions or actions taken by HMG or GoM or others, 

directly or indirectly resulting from, arising out of, or influenced by the information provided in this report, nor 

can they accept any liability to any third party in any way whatsoever.  See also Appendix VIII. 
3 Smith et al., 2018, MVO Scientific Report for Volcanic Activity between 1 April 2018 and 3 September 2018, 

Open File Report OFR 18-02 - draft. 
4 McGee, Reagan, Handley, Turner, Sparks, Berlo, Turner, Jenni Barclay, 2018, Volatile behaviour in the 1995-

2010 eruption of the Soufriere Hills Volcano, Montserrat recorded by U-series disequilibria, submitted 

manuscript (Abstract, see Appendix IX). 
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pressurisation (with a slightly reduced rate) of a reservoir approximately 6 km deep. 

Pressurisation through magma cooling and crystallisation alone cannot explain the magnitude 

of the observed deformation. An apparent tectonic control due to a potentially inconsistent 

processing of GPS data could be excluded at our last meeting (SAC22), visco-elastic rebound 

after magma evacuation relies on incompressible magma, and, if feasible at all, cannot 

provide the required magnitude of deformation. However, the conceptual model of an 

ongoing visco-elastic response (during Pauses 3-5) to an initial emplacement of a magma 

body that was interrupted by phases of magma extrusion needs to be investigated by new 

quantitative computer modelling on the basis of up-dated deformation data. See below for a 

more detailed description of the discussions. 

 

6. Following this discussion, we elicited the probabilities of several volcanic scenarios for the 

next 12 month.  The elicitation results were so similar to last year’s that we decided to 

maintain the same risk levels for the population of Montserrat in different zones for the next 

year, as re-computed figures would have shown only insignificant changes.  

 

7. As outlined in the Terms of Reference (see Appendix I), the SAC is also requested to provide 

independent advice on the scientific and technical operations of the MVO to ensure that the 

work matches the level of threat posed.  Here we noted that SO2 measurements by MVO staff 

have resumed in helicopter-based traverse mode while the re-deployed DOAS network is in 

the process of being calibrated. Direct feed-back including recommendations regarding 

different monitoring tasks were given to MVO staff, a summary of which is part of this report 

(see paragraph 35 - 44). 

 
8. A Preliminary Statement (Appendix IV) was issued and presented at the debriefing to the 

Governor and Deputy Premier at MVO on Thursday, November 8th, 2018. The debriefing 

was attended by HE Andrew Pearce and Honourable Delmaude Ryan, and all SAC members, 

including the director of the MVO. In order to engage with the general public a live radio 

interview with ZJB was arranged on the same day where several members of the public either 

phoned in or used the Facebook platform to ask questions. Prof Jenni Barclay, Dr Eliza 

Calder and Prof Jürgen Neuberg spoke for the SAC, and Rod Stewart represented the MVO 

in this interview. 

 

Surface Activity and Observations  

 

9. The volcanic surface activity in the reporting period has been low and remained at the same 

level as for the previous last seven and a half years. This is the longest pause since the 

eruption began in 1995. MVO monitoring data over the entire eruption are shown in Figure 1.  

 

10. Temperatures of volcanic gases that escape through fumaroles in the lava dome have 

remained high, with the hottest fumaroles maintaining 6000C over the time period since the 

last major activity. Although the dome material is slowly cooling, two processes are acting to 

maintain these high temperatures: (i) further outgassing at the dome, the entire edifice and the 

deep magma reservoir provides a steady supply of hot volatiles which has kept the 

temperatures of the dome and fumaroles in particular at constant, high temperatures, and (ii) 

a certain amount of heat is produced due to the crystallisation (latent heat) of magma. These 

conditions might continue for a long time, even without any new magma influx. 
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Figure 1 Seismic, GPS and SO2 monitoring data for the period 1 January 1995 – 30 September 2018. 

Extrusive phases and pauses are in shown red and green respectively. Top: Number of seismic events 

detected and identified by the seismic system. Middle: Radial displacement of cGPS stations MVO1 

(red) and GERD (blue) smoothed with 7-day running mean filter, Black: GPS Height of HARR. 

Bottom: Measured daily SO2 flux, filtered with 7-day running median filter. Green: COSPEC, Blue: 

DOAS, White: Traverse data, Red: new DOAS network (Adapted from MVO activity report; MVO 

OFR 18-02-draft). 

 

11. Rock-fall events occur less frequently than before, and related seismicity is further declining 

as the dome appears to stabilize. No low-frequency seismic swarms, usually associated with 

magma movement at depth, have been recorded. The only significant seismic signals 

observed were 13 so-called VT strings over the last year. These volcano-tectonic earthquakes 

indicate gas release through the brittle fracturing and opening of cracks within the volcanic 

edifice. While similar events occurred on two occasions in the past simultaneously with 

elevated SO2 emission rates, the VT strings during this reporting period were not associated 

with any observable changes in surface activity such as SO2 flux, fumaroles or ash venting.   

 

12. A carefully conducted analysis5 of VT seismicity between 2009 and 2016 suggested a subtle 

trend of increasing hypocentre depths from 1 to 2 km over the last 4.5 years.  
Possible interpretations discussed during SAC21 included the cooling of the shallow conduit 

system and a more established, shallow hydrothermal system with more evolved outgassing 

                                                 
5 Smith, P., Appendix B: Trends in VT earthquake depths since Phase 5, in: Stinton et al., 2016, MVO Scientific 

Report for Volcanic Activity between 1 May and 30 September 2016, Open File Report OFR 16-03 – SAC 

version. 
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pathways, and a stress migration to deeper parts of the conduit system. This trend continued 

over the recent reporting period6 and is depicted in Figure 2. 

 

 

 
Figure 2. Hypocentre locations of VT earthquakes during Pause 5, colour-coded as blue to red for 

early to late events in the pause, respectively. The widening of the cluster with depth is partly caused 

by increasing uncertainty in the hypocentre locations (adapted from MVO presentation by Dr P 

Smith). 

 
13. The analysis of so-called seismic radiation patterns which can reveal the stress distribution, 

the changes therein and evolving trends, was first discussed in SAC22 and continued by the 

MVO. Figure 3 compares in two rose diagrams the dominant stress directions during the 

entire Pause 5 with the stress direction during the reporting period. Two main stress 

directions can be identified at 300 and 1200. A further analysis revealed that the stress 

direction of 1200 is dominant at a depth of about 1.5km. This 900 rotation in stress direction 

was studied by Roman et al. (2006)7 and interpreted as a pressurization of the volcanic 

plumbing system, over-printing the regional stress field (at 300). While this pattern during the 

reporting period is based on small numbers of earthquakes, the trend could be significant and 

need to be continuously monitored.  

 
 

                                                 
6 Smith, P., Appendix A: Trends in VT earthquake depths - Common station/phase method, in: Smith et al., 

2018, MVO Scientific Report for Volcanic Activity between 1 April and 30 September 2018, Open File Report 

OFR 18-02-draft. 
7 Roman, DC; Neuberg, J; Luckett, RR (2006) Assessing the likelihood of volcanic eruption through analysis of 

volcano-tectonic earthquake fault-plane solutions, EARTH PLANET SCIENCE LETT, 248(1-2), pp244-252. 

doi:10.1016/j.epsl.2006.05.029  

http://dx.doi.org/10.1016/j.epsl.2006.05.029
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Figure 3. Stress distribution during entire Pause 5 (Feb 2010 - Sept 2018, left) and current reporting 

period (April 2018 - Sept 2018, right). (Adapted from MVO activity report; MVO OFR 18-02-draft.) 

 

14. Ground deformation on Montserrat continues to show a radial extension away from the 

volcano. Figure 4 shows the horizontal velocities for Pause 5 at all GPS stations from 

February 2010 through September 2018 in intervals of 2 years. Comparing these intervals, we 

noted in our discussion that we begin to see a reduced rate of deformation which is also 

depicted in Figure 1 on the radial component of GPS station GER. This observation will have 

to be taken into account in future modelling attempts, and might constitute an important 

change in the behaviour of SHV. While this pattern will have to be studied further, we have 

to point out that for now the volcanic system is still pressurizing, indicating a continued state 

of unrest.   

15. Monitoring of SO2 flux has now resumed by regular helicopter traverses, as well as by the 

new DOAS spectrometer network.  The resulting SO2 flux ranges between 150 and 400 

tons/day and is in line with emission rates observed during previous pauses. In addition, there 

is good agreement with satellite-based SO2 outgassing estimates8. 

 

Long-term Processes at the Volcano 
 

16. In a new study, isotope ratios of mafic enclaves have been compared with those of the 

andesitic groundmass9. Based on the difference in isotope ratios the two sample populations 

might have undergone significantly different treatments: while the ground mass from the 

andesitic reservoir was subject to continuous volatile loss and is in equilibrium or has deficits 

of 210Pb, both before and during the eruption, the majority of enclaves have excesses of 210Pb, 

showing volatile enrichment over the last decade. This indicates that enclaves might have 

been sporadically entrained in the andesite prior to eruption, suggesting that enclave 

formation is not a triggering mechanism for each eruptive phase. This contradicts the 

conceptual model that each eruptive phase was caused by the intrusion of fresh mafic magma. 

                                                 
8 Carn, S.A., Fioletov, V.E., McLinden, C.A., Li, C., Krotkov, C., 2017, A decade of global volcanic SO2 

emissions measured from space, Scientific Reports, 7:44095, DOI: 10.1038/srep44095 
9 McGee, Reagan, Handley, Turner, Sparks, Berlo, Turner, Jenni Barclay, 2018, Volatile behaviour in the 1995-

2010 eruption of the Soufriere Hills Volcano, Montserrat recorded by U-series disequilibria, submitted 

manuscript (Abstract, see Appendix IX). 
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As a consequence, the magmatic intrusion might have been completed at the end of Phase 2, 

and following phases could have been triggered through certain processes in the evolving 

magma body.  

 

 

 
 

Figure 4. Comparison of horizontal velocities observed at the MVO GPS stations during Pause 5 

(Feb 2010 - present) by steps of 2 years. Horizontal velocities are calculated relative to the 

Caribbean tectonic plate velocity model. The yellow star marks the position of the dome (Adapted 

from MVO activity report; MVO OFR 18-02-draft). 
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17. We continued our discussions on how to interpret the sequence of phases and pauses that is 

characterised by the “saw-tooth” pattern of ground motion measured across the whole of 

Montserrat, and by the continuous outgassing (Figure 1, middle & bottom). This pattern had 

been previously interpreted as alternating inflation and deflation associated with pause and 

lava extrusion, respectively, and modelled in terms of pressure changes in a mid-crustal 

magma reservoir (Melnik & Costa, 2014)10. In the light of the petrological study described 

above and the potential reduction in the deformation rate, we considered several alternative 

processes that could explain the pattern. These processes and the sequence of our discussions 

are described in the following. 

 

18. Based on the internal report for SAC2111 by Collinson et al. (2016) who demonstrated that 

local tectonic controls such as slip on a fault through the island is incompatible with the GPS 

data, we concluded that tectonic movements cannot contribute significantly to the 

deformation field presented by MVO for Pause 5. Hence, we stated that the most plausible 

explanation for the island-wide deformation is either a continuing magma influx of about 

0.15 m3/s (or 4.6 x 106 m3/year) in a magma reservoir at about 6 km depth, or an equivalent 

pressurization at the same depth of about 10MPa/ year. A pressurisation mechanism - without 

new influx of magma - by crystallization of a large, initially intruded magma body was 

discussed as an alternative. Burton & La Spina assumed in their internal report12 a closed 

system and demonstrated that the crystallisation rate would have to be unrealistically high to 

produce the necessary pressure change of 10 MPa. In a second report13 Caricchi and Simpson 

showed that an overall magma volume of about 40 km3 would be necessary to produce the 

pressure or equivalent volume change through crystallisation. While such magma volume at 

depth is not unrealistic, Collinson et al. (2016) have shown in their report11 that only the 

upper part of a magma reservoir can contribute to the deformation field. Hence, the magma 

volume needed to generate such pressure/volume change through crystallisation is far too 

high and crystallisation cannot be the dominant factor in explaining the deformation. 

  

19. We discussed another alternative explanation of the deformation field based on Segall  (2016) 

where a post-eruptive inflation is explained without magma recharge due to the visco-elastic 

relaxation of a reservoir of a magma with low compressibility. While this explanation 

remains a conceptual model, the author of this paper revealed later in a personal discussion 

that, given the amount of deformation and estimates of the compressibility of Soufrière Hills 

magma, this model cannot explain the current deformation on Montserrat. 

 

.     

                                                 
10 Melnik, O., Costa, 2014, A. Dual chamber conduit models of non-linear dynamic behavior at Soufriere Hills 

Volcano, Montserrat. In. Wadge, G., Robertson, R.E., Voight, B. (eds.), The eruption of Soufriere Hills 

Volcano, Montserrat from 2000 to 2010. Memoir 39, Geological Society , London 
11 Collinson A.S.D, Pascal, K., Neuberg J.W., 2016, Magma accumulation, second boiling or tectonics – 

investigating the ongoing deformation field at Montserrat, West Indies. Internal report for SAC21 Appendix IX. 
12 Burton, M., La Spina, G., 2016, Closed-system pressure changes in a magma chamber due to crystallisation. 

Internal report for SAC21, Appendix X. 
13 Caricchi, L., Simpson, G., 2016, Addendum to “Assessment of potential effect of degassing on the 

deformation observed at Soufriere Hills Montserrat since 1995”, SAC20, Appendix 10. 
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Figure 5.  Model with best fit to deformation data comprising two magma chambers of elliptical 

shape, the shallow one contracting, the deeper one expanding. Topography effects are taken into 

account. Note that the lower extent of the magma reservoir is undefined as only the upper part 

contributes to the deformation. 

 

20. Referring back to discussions in SAC20 and SAC21 of a paper by Christopher (MVO) and 

others14 who have analysed SO2 emissions from 1995 to 2010 we assume that volatile 

degassing is dissociated from magma flux through the system. Degassing cycles following 

the 11 February 2010 collapse are now replaced by a much more steady SO2 emission from a 

deep magma reservoir. Christopher’s analysis15 favours a magma mush model in which an 

independent gas phase results from a partitioning of sulphur into a vapour phase below 

reservoir depth. While a steady influx of fresh magma at 6 km could contribute to about half 

of the observed SO2 emission, it cannot explain the observed volume of SO2. 

 

21. We concluded after extensive discussions that a visco-elastic behaviour of the crust in which 

the magma reservoir is embedded should be taken into account in models to be developed 

until the next SAC meeting. This could be linked to an initially intruded magma body that 

experiences further supply of volatiles from a deeper much bigger reservoir, but no new 

influx of magma. However, for now the quantitative analysis suggests the ongoing inflation 

of the entire island of Montserrat is caused by a continuing pressurization of the volcanic 

system, and we cannot rule out influx of magma into a reservoir at about 6 km depth. Hence, 

we consider the volcano is still in a state of unrest. 

 

Evolution of Future Behaviour  

 

22. Since SAC18 we elicited the probability that nothing significant will happen in the next 30 

years - i.e. there will be no collapse, no restart of dome growth, or no magmatic explosion > 

0.1x ref. From SAC21 through SAC23 the elicitation results range from 39% to 29%, 

however, the uncertainty on this estimate remains very wide, the ninety-percent credible 

                                                 
14 Christopher, T., Taisne, B., Edmonds, M., Odbert, H., Costa, A., Hards, V., Wadge, G. (2014), Prolonged 

sulphur dioxide degassing at Soufriere Hills Volcano, Montserrat, and implications for deep magma 

permeability. (Geol. Soc. London Special Pub. “The role of volatiles in the genesis, evolution and eruption of 

arc magmas”. 
15 Christopher, T.E., Blundy, J., Cashman, K., Cole, P., Edmonds, M., Smith, P.J., Sparks R.S.J. and Stinton, A, 

(2015) Crustal-scale degassing due to magma system destabilisation and magma-gas decoupling at Soufrière 

Hills Volcano, Montserrat, G3 (in press) 
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range of probability stretching from 7% to 98% (Appendix V, question 6). This reflects the 

difficulty of assessing the long-term future behaviour of the volcano. 

 

Hazard Scenarios 

 

23. We now summarise the results of the formal elicitation of the views of the SAC members and 

MVO staff on the probabilities of occurrence over the next year of the hazardous events that 

were used previously as 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 elicitation method that we have used in previous SAC assessments. The questions, 

explanations of their context and the ranges of uncertainties derived from the group’s 

responses are presented in detail in Appendix V.  Here, on Table 1, we tabulate the central 

median probability values for each of the questions and compare them with the equivalent 

values obtained previously, at SAC22.  The series of question 2a-2i ask what the probability 

is that each of these events will be the first significant incident to happen in the next 12 

months. 

 

 

Table 1. Summary of SAC23 elicited central probability estimates for significant event 

scenarios over the next year. 

 

 Elicitation Question  
(summary description) 

Probability SAC23 
(SAC22) 

1 At least one criterion for deep magma activity will be met 93% (92%) 

2a Nothing significant happens 82% (77%) 

2b Quiet resumption of lava extrusion 10% (11%) 

2c Collapse of most of dome to east (or south) 0.02% (0.1%) 

2d Major dome collapse to reach the sea to the NE 0.02% (0.01%) 

2e Major dome collapse to reach Happy Hill to the NW 0.0002% (0.001%) 

2f Major dome collapse to reach Plymouth to the W 0.0003% (0.004%) 

2g Blast event to reach Happy Hill to the NW 0.00006% (0.0001%) 

2h Blast event to reach Plymouth to the W 0.0002% (0.0006%) 

2i Vertical explosion (>0.3 million m3) 5.7% (9%) 

   

*2c2 Conditional probability of magma extrusion or explosion within 

one month if a major dome collapse is next event 
35% (29%) 

 
(item marked * was not considered previous to SAC20) 
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24. Between the elicitations of SAC21 (November 2016) and now (November 2018), the assessed 

median probability (Scenario 2a) that “nothing significant” occurs in the next 12 months has 

not significantly changed. There is also no change in the assessed likelihood of a quiet 

resumption of lava extrusion taking place as the first significant event in the next twelve months 

(Scenario 2b). Consistent with last year, the scenario that ‘nothing significant happens’ is 

judged about seven times more likely than the next most likely scenario – ‘quiet resumption of 

lava extrusion. Between the elicitations of SAC21 (November 2016) and now (November 

2018), the assessed median probability (Scenario 2i) that a vertical explosion occurs in the next 

12 months ranges only between 6% and 9%.  

 

25. Due to the recent hurricane activity in the Caribbean, we discussed the stability of the dome 

in the context of intense bouts of rainfall. We decided, therefore, to elicit “the probability 

over the next 5 years that there will be a significant, externally-triggered dome collapse”.  

The median probability value for this was 0.07%. 

 
26. We also elicited a conditional probability for magma extrusion or an explosive eruption to 

follow within one month of a major dome collapse as 35%. However, the uncertainty on this 

estimate remains very wide, the ninety-percent credible range of probability stretching from 

3% to 98% (Appendix V, question 2c2). However, this result still indicates that the SAC 

would not be surprised by the eventuality of new magma reaching the surface quite fast after 

an initial dome collapse. 

 

 

 
Figure 6.  The boundaries of the Hazard Level System as of 1 August 2014. 
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Quantitative Risk Assessment 

   

27. As noted before, many of the scenario probabilities appear to change to minor extents, but 

these central value variations are not significant given the uncertainties involved and the 

tentative nature of such hazard estimates.  The median probabilities are only part of the 

picture of scenario likelihoods because the associated uncertainty distributions (Appendix V) 

must be taken into account when quantifying risks to the population; full uncertainty 

quantification is essential in formulating a basis for a risk analysis. As the median values and 

the uncertainties have not significantly changed since the last SAC meeting we evaluate the 

quantitative risk as unchanged and maintain the hazard and risk figures as reported in SAC22. 

We also take this approach on the basis of an anticipated change in the way these values will 

be computed in future SACs (see below). 

 

28. Hence, given the present conditions and our understanding of the volcano, the median values 

for probabilities of flow incursions remain as follows (see Figure 6): for Zone B, the elicited 

probability of a pyroclastic flow reaching this far within the next year is about 1-in-3660.  For 

Zone A, the risk estimate is at 1-in-16,000 in the next year.  Thus, in both cases the likelihood 

of such an event remains low in real terms. 

 

29. For the case of a lateral blast-derived surge, the corresponding incursion probabilities remain 

for Zone B at 1-in-1.0 million, for Zone A at1-in-1.1 million. Hence, the risk of surge 

incursion into Zone B or Zone A is judged to be extremely low; this said, it should not be 

forgotten the consequences could be disastrous if such an event did occur.   

 

30. Some variation in such assessed probability values, from one SAC meeting to the next, is due 

to the acute difficulty of quantifying probabilities for very unlikely events, so the quoted 

numbers should be regarded as indicative, rather than definitive.  This said, and the very low 

likelihoods notwithstanding, potential consequences for the populations of each these areas 

could be extreme should a blast or surge threaten to move in their direction. 

 

Individual Risk Exposure Estimates 

 

31. In terms of individual exposure, individual risk per annum estimates (IRPA) for people in 

different Hazard Zones have been calculated using the probabilities elicited from the SAC, 

coupled with Monte Carlo population impact risk modelling. The levels of risk exposure is 

based on the six-point risk divisions of the scale of the Chief Medical Officer of the UK 

government in which we have replaced the labelling of these factor-of-ten divisions with an 

alphabetical ordering, which we term the Modified Chief Medical Officer’s scale (CMO*) 

(see Appendix VI).  

 

32. We also indicate, in numerical terms, the extent to which the 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, i.e. 1-in-3500 (this value is taken from 

statistics for the US Virgin Islands). Table 2 shows how the current evaluation compares 

according to these two measures. The two types of risk are also displayed in a graphical 

manner in Figures 7, which show the range of risks faced, displayed on a vertical logarithmic 

scale. 

 
33. On the basis of our assessment of the volcano’s future behaviour – including possible re-start 

of lava extrusion and accompanying hazards – we maintain the results of the quantitative risk 



 

12 

 

 

modelling for SAC22. The annualised risk of death (IRPA) due to volcanic hazards for an 

individual in each of the open or populated Zones in Figure 6 is:  

 

 Zone C (full-time resident): 1-in-180,000; top of E on the CMO* scale, i.e. a tiny 

increase of 1.02x over background risk level of accidental death due to the volcano. 

 

 Zone B (full-time resident): 1-in-1.5 million; F on the CMO* scale, i.e. a negligible 

increase over background risk level of accidental death due to the volcano. 

 

 Zone A (full-time resident): 1-in-13 million; F on the CMO* scale, i.e. a negligible 

increase over background risk level of accidental death due to the volcano. 

 

The individual risk exposure for residents in the Woodlands area (and further north), due to 

the volcano, remains negligible.  While the exact risk is very difficult to determine 

numerically with any confidence, our tentative analysis puts individual risk from the volcano 

in Woodlands and in the far north of the island in the same ballpark of the risk of an 

individual being killed by lightning (see Figure 8).  

 
Table 2 IRPA estimates for volcanic risks to occupants of populated or open areas 

 

Residential Area 
CMO* Risk 

Scale 

Annualised 

Probability 

of Death 

Risk 

Increase 
Factor 

Other Natural 

Hazards 

 A    

  1 in 100 36x  

 B    

  1 in 1000 4.6x  

 

 

 

C  
1 in 8100 

 
1.4x 

 

  1 in 10000 1.35x  

 
Hurricane -whole 

island 

D  
1 in 35,000 

 
1.1x 

 
Hurricane 

  1 in 100,000 1.03x  

 

Zone C (full-time) 
Earthquake - whole 

island 

E  
1 in 180,000 

1 in 200,000 

 
1.03x 

1.02x 
 

Earthquake 

  1 in 1000000 1.003x  
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Zone B (full-time 
occupation) 

 
Zone A (full-time 

occupation) 
 

Woodlands and 

North Montserrat 

(full-time 

occupation) 

F 1 in 1.5 

million 

 
Less than 1 

in 13 million 
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Figure 7.  Relative individual annual risk from the volcano for full-time Montserrat residents 

compared with other non-volcanic risks in Montserrat and everyday risks in the UK. 
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Access to Zone V 

 

34. Activities taking place in Zone V need to be managed in co-operation with the MVO. For 

now we refer to our report of SAC19 regarding corresponding risk-levels. Going forward, the 

subject and merits of micro-zonation of Zone V were discussed in the meeting. It is clear that 

as time passes there is an increasing interest in, and indeed need for, increasing access to parts 

of Zone V. There is also recognition and consensus that while some areas around the volcano 

remain threatened by potential volcanic activity with little notice, that there are also extensive 

areas within Zone V that are exposed to relatively low levels of hazard. Delimitation of those 

respective zones now seems to be in the best interest of the island for its continued 

development. After discussion between SAC and MVO scientists, there was a consensus that 

through application of quantitative methods for volcanic hazard assessment, in particular for 

the generation of pyroclastic flows and lahars, that a map differentiating the hazard levels 

within Zone V would be both desirable and useful. A strategy for undertaking this work was 

discussed. MVO staff, working along with SAC members, will adapt existing methods16 for 

generating probabilistic pyroclastic flow inundation maps (e.g.). These will be combined with 

information about lahar hazard footprints to generate a micro-zonation map for Zone V. 

 

The Operation of MVO 

 

35. Through the resumption of SO2 measurements by MVO through a collaboration with INGV 

Palermo, a complete activity record comprising deformation, seismicity and outgassing has 

been achieved. Calibrating the new DOAS network against the traverse mode is underway to 

optimize the accuracy of the measurement. A permanent multi-gas instrument has been tested 

and daily ratios of H2S/SO2 are available. Some software problems with the DOAS network 

need to be sorted out. 

 

36. The upgrade of the seismic network is progressing. After final costings for instruments and 

telemetry components are received, the equipment will be ordered in the next few months. It 

is planned to extend the network by adding a 120s broadband sensor to detect very-long-

period seismic signals and adding several more stations close to the dome to improve the 

quality of hypocentre locations. A new type of sensor (Radian posthole), on loan from Guralp 

Systems Ltd, is being tested as a potential instrumentation option. Overall, the seismic 

network is performing adequately now and will be significantly improved by the up-grade.  

 

37. The GPS network is fully operational, ten new GPS receivers have been purchased and will 

replace the instrumentation on the six MVO sites. 

 

38. Dome volume monitoring is regularly carried out and provides high resolution digital 

elevation models that are used to generate new and up-date existing deposit and 

geomorphological maps. The AVTIS radar instrument is fully operational and provides rain 

fall data and images of the dome. Remote optical and thermal cameras are deployed and fully 

operational. 

 

                                                 
16 Bayarri, M.J., Berger, J., Calder, E.S., Patra, A., Pitman, E.B., Spiller, E., Wolpert, R. (2015). Probabilistic 

quantification of hazards: A methodology using small ensembles of physics bases simulations and statistical 

surrogates. International Journal for Uncertainty Quantification. DOI: 

10.1615/Int.J.UncertaintyQuantification.2015011451. (Interdisciplinary Publication). 
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39. The MVO is engaging in three new activities regarding risk evaluation. Besides developing a 

risk modelling framework for natural hazard events, it is planned, in co-operation with the 

SAC, to develop a refined volcanic risk assessment for Zone V (see paragraph 34 above). For 

the long-term outlook of hazard and risk, up-dated census data as well as a new event tree 

will be developed together with the SAC which will feed into the elicitation process in future.    

 

40. We still feel that the current minimal version of an MVO website does not represent the 

MVO properly, even though the Facebook platform is used for some of the functions. We 

understand that one major hurdle has been the employment of a suitable MVO software 

engineer. A more flexible employment strategy might be helpful to retain the engineer in 

future. 

 

41. The MVO is now connected to a dedicated fiber-optic link resulting in improved internet 

connectivity. 

 

42. During the SAC meeting we all enjoyed the intense, scientific discussions around the 

conceptual models that could explain the data sets acquired by the MVO. We would like to 

encourage MVO staff to organize amongst themselves this sort of discussion on a regular 

basis in order to maintain a research culture at MVO and enable staff to interact between 

different disciplines.     

 

43. The MVO runs a successful internship program employing students from the region who are 

now looking for future opportunities in higher education. (see list of participants, observers, 

Appendix III)  

 

44. Looking at the overall performance of the MVO we state that due to the proficiency, 

competence and motivation of the scientific and technical staff, the monitoring capacity of 

MVO regarding the measurements of ground deformation, gas emissions, seismicity and 

dome stability can be considered as adequate for the current level of volcanic risk. We note 

that any attempt to relax restrictions to enter Zone V is entirely dependent on the MVO’s 

capability to detect even the slightest changes in volcanic activity in a timely manner. We 

trust that all measures are in place to fulfill this task.  

 

SAC Matters 

 

45. SAC23 was the second time we met and worked in the current configuration. We do not 

consider it necessary to change the membership for now and will discuss future changes to 

the SAC membership at SAC24 taking the current state of volcanic activity into account. 

 

46. The host institutions of SAC members charge professional fees according to their respective 

guidelines for four official days of the meeting. We would like to point out that SAC 

members provide a significant input by preparing scientific documents, running numerical 

simulations and ploughing through the latest, relevant, scientific literature.  Without these   

in-kind contributions the work of the SAC would not be possible.  

 

47. The next meeting of the SAC will take place in November 2019, unless a significant event on 

the volcano brings this forward. 
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Appendix I:  

 

Constitution of the Scientific Advisory Committee on Montserrat Volcanic Activity 

 

This document outlines the main responsibilities of the 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 s/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. 

3. The SAC is also required to perform these additional functions: 

a. to provide independent advice on the scientific and technical operations of the 

MVO to ensure that the work matches the level of risk;  

b. to provide scientific advice and assistance to the MVO as required by the MVO 

Director; and 

 

4. 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. 

 

 

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 
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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 

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. 

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, 
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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 is 

Ms Kirstie Nash, Desk Officer - Caribbean and Bermuda Section, OTD.  Her contact details 

are as follows: 

Email: Kirstie.Nash@fco.gov.uk  

Tel:     +44 20 7008 2290 
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Appendix II:   
 

AGENDA SAC23  

November 4 – 8, 2018 

 

Sunday, 4 Nov, 2018 (Olveston House, SAC) 

• Discussion on general SAC issues 

• SAC 23 Agenda 

 

Monday, 5 Nov, 2018 (MVO) 

09:00h - 17:00h Meeting (SAC & MVO staff) 

• Introduction, welcome to all participants 

• Meeting agenda & plan 

• Volcanic activity report, presentations (MVO) 

• Summary of the two 6 months reports 

• Precursors, new & old observables;  

 

Tuesday, 6 Nov, 2018 (MVO) 

09:00h - 17:00h Meeting (SAC & MVO staff)  

• Changes in trends:  

VT Seismicity – Focal mechanisms; Deformation – 2 year time steps; dV/dt  

• Analysis of volcanic activity (Models for outgassing & deformation) 

- Degassing of andesitic volcanoes, S Carn (MB) 

- Isotope paper (JB) 

- SO2/CO2 ratios, plume heterogeneity (MB) 

• Lessons learnt from the Fuego eruption (EC) 

• Risk assessment at MVO (VM) 

 

Wednesday, 7 Nov, 2018 (MVO) 

09:00h - 17:00h Meeting (SAC & MVO staff)  

• Future hazard scenarios  

• Changes in risk assessment (EC, VM) 

• Long-term perspective tourist and agricultural activities, geo-park 

• One-year hazard assessment  

• Elicitation   

• MVO matters (SAC & MVO staff) 

• Monitoring issues 

• Performance of MVO (SAC) 

• SAC matters (SAC)  

- Future of SAC meetings; expertise required; 

- membership; SAC budget; SAC & media 

• Next meeting 

 

Thursday, 8 Nov, 2018 (MVO) 

09:00h -12:00h Meeting (SAC & MVO staff)          

• Health check of elicitation results       

• Feed-back to MVO - SAC’s suggestions 

• Preliminary statement (SAC)  

13:00h Meeting with Governor & Premier (MVO) 

19:00h ZJB Radio interview and phone-in. 
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Appendix III:  

  

 

List of Participants 

 

 

 

 

SAC Members 

Prof J W Neuberg University of Leeds, UK (Chair) 

Prof J. Barclay  University of East Anglia, UK  

Dr E. Calder  University of Edinburgh, UK  

Dr E. Rivalta  GFZ Potsdam, Germany 

Prof M. Burton University of Manchester, UK 

Dr N. Fournier             GNS, New Zealand  

Mr R. Stewart   Director, MVO; University of the West Indies 

 

 

MVO - Observers 

Dr T. Christopher (MVO) 

Dr S. Hatter (MVO) 

Dr P. Smith (MVO) 

Dr K. Pascal (MVO) 

Dr Vicky Miller (MVO) 

Ms V. Bass (MVO) 

Mr R. Syers (MVO) 

Mr Pyiko Williams (MVO) 

Ms N. Edgecombe (MVO) 

 

Observer 

 Prof R Robertson Seismic Research Centre, University of the West Indies 

Ms T. Howe   Intern at MVO 

Ms M. Allen   Energy Unit Government of Montserrat 

Mr O. Carty   Intern at MVO 
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Appendix IV:   
 

Preliminary Statement SAC 23 

November 8th, 2018 

 

Soufrière Hills volcano has shown no significant changes in its behaviour during the past 

year.  Measurements of sulphur dioxide emission have been carried out by helicopter and the 

new ground-based spectrometer network, and show a steady outgassing rate. Volcanic gases 

that escape through fumaroles have remained at a high temperature, as observed in the 

previous years. Seismicity has remained at a very low level except for occasional short 

episodes of volcano-tectonic earthquakes. Monitoring of ground deformation indicates a slow 

but continuous lengthening over the island, with a maximum uplift of about one centimetre 

over the last year. While this is consistent with the activity we have seen over the previous 7 

years, we now begin to see a small reduction in the rate of deformation.  

Taking these observations together, we conclude that the volcano remains in a state of unrest. 

We consider the most likely cause of this unrest to be a pressurised magma system. While a 

restart of lava extrusion remains a possibility in the future, there are no signs that this is 

imminent. We consider that the most likely scenario for the next year is a continuation of the 

current state. 

The major part of the lava dome remains stable but continuing erosion has the potential to 

destabilize steep parts of the dome. The chance that pyroclastic flows will occur within the 

next year remains low. However, the volcano is still a potential source of hazards, some of 

which could occur at any time with little or no warning and could pose a threat to people 

working in or visiting certain areas of Zone V. 
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Appendix V:   

 

SAC 23 Elicitation of Probabilities for Hazard Scenarios 

 
Target questions 
 

1. GIVEN what has happened up to the present and GIVEN current conditions, what is the probability 
that at least one of the criteria for continuing activity will be sustained over the next 12 months.   

 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 51% 95% 99.9% 

SAC 17 53% 97% 99.9% 

SAC 18 56% 95% 99.9% 

SAC 19 69% 98% 99.99% 

SAC 20 47% 94% 100% 

SAC 21 12% 86% 99.9% 

SAC 22 39% 92% 99.9% 

SAC 23 12% 93% 99.5% 

 

 
 

 
2a. GIVEN what has happened up to the present and GIVEN current conditions, what is the probability 

that nothing significant will happen (i.e. no collapse, no restart of dome growth, no magmatic 
explosion > 0.1x ref) in the next 12 months.  

 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 1% 30% 73% 

SAC 17 9% 43% 82% 

SAC 18 20% 67% 94% 

SAC 19 42% 64% 91% 

SAC 20 32% 78% 98% 

SAC 21 20% 77% 98% 

SAC 22 33% 77% 99% 

SAC 23 34% 82% 99% 

 

2b. GIVEN current conditions, what is the probability that within the next year the first significant 
development will be a resumption of lava extrusion. 

 
 Credible interval lower 

bound 
Median value 

Credible interval 
upper bound 

SAC 16 6% 43% 78% 

SAC 17 6% 31% 60% 

SAC 18 1% 15% 53% 

SAC 19 3% 32% 55% 

SAC 20 0.5% 13% 62% 

SAC 21 0.8% 11% 54% 

SAC 22 0.2% 11% 65% 

SAC 23 0.1% 10% 33% 
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2c.  GIVEN current conditions, what is the probability that in the next year the first significant activity 
will be collapse of the dome (e.g. to Tar River or the south, but not to W, NW) which takes away the 

bulk of the remaining dome: 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.01% 2% 28% 

SAC 17 0.2% 5% 33% 

SAC 18 0.1% 5% 28% 

SAC 19 0.01% 0.7% 10% 

SAC 20 0.03% 2.1% 19% 

SAC 21 0.09% 2.0% 25% 

SAC 22 0.004% 0.11% 9.11% 

SAC 23 0.005% 0.02% 2% 

 

2c2.  If, in the next year the first significant activity is a major dome collapse, what is the probability 
of magma extrusion or explosion within the following month: 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 20 1% 67% 94% 

SAC 21 1.2% 55% 85% 

SAC 22 1.13% 28.7% 94.7% 

SAC 23 3.3% 35% 98% 

 

This is a new question, considered in previous SACs but elicited for the first time at SAC20. 
 

 

2d.  GIVEN current conditions, what is the probability that within the next year the first significant 
event will be another major dome collapse with sufficient material avalanching towards the NE 

(Trants/Bramble) that it would reach the sea (available volume ~ 10’s M m3): 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.01% 1% 25% 

SAC 17 0.1% 2% 15% 

SAC 18 0.06% 2% 9% 

SAC 19 0.005% 0.3% 2% 

SAC 20 0.01% 0.2% 7% 

SAC 21 0.006% 0.2% 4% 

SAC 22 0.003% 0.02% 2.98% 

SAC 23 0.0001% 0.02% 2.2% 

 
 

2e.  GIVEN current conditions, what is the probability that within next year the first significant event 
will be a major dome collapse event  - without blast -  involving enough material avalanching to the 

NW (Tyre’s/Belham) to generate a flow/surge runout to reach  ~ Happy Hill: 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.002% 0.2% 12% 

SAC 17 0.001% 0.3% 6% 

SAC 18 0.01% 0.5% 6% 

SAC 19 0.0005% 0.03% 2% 

SAC 20 0.0001% 0.01% 2% 

SAC 21 0.0001% 0.001% 0.3% 



 

24 

 

 

SAC 22 0.00005 0.0014% 1.092% 

SAC 23 0.00001% 0.0002% 0.8% 

 

2f.  GIVEN current conditions, what is the probability that within next year the first significant event 
will be a major dome collapse event  - without a blast -  involving enough material avalanching to W 

through Gage’s to generate a flow/surge runout to reach close to or beyond ~Dagenham?: 

 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.05% 1% 24% 

SAC 17 0.1% 2.5% 24% 

SAC 18 0.03% 0.8% 7% 

SAC 19 0.001% 0.06% 3% 

SAC 20 0.003% 0.1% 4% 

SAC 21 0.001% 0.02% 0.9% 

SAC 22 0.0001% 0.004% 3.8% 

SAC 23 0.00001% 0.0003% 1.8% 

 
2g.  GIVEN current conditions, what is the probability that within next year the first significant event 

will be a major dome disruption event  - with an associated blast -  involving enough material 
avalanching to the NW (Tyre’s/Belham) to generate a flow/surge runout to reach ~Happy Hill: 

 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0% 0.03% 3% 

SAC 17 0.0002% 0.013% 0.3% 

SAC17* 0.0001% 0.012% 0.75% 

SAC 18 0.0002% 0.08% 1.5% 

SAC18** 0.0002% 0.03% 0.5% 

SAC 19 0.0002% 0.001% 0.6% 

SAC 20 0.0001% 0.002% 3% 

SAC 21 0.00001% 0.0001% 0.14% 

SAC 22 0.000005% 0.0001% 3.8% 

SAC 23 0.000001% 0.00006% 0.36% 
** re-elicited post meeting;  * re-elicited following review and further discussion at the meeting 

 

2h. GIVEN current conditions, what is the probability that within next year the first significant activity 
will be a major dome disruption event involving enough material avalanching to the W (Gage’s), with 

lateral blast, such that the flow/surge would reach to or beyond ~Dagenham: 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.0002% 0.03% 3% 

SAC 17 0.0005% 0.046% 1.4% 

SAC17* 0.0006% 0.044% 1.3% 

SAC 18 0.0008% 0.08% 1.3% 

SAC 19 0.001% 0.003% 0.6% 

SAC 20 0.0003% 0.01% 2% 

SAC 21 0.00006% 0.003% 0.2% 

SAC 22 0.00002% 0.0006% 0.9% 

SAC 23 0.000005% 0.0002% 0.62% 
* re-elicited following review and further discussion at the meeting 

 
2i.  GIVEN current conditions, what is the probability that the first significant event will be a vertical 

explosion of 0.1x reference size or greater (with limited associated dome disruption):  
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 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 16 0.5% 24% 68% 

SAC 17 0.2% 15% 68% 

SAC 18 0.5% 8% 61% 

SAC 19 0.02% 2% 15% 

SAC 20 0.04% 2% 29% 

SAC 21 0.01% 7.3% 65% 

SAC 22 0.05% 8.7% 65.5% 

SAC 23 0.2% 5.7% 25% 

 

 
 

6.  Supplementary Question:  GIVEN what has happened up to the present and GIVEN 
current conditions, what is the probability that nothing significant will happen (i.e. no 

collapse, no restart of dome growth, no magmatic explosion > 0.1x ref) in the next 30 

years? 
 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 18§ 0.3% 16% 74% 

SAC 19 8% 32% 85% 

SAC 20 2% 39% 93% 

SAC 21 1.9% 33% 90% 

SAC 22 2.1% 39% 94.7% 

SAC 23 7% 29% 98% 
§ This question had not been elicited in previous SAC meetings 
 

 

 
7a.   GIVEN a scenario in which that magma extrusion restarts or an explosive eruption 

occurs within the next five years, what is the probability that there will be precursory 
signal in the six months leading up to the new activity? 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 20§ 15% 85%      96 % 

SAC 21 44% 80% 99% 

SAC 22 33% 93% 99% 

SAC 23 50% 86% 99.9% 
§ This question had not been elicited in previous SAC meetings 

 

7b.  GIVEN a precursory signal in the six months before new activity, what is the probability 
that it will be recognized as such at the time? 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 20§ 18%  82%  99 % 

SAC 21 18% 64% 95% 

SAC 22 11% 75% 99% 

SAC 23 40% 75% 98% 
§ This question had not been elicited in previous SAC meetings 

 
8a.   GIVEN a scenario in which that magma extrusion restarts or an explosive eruption 

occurs within the next five years, what is the probability that there will be precursory 

signal in the one month leading up to the new activity? 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
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SAC 20§ 11%   72% 96% 

SAC 21 15% 70% 95% 

SAC 22 30% 85% 99% 

SAC 23 40% 77% 99% 
§ This question had not been elicited in previous SAC meetings 

 

8b.  GIVEN a precursory signal in the month before new activity, what is the probability 

that it will be recognized as such at the time? 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 20§   14%  80%  99% 

SAC 21 7% 56% 91% 

SAC 22 1.5% 67% 93% 

SAC 23 31% 70% 96% 
§ This question had not been elicited in previous SAC meetings 
 

9. NEW QUESTION. GIVEN current conditions, what is the probability over the next 5 
years that there will be a significant, externally-triggered dome collapse ?  

 

 Credible interval lower 
bound 

Median value 
Credible interval 

upper bound 
SAC 22§ 0.0001% 0.012 %  7.51% 

SAC 23 0.001% 0.07% 4% 
§ This question had not been elicited in previous SAC meetings 
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Appendix VI: 

Modified Chief Medical Officer’s Risk Scale (CMO*) 
 

 

Negligible (F):  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 (E):  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 (D):  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 (C):  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 (B):  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 (A):  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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Appendix VII:  

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. 

Dyke:  Vertical, tabular body of magma within a fracture below the volcano that can act as the 

conduit for flow to the surface. 

EDM: Electronic Distance Measurements made by laser ranging to reflectors gives length 

changes of a few millimetres accuracy over several kilometres. 

Fumarole:   A vent in the surface of the dome where hot gases exit. 

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. 

Lateral Blast: An energetic sideways-directed explosion from a lava dome that can generate 

highly fluid pyroclastic flows. 

Lidar: A laser-based surveying tool that measures the distance to surfaces using pulses of light. 

Low-frequency earthquake see LP (long period earthquake) 

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 (equivalent to “lahar”). 

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. 

Simulation: Use of a computer program to mimic (or model) the behaviour of a physical 

process.  

Swarm:  A large number of, in this case, earthquakes occurring in rapid succession with 

characteristics indicating they are generated from a similar region in the earth. Can merge 

into tremor. 

Talus: A pile of cool lava blocks and ash that accumulate by rockfall around the core of the  

hot lava dome. 

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.  

VT string: Bursts of seismic energy in form of several volcano-tectonic earthquakes,      

      sometimes accompanied by ash venting.  
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Appendix VIII:    

Limitations of Risk Assessment 

 

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. 

 

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 methodology17, by which means 

the views of the Committee as a whole were synthesised impartially. 
 

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. 

 

4. 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 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 models18. 

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 

forward-looking and, by their nature, all forward-looking statements involve uncertainty 

                                                 
17 Cooke R.M., Experts in Uncertainty.  Oxford University Press; 1991. 
18 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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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.  

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. 

 

7. This appendix must be read as part of the whole Report. 
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Appendix IX:    

 

Volatile behaviour in the 1995-2010 eruption of the Soufriere Hills Volcano, Montserrat 

recorded by U-series disequilibria 
1Lucy McGee, 2Mark Reagan, 1Heather Handley, 1Simon Turner, 3Steve Sparks, 4Kim Berlo, 

1Michael Turner, 5Jenni Barclay 
1Department of Earth and Planetary Sciences, Macquarie University, Sydney, Australia  
2Department of Earth and Environmental Sciences, The University of Iowa, Iowa, USA 

3School of Earth Sciences, University of Bristol, Bristol, UK 
4Department of Earth and Planetary Sciences, McGill University, Montreal, Canada 

5School of Environmental Science, University of East Anglia, Norwich, UK 

 

Abstract 

Mafic enclaves brought to the surface in volcanic eruptions offer insight into the deeper 

sections of a volcanic plumbing system, as the degree of interaction between deeper, mafic 

magma and the magma reservoir directly feeding a volcanic edifice is not well-constrained. At 

Soufrière Hills Volcano (SHV) on the island of Montserrat, Lesser Antilles, mafic enclaves 

have been a ubiquitous feature of the andesitic eruptions during the 1995-2010 eruption. 

Utilising short lived isotopes of 210Pb and 226Ra within the Uranium series decay chain which 

are sensitive to volatile transfer and loss (due to the loss or gain of the intermediary daughter 
222Rn) in both the enclaves and the host andesite reveals significant time-related information. 

The sequentially erupted andesites are almost entirely in equilibrium or have deficits of 210Pb 

with the deficits becoming more pronounced over several eruptive phases. This suggests that 

the andesitic reservoirs involved were subject to continuous closed system volatile loss both 

before and during the eruption. The majority of enclaves, however, have excesses of 210Pb, 

showing volatile enrichment over the last decade. The highest (210Pb/226Ra) ratios are from 

enclaves in Phase II, and we suggest that the deeper system was closed to fresh gas influx from 

Phase III onwards, consistent with monitoring and petrological observations. Enclaves are 

modelled as being sporadically entrained in the andesite prior to eruption, suggesting that 

enclave formation is not a triggering mechanism for each eruptive phase.  

 


