29'h Report of the Scientific Advisory Committee
on Montserrat Volcanic Activity'

Based on a meeting held between 25" and 28" November 2024,
at the Montserrat Volcano Observatory, Montserrat

Part II: Full Report
Issued on 31 January 2025

MVO staff members Karen Pascal and Thiffanie Williams, and Annesta Fergus also from Montserrat,
participated in an activity focused on sharing about the lived experience of volcanic risk with a
women’s organisation from the community of Panabaj on the flanks of Toliman volcano, in
Guatemala. Photograph taken by Prof Eliza Calder during the Cities on Volcanoes conference field
trip to Toliman-Atitlan Volcano complex.

! 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.
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Summary

1. SAC report: This report results from the 29" meeting of the Scientific Advisory
Committee (SAC) on Montserrat Volcanic Activity that took place at the Montserrat
Volcano Observatory (MVO) from 25" to 28" November, 2024. The meeting agenda
is provided in Appendix II. This report provides the findings of that meeting, and gives
the underlying technical data and analysis, including several appendices, that led to
those findings.

2. SAC meeting attendees: The SAC meeting took place one year after we last met in
November 2023, and involved seven SAC members, along with all MVO scientists
and technicians. It was the fifth meeting under MVO director, Dr Graham Ryan. We
also welcomed Dr Erouscilla (Pat) Joseph, Director and Prof Richie Robertson Ex-
Director of Seismic Research Centre, University of the West Indies, as participants. A
list of all participants and their affiliations is given in Appendix III. Prof Eliza Calder
chaired the meeting.

3. MVO activity reports: The MVO produced two six-month volcanic activity reports>*,
which were distributed to all SAC members prior to the meeting. These reports covered
the period from 1% October 2023 to 31t March 2024, and 1%t April 2024 to 30"
September 2024, respectively. MVO staff delivered oral presentations on the
monitoring data and observations covering the same period, in particular this year with
extended discussions around the seismicity.

4. Stakeholder involvement: Acting on request of the Governor, HE Sarah Tucker, and
continuing the practice from the 2023 SAC meeting, we held an opening meeting on
Tuesday 26" November with key stakeholders attending in person or online. Attendees
at this meeting were the Premier, Hon Ruben T. Meade; Hon Ingrid Buffonge; Hon
Veronica Dorsette-Hector; Commissioner of Police, Mark Payne; Deputy
Commissioner of Police, Andrew Lewis; Head of the Governors’ Office, Michelle
Webster; and Mr Alvin Ryan head of the Disaster Management Coordination Agency
(DMCA). The purpose of this meeting was to introduce the new government ministers
and other stakeholders to the SAC, as well as to frame and orientate SAC discussions
on specific issues of current interest to the Government of Montserrat. We consider
stakeholders in Montserrat to be the primary audience for the annual SAC report.

5. Activity summary: A summary of the monitoring data gathered by MVO over the past
year shows the following: The activity has remained low and is broadly consistent with
levels of unrest observed since 2019, with some distinct, but still low level, changes in
seismicity. The volcano has produced higher rates of volcano-tectonic earthquakes
since around 2019, and this has been sustained over the last 12 months. A small number
of these are more widely distributed around the volcano than has been observed in
recent years. In addition, an increase in low frequency seismicity has been observed

2 Ryan et al., 2024, MVO Scientific Report for Volcanic Activity between 1 October 2032 and 31 March 2024, Open File
Report OFR 24-01.
3 Stinton et al., 2024, MVO Scientific Report for Volcanic Activity between 1 April 2024 and 30 September 2024, Open File
Report OFR 24-02.



since June 2024 to levels not seen since 2012. Ground deformation shows a
continuation of the pattern of inflation observed over the last 14 years. The rate of
inflation continues to gradually decrease. Measured SO2 fluxes have averaged ~250
tonnes per day over the last 6 months, a decrease from the previous year and slightly
below the long-term average. Thermal camera images of fumaroles on the dome show
a temperature range between 200 and 580 °C. Some fumaroles show a slight decline
in temperature.

Understanding of the system: Scientific discussions that followed covered the
observed changes in style and location of the seismicity, as well as conceptual models
that could explain the continuing seismicity, deformation pattern and outgassing. MVO
staff delivered presentations on the monitoring data, in particular this year with
extended discussions around the seismicity, and SAC members provided presentations
on specific aspects of relevant activity from elsewhere to provide additional context
for discussions. The observed general shift in behaviour of the SHV volcanic
system that occurred between 2018 and 2022 continues: the pattern of deformation
reflecting ongoing island-wide inflation continues, albeit at a slower rate, while the
seismicity over timescales of months and the rate of seismic moment release have all
increased. The current rate of seismic activity, which incorporates VTs, rockfalls and
low frequency events, is now the highest since 2012, but it still remains below the level
of activity observed during all but one of the previous pauses. The rate of VT activity
during the last reporting period, however, was higher than during all of the previous
pauses, except the first one. VT hypocenters are slightly shallower and slightly more
distributed towards the south. There are several, non-mutually exclusive hypotheses
which can explain these signals: 1. stress change due to magma and/or gas supply into
the deep system; 2. stress change due to fluid intrusion associated with the
hydrothermal system; 3. increased embrittlement of the system caused by gradual
cooling leading to higher seismicity rates for the same deformation and stress changes;
and/or 4. regional tectonic stress changes facilitating seismicity on local faults. It is
important to note that none of these hypotheses appear to herald any impending
restart of eruption, but instead reinforce the understanding that the magmatic system
of SHYV is still active at depth, but evolving, producing new styles of unrest. Slowing
inflation since 2010 in fact suggests a modest reduction in the rate of these deeper
processes. Similarly, SO> flux has shown a decreasing trend in the last 2-3 years and
there are indications of cooling in some fumarole temperatures. However, the long-
term pattern of variation in SO> flux over the last four years is similar to that prior to
2010.

Elicitation results: Following discussions on the state of the volcanic system as well
as hazard and risk aspects, we elicited the probabilities of a number of volcanic
scenarios for the next 12 months. The elicitation results were, overall, similar to last
year’s, indicating the likely continuation of the current pause in eruption for the next
year and therefore no change to the risk levels foreseen for the population of
Montserrat in Zones A, B, C and V for the next year.

Out-of-the-blue eruption scenarios: Out-of-the-blue eruption scenarios such as
unheralded explosive eruptions or lava dome collapses represent the volcanic scenarios
that are likely to pose a threat to life for people working or visiting in Zone V, given
that any activity with precursory signals would likely result in closing access to Zone
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12.

V beforehand. We revisited Out-of-the-blue eruption scenarios, including discussions
about relevant eruption processes known from elsewhere. In other volcanic systems,
cooling and sealing of shallow degassing pathways has sometimes led to non-
magmatic explosions. A key outcome of the meeting was discussion around the very
low likelihood of an Out-of-the-blue event that could pose a threat to anybody working
or visiting zone V. The annual risk of death by volcanic activity to a worker in zone V
based on the current levels of access is estimated to be less than 3-in-a-million (i.e.,
minimal to negligible risk) and on a par with risk posed by other natural hazards such
as death from hurricanes, regional earthquakes over the next year.

A Preliminary Statement (Appendix 1V): was issued to the Governor, HE Sarah
Tucker, and presented on ZJB radio on Thursday, 28" November 2024. The interview
was recorded at the ZJB studios with six SAC members, including Dr Ryan, MVO
Director, attending the radio interview.

SHYV Activity and Observations

We summarise key points from the MVO Open File Reports:

. Phase 5 pause: There has been no lava extrusion since the end of Phase 5 on 11

February 2010. This 15-year pause now represents half of the time since the
beginning of the eruption in 1995. During this pause period, surface activity has been
low with residual degradation of the dome, but sustained ground deformation indicates
that SHV is inflating, and along with still substantial SO> fluxes, this indicates that the
magmatic system at depth remains active and in a state of unrest. A summary of the
key MVO monitoring data over the entire eruption is shown in Figure 1.

Rockfall activity during the reporting period remains at very low levels, continuing
the trend of dome stabilisation over the last few years. During this period there were
55 rockfall events recorded as occurring on the lava dome. The main areas of rockfall
activity include the steep slopes/cliffs above the Tar River valley (east flank), inside
the 2010 collapse scar (northern sector), in the summit crater and above Gage’s Fan
(west flank). Rockfall activity has also been observed in areas away from the lava dome
including on Chance's Peak and in the steep walls of some Ghauts.

Seismic activity during this reporting period has remained low, although continuing
the slightly higher trend that started early 2018. Overall VT activity has been higher,
with an increase in Volcano-Tectonic (VT) earthquake activity and cumulative seismic
moment release for all VTs (computed using the magnitude ML). Notably, the
cumulative seismic moment increased for string VTs, but decreased for non-string
VTs. A notable increase was observed in late September 2024. The mean daily rate of
VTs for the last six months is 1.50/day, higher than the average value of 0.76 across
the whole of the current pause. A total of 33 VT strings has been reported. VT
hypocenters are slightly shallower and slightly more distributed towards the south. The
depths of distal” VTs (up to 3 km from the conduit) were mainly distributed around
sea level, but included a few deeper ones (5-10 km). In addition, Low Frequency (LF)
earthquakes have been detected (0.11/day for the last 6 months) in 2024 (including two
swarms during mixed ‘swarmettes’ of small earthquakes); they had been absent since
2014. Their locations are unknown as these events are difficult to localize due to non-



sharp wave arrivals. Although more variation occurred during this time period than
during the rest of Pause 5, this pattern remains typical of a pause in lava extrusion at
SHV.

1995-01  1997-07 2000-01 2002-07 2005-01 2007-07 2010-01 2012-07 2015-01 2017-07 2020-01  2022-07

2500 -

= N
% [=]
o o
[S] [S]
| |

arthquakes / week

W 1000 — -T-

500 —— -+

0.05 —

. THZAL.
.
¥

7 -0.05 e =

Distance (m)
o
1
e st
e
«wnopl «$
|

2000 —

= 1500 - o - :‘ > : 3 = -
g N DI A
8 el s B . .
% 1000 $ it S 3 =
s - . .
s (S .F 3 3t I TN . G E N
4 . be 1* | i 3 it s g8 ¢ “‘ .
500 | o . % 3 Ny te A
fi. |+ 4 . %'3;:;' AR .
R ibiia o
T T

0 T T T
1995-01 1997-07 2000-01 2002-07 2005-01 2007-07 2010-01 2012-07 2015-01 2017-07 2020-01 2022-07

Fig. 1. Summary of the Seismic, GPS and SO, monitoring data for the entire eruption of the
Soufriere Hills volcano between 1995 and November 2024. Extrusive phases are shown in grey.
Top: Number of seismic events detected and identified by the seismic system. Middle: Radial
displacement of cGPS stations MVOI (red) and NWBL (blue) smoothed with 7-day running mean
filter, Black: GPS Height of HARR. Bottom: Measured daily SO; flux, filtered with 7-day running
median filter. Green: COSPEC, Blue: old DOAS, Red: Traverse data. (Image courtesy of MVO.)

13. Ground deformation during this reporting period continues to show the long-term
inflation trend, centred on the SHV, that has been present since the beginning of Pause
5 (February 2010), although its rate has decreased slightly since the beginning of the
Pause. The most plausible explanation, so far, for this long-term inflation pattern is
pressurisation of the magmatic system (Neuberg et al., 20224, Hickey et al., 20223).

4 Neuberg, J.W., Taisne, B., Burton, M., Ryan, G.A., Calder, E., Fournier, N., Collinson, A.S.D. (2022) A review of
tectonic, elastic and visco-elastic models exploring the deformation patterns throughout the eruption of Soufriere Hills
volcano on Montserrat, West Indies, Journal of Volcanology and Geothermal Research, Volume 425.
https://doi.org/10.1016/] jvolgeores.2022.107518.

5 Hickey, J., Pascal, K., Head, M, Gottsmann J., Fournier, N., Hreinsdottir, S. and Syers, R. 2022, Magma pressurization

sustains ongoing eruptive episode at dome-building Soufriére Hills volcano, Montserrat: Geology,
https://doi.org/10.1130/G50239.1



14. SO fluxes for the reporting period derived from measurements undertaken mainly via
helicopter traverses under the plume have varied between a high 1062 t/d on 20" March
2024 to a low of 123 t/d on 215" August 2023 with a daily mean for this last year of 301
t/d which is slightly below the daily mean of 342 t/d established since 2017. The flux
values obtained during the reporting period fit into the long term (18-24 month) cycle
that has been re-established in the SO- flux data since 2017. There is some evidence of
two long-term cycles in the SO flux peaking in 2018 and 2022.

Long-term internal processes

15.MVO seismologist Rod Stewart presented a review of work on the seismicity
recorded over the last years. He started with the current classification of earthquakes
(VT, LP, Hybrid, rockfall and LP+rockfall). There is recognition that there has been
some evolution of the classification scheme over the last decades (e.g., due to network
changes) which complicates understanding of the long-term changes in seismicity.
Evolution of seismic signals over time has apparently made consistent categorisation
challenging, particularly for the low frequency hybrid and long period earthquakes.
Stewart has re-analyzed the catalogue since 1995 using the current categorization,
highlighting inconsistencies of classification, but also a previously unappreciated large
variety of frequency patterns in the signals, while also highlighting that the velocity
model used will impact the earthquake locations. He showed that few seismic
precursors had been observed before some restarts (e.g., phase 4b). He also detected
an increase in tremor before Phase 4b. It would be valuable to visualize and study the
RSAM time evolution, as well as other continuous-based approaches. This would
allow investigation of the long-term evolution of the system, as well as potentially alert
MVO staff short-term to potential Out-of-the-blue events. The b-value suggests an
increasing proportion of larger VTs vs smaller ones. The group discussed the role of
regional stresses and/or fluids in driving this change in b-value. Recent changes in
seismicity could reflect enhanced stresses in the system caused by fluid intrusion or,
instead, the gradual cooling of the system, leading to embrittlement. Cooling would
change the local stress conditions by leading to contraction of the rocks and the sealing
of some pathways thereby triggering VT and LP activity, as well as overall increase in
seismic energy released.

16. New SAC member Prof Corentin Caudron presented an introduction to his research
portfolio and provided a review of studies on phreatic eruptions relevant to discussions
on Out—of-the-blue scenarios for SHV (see section 29). In particular, he presented a
review of different observations and precursors which have been observed prior to
some of the iconic phreatic eruptions (e.g., 2014 Ontake, 2019 Whakaari/White
Island), and the main triggers (top-down (mineralogical sealing) vs bottom-up). Such
precursors have been observed using gas fluxes and ratios, as well as continuous
seismicity (relative seismic velocities, displacement ratios, VLPs). He also presented
existing works on the use of distal seismicity. The group discussed the seminal paper
of White and McCausland® and the follow-up studies of Roman and Cashman’ that

% White, R. and McCausland, W. (2016) Volcano-tectonic earthquakes: A new tool for estimating intrusive
volumes and forecasting eruptions, J. Volcanol. Geotherm. Res., 309 (2016), pp. 139-155.

7 Roman, D.C and Cashman, K.V. (2018) Top—Down Precursory Volcanic Seismicity: Implications for ‘Stealth’
Magma Ascent and Long-Term Eruption Forecasting (Front. Earth Sci., 04)



offered an alternative conceptual model in which seismicity (and distal VTs - dVTs) is
absent prior to eruptions. The group finally discussed the distal VTs recorded at SHV
in the past®. Most VTs recently recorded at SHV falls on the proximal end of dVTs
reported in the literature (100°s m -1’s km from the vent, vs. 10’s km for some dVTS
recorded at other volcanoes.

17. SAC member Prof Eleonora Rivalta presented an overview on hydraulic fractures,
which are in general fluid-driven fractures propelled by the fluid’s pressure. Eleonora
highlighted how hydrofracturing is a well-known mechanism used by both magma and
gas to ascend through the Earth’s crust and in volcanic edifices. She introduced the
main characteristics of these fluid-driven fractures: fluids accumulate at the source
until a critical volume (millions of m? for magmas, a few m? or tens of m? for gases) is
reached, after which they depart at roughly constant velocity (unless they expand due
to decompression, which would lead to an acceleration). They propagate by fracturing
the rock ahead and pinch closed at the fracture tail. Dr Rod Stewart had expressed
interest in this mechanism during SAC28 to explain VT strings. Eleonora confirmed
that gas-driven fractures might be a viable mechanism for rapid ascent of isolated gas
batches that accumulate faster than they are discharged through the available
permeable pathways.

18. Time series of ground deformation at Soufriére Hills Volcano (SHV) suggest that
deformation rates since 2018-2020 are approximately steady and possibly beginning
to decelerate. GNSS (GPS) processing work carried out by the MV O and their partners
over the past few years has dramatically increased the level of confidence in the
interpretation of observed continued deformation signal being driven by pressurisation
of the magmatic system at depth. Using our understanding of the system now published
by Neuberg et al., 2022 and Hickey et al., 2022, we reiterate that the simplest
explanation for the island-wide deformation is either a continuing magma influx
of about 0.10-0.57 m%s in a magma reservoir at about 6 km depth, or an
equivalent pressurisation at the same depth of about 10 MPa/year. Such a magma
input flux may also explain current SO, flux observations.

Recommendation: Deeper analysis in particular on the geodetic data time series.

19. Based on the continued SO: emissions, and our understanding of degassing at
SHYV through, for example, the work by Christopher et al. (MVO)°, we work on
the assumption that volatiles are being supplied from a gas reservoir deeper than
6 km depth, produced by the crystallisation and outgassing of mafic magma when
mixed with resident cooler andesite. The existence of an independent gas phase that
could at least contribute to the pressurisation is plausible. It may also be the case that

Volume 6, 2018 | https://doi.org/10.3389/feart.2018.00124

8 Roman, D.C., De Angelis, S., Latchman, J.L., and White, R.. (2008) Patterns of Volcanotectonic Seismicity
and Stress during the Ongoing Eruption of the Soufriére Hills Volcano, Montserrat (1995-2007).” J of Volcanol
and Geotherm Res 173, no. 3—4, pp 230—44. https://doi.org/10.1016/j.jvolgeores.2008.01.014.

® 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”.



20.

21.

22.

the buoyancy of a growing volatile reservoir may contribute to the observed inflation
of the island. Master’s student, TiVonne Howe, working with Dr Thomas Christopher
presented her work remotely. She is currently working on the volatile contents of melt
inclusions that could be used to constrain the relationship between SO, degassing rate
and implied magma supply rate.

SAC member Prof Fidel Costa presented a review of the events and monitoring data
before, during and after the phreatic eruption of La Soufriere de Guadeloupe 1976-77
in order to provide broader context for our discussions. The historical data from La
Soufriere volcano shows that about 30% of the seismic and/or fumarolic unrest events
culminated with explosions or eruptions. Moreover, the seismic unrest (increased VT
activity) and a decrease in fumarolic activity started about 6 months prior to the first
explosions. The whole eruption lasted about 9 months and produced about 1 x 10% m?
of ejecta, including ballistics, tephra and cold pyroclastic flows that travelled about 1.5
km from the dome. As a result of the alarm and uncertainty caused by these events,
about 100,000 people were evacuated or left the southern sector of the island for
several months. The response to this volcanic crisis has become renowned for its
problematic outcomes and has served as a lesson for the unsatisfactory manner in
which the state of the volcano was communicated to the public as well as the poor
interactions between the scientists-government-general public.

Conceptual model(s) for plumbing and hydrothermal system: An up-to-date
conceptual model based on various integrated components of existing knowledge can
provide a robust framework upon which new monitoring data can be interpreted (e.g.,
are the observed earthquakes close to the inferred location of magma or, hydrothermal
system, or instead, located near known faults). The draft conceptual model initiated
during the SAC meeting in 2023 had not been developed further by MVO, so
discussion time was dedicated to refining what was done previously. The intent of such
conceptual models is to provide, (1) a multidisciplinary, common understanding of the
inner structure of the volcano, and the location of the key processes driving its activity
and producing monitoring observables; (2) a framework (i.e., Common Operating
Picture) that can be used operationally by volcano observatories to interpret monitoring
data and forecast future volcanic activity; and (3) a basis for further simplified versions
that can be used for engagement with key stakeholders and public outreach.

Recommendation: MVO set up a series of science meetings to discuss, develop and
refine together the conceptual model of SHV by integrating the seismic, deformation,
gas and fumarole information obtained by the different team members. This should
lead to increased collaboration and the development of an in-depth integrated analysis
and reflection based on the monitoring data gathered.

Overall, MVO has observed an increasing trend in seismic signals. This is
consistent with an increased dynamism of the magmatic and/or hydrothermal
system which is also associated with the observed inflation and degassing at SHV.
There are several, non-mutually exclusive main hypotheses which can explain these
signals, but it is not currently possible to determine unequivocally which of these is/are
dominant:

1. stress change due to magma supply into the deep system has been most favoured

in the past.



2. stress change in the system caused by fluid intrusion associated with the
hydrothermal system.

3. progressive embrittlement of the system, caused by gradual cooling, leading to
higher seismicity rates for the same deformation and stress changes.

4. regional tectonic stress changes facilitating seismicity on local faults.

Continued close vigilance of the signals produced by SHV remains essential in
order to swiftly detect any significant change in the system.

Volcanic Hazard and Risk
Hazard Maps

23. The SRC-MVO Volcanic Hazard Map Series was developed by Dr Jose Marrero
between Sep 2022 and Mar 2023, after which he left the MVO. That work represents
a GIS system compiling spatial information under four major categories: the distant
past; recent volcanic deposit and impacts; present activity; and potential future activity.
This information aims to support decision-makers by provision of clear spatial
information relating to past and potential future volcanic activity which draws on over
50 already published academic papers as well as MVO data. This work was not
explicitly discussed at SAC29, but the work is fully documented in the MVO Internal
File Report 24-01'° and that document has been provided to SAC. MVO reports that
the map series and associated decision-making philosophy has been presented to the
Governor, Premier, Physical Planning, DMCA and other government departments and
has met with widespread support. The approach utilises and integrates the available
hazard and risk information along with other relevant information, such as legislative
restrictions, desirability of areas for different activities, etc., to holistically evaluate
land use requests for different applications such as farming, tourism, etc. The approach
requires full GoM buy-in, coordination and further meaningful consultation to create
an implementation that meets the requirements of GoM, as well as access to all relevant
inputs from Government agencies. The process will be started at the next NDPRAC
meeting in February. Two observations that relate to this body of work are that, a) there
is such a large amount of information compiled that it may not be easy for users to
know how to make the best use of it for their purpose, and b), related to that, that there
is not yet a fully usable and clear forward-looking hazard map for ballistics and
pyroclastic flows.

24. Completion of the Future Hazard Map Layers: Within the SRC-MVO Volcanic
Hazard Map Series, the future hazards layer(s), more typically referred to in the wider
volcanology community as a volcanic hazard map, represent the only forward-looking
component of the Hazard Map Series, i.e., those maps for different hazard processes
indicate potential hazard footprints, areas that might be impacted in the future. These
are the visual representation of a comprehensive assessment of the different hazards,
1.e., what the volcano is capable of doing based on available knowledge. The MVO
Internal File Report 24-01 documents some additional treatment of the results of

19 Marrero, J. (2024) The MVO’s Hazard Map Series. Volcanic hazard assessment of Soufriére Hills Volcano
and the cartographic reconstruction of the Hazard Zone areas. MVO Internal File Report 24-01.
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probabilistic pyroclastic flow simulations by Calder and her research group, which
would have been better undertaken in collaboration. Given all earlier efforts by
different MVO and external scientists, as well as recent efforts by Dr Marrero, there is
now the basis for developing good probabilistic hazard maps for both ballistics and
pyroclastic flows, but these maps need to be completed.

Recommendation: A strong recommendation to prioritise for completion these future
hazards layer(s), in particular for ballistics and pyroclastic flows followed by lahars.
We reiterate the reasons that this is important that were documented in the SAC28
report. Robust hazard maps can be used as part of a workplace risk assessment system,
such as is outlined in Section 30, in order to systematise and support accountability
for assessments for access. Probabilistic hazard maps can be used as the basis for
volcanic risk assessments (site-specific or otherwise). In the meantime, MVO should
maintain a record of how and when the Volcanic Hazard Map Series is used by
stakeholders, providing accountability for any decisions made, and guiding the
ongoing development of the map series itself.

Decision support for the Government of Montserrat

25.

26.

27.

Decision-making regarding access to Zone V is a Governor’s Office/Government
of Montserrat/NDPRAC responsibility. Scientific information about both the long
term and short term state of the volcano, and the potential for future hazards around
SHYV, is one of the strands of information that plays into the decision-making process.
As such, the following statements are provided with the intention of being useful
information for decision makers to consider:

Variable hazard levels in Zone V: There has been no lava extrusion for 15 years.
During this pause period, surface activity has been low with only residual degradation
of the dome evidenced through a small number of rockfalls. Our understanding of SHV
indicates that volcanic activity is still likely to reactivate at some point, but that there
1s no sign that this will happen soon (see Section 31-37). Thus, there is the possibility
of considering the current use of, and access to, some areas in Zone V where the
hazard level is considered very low. It is clear that some areas within Zone V are
exposed to very low levels of hazard, and those areas can be identified through hazard
assessments already undertaken by, or available to, MVO.

Under the assumption that risk to life (and the risk tolerance to that) is the cornerstone
of decision making for the GoM, a pragmatic approach for MVO to support such
decisions could be:

1. Develop a broad identification of areas in Zone V that have a general level of
volcanic risk of the same order of magnitude as that associated with other natural
hazards in the region (e.g., risk of fatality associated with hurricanes) over both
the short period (5 years) and a longer period (30 years). Activity in those areas
could then be considered based on other factors and needs (e.g., economic, etc).

2. Identify obvious areas in zone V which will not be considered for
development/activities (e.g., Tar River, the area immediately around/below the
dome in either the short or long term. This could become, for instance, a long-
term "high risk" zone.
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3. Only conduct site-specific risk assessments for areas not fitting in 1 (low risk)
or 2 (high risk) as above but for which there is some basis for interest to access.

28. Hazard assessments for pyroclastic flows and ballistics have already been
undertaken by the MVO and collaborators in previous years. These have been used as
the basis for site-specific risk assessments, as has been done previously for Upper
Belham River Valley!!, Fort Ghaut/Plymouth!? and St Georges Hill'3. Finalising the
hazard maps associated with these hazard assessments for operational use, or
generating an integrated hazard map that indicates the zones of highest or least hazard
would easily allow for the high and low risk areas (suggested in Section 27), and
subsequent planning based on broad areas, rather than on a request-by-request basis.

29. Out-of-the-blue eruption scenarios: The likelihood of eruptive activity, for example,
lava dome collapse and pyroclastic flows or significant explosions with no precursory
activity (so-called ‘Out of the blue events’), is considered very low indeed. We
consider these events as highly unlikely, but they remain plausible. They could occur
without any precursors or warning and could thus have important consequences
threatening the safety of people working in or visiting Zone V. As such, they should
be considered amongst the volcanic hazard scenarios that are discussed and planned
for on Montserrat. Any decision making about access to Zone V hinges on response
to and mitigation measures that relate to ‘Out-of-the-blue’ volcanic events and
their potential areas of impact. We identify two main potential scenarios for
generating Out-of-the-blue eruption scenarios: (1) Lava dome collapse that can
occur years, decades, or millennia after volcanic activity is over, due to intense rainfall,
shaking by regional earthquakes, and/or weakening by hydrothermal activity and
structural instabilities. These are considered rare events and, as such, for any given
volcano there are few data to constrain the anticipated time until one of these post-
unrest events might occur. However, this is a hazard type that is prudent to consider in
hazard scenarios for Montserrat and so is considered in Question 9 of the elicitation
(see Section 35). (2) Phreatic explosions that result from rapid heating and
vaporization of fluids (mainly water) situated at shallow levels beneath a volcano and,
by definition, do not contain juvenile material (new magma). They can form from
upward migration of volcanic fluids, including gases, and melts, into a hydrothermal
system or shallow aquifer and they commonly occur with few, if any, precursors. In
SAC28, we introduced a new elicitation question to determine the likelihood of such
Out-of-the-blue events, which we evaluated at the time as having less than 0.004%,
1.e., a 1-in-25,000 chance event of occurring in the next year.

30. Workplace/occupational safety and health risk assessments: There is a recognised
need to develop a structured, yet flexible, system to allow exceptions for certain
activities with a controlled degree of access to Zone V and avoid, for example,

"' Miller, V., and Calder, E.S. (2020) Site Specific Risk Assessment for the Upper Belham Valley of the
Soufriére Hills Volcano, Montserrat July 2020. Open File Report OFR 20-03.

12 Miller, V., and Calder, E.S. (2020) Site Specific Risk Assessment for Fort Ghaut, Plymouth area of the
Soufriére Hills Volcano, Montserrat July 2020. Open File Report OFR 20-04

13 Miller, V., James, D., Calder, E.S., Ryan, G. (2022) Site-Specific Risk Assessment for the St. George’s Hill
area of the Soufriére Hills Volcano, Montserrat, October 2022. Open File Report OFR 22-01
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requirements for access to Zone V being dealt with on an ad hoc basis. In the SAC28
Report, we provided suggestions for the Government of Montserrat with respect to the
need for development of a system on which to make those assessments that provides
both evidence-based, and defensible, decisions that may cover those involved against
legal risks. At the core of this is the suggestion to implement the use of workplace
risk assessments for the volcanic environment in Zone V.
Workplace/occupational safety and health risk assessments are commonly
carried out for occupational safety and health (OSH) risk and management
purposes in many work environments. These generally comprise explanatory text
in a table format where the diverse sources of hazard and risk in that working
environment are identified, along with proposed associated mitigation strategies.
Typically, such risk assessments provide a framework for systematic considerations of
the potential hazards and their impacts to aid in developing a conceptual understanding
of how, and to what extent, the risk of these hazards can be controlled or mitigated in
order to reduce the risk. In the Montserrat context, companies/workers working in
Zone V might undertake workplace risk assessments which take in considerations
including non-volcanic hazards present in their work environment (such as the use of
heavy machinery), but also related to the volcanic environment or landscape (including
exposure to gas or particulates), as well as volcanic activity itself (volcanic unrest and
eruptive activity). The feasibility of implementing some of these mitigation measures
(e.g., dust masks, the construction of reinforced roof shelters or planning an evacuation
route), then presents the key to reducing the initial risk (before the measures are in
place) to the (lower) residual risk (after the mitigation measures have been
implemented (see SAC 28 Appendix IV). Scientific volcanic hazard and risk
assessments, produced by the MVO, and where available, can be used to support
workplace/OSH risk assessments, with the former providing the critically important
scientific hazard identification and risk evaluation information to be used within, and
as part of, the latter.

Recommendation: A strong recommendation is that the Government of Montserrat
should implement Workplace/occupational safety and health risk assessments for all
those working within Zone V. A system, as used in the OSH risk assessment in SAC28
Appendix 1V, could be adapted and tailored for use on Montserrat to support decision-
making related to access to Zone V. The advantages that such a system offers is that it
provides a means to systematise the evaluation procedure by the Government of
Montserrat for any exceptions to work in Zone V, it gives structure to the thinking
around the hazards and effective mitigation or control measures, and it could help the
Government of Montserrat carry out due diligence in overseeing any access
exceptions.

Future activity — hazard scenarios and elicitation results

31. We now summarise the results of the formal elicitation of the views of the SAC
members and MVO and SRC staff on the probabilities of occurrence over the next year
of various hazardous events. 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

13



method. In SAC29 we utilised new software for the elicitation, ELICIPY'4, and
explained the rationale for moving to a different calibration method (see Appendix X).
The questions, explanations of their context and the ranges of uncertainties derived
from the group’s responses are presented in detail in the table in Appendix V. We use
the Expected Relative Frequency (ERF) model for calibration (see Appendix X for
explanation) and report below the elicited median value (ERF Md) from that table in
Appendix V.

32. The first question asks what is the probability that the volcanic system (including its
internal plumbing system) will remain active over the next 12 months. The result of
83% reflects the confidence that the group has that the volcanic system is still in
a state of unrest.

33. The series of questions 2a-2d ask what the probability is that one of four scenarios will
happen in the next 12 months: nothing significant occurs, resumption of lava extrusion,
lava dome collapse, and explosive eruption.

e The likelihood of nothing significant occurring in the next twelve months
(Scenario 2a), is 73%

e The likelihood of a quiet resumption of lava extrusion taking place as the first
significant event in the next twelve months (Scenario 2b), is 9.7 %

e The likelihood of a lava dome collapse taking place as the first significant event
in the next twelve months (Scenario 2¢), is 7.8 %

e The likelihood of an explosion taking place as the first significant event in the
next twelve months (Scenario 2d), is 8.4 %

The scenario that ‘nothing significant happens’ is judged greater than seven
times more likely than the next most likely scenario — ‘lava dome extrusion’.

34. We also elicited a conditional probability for magma extrusion or an explosive eruption
to follow within one month of a major dome collapse (Question 3) as 57.4%. This
result indicates that it’s slightly more likely than not that new magma would reach
the surface quite fast after an initial dome collapse or explosion.

35. We discussed the stability of the lava dome in the context of intense bouts of rainfall
and regional seismic activity and, in line with previous year’s elicited for ‘the
probability over the next 12 months that there will be a significant, externally-
triggered dome collapse’ (Question 9 — see table in Appendix V).

36. Out-of-the-blue probability through elicitation: We elicited the probability of an
‘Out-of-the -blue’ event, such as one which would affect the safety of workers in Zone
V (by implication an event of considerable size). This was a new question (Question

14 Vitturi, M., Bevilacqua, A., Tadini, A., and Neri, A. (2024) ‘ELICIPY 1.0: A Python online tool for expert
elicitation’, SoftwareX, vol. 25, p. 101641, doi: 10.1016/j.s0ftx.2024.101641.
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10) added last year to estimate the probability that an eruption threatening
people’s safety in Zone V would occur without producing recognised precursors
at least 3 hours prior to the eruption. Implicit in this question is that any individuals
in Zone V would be in the lower or mid reaches of the Belham valley, Plymouth or St
Georges Hill area and that the events under consideration would have to reach those
areas. The question was refined a little from last year because we considered that the
original time window of 24 hours that we used last year was too long. The results of
this elicited question unfortunately indicated it was interpreted too variably
across the expert pool to provide a usable result. Very small probabilities are
notoriously difficult for people to estimate'> and uncertainties will inherently be high
(several orders of magnitude). We therefore provide an alternate estimate of this
probability obtained through discussion within the SAC but without the elicitation
procedure. Using the probability of lava dome collapse and/or explosion event in the
next 12 months as in the range 5-10% based on elicitation values above, a conservative
probability in the range of 0.1-1% that its large enough to threaten lives (i.e., people in
Plymouth, Belham valley, St Georges Hill), and a probability of 0.1-1% that an event
has no precursor activity, the product of those is 0.001%. In other words, a
conservative estimate is that there is a 1-in-100,000 chance that in a given 24h
period in the next 12 months such a scenario could occur. If this is divided by 3 to
take into consideration an 8h work day, the probability reduces to 0.0003% or 3-in-a-
million chance. A 3-in-a-million chance of an event is deemed to be “minimal to
negligible risk” based on CMO risk scale (see probability notations, and conversions
and annual risk scales in Appendix VI).

37. Long term evolution of risk results: It is useful to see how the elicitation results have
evolved over time during the Phase 5 pause. The relative likelihood of the scenarios
(nothing significant happens, resumption of lava extrusion, dome collapse, and
explosive eruption) for the next year have now been asked during the elicitation for 14
consecutive years (see Fig 4). We point out that change in the results thisyear across
all the questions results in part from using a different calibration method, but also that
all changes are well within the uncertainty ranges for both the 2023 and 2024 results.
What we see, in general over this time, is an increasing perceived likelihood that the
pause will extend through the following year, with an accompanying slight decrease in
the associated uncertainty. In other words, as the pause in the eruption has
extended, there has been increased confidence in the volcano remaining quiet. The
other scenarios, the resumption of lava extrusion, dome collapse and an explosive
eruption, have been perceived to become less likely through time, again with an overall
decrease in associated uncertainty. This is a unique data set because, a) the methods
are quite specialised, and b) this type of assessment has not been carried out elsewhere
over such long timescales.

15 Sundh, J. Human behavior in the context of low-probability high-impact events. Humanit Soc Sci Commun
11, 902 (2024). https://doi.org/10.1057/s41599-024-03403-9
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Fig 2. The relative likelihood of the different scenarios in the next year as determined by SAC elicitation
results from 2011 to 2024. The points represent the central median probability while the vertical bars
represent the uncertainty. The 2024 SAC29 values (shown in red points) are those given by the ERF
calibration median values for 16 experts using the new ELICIPY software. There is general consensus that
changes observed between the 2023 and 2024 results are more likely due to the change in the procedure than
a change in how we collectively believe the volcano will behave. All changes are also well within the
uncertainty ranges from both the 2023 and 2024 results.

38. Lava dome collapse direction: The lava dome configuration has been relatively stable
over the last five years. If there is a collapse, the elicitation results for the different
likely directions are given by the plots in Fig. 5. Consistently, over the last five years,
it is considered that the most likely collapse direction would be towards the NE, i.e.,
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Fig. 3. Shows the elicitation results for the most likely directions of potential future dome collapse from 2019
(SAC24) to 2024 (SAC29). The numbers on the vertical axis are probability expressed as a percentage. The
directions of the ‘spokes’ relate to the different sectors around the dome as indicated on the elicitation
questionnaire. A — centres on NW, B on N, C on NE, D on SE, E on S, F on SW. Towards the NE (Tar River
Valley, and towards the North remain the most likely direction for collapse. The new elicitation procedure
means that the results are a little more evenly spread around the dome than in previous years.

The operation of MVO

39. Hire of new Seismologist and Hazard and Risk Officer: The Seismologist and
Hazard and Risk Officer positions are two key roles fundamental for the operation of
the MVO. If a crisis were to occur and the MVO’s performance or capacity to respond
was undermined by deficiencies in staff, the managers of this process would ultimately
hold liability. After the eventual finalisation of the new MVO contract by the GoM,
the responsibilities for progressing this process now lie with SRC and the University
of the West Indies (UWI). Since the SAC meeting occurred, both posts have been
advertised, but the continued urgency and implication of the reduced monitoring team
at MVO needs to be stressed to UWI.

Recommendation: Ensure that these positions are appointed as soon as possible, and
that the MVO seismologist has ample hand-over time with the current seismologist,
now need to be an absolute priority for UWI/SRC/MVO.
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40.

41.

42.

43.

Local staff salary review: A salary review for local MVO staff whose salary is paid
for by the GoM was undertaken by the GoM more than two years ago, and
recommendations were made for increases in line with other government departments.
Progress on decision-making around these adjustments by the GoM has been painfully
slow, and morale of local staff is affected.

Recommendation: It is recommended that the GoM assess any obstacles hindering the
timely progress of the salary adjustments and take necessary actions to expedite the
process, if possible.

Seismic network: Seismic monitoring is the backbone of real-time monitoring
capabilities. The system is considered fit for purpose, however maintenance is a
continuous challenge especially for the close-in Spider stations. Seismic processing is
in the process of being moved over to the SciComp system. Although interesting for
research and earthquake location purposes, the Oxford deployment cannot be
incorporated in the real-time monitoring network, as it relies on geophones without
streaming capabilities.

Ground deformation: Geodetic monitoring is mature and effective and provides
essential insights into the long-term, deep volcanic processes (e.g., deep pressurisation
of the system). The GPS network has been stable over the last year, there is a new GPS
site at the airport now working well as a replacement for Gerald’s and there are no
current plans for extension of the network. MVO staff have long-standing
collaborations with international partners related to work on processing and modelling
the ground deformation data.

Recommendation: MVO to provide a full analysis of the modelling of the ground
deformation from internal and/collaborative research in subsequent reports and lead
a discussion on this topic at the next SAC meeting.

Degassing: The SO, flux monitoring system via scanners which was being worked on
last year, is still not completed (OpenSO> and NOVAC). Scanners need stronger
persistent technical support to get them fully operational. A new FTIR (which
measures SO»/HCI rations in the magmatic gas) is ordered and a permanent MultiGas
(which measures CO»/SO> ratios in the magmatic gas) is planned to be acquired /
installed in the next 12 months. These parameters will be very useful for tracking
changes in the system, particularly any magma movement or changes in thermal
conditions, both of which will be extremely useful indicators. These work items require
dedicated time of the electronics technician, and helicopter time. When operational,
this network will greatly support and add to the capacities of the MVO including that
data continues to be collected when the MVO Gas Officer is away. Continued traverse-
based SO» flux monitoring will remain a priority, because this provides the highest
quality measurement of SO, flux. SAC member Prof Mike Burton is available to
provide expertise as and when required by MVO.

Recommendation: MVO director to prioritise this as the key monitoring capability to
have operational within the next year.
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44,

45.

46.

47.

Dome morphology and fumarole temperatures: Photogrammetry is a key tool for
the mapping of any changes in the lava dome, including assessments of dome stability
and/or new lava extrusion. The MVO currently has a network of 4 remote cameras that
run continuously with nearly 360-degree coverage including several that work at night.
Four of six cameras are currently installed and provide live video and still images to
the MVO. In addition, three UAVs including one fixed wing VTOL supplements the
photogrammetry and thermal imaging work carried out from the helicopter, allowing
comprehensive photogrammetry and thermal imagery capabilities. Measurements and
detection of changes in the fumarole activity on the lava dome is another key
component of the monitoring system that could detect changes ahead of an eruption
restart. The MVO now has two working FLIR thermal cameras for obtaining
measurements from the high temperature fumaroles on the lava dome. There is also a
plan for additional PT100s and data loggers to be installed in key positions. The AVTIS
instrument, which has only been properly operational for a few months over the last
10 years, has now been permanently retired. If lava extrusion restarts, the main tool for
observing changes in the dome will be photogrammetry based on the remote camera
network. The new MVO contract includes a plan for improving the weather station
network.

Detection of precursors ahead on an eruption restart: There is significant
confidence, as determined by our elicitation results, in the MVO’s ability to detect, and
recognise precursory activity ahead of any restart in activity. Two of our elicitation
questions ask whether it is considered likely that there will be precursory activity in
the 6 months before a restart as well as the likelihood that it will be recognised as such
at the time. The results from the SAC29 elicitation (ERF Md in table Appendix V) are
that there is a 79% likelihood that there will be precursory signals during this time,
and an 76% likelihood that it will be recognised as such at the time. The elicitation
results for these questions over the last ten years indicate a gradual overall increase in
confidence for both questions, along with overall decreasing levels of uncertainty
(illustrated by shorter vertical bars on the data points representing the elicited mean)
for both questions. This is an indicator that across SAC and MVO, there is collective
confidence in MVO monitoring.

Education and Outreach: MVO is undertaking excellent work in education and
outreach and exceeding ‘fit for purpose’ expectations. During this reporting period
there is an impressive list of activities accomplished, including activities with schools
and high and increasing social media engagement, as well as MVO staff leading and
developing on international research projects (e.g., Curating crisis project). We note
that the GoM’s expectation of the extent to which the MVO should undertake outreach
and, in particular, support tourism, is very high. These expectations of the MVO far
exceed that of many volcano observatories worldwide. The extent of these
activities is commendable, but they need to be resourced appropriately in terms
of personnel numbers and time and not come at the detriment of the effectiveness
of fundamental monitoring.

SHYV 30 years on Conference: The MVO is organising an international conference in
July as part of the 30-year anniversary of the start of the eruption. This is an important
event and a major undertaking that will bring hundreds of delegates including
international scientists and key stakeholders from the region. MVO is already making
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48.

49.

50.

good progress in the organisation, has advertised for a conference coordinator and has
an international science committee on board. However, it is simply not possible for
MVO to organise and host such an event if it is not provided with adequate additional
resources and workforce, without negatively impacting the rigor of the routine
monitoring.

Recommendation: MVO to liaise with GoM and establish as soon as possible the
nature of support that the GoM will commit in order to support the organisation of this
important event.

MVO overall performance: 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 to be up
to standard. One issue that does arise in discussions about the SHV system, is that staff
at MVO often compartmentalise the work that they do, and there is a lack of an
integrated presentation and understanding of the system.

Recommendation: MV O staff would improve the quality and rigor of the analysis and
understanding of the data they collect by working more closely as a team to better
integrate the analysis of their results. We suggest this could be done through dedicated
workshops every few months to present recent observations and reach consensus on
the conceptual models and state of the system. This will also provide the interpretations
needed for completing the 6 monthly reports.

Enabling and supporting access exceptions to Zone V: The MVO provides support
for access to Zone V by provision of a professional operation in order to provide safety
advice, to the extent possible, to workers and visitors in Zone V. The vast majority of
Zone V visits are for sand mining operations in the Upper Belham, as well as
facilitating export of these volcanic materials via the jetty in Plymouth, and guided
tours of Plymouth with tourists. Sand mining operations occur during normal MVO
working hours during the week, on most Saturdays and on occasional Sundays. Outside
of normal working hours Operations Room staff work overtime to provide cover.
Guided tours of Plymouth are also frequent with much increased numbers during the
high season. MVQO’s work enables these economic activities through supporting
access to Zone V.

Precautionary response to increased unrest: On three occasions in the last year,
MVO has recommended rapid precautionary closure of Zone V (see Table 1).
Precautionary closures of Zone V are important. They represent part of good
operational practice around restless volcanoes. However, they need to follow clear
procedure, be carefully documented and, of course, be defensible (both the closing and
reopening) so that trust in MVO is maintained. MVO procedure related to these events
(internal and external) was discussed and it was agreed that some aspects could be
improved and clarified including the introduction of a post-action review. In addition
to the accountability that documenting the decision-making process provides the
MVO, documentation would support transparency in the overall decision making
across organisations. MVO could also consider clarification of what stage in an unrest
scenario, or in what circumstances, the Seismic Research Centre would be informed.
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Recommendation: Director of MVO to develop a dedicated log of all precautionary
closures of Zone V, documenting the date, time, reason for closure, MVO procedure
untaken, and external procedures as well as eventual reason for the precautionary
closure being lifted. If MVO eventually integrates the use of expert elicitation for some
of its decision-making that information and the associated results could also be
documented in the log.

Table. 1. List of precautionary closures of Zone V during Pause V (supplied by MVO).

Date Reason for closure/reopening
1 August 2014 Hazard level reduced to 1.

Beginning of sand mining and tourist activities exceptions in Zone V.
19 June 2015 Duration: 3 weeks

Reason: Marked increase in SOz flux

Actions:

e Suspension of sand-export activities in Zone V.

29 April 2022 Duration: 1 day
Reason: Low-level rockfall activity overnight. No visibility.
Actions:

e DMCA informed.
e Sand mining cancelled for the day.
Comment: Rockfall activity lasted 10 hours.

8 September 2023 Duration: 3 days
Reason: Anomalous low-level seismic activity overnight.
Actions:
e DMCA informed.
e Discussions with Governor & Premier.
e Sand mining cancelled for the day.
Comment: Anomalous seismic activity lasted 13 hours.

6 September 2024 Duration: 0 (Zone V not closed).
Cause: VT string with rockfalls
Actions:
e Upper White River field team withdrawn.
Comment: Field team could feel seismic activity and see dust/ash.

8 May 2024 Duration: 1 day
Cause: Felt earthquake
Actions:
e Field teams withdrawn.

e Belham miners evacuated.
e DMCA notified.
e Zone V evacuated.
e Identification of regional earthquake.
19 December 2024 Duration: 2 hours
Cause: More than 60 minutes of very intense VT activity.
Actions:

e Field teams withdrawn.
o DMCA notified.
e Zone V evacuated.
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Comment: VT activity lasted 90 minutes.

51. MVO response/collaboration in the region: The collaboration and response
activities of MVO staff in the region are important, as the MVO is a key source of
volcanology expertise in the area. The collaborations built with professionals across
the Caribbean (St Vincent, Martinique, Trinidad, etc.), strengthen the broader regional
volcanic crisis response ‘system’, which in turn reduces systemic and institutional risk
both in Montserrat and elsewhere. During this reporting period MV O staff member Mr
Marlon Fegus provided assistance to the SRC team with seismic and GPS
installations in Dominica.

52. Engagement/collaboration with the broader international volcanology
community: MVO scientists Karen Pascal, Thiffanie Williams and Jose Marrero
represented and led a series of activities at the international Cities on Volcanoes 12
conference held in Antigua, Guatemala Feb 11-18, 2024. Herman Francis and Annesta
Fergus, both also from Montserrat, contributed to sessions on cultural aspects of living
with a volcano, and volcanoes and geotourism. During the reporting period, Karen
Pascal attended the ALVO conference as the SRC/MVO representative. The MVO has
a long list of ongoing collaborative research projects with researchers in the UK and
USA especially. Learnings from some of these collaborations are likely relevant to
discussions on the SHV during SAC meetings.

Recommendation: MV O staff to acquire updates from the collaborating groups where
their research results are relevant to hazard and risk discussion at SAC meetings, for
example lava dome stability and air quality monitoring work at University of Leeds,
efc.

53. The MVO contract: The new MVO contract will be for five years, extendable for two
further years, which is an improvement on the previous three-plus-two model that the
GoM were able to arrange in 2024. We do reiterate in this report our concern about the
absence of a long-term funding structure for MVO that would avoid the problems
recently experienced. We understand the political and structural systems currently in
place require a tender process to occur on Montserrat in order to establish contracts for
the MVO in open competition. Alongside that is the other reality that the tender process
has real and tangible negative impacts on the operation of the MVO, an entity made up
of an experienced team of highly specialised staff, and whose functionality is
dependent on continuity. We previously documented the negative impacts of the tender
process'S. The uncertainty that renewal and short contracts have on the specialized staff
1s a major issue. For these last four years, it has not been possible for SRC to recruit
permanent staff on long-term contracts. This has had a knock-on effect that still
impacts the Seismologist and Hazard and Risk Officer positions, two key roles for the
operation of the MVO. The current UK Government approach to the management of
MVO creates institutional vulnerability that increases systemic risk. The UK
Government needs to consider the liability and risks associated with making MVO

16 28th Report of the Scientific Advisory Committee on Montserrat Volcanic Activity (2024).
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54.

55.

56.

57.

staffing and processes precarious through regular tender procedures, even if they are
currently changed to the 5+2 year model.

Recommendation: MVO requires long-term stability in funding, staffing,
administration and renewal. Given the fundamental and long-term need to assess and
minimise volcanic risks on Montserrat there should be a legal requirement that the UK
properly supports a long-term, effective volcano observatory. We reiterate our offer to
work with the FCDO in London to look at alternative models and to prepare an
evidence-based case for changing the current management model going forward.

SAC Matters

SAC members charge fixed professional fees for the typically four official days of the
meeting. This fixed maximum amount for all SAC members facilitates easier
budgeting and forward planning. In this context, we would like to point out that SAC
members provide significant input by preparing scientific documents, running
numerical simulations and reviewing the latest, relevant, scientific literature, an effort
far beyond the official days of the meeting. During this reporting period the SAC Chair
oversaw liaising with FCDO, advertising and coordination of the appointment of a new
committee member, and attended two MVO board meetings. Other SAC members took
part in the shortlisting and subsequently interviewing of four candidates. Without these
in-kind contributions, the work of the SAC would not be possible.

If the MVO does decide to continue to finalise the forward-looking hazard map layer
as part of the SRC-MVO Volcanic Hazard Map Series, SAC member Prof Eliza Calder
would be available to provide expertise on this. Therefore, and at MVO’s request, if
SAC input is required for completion of the hazard map, additional funding outside the
SAC budget needs to be requested to support these efforts.

The SAC committee discussed future rotations, including the likelihood that SAC
members Calder and Rivalta will step down after next years’ meeting, and that SAC
will continue to revise the situation annually. We therefore can anticipate requiring to
advertise for two new positions in 2026.

We propose that the next meeting of the SAC will take place the week beginning 17

or 24" November 2025, to be confirmed after consultation with GoM, and unless a
significant event on the volcano brings this forward.
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Appendix I:
Terms of Reference of the Scientific Advisory Committee
(Amended in 2023)

Constitution of the Scientific Advisory Committee on Montserrat Volcanic Activity

This document outlines the main responsibilities of the Scientific Advisory Committee (SAC)
on the Soufriére Hills Volcano, Montserrat. The document includes the terms of reference for
the SAC and a membership template. The SAC is commissioned by the Overseas Territories
Directorate (OTD) of the Foreign, Commonwealth and Development Office (FCDO). The SAC
will work according to the Office of Science and Technology (OST) Code of Practice for
Scientific Advisory Committees. The SAC will not incur expenditure without prior FCDO
(OTD) authority.

Terms of Reference
The main responsibilities of the SAC are:

1. to carry out an annual hazard and risk assessment 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 broader, elected, Government and people of Montserrat.

The SAC is also required to perform these additional functions:

3. to provide 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.

These general terms of reference are supplemented with the following specific points:
(a) The work of the SAC concerns annual scientific assessment of the volcanic activity and
related hazards and risks, with a focus on the long-term risks posed by the volcano. This

scientific work is underpinned by the monitoring data and interpretations arising from
the work of the MVO.
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(b) The MVO, with support from SAC as required by MVO, inputs to day-to-day 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 Controlled Access Zones), to issues of
planning and sustainable development of Montserrat and to the mitigation of external
hazards (e.g. to civil aviation).

(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 relating to scientific
matters as required by the MVO Director.

(e) With respect to ToR 3 the Chair of the SAC will be a member of the MVO Board of
Directors and can provide scientific 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 from SAC meetings in a manner
suitable for release to the public and play a role, along with the MVO, in its
dissemination. 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.

(1) 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 FCDO (OTD) and will cover the key
areas of expertise required to assess the level of activity, 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. If a lack of expertise becomes apparent on a particular issue, additional experts will be
sought as and when needed through open advertisement of the post and open competition with
prior agreement from the FCDO (OTD). 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, 3-5 year changes, refreshment of membership and rotation of the chair.
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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 FCDO (OTD) will provide a Secretariat for the SAC, as set out in the Code of Practice.
FCDO (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 FCDO (OTD) authority. The Secretariat’s main point of contact is
Martin Hogg, Montserrat Desk Officer — Caribbean and Bermuda Section, OTD. His contact
details are as follows:

Email: Martin.Hogg@fcdo.gov.uk

Tel:  +44 7784 039 818
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Appendix II:
SAC29 Meeting Agenda 2024

Monday, 25" Nov 2024 (MVO) — Volcanic System
09:00am-5:00pm Meeting (SAC & MVO staff & Pat Joseph/Richie Robertson)

Welcome, and meeting agenda (Eliza — 10 mins)
Summary of the two 6 months reports: Highlights from reports (Graham, plus MVO
staff)
e Continuing discussion on scenarios that could explain the monitoring data (MVO led)
o Presentation by Rod Stewart — recent seismic activity (0.5 hour)
o Fumarole temperatures (Adam)
o Geochemistry presentation (TiVonne)

e Presentation by new SAC member Corentin Caudron — introduction to research (1
hour including lots of discussion)

e General discussion of SHV unrest indicators, seismic, gas, deformation and
conceptual models on volcanic activity:
o Hydrofractures — presentation by Eleanora (1 hour including lots of
discussion)
o Discussion on magmatic vs hydrothermal unrest, or other explanations for
observed activity (revisit hydrothermal system model?).

Tuesday, 26" Nov 2024 Volcanic Hazards and Risk
09:00-10:00am (SAC & Pat Joseph/Richie Robertson)
e 09:00am — Prep for meeting.
e 09:30am — Update on state of volcano and introduction to the SAC roles and
responsibility to Montserrat government ministers (30 mins) — invites being made by
H.E. Governor.

Invited (in person):  Alvin Ryan — Disaster Management Coordination Agency
Clement Meade — Chief Physical Planner

10:00-1:00pm (SAC & MVO staff + DMCA, CPP)

e Hazard and risk analysis by MVO
o Update on where things were left after Jose left (Graham)

o Update on requests for site-specific risk assessments -agriculture, sand
mining, solar panels? Molynuex, Lees, Gages, St Georges Hill, Barton Bay
(Graham).

o Update on MVO procedures and elicitations in light of recent activity
(Graham)

o GQGeneral Discussions
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o Discuss progressing workplace risk assessment draft docs (establish what, if
anything, might be useful for the NDPRAC meeting in Feb).

2:00-5:00pm (SAC & MVO staff) Presentations about specific hazard and risk related items

e Pre-eruptive unrest and sequence of events related to La Soufriere de Guadeloupe
1976-77 phreatic eruption (about 1h including discussion — Fidel).

e Towards forecasting phreatic eruptions mainly based on seismics (about 1h including
discussion — Corentin).

e Refine Out-of-the-blue elicitation question

e 3:30pm/4pm: Explanation of new expert elicitation process (1h including discussion —
Eliza Calder and Ben Clarke).

Dinner with H.E Governor

Wed, 27" Nov 2024
09:00am-5:00pm meeting (SAC & MVO staff)

e Calibration session for new elicitation — 15 questions (answers submitted online).
e Elicitation
o Consideration of elicitation questions based on GoM needs. Including refined
out of the blue question
o Prep discussion for elicitation (Monitoring data & dome morphology recap
(Adam).
o Elicitation (30 mins-1h answers submitted online).

e MVO matters

o Monitoring networks (state, issues, plans)

o Reactivation scenarios (in diverse volcanic activity scenarios — e.g., strong
increase in degassing, lava effusion, explosion — what changes, if any, would
be needed in monitoring strategy. Can any preparation be made so that these
changes can be implemented smoothly)
SHV30 years on conference
MVO funding and management model pathway to a more stable system.
Ongoing/upcoming research, development and outreach including with other
VO’s

o Website

SAC-MVO Buffet dinner at Olveston House

Thurs, 28" Nov 2024
09:00am-5:00pm meeting (SAC & MVO staff)

e Prepare preliminary statement (SAC)
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Elicitation results and discussion
Discussion of relevant ongoing/published work and ideas for future
2:30 (tbc) pm Briefing meeting with the Governor and Premier
SAC matters
o SAC Membership
o Next meeting
Feedback to MVO — SAC’s comments & suggestions
‘Volcano Vibes’ with Kafu ZJB (6pm)
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Appendix III:

List of Participants

SAC Members

Prof Eliza Calder University of Edinburgh, UK (Chair)
Prof Mike Burton University of Manchester, UK

Dr Nico Fournier GNS, New Zealand

Prof Fidel Costa IPGP, Paris

Prof Eleonora Rivalta University of Bologna, Italy

Dr Corentin Caudron Université Libre de Bruxelles, Belgium
Dr Graham A Ryan Director, MVO; University of the West Indies
MVO Participants

Mr Rod Stewart

Dr Thomas Christopher

Dr Adam Stinton

Dr Karen Pascal

Ms Venus Bass

Mr Racquel ‘Tappy’ Syers
Mr Barry ‘Pyiko’ Williams

SRC Participants

Dr Erouscilla Joseph, Seismic Research Centre, University of the West Indies (Director)
Prof Richard Robertson, Seismic Research Centre, University of the West Indies
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Appendix X:
Introduction to a new elicitation procedure for MVO

Ben Clarke and Eliza Calder

Background/reminder on how elicitations work

Structured expert elicitation is a quantitative way of pooling expert knowledge to estimate the value
of parameters, as well as reflecting the collective confidence in those estimates [1]. In short, it aims
to take a snapshot of the current (approximate) view of a group of experts. It is a statistically robust
method of establishing a ‘rational consensus’, that faithfully represents the uncertainty of the group.
The most commonly used method of structured elicitation in volcanology (Cooke method [2]) was
developed in the 1990s, and has been applied in the aviation industry, nuclear industry, civil
engineering, climate science and volcanology to name a few.

There are now many methods by which expert elicitation is conducted, each designed to achieve the
most accurate result given the nature of the parameters being estimated, and the dynamics of the
group of experts. At MVO, expert elicitations have been conducted by completing the questionnaires;
asking for the best estimate, as well as upper and lower reasonable bounds for the requested
parameters. This is has allowed the elicitation facilitators to obtain the private views of individual
experts, capturing their opinion as well as their degree of certainty.

Extensive literature explores the best methods for aggregating questionnaire results to achieve the
most accurate pooled answers. Consistently, these studies have found that to obtain the most
precise estimate, it is important to weight the opinions of individual experts [1], [3], [4], [5], [6]. This
weight reflects an expert’s ability to provide accurate estimates (i.e., close to the true value) as well
as their tendency to avoid expressing unrealistic confidence or providing overly broad confidence
intervals that render their answers less informative.

To obtain the weighting factor, each expert is asked a set of ‘seed’ or ‘calibration’ questions. These
questions should be somewhat relevant to the topic being discussed [7] (for example, volcano
monitoring staff should be asked about volcanoes, and preferably volcanoes similar to those being
assessed). Each question should have a specific numerical answer, and experts should provide their
best estimate along with reasonable upper and lower bounds. These bounds are often
mathematically formalised as the 5th and 95th percentiles, but they essentially represent the
expert’s subjective opinion of a credible range.

Once the answers are collected, they are compared with the ‘true’ answers to calculate a weight.
There are two common weighting methodologies: ‘Classical/Cooke’ [2] and ‘ERF’ [6]. ERF is found to
most accurately reflect collective uncertainty, while the Classical method statistically provides the
most accurate central estimate [6]. It’s the Classical/Cooke, method that has been used by MVO
during the early years of the eruption, as well as the SAC elicitations. Alternatively, equal weights can
be applied to each expert, ensuring that no single opinion has more influence over the pooled result
than any other. This scheme is useful for identifying where there are ‘splits’ in opinion, or identifying
where uncertainties are greatest.

These weights are applied to the elicited questions to provide a pooled answer (often called the
‘decision maker: DM’). This is done on a question-by-question basis using a Monte Carlo sampling
approach. For each elicited question, a distribution is fitted to each expert’s answer (the form of this



distribution depends on whether the Classical or ERF scheme is being used), that respects the 5%,
50 and 95 percentiles provided by the expert. The answer is sampled many times (typically
10,000), each time sampling from a distribution from a randomly selected expert. Where weights are
equal, the probability of sampling each expert is the same. Where one expert is weighted more
strongly than others, there is a greater probability of sampling the distribution of the strongly
weighted expert. This generates an implicitly weighted list of sampled answers from the set of
experts, from which a mean, median, and 5™/95™ percentile is calculated (non-parametrically). This
is the ‘decision maker’ response that represents the central best-estimate and uncertainty of the
group for the elicited parameter.

For a more detailed explanation of the statistical process of weighting and data aggregation, please
see the section ‘Statistical Background of weighting and aggregation’, at the end of this document.

New software to streamline elicitations

There are several software applications designed to streamline the process of expert weighting, and
performing expert elicitation. Historically, MVO/SAC has used ‘EXCALIBR, a standalone, closed-
source, free-to-use software. While Excalibur effectively calculates elicitation results with a user-
friendly interface, it operates as a ‘black-box’ with limited flexibility for input data, processing
methodologies, and results presentation. Consequently, results had to be processed and visualized
separately, which was time-consuming.

More recently, an open-source, Python-based application: ‘Elicipy’[8], has been developed, which
combines data collection, expert weighting, results processing, and results presentation into one
package. There is greater flexibility to adjust important parameters, modify functions if necessary,
and the process is more automated, and faster. The new software allows answers to be filled out
using a secure webform, with data submitted to a secure GitHub repository. The automated
submission and formatting of these responses reduces the risk of copying errors, and expedites the
process significantly. Responses are downloaded and processed offline, and are automatically
collated into a PowerPoint presentation containing the results and comparative plots. The pooled
response, as well as it’s uncertainty, is calculated using three weighting schemes, the Classical, ERF
and the Equal weighting scheme, and the results of these are presented side-by-side. Although
Elicipy is less user-friendly for the analyst, once the correct structural components are in place, a full
expert elicitation (excluding questionnaire response times) can be performed in less than 10 minutes
by a trained user. This allows results to be presented and discussed during the same meeting that
they were elicited.

Elicipy was developed by volcanologists following the body of work that Prof. W. Aspinall was
involved in developing, and has been used operationally for volcanological expert elicitations at INGV
(Italy) and the IMO (Iceland). We have switched to this new software method for expert elicitation at
SAC meetings.

New calibration and seed questions development

In November 2024, we undertook new calibration for our experts from MVO and SAC. This was
needed to provide a fair, representative weighting scheme that will ultimately form the most robust
basis achievable for expert elicitations, and to most accurately reflect the collective expert opinions
of MVO and SAC.



To ensure fairness amongst experts, a new calibration requires a new set of seed questions. These
seed questions have been developed through consultation with academics who have extensive
experience with MVO and SHV. There are 15 questions, split into two broad categories: general
guestions, which aim to assess an expert’s general judgement and ‘precision’, and topical questions
which aim to evaluate an expert’s ability to estimate values more relevant for Soufriere Hills Volcano,
and volcano monitoring in general.

We have developed these questions following a set of principles:

1. Cover a Range of Topics: Questions should span various relevant topics for experts at MVO
or on SAC. Including volcano geophysics/seismology; volcanic gases/petrology, physical
volcanology/volcanic hazard and risk. While no expert is likely to excel across all areas, this
approach facilitates everyone contributing positively to their weighting.

2. Relate to Volcano Monitoring and Hazard Assessment: Whenever possible, questions
should relate to monitoring signals, or issues that relate to understanding and knowing
hazards, as these are most relevant for predicting future activity.

3. Relevance to SHV: Questions should, more or less, pertain to the Soufriere Hills Volcano in
terms of eruption style, volcanic processes, or geological setting.

4. Require Estimation: Experts should need to estimate their answers. Questions where the
exact answers are well known have been avoided, especially where source-papers are
authored by the experts being evaluated, to prevent unfair advantages.

5. Vary in Difficulty: Questions should cover a range of difficulties.

6. Diverse Approaches: Questions should require different approaches to answer, from intuitive
guesses to rough mathematical estimations.

7. Clarity: Questions should be clear and unambiguous in their intent.

8. Range of Data Types: Values should include various data types and units, such as rates,
volumes, percentages, and counts.

9. Transparency and Accountability: The source of the question and the true answer should be
transparent, justifiable, and accountable.

The responsibility for guiding the process and establishing the criteria for the questions was
undertaken by Eliza Calder but she did not formulate the questions and is not aware of the answers.
The responsible for researching and formulating the seed questions, and their answers, was
undertaken by Ben Clarke, and an external reviewer familiar with elicitations has reviewed the
guestions. Ben facilitated an MVO elicitation, and Eliza and Ben together facilitated the SAC
elicitation. This ensured seamless application of the new method, and the most robust form of
continuity as possible.

Statistical Background of weighting and aggregation

Here we present a summary of the statistical techniques used to weight and aggregate data in
structured elicitations. For a fuller description of these methods, including their background, please
refer to references [4], [6], [8], [9], [10].

Classical weighting



The classical weighting method scores each expert (e) as the product of their ‘Calibration” (C(e)),
which measures the ‘statistical accuracy’ of their responses, and their ‘Informativeness’ (I(e)), which

measures the spread of their uncertainty. This is normalised amongst the group of experts so that
the sum of expert weights equals 1:
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where w(, is the weight of an individual expert, and E is the total number of experts in the group.

Of the two characteristics C is the most mathematically important when determining w, as it is a
comparatively sensitive function compared to I [4].

C and I are initially calculated on a per-expert basis, and so are based upon their collective seed
guestion responses. For each seed question, the true value is compared to each percentile reported
by the expert, and the true value will fall into one of 4 bins: [—oo to 0.05]; [0.05 to 0.5],

[0.5 to 0.95], [0.95 to ]. Across all questions, an expert will have a discrete distribution (S) of
outcomes, describing the proportion of times the true value landed between their particular
reported percentiles. According to the Classical scheme, a perfectly calibrated expert would have the
distribution (P):

P =[0.05,0.45, 0.45, 0.05]

where 5% of the true values were less than their 5™ percentiles, 45% of the true values were
between their 5" and 50" percentiles, and so on. Deviation of S from this ‘perfectly calibrated
expert’ distribution (P), indicates a lower statistical accuracy, and a lower calibration. This is
determined as the relative entropy of (S, P) [6], which also relates to a p-value of a chi-squared
statistical test (see [10]). Therefore, ‘calibration’ is a measure of how symmetrically balanced their
estimates tend to be around the 50" percentile, not necessarily how close their answers tend to be
to the true value. A significance level threshold (@) is often applied based upon the calibration score,
were the overall weight of an expert is defined as zero where the calibration (p-value) is less than a

(6], [8].

Informativeness measures how concentrated an expert’s distribution is compared to a ‘background’
distribution for each of the seed questions. This is quantified as the relative Shannon information of
the two distributions [11]. The final information score for each expert is then their mean information
score across all seed questions [10]. The background distribution for a given seed question is typically
a uniform or log-uniform distribution covering an ‘intrinsic range’ based upon the extrema of
collective values reported by every expert, plus a defined fractional ‘overshoot’ at either end [4], [8],
[10]. Therefore, an individual’s information score is dependent on the values provided by the rest of
the group, and so an expert’s Classical weight cannot be ported between groups.

This process is automatically performed within the Elicipy software, with the ability to modify:

e the significance level (@) threshold for the calibration chi-squared test, below which weights
are set to 0. (default = 0.05; a higher value is less stringent, and fewer experts will be
penalised)

e the fractional overshoot for the intrinsic range (default = 0.1; a higher value will improve the
information score for all experts)

e the power of the chi-squared test for calibration. In effect, this acts to modify the group’s
calibration scores as desired (default = 1; range 0.1-1; a lower value will reduce the ratio of
the highest:lowest expert score — reduce the range of scores) (see [4])



ERF weighting

The ‘Expected Relative Frequency’ (ERF) model [6] is, at least to our minds, a more intuitive
weighting procedure. This determines an expert’s weight by the proximity of their central estimate to
the true value of each seed question, and by informativeness, using one simultaneous measure. Here
for a given seed question, the expert’s responses are used to define a triangular distribution, where
the mode (apex) is assumed to equal the reported 50" percentile, spans the 0" to 100*" percentile,
and satisfied the experts estimated 5 and 95™ percentiles. An interval is then defined, centred on
the true value, with a half-width equalling a defined percentage of the true value. The weight
(termed: L) is then the integral of the triangular distribution over this interval (Figure 1). The
arithmetic mean of L across all seed questions provides a more robust estimate of the expert’s
weight (w().

A A Figure 1. A visual representation of the ERF weighting
0.06 — \ scheme. The triangles (A and B), defined by two expert’s
5t 50" and 95 percentile estimates for the same seed
question, represents their estimated probability
distributions. Their 50" % estimates are equal, but A has
a narrower uncertainty range than B. The true answer to
the seed question, here at an absolute value of ‘50’ with a
10% half-interval, is shown by the shaded region. The
area of the shaded region is equal to the expert weight.
Expert A is rewarded for providing a narrower range of
20 30 40 50 60 70 80 certainty (and so is more informative) than B. (after [6])

Intuitively, a lower informativeness (wider percentile range) defines a shallow, wide triangle; that for
a fixed interval, lowers an expert’s weight. Equally, where the interval (centred on the true value)
aligns with the apex of the triangle (ie. where the 50" percentile estimate and the true value agree),
this maximises the integral; rewarding an accurate estimate. Where experts are overly confident, this
increases the likelihood that the triangle misses the interval altogether, lowering the value of L,
potentially to zero.

The selection of an appropriate interval is important. A narrow interval will be more selective, and
fewer experts will achieve a positive or high weight for each seed question. For a wider interval, the
results become less consequential, and eventually approach an Equal weighting scheme [6]. The
Elicipy software assumes a 5% half-interval around the true value for integration [8]. Currently, this
interval half-width can be only modified within the code, but is a simple adjustment.

Aggregation of elicited answers to generate a pooled ‘decision-maker’ response

Once elicitation responses are gathered and expert weights have been calculated. The responses
must be aggregated to calculate the ‘decision maker’ (DM) response for each question. This is
conducted by a Monte Carlo sampling approach. For each expert, a distribution is fitted to the
reported percentiles for a particular question. In the Classical and Equal weights methods, this is a
‘maximum entropy distribution’ [8]. In the ERF method, this is a triangular distribution, where the
apex is centred on the 50" percentile, and the 0" and 100" percentiles of the distribution are
defined so that the reported 5" and 95" percentiles are satisfied. The DM response is built by



sampling this set of distributions N times (where N is a large number; 10000 by default). Each
sample is taken from the distribution of one of E experts, and the probability of expert e being
sampled on each iteration is equal to w(e). In an equal weighting scheme, w.y = 1/E. In the ERF
and Classical weighting schemes, w,) is calculated as described previously. This generates a set of N
realisations for the response, which is weighted implicitly by the sampling procedure. The mean,
median, 5™ and 95" percentiles are then calculated to generate a summary of the DM response. This
process is repeated for all elicited questions. The Equal weights, Classical and ERF decision makers
are presented side-by-side in the report generated by Elicipy. The N Responses are also plotted as
histograms, and fitted by 1D Gaussian KDE curve. These are presented in the final report. The N
samples for each question are retained, allowing further processing or analysis to be conducted.
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