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Executive Summary
This report summarises the volcanic activity at the Soufrière Hills Volcano, Montserrat for the period from 1 April
to 30 September 2020 inclusive (“reporting period”), including all monitoring and visual observations, as well as
all MVO operations during the same period.
Overall, activity during the reporting period has remained low, continuing the long-term trend that has existed
since the end of the fifth Phase of extrusive activity in February 2010.
Seismic activity has consisted of sporadic volcano-tectonic (VT) earthquakes, sometimes in brief swarms or
strings. Low-frequency seismicity has been completely absent, while rockfall activity has continued at a very low
level. A total of 13 VT strings, of varying length and intensity, occurred during the reporting period, bringing the
total number of such strings since November 2007 to 142. None of the strings in this reporting period were
associated with any observable changes in SO2 flux, fumarole activity or the occurrence of ash venting. The
seismic monitoring network has continued to perform adequately during the reporting period. However, the
reduced levels of helicopter support and the nationwide lockdown between March and end of May due to the
Covid-19 pandemic has affected our ability to respond to problems with instruments. The upgrade of the seismic
network to posthole seismometers has also been affected by the reduced levels of helicopter support and the
lockdown.
Ground deformation measured using both continuous and campaign GPS has continued to show slow radial
inflation similar to that during previous pauses in activity. The GPS stations closest to the lava dome show little
to no horizontal deformation, while stations further away show a radial extension from the dome, at a slow rate
of up to approximately 1 cm/yr. All GPS stations show a vertical upward movement. This long-term inflation of
both the volcanic edifice and the island is consistent with the continuation of the pause in surface activity and
pressurization of the magmatic system, although its rate has decreased since the beginning of Pause 5. None of
the VT strings that occurred during the reporting period were reflected in the GPS and EDM signals. Upgrade of
the GPS network is progressing, with 5 of the 7 stations partially or fully upgraded.
MVO continues to measure the flux of SO2 via helicopter and boat traversers under the plume. These traverses
have yielded fluxes in the range of 126 t/d (standard deviation, “σ” 20 t/d) to 589 t/d (σ 123 t/d). This gives a
daily mean for the 6 month reporting period of 313 t/d (σ 136 t/d), slightly above the long-term mean of 266 t/d
(σ 140 t/d) for the entire traverse data set (2017-present). A bush fire on 4-5 July 2020 destroyed the Broderick’s
SO2 monitoring site. Replacement instruments have been sourced and are awaiting installation, which requires
the helicopter for site access.
Visual observations over the lava dome and the collection of fumarole temperatures have been limited by cloudy
conditions and reduced helicopter time. However, when possible, observations show very little change to the
dome morphology, fumarole behaviour and rockfall activity. Temperatures of up to 562 °C for fumaroles on the
lava dome, as measured during observation flights with a handheld FLIR camera, indicate hot gases continue to
vent through the lava dome. Due to the lack of replacement equipment, no in-situ monitoring of the fumaroles
on Galway’s Mtn has been possible, while expansion of the remote camera network is awaiting the purchasing
of three additional thermal cameras to ensure coverage over the entire dome.
The pause in lava extrusion that started on 11 February 2010 continues and is more than 127 months long as of
30 September 2020. This prolonged period of persistent low-level unrest, i.e., continued inflation, sporadic
seismicity and persistent de-gassing, clearly demonstrates that the magmatic system has not shut down. Thus,
the potential for a restart remains. Given the continued very low levels of rockfall activity as recorded by the
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MVO seismic network, the lava dome appears to remain stable. Consequently, MVO continues to hold the view
that little has changed in regards to the hazard and risk posed by the Soufrière Hills volcano at this time.
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1 Volcanic Activity for the Period 1 October 2019 to 31 March 2020
1.1 Summary
Figure 1 below summarises the daily seismicity, GPS and SO2 flux for the period 1 April to 30 September 2020.

Figure 1: Seismic, GPS and SO2 monitoring data for the period 1 April to 30 September 2020. Top: Number of volcanic earthquakes
detected and recorded by the seismic network. Middle: Displacement of cGPS station NWBL radially away from the SHV vent
(GAMIT processing). Bottom: Measured daily SO2 flux derived from traverses beneath the plume.

Activity has remained low during the reporting period, with seismicity dominated by volcano-tectonic (VT)
earthquakes and occasional rockfalls (RF).
The trend of occasional bursts of VT seismicity in the form of brief swarms of VTs (so-called VT strings) has
continued during this reporting period. A total of 13 VT strings, of varying length and intensity, occurred during
the reporting period, bringing the total number since November 2007 to 142 (see Section 1.2.3. VT Strings). None
of the strings were associated with any observable changes in SO2 flux, fumarole activity or the occurrence of
ash venting.
Ground deformation continues to show a long-term inflation trend that has been present since the beginning of
Pause 5 in February 2010.
At present, SO2 fluxes derived from measurements collected via helicopter and boat traverses under the plume
have varied between 126 and 589 t/d. This is in line with the long-term average flux of 264 t/day observed since
traverses were established.

MVO OFR 20-05: Six Monthly Scientific Activity Report

1

1.2 Seismicity
1.2.1 Summary
The level of seismic activity recorded at SHV during this reporting period has remained very low. Figure 2 displays
the daily counts of the different volcanic earthquake types for the period 1 April 2020 to 30 September 2020
inclusive. Volcano-tectonic (VT) earthquakes made up the vast majority of the total seismicity and 13 VT strings
occurred during this reporting period. Rockfalls occur rarely and low-frequency seismicity has been absent, with
no hybrid or low-frequency earthquakes. This pattern remains fairly typical of a pause in lava extrusion at SHV.

1.2.2 Current levels of seismicity
Table 1 lists the total number of events and mean daily event rates for each earthquake type during (a) the whole
of Pause 5 (from 11 February 2010 to 31 March 2020) and (b) the period covered by this report (1 April 2020 to
30 September 2020). Figure 3 shows the daily counts of the different volcanic earthquake types for the whole of
Pause 5, up to 30 September 2020.

Table 1: Total number of events and mean daily event rates for each earthquake type during (a) all of Pause 5 (since 11 Feb 2010) and
(b) the period covered by this report (1 Apr 2020 to 30 Sep 2020).

Event Type
LP/Rockfall
Hybrid
LP
Rockfall
VT
Total

(a) Pause 5 (since 11-Feb-2010)
Total
Events/Day
134
0.03
150
0.04
101
0.03
1764
0.45
2523
0.65
4672
1.20

(b) 01-Apr-2020 – 30-Sep-2020
Total
Events/Day
0
0
0
0
0
0
4
0.02
185
1.01
189
1.03

Rockfall activity has been very low, in keeping with the declining trend over the last few years as the dome has
stabilised (see Figure 2 and Figure 5). Low-frequency seismicity has been absent.
As in previous reporting periods, the VT activity contained individual events and brief strings of events, with a
total of 13 VT strings (see Section 1.2.3. VT Strings). The mean daily rate of VTs for the last six months is 1.01,
higher than the average across the whole of the current pause of 0.65 (Table 1).
Figure 4 shows the daily counts of all VTs, string and non-string, from 1 January 2019 to 30 September 2020. We
had previously reported an elevated period of non-string activity, starting in mid-November 2019. This is now
not apparent, and the elevated non-string activity was limited to November/December 2019.
Figure 5 shows the hypocentres of all VT earthquakes located by the MVO network during the reporting period.
The hypocentres appear to show a NE-SW trend as well as several outlying events to the north-west. These
apparent patterns are probably caused by problems with the seismic network throughout the reporting period
(see section 4.1 Seismic Monitoring), and so all VT earthquakes in this reporting period will probably have
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occurred in a comparatively small seismogenic volume beneath the dome and 2010 collapse scar at depths
between 0.5 and 4 km, consistent with all recent VT seismicity at SHV.
Comparing the current event rates in Table 1 with the rates calculated for previous pauses in Table 2 the total
mean daily event rate for this whole pause period remains broadly comparable with the rates seen during
previous pauses.

Figure 2: Daily counts of the different earthquake types recorded by the MVO network between 1 April and 30 September 2020. The total
count of all event types is shown at the top, followed by individual counts for VTs, Rockfalls, Hybrids, LP events and LP/Rockfalls.
The 12 VT strings that occurred during this period are marked by the red stars on the VT plot.
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Figure 3: Daily counts of the different earthquake types recorded by the MVO since the end of Phase 5, i.e. from 12 February 2010 until
30 September 2020. Tick marks are at 6-month intervals. The total count of all event types is shown at the top, followed by
individual counts for VT events, Rockfalls, Hybrids, LP events and LP/Rockfalls. VT strings are marked by the red stars on the VT
plot.
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Figure 4: Daily counts of VT earthquakes recorded by the MVO network between 1 January 2019 and 30 September 2020. The counts of
VTs that occur in VT strings and of VTs that don’t are shown in the lower two plots.
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Figure 5: Hypocentres of located VT earthquakes recorded by the MVO seismic network during the reporting period: i.e. between 1 April
and 30 September 2020. The size of each circle is a function of the earthquake magnitude and the lower panel displays the depths
as a function of time.
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Table 2: Total number of events and mean daily event rates for each earthquake type recorded at SHV during pauses in lava extrusion. The
dates of the pauses are defined as: Pause 1: 10 March 1998 to 27 November 1999; Pause 2: 1 August 2003 to 15 April 2005;
Pause 3: 4 April 2007 to 29 July 2008; Pause 4a: 14 October 2008 to 10 December 2008; and Pause 4b: 4 January 2009 to 4
October 2009.

Event
Type
LPRFs
Hybrid
LP
RF
VT
Total

Pause 1
Events
Total
/Day
44
0.07
627
1.00
273
0.44
6336
10.11
3689
5.88
10969
17.49

Pause 2
Events
Total
/Day
2
0.00
1696
2.72
145
0.23
257
0.41
256
0.41
2359
3.78

Pause 3
Events
Total
/Day
34
0.07
393
0.82
1458
3.02
454
0.94
432
0.89
2797
5.80

Pause 4a
Events
Total
/Day
31
0.54
78
1.37
74
1.30
153
2.68
84
1.47
420
7.36

Pause 4b
Events
Total
/Day
12
0.04
2
0.01
12
0.04
174
0.64
172
0.63
372
1.36

1.2.3. VT Strings
As discussed in previous reports, VT strings, defined as short intense swarms of VT earthquakes (sometimes
referred to elsewhere in the literature as ‘spasmodic bursts’), have become a relatively common phenomenon
at SHV since they were first identified in 2007. Table 3 lists the details of 13 more such strings that occurred
during this reporting period. It should be noted that the number of “Database VTs” column in Table 3 only
contains earthquakes that would be large enough to trigger the automatic event detection algorithm (the actual
number of triggering earthquakes may be smaller if the event rate is high). In almost all cases some additional,
lower amplitude events were identified from detailed inspection of the continuous waveform data (particularly
on the more proximal stations MBLY and the MSS1 Spider). These are listed in a separate column, which shows
a manual count of the total number of earthquakes.
None of these strings were associated with any surface activity, a correlation that had been proposed in previous
reports, but that is now not supported by the data.
Table 4 lists some more parameters measured for the strings, including the total Seismic Moment of all the VTs
in the string. The Seismic Moment, measured in newton-metres, is a better measure of source size than Energy,
which had been used in some previous reports. All the strings recorded since 2007 are being re-evaluated in
order to estimate Seismic Moment. For this report, the Seismic Moment of each VT has simply been derived from
the local magnitude using the formulation of Munafo et al (2016). VT earthquakes in the string without an
estimate of the magnitude are assigned a nominal value: 1.0 for those that are automatically detected but not
located and 0.5 for those that are not automatically detected. This simplistic approach does not have a great
effect on the results, as the non-located events typically contribute less than 10% of the total moment in the
string.
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Table 3: VT Strings observed at SHV between 1 April and 30 September 2020. The table lists the date and onset time of the first earthquake
of the string, the number of VT events in the database (i.e. that should have triggered the earthworm event detection algorithm),
the number of events that were located, a manual count including smaller events, the approximate duration of the string in
minutes, and the maximum local magnitude.

Date, Time (UTC)
06/05/2020
10:16:58
20/05/2020
11:07:11
11/06/2020
16:01:34
24/06/2020
21:03:54
07/07/2020
08:34:03
20/07/2020
07:02:05
23/07/2020
20:11:51
09/08/2020
17:24:42
13/08/2020
02:53:27
17/08/2020
13:19:08
28/08/2020
02:20:33
07/09/2020
13:50:23
24/09/2020
23:11:08

Duration
(min)

Database VTs Located VTs Manual count VTs

Max. local
magnitude, ML

33.0

2

2

8

1.2

132.3

3

3

17

1.9

163.9

13

13

88

2.5

22.9

2

2

4

2.1

80.4

4

4

26

2.7

40.5

3

3

11

2.8

6.1

2

2

4

1.4

53.2

2

2

16

3.2

0.6

2

2

4

2.7

19.8

7

7

31

2.8

29.7

2

2

9

1.8

15.9

4

4

4

2.7

11.3

2

2

7

2.5
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Table 4: VT Strings observed at SHV between 1 April and 30 September 2020. The table lists the date and onset time of the first earthquake
of the string, the total number of VT events counted, the event rate, the maximum Local Magnitude ML, the total seismic moment
of all the events in the string and the seismic moment rate.

Date, Time (UTC)
06/05/2020
10:16:58
20/05/2020
11:07:11
11/06/2020
16:01:34
24/06/2020
21:03:54
07/07/2020
08:34:03
20/07/2020
07:02:05
23/07/2020
20:11:51
09/08/2020
17:24:42
13/08/2020
02:53:27
17/08/2020
13:19:08
28/08/2020
02:20:33
07/09/2020
13:50:23
24/09/2020
23:11:08

Duration
(min)

Manual
count VTs

Max ML

Total Seismic
Moment (TNm)

Moment Rate
(TNm/min)

33.0

8

1.2

6.67

0.20

132.3

17

1.9

50.03

0.38

163.9

88

2.5

121.09

0.74

22.9

4

2.1

15.70

0.69

80.4

26

2.7

55.00

0.68

40.5

11

2.8

120.95

2.99

6.1

4

1.4

3.48

0.57

53.2

16

3.2

120.90

2.27

0.6

4

2.7

37.01

64.37

19.8

31

2.8

154.54

7.80

29.7

9

1.8

7.46

0.25

15.9

4

2.7

70.56

4.44

11.3

7

2.5

29.34

2.59

1.2.4 Small-scale seismic activity
The helicorder plots from the station MSS1, about 1 km from the dome, often show small seismic events that do
not trigger the data-acquisition system and are usually not seen at any other stations.
These small events appear to have two distinct forms in the helicorder plots. Most of them have a sharp onset
typical of a VT event. But some have a more gradual onset and, on closer examination, are more likely to have
been generated by rockfalls.
It is possible to identify and count these small events on the MSS1 helicorder plots, and Figure 6 shows the daily
counts from 1 January 2019 to 31 March 2020. The top plots gives all volcanic events that are seen each day. The
lower two plots are for VT events and rockfalls that are larger than a set amplitude, and so can be identified by
their form.
The level of small-scale VT activity is fairly constant throughout, but the rockfall activity is much more varied, and
may be seasonal.
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Figure 6: Daily counts of small seismic events seen on MSS1 rockfall events from 1 January 2019 until 30 September 2020. The top frame
shows all events identified as volcanic. The middle and bottom frames show counts of events whose amplitude exceeded a fixed
threshold on helicorder plots and were identified as VTs and rockfalls respectively. Values of -1 represent days when no data was
recorded from MSS1.

1.3 Ground Deformation
The deformation pattern observed between 1 April and 30 September 2020 has continued to follow the
long-term trend observed since the beginning of Pause 5 (February 2010 – present). The long-term inflation of
the edifice/island is consistent with the continuation of the pause in surface activity and pressurization of the
magmatic system, although its rate has decreased since the beginning of Pause 5. None of the VT strings that
occurred during the reporting period were reflected in the GPS or EDM signals.

1.3.1 GPS
The time series observed at the continuous GPS stations are plotted for the period October 2018 to September
2020 (Figure 7 – Figure 9) and for Pause 5 (February 2010-present, Figure 10 – Figure 12), and the time series
observed at the campaign GPS sites are plotted for Pause 5 (Figure 13). The entire dataset (1998-present) is also
given in Appendix B – Additional GPS Plots.
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Figure 7: Radial extension relative to the volcanic vent since 1 October 2018. The reporting period is bounded by the two blue lines. The
distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed
from the data. Displacements due to antenna changes have been corrected. The strongest VT events during this period have
been highlighted (grey dashed line). The distance separating the gridlines corresponds to 1 cm.
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Figure 8: Tangential displacements relative to the volcanic vent since 1 October 2018. The reporting period is bounded by the two blue
lines. The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was
removed from the data. Displacements due to antenna changes have been corrected. The strongest VT events during this
period have been highlighted (grey dashed line). The distance separating the gridlines corresponds to 1 cm.
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Figure 9: Vertical displacements observed since 1 October 2018. The reporting period is bounded by the two blue lines. The distance
station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the
data. Displacements due to antenna changes have been corrected. The strongest VT events during this period have been
highlighted (grey dashed line). The distance separating the gridlines corresponds to 1 cm.
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Figure 10: Radial extension relative to the volcanic vent for Pause 5 (February 2010 to present). The reporting period is bounded by the
two blue lines. The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate
velocity was removed from the data. Displacements due to antenna changes have been corrected. The strongest VT events
have been highlighted (red dashed line). The distance separating the gridlines corresponds to 1 cm.
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Figure 11: Tangential displacements relative to the volcanic vent for Pause 5 (February 2010 to present). The present reporting period is
bounded by the two blue lines. The distance station-volcanic vent increases from bottom to top of figure. The background
Caribbean plate velocity was removed from the data. Displacements due to antenna changes have been corrected. The
strongest VT events have been highlighted (red dashed line). The distance separating the gridlines is 1 cm.
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Figure 12: Vertical displacements for Pause 5 (February 2010 to present). The present reporting period is bounded by the two blue lines.
The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was
removed from the data. Displacements due to antenna changes have been corrected. The strongest VT events have been
highlighted (red dashed line). The distance separating the gridlines corresponds to 1 cm.
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The GPS time series during the reporting period shows a continuation of the deformation pattern observed
during Pause 5, and in general is similar to the deformation pattern observed during each pause in surface
activity, albeit slower. The overall inflation of the island translates into no significant horizontal displacement
observed at the GPS stations close to the dome (e.g. HERM, SPRI, FRGR or NWHT, LGRD, LGFM, respectively),
while the stations further away (e.g. GERD, NWBL, TRNT) show a slow radial displacement away from the dome.
Regarding the vertical component, although it is more scattered, all stations on island show an upward
movement, with the exception of MSS1 spider station (see Section 1.3.2 ‘Spider’ stations). Finally, none of the
stations show significant tangential displacements. These characteristics are more easily observed on longer time
series (e.g. Figure 10-Figure 12) due to the fact that the deformation is slow or due to the noise inherent to GPS
data.
During the reporting period, the radial deformation rate seems to have increased since June 2020 at NWBL and
TRNT. However, this is only visible on the radial component and requires more data to confirm it is not simply in
relation to seasonal variations (i.e. hurricane season between 1 June and 30 November).
In the past, during Pause 5, significant displacements were recorded at close-field GPS stations in correlation
with strong events (e.g., the ash venting event in March 2012, Figure 10). However, none of the VT strings that
took place during the reporting period were associated with displacements at the GPS sites.
A comparison of the GPS horizontal velocities corresponding to Pause 5 and the period October 2018 to
September 2020 (Figure 14) confirms that there hasn’t been any significant change in the deformation pattern
during the last two years and that the island is inflating slowly. This is also shown in Figure 15 that presents both
the horizontal and vertical velocities calculated for the GPS sites for the period October 2018 to September 2020,
data availability allowing. In these 2 figures, the direction of the horizontal deformation of the closest stations,
located on the flanks of the volcano, can be variable due to the very small displacements they reflect. In contrast,
the stations further away than 2-3 km (e.g. SGH1), including the campaign sites closer to the coast (BNBY, BROD,
DRYG), show a clear radial displacement pattern away from the dome. For the far-field continuous stations, the
horizontal velocities since October 2018 are up to ~7 mm/yr1, and are lower than the rate for the entire Pause 5
(up to 9 mm/yr2 at TRNT). As observed on the time series (Figure 7-Figure 13), the vertical component of the
deformation is overall more important nearer to the dome.

1
2

[E2.69 ± 0.22, N6.71 ±0.19] mm/yr at TRNT (Figure 14)
[E1.89 ± 0.06, N9.20 ± 0.05] mm/yr at TRNT (Figure 14)
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Figure 13: Radial (top) and Vertical (bottom) displacements recorded at campaign sites during Pause 5 (February 2010-present). The
reporting period is bounded by the two blue lines. The distance station-volcanic vent increases from bottom to top of figure.
The background Caribbean plate velocity was removed from the data. The strongest VT events have been highlighted (red
dashed line). The distance separating the gridlines corresponds to 1 cm. See Figure B3 in Appendix B – Additional GPS Plots for
tangential displacements.
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Figure 14: Horizontal velocities observed at the MVO GPS stations. Velocities are calculated relative to the Caribbean tectonic plate
velocity model. The velocity vectors compared are those for the entire Pause 5 (black), and for October 2018 - March 2020
(red). Continuous and campaign sites are indicated in red and black, respectively. Stations missing a significant amount of data
have been removed for the corresponding period. The yellow star marks the dome location.
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Figure 15: Vertical velocities observed during October 2018-September 2020 at the MVO GPS stations (bars) and associated errors (green
lines). The horizontal velocities are also plotted (arrows). All velocities are calculated relative to the Caribbean tectonic plate
velocity model. When lacking a significant amount of data over one of the periods considered, the vector is omitted. The yellow
star marks the position of the dome.
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1.3.2 ‘Spider’ stations
Amongst the continuous ‘Spider’ GPS stations deployed in June 2014, only MSS1 (located in the 2010 collapse
scar) has been functioning during the reporting period (Figure 7-Figure 12). The entire ‘Spider’ GPS stations
dataset, including MSUH (Upper Hermitage) and MSCP (Chance’s Peak) is also given in Appendix B – Additional
GPS Plots.
During the reporting period, the horizontal displacements observed at MSS1 are not different than the
displacements observed at the close-by continuous stations (e.g. HERM), ie no horizontal displacements. The
vertical downward displacements of approximately 9 cm recorded at MSS1 since its installation in June 2014 are
most likely related to the fact that the station is not installed on a concrete monument, although localized
deformation in relation with magmatic or geothermal system cannot be ruled out. However, because it is longlived it could also be that MSS1 data show a local deformation pattern due to its location just outside of the scar,
a deformation not observed at the nearby HERM.

1.3.3 EDM
A map of the EDM baselines measured since Feb. 2010 is given in Figure 16 (filled black circled). EDM
measurements provide data on the near-field deformation of the volcano. In Figure 17 Figure 18, the slant
distances changes recorded over the EDM network are represented for Pause 5 and for the last year, respectively.
Since March 2012, an on-going lengthening (~3 cm) of the SW baselines and of the NE baseline (EDJH – EDHE),
consistent with the inflation of the island, but maybe also combined with deformation in relation with the upper
volcanic system. Significant displacements have been recorded since the beginning of Pause 5, in relation with
strong VT strings, eg. ~5 cm shortening in March 2012 for the SW baselines (EDBR – EDUB and EDBR - EDWR).
During the reporting period, no significant deformation has been observed by the EDM network, including in
relation to the VT strings that occurred.
Three horizontal GPS baseline variations measured between continuous stations, across the edifice and across
the island, are also represented for Pause 5 and for the period October 2019 to September 2020 (Figure 19 and
Figure 20, respectively).
During Pause 5, the step in the horizontal time-series occurring in relation with the March 2012 ash venting event
is visible on the FRGR-HARR baseline. The on-going radial deformation is also visible on the FRGR-HARR and the
approx N-S longer baseline FRGR-NWBL. However, during the last 6 months, it is difficult to detect any
deformation pattern, except possibly lengthening of FRGR-NWBL, due to the scatter of the data. No significant
displacement in association to the VT strings is visible.

1.3.4 Strain
Due to technical difficulties, it has not been possible to collect the strain data during the reporting period.

MVO OFR 20-05: Six Monthly Scientific Activity Report

21

Figure 16: Map of the EDM network (black filled circles) used at MVO during the reporting period and Pause 5 and of complementing
baselines computed between the continuous GPS stations (black circles). See also Figure 17-Figure 20.
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Figure 17: Slant length variations (cm) of the EDM baselines during Pause 5. The reporting
period is shaded in grey. The strongest VT events during this period have been
highlighted (orange). See Figure 16 for network map.
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Figure 18: Slant length variations (cm) of the EDM baselines during October 2019 –
September 2020. The reporting period is shaded in grey. The strongest VT events
during this period have been highlighted (orange). See Figure 16 for network
map.
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Figure 19: Horizontal baseline variations (cm) of 3 pairs of GPS stations during Pause 5. The
reporting period is colored in grey. The strongest VT events during this period
have been highlighted (orange). See Figure 16 for network map.
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Figure 20: Horizontal baseline variations (cm) of 3 pairs of GPS stations during October 2019
– September 2020. The reporting period is shaded in grey. The strongest VT events
during this period have been highlighted (orange). See Figure 16 for network map.
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1.4 Gas Monitoring
1.4.1 SO2 Traverses
The data presented in this report is flux data captured during traverse measurements. The traverse campaign
has been ongoing from 16 May 2017 until present. To date, 100 days of SO2 flux data has been collected over the
past three years. The flux values range from a low of 47 t/d (σ 9 t/d) on 4 March 2020 to a high of 774 t/d (σ 423
t/d) on 25 April 2019 (Figure 21).

Figure 21: SO2 flux data collected via traverses from 2017 till present.

For the reporting period, the maximum flux was 589 t/d (σ 123 t/d) on 6 May 2020 while the lowest flux of 126
t/d (σ 20 t/d) was recorded on 9 July 2020. The daily long term mean (whole dataset) is 266 t/d (σ 140 t/d), while
the daily mean for current 6 month reporting period is 313 t/d (σ 136 t/d). Figure 22 shows how much variation
can occur from one reporting period to the next (one year) and this is apparent in the differences in SO2 flux data
and daily means for the current and previous reporting periods. The previous reporting period had a mean daily
flux of 177 t/d (σ 89 t/d) while the mean daily flux for the current reporting period is 313 t/d (σ 136 t/d) which
is almost a 60 % increase.
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Figure 22: SO2 flux data for the past year with relevant daily means. All Data: whole data set; C – P: Current and Previous reporting
periods; C: Current reporting period (1 April to 30 September 2020); P: Previous reporting period (1 October 2019 to 31 March
2020).

The daily mean for the previous reporting period (177 t/d, σ 89 t/d) is lower than the daily mean for the entire
dataset (266 t/d) while the current reporting period displayed a daily mean of 313 t/d (σ 136 t/d) which is
elevated relative to the long term mean of 266 t/d. However, looking at the data on the timescale of a year shows
that the elevated values of the current period and the lower values of the previous period combine to give a daily
mean of 247 t/d for the past year, which is fairly close to the long term average of 266 t/d (σ 140 t/d).
Previous work on the volcano has shown that the delivery of SO2 to the surface from the Soufriere Hills volcano
is pulsed on multiple time scales ranging from weeks to years (e.g. Nicholson et al., 2013; Christopher et al.,
2015). Thus, it is quite likely that the variation we have observed in the past year is a result of the cyclic gas
delivery to the surface from the Soufriere Hills volcano on a timescale that can be observed in the data shown in
both figures.

1.4.2 SO2 Diffusion Tubes
MVO maintains an island-wide network of SO2 diffusion tubes provided by Gradko, to measure long-term
ground-level concentrations of sulphur dioxide (SO2) in various populated and non-populated areas. Results are
calculated from three tubes per site, with average concentration results taken from an approximate four week
exposure time period.
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Figure 23 shows the average concentration of SO2, from tubes collected at twelve different locations around the
island. Most of the stations to the north of the island frequently record measurements that are below the
reporting limit, of <0.4 ppb. The 0.4 is the value then used in the results given. The concentrations continue to
remain low at all stations.
The annual mean concentrations of SO2 from six closest stations, are shown in Figure 24, along with the
concentration limit of 30 ppb as permitted by The United States National Ambient Air Quality Standards.
Concentrations at all of the closest six stations continue to show levels below the 30 ppb threshold, with the
levels at Chance’s Steps (the site closest to and immediately downwind of the lava dome) recorded the highest
concentrations at nearly 150 ppb in 2019.
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Figure 23: Monitored SO2 concentrations in parts per billion (ppb) March 2010 to August 2020.
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Figure 24: Annual mean concentrations of SO2 from six closest stations

1.5 Dome Volume and Geology
1.5.1 Dome Volume and Morphology
There has been no extrusion of lava since the end of Phase 5 on 11 February 2010. Therefore, there has been no
increase in the dome volume. With minimal rockfall activity, there has been negligible removal of material from
the lava dome. Therefore, the volume of the lava dome is still considered to be 190 million m3, as determined by
Stinton et al., 2014 at the end of Phase 5.
Persistent cloud cover and limited helicopter time has largely prevented visual observations over the majority of
the lava dome. Light winds on 3 September 2020 permitted observations in the 2010 collapse scar, but revealed
no significant changes.

1.5.2 Pyroclastic Flow and Rockfall Activity
The last recorded pyroclastic flow occurred on 29 September 2012.
Rockfall activity has continued at very low levels, with only four events triggering the seismic network event
detection algorithms. Figure 25 shows the rockfall activity since the beginning of Pause 5 on 12 February 2010,
highlighting the continued very low level of activity. However, brief observations from the helicopter and other
vantage points around the volcano suggest that rockfall deposits are continuing to accumulate at the foot of the
cliff at the head of the Tar River valley, at the foot of the rear wall of the 2010 collapse scar and on the talus slope
below the Gage's flank of the dome. This is supported by Figure 6 that shows a manual count of events on station
MSS1 (the spider instrument in the 2010 collapse scar) supports the visual observations of continuing rockfall
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activity that is not triggering the seismic network. This likely includes the continuing rockfall activity on the
southern side of Chance’s Peak.

Figure 25: Daily counts of rockfall events since the end of Phase 5, i.e. from 12 February 2010 until 30 September 2020. The red line
represents a 60-day moving average, and the green a 60-day low-pass filter of the daily event counts. The plot shows an overall
declining trend, with possibly some small seasonal variation.

During a period of exceptionally clear weather on 21 July 2020, a rockfall was captured in video by the MVOT
thermal camera. Figure 26 below shows a frame from video captured by the camera, while Figure 27 shows a
plot of the relative temperatures measured by the thermal sensor.

Figure 26: A screengrab of a frame from the thermal video recorded by the MVOT camera showing the rockfall on 21 July 2020. The
MVOT camera is located at MVO and looks to the SE. The rockfall fell into the 2010 collapse scar and out of view of the thermal
camera.
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Figure 27: Plot showing the temperatures measured by the MVOT thermal sensor at 1 minute intervals between 12:00 and 22:00 UTC (8
am to 6 pm local time) in four different locations on or adjacent to the lava dome. The sudden increase in temperature is
associated with the rockfall on 21 July 2020. The effects of daytime heating on a cloud free lava dome are also evident from the
gradual increase and then decrease during the course of the day.

As shown, the rockfall appears to have originated in the vicinity of a prominent fumarole located just below the
summit of the lava dome, an area that is likely to have become strongly altered as a result of the persistent
passage of hot gases through cracks and fissures in the lava dome. The temperature plot in Figure 27 shows that
the rockfall removed enough material to generate a short-lived increase in the temperature recorded by the
MVOT thermal sensor, either by exposing slightly warmer rock heated by the fumarole gases, or as a result of
increased temperatures in the gases venting from the fumarole.

1.5.3 Fumarole Temperatures
Due to limited helicopter time and poor weather conditions, only one set of temperatures have been acquired
for the fumaroles inside the 2010 collapse scar on the north side of the volcano. A temperature of 321 °C was
obtained for the prominent Gas Vent in the floor of 2010 collapse scar, while 563 °C was obtained for one of the
fumaroles in the rear wall of the collapse scar (Figure 28). Both temperatures are consistent with temperatures
measured in December 2019 and January 2020.
Due to failure of the in-situ temperature probe in the Galway’s Saddle fumarole area on the south side of the
lava dome in January 2020, no temperature data exists for this fumarole.
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Figure 28: Thermal images acquired during an observation flight on 3 September 2020. Left: Gas Vent in the floor of the 2010 Collapse
Scar with a temperature of up to 320 °C. Right: Prominent fumaroles in the rear wall of the 2010 Collapse Scar, showing the
hottest temperature of 562 °C. Background image is of the 2010 Collapse Scar, showing the location of the features in the
thermal images. Photo taken 19 October 2020, courtesy of RFA Argus.

1.5.4 Lahars
There has been minimal lahar activity or flash flooding in ghauts around the Soufriere Hills volcano since April
2020. No lahars or flash flooding occurred in the Belham Valley, while three small events reached the sea in
Spring/Aymer’s and Gingoe’s Ghauts following short-lived heavy rain events on 12 August, 3 September (Figure
29) and 17 September 2020.

MVO OFR 20-05: Six Monthly Scientific Activity Report

31

Figure 29: Plumes of sediment seen in the sea where lahars in Gingoes Ghaut (background) and Aymer's Ghaut (middle and foreground)
entered the sea on 3 September 2020. Photo taken looking south down the coast from a helicopter.
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2 Discussion of Activity and Comparison with Past Activity
2.1 Pause in Dome Growth
Extrusion of lava and growth of the dome ended on 11 February 2010, following the large partial dome collapse
that marked the end of the fifth phase of dome growth (Stinton et al., 2014a,b). The current pause in dome
growth is now more than 127 months long and accounts for more than 40% of the eruption as a whole since it
began with phreatic activity in July 1995.
As with previous reporting periods, there have been no indications of a restart of lava extrusion or dome growth
during the last six months. With no growth and very low levels of rockfall activity, the volume of the dome
remains at approximately 190 million m3, as reported in MVO OFR 14-02.
Figure 30 shows the key monitoring data (seismic counts, GPS and SO2 flux) for the Soufrière Hills Volcano from
1995 to 30 September 2020. Figure 31 shows the same data for the period since the beginning of Pause 5 on 12
February 2010. Although the current pause is the longest by far, the data are similar to that during the previous
pauses; seismicity is low, island-wide inflation continues and SO2 fluxes measured by traverses and the new DOAS
network indicate significant de-gassing is still ongoing.

Figure 30: Summary of all monitoring data for the entire eruption of the Soufriere Hills volcano between 1995 and September 2020.
Extrusive phases and pauses are shown in red and green respectively. Top: Number of seismic events detected and identified by
the seismic system. Middle: Radial displacement of cGPS stations MVO1 (red) and NWBL (blue) smoothed with 7-day running
mean filter, Black: GPS Height of HARR. Bottom: Measured daily SO2 flux, filtered with 7-day running median filter. Green:
COSPEC, Blue: old DOAS, Red: new DOAS, White: Traverse data.
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Figure 31: Seismic, GPS and SO2 monitoring data for the period since the end of Phase 5: 1 February 2010 – 30 September 2020. Top:
Number of seismic events detected and identified by the seismic system. Middle: Radial displacement of cGPS stations MVO1
(red) and NWBL (blue) smoothed with 7-day running mean filter. Bottom: Daily SO2 flux, filtered with 7-day running median
filter, Blue: old DOAS network, Red: new DOAS network, White: Traverse data.

2.2 Dome Stability
The lava dome represents a significant hazard. However, it appears to remain stable and has done so since the
end of extrusion on 11 February 2010. The absence of pyroclastic flows (the last was recorded in 2012), and a
very low rate of rockfall activity are clear indicators of a stabilising lava dome.
As discussed in previous reports (e.g., MVO OFR 19-02), there are various internal and external factors that can
affect the stability of a lava dome, including: rainfall; erosion of talus; hydrothermal alteration of the dome
interior; increased seismicity; and de-gassing. During the period 1 April to 30 September 2020, there have been
no indications or signs of a reduction in dome stability from monitoring data or observations (e.g., increases in
seismicity or rockfall activity, shortening of EDM lines, changes to GPS measurements, and changes to fumarole
temperatures and gas fluxes). Although appearing to be larger than most recent rockfalls, the event on 21 July
does not signify a change in the nature of mass wasting events on the lava dome. MVO is therefore of the opinion
that the lava dome remains stable, while being cognisant that dome stability may evolve rapidly if changes to
any of the internal or external factors occur.
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2.3 Criteria for Continuation of Activity
Since SAC 16 in November 2011, the potential for continuing activity has been considered against the following
three criteria:
1. Seismicity – the presence of low frequency seismic swarms and of seismic tremor
2. Gas – daily SO2 rates above 50 tonnes per day
3. Ground deformation – significant ground deformation

As discussed below, Criteria 2 and 3 are currently being met. Therefore, there is evidence that the deep plumbing
system beneath the volcano is still active.
1. The presence of swarms of low-frequency seismicity or the presence of seismic tremor indicate the
potential for future volcanic activity.
Low-frequency seismicity has continued to be extremely low and has been completely absent during
the current reporting period with no low-frequency swarms or tremor observed.
2. Daily SO2 rates above 50 tonnes per day indicate the potential for future volcanic activity.
Measurements of the SO2 flux conducted by helicopter and boat traverse during the reporting period
have yielded values well above the 50 tonnes per day nominal threshold.
3. Significant ground deformation indicates the potential for future volcanic activity.
The cGPS network continues to show significant slow inflation, similar to that during previous pauses.

2.4 Phases and Pauses
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Table 5 lists the phases and pauses of the eruption of the Soufrière Hills Volcano, up to 30 September 2019,
and follows the traditional definition of a Phase as a period when lava is being extruded at the surface.
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Table 5: Phases and Pauses of the eruption of the SHV, up to 30 September 2020.

Phase

#

Start

End

Duration (days)

Duration (months)

Seismic

0

01-Jan-92

17-Jul-95

1294

42.5

18-Jul-95

14-Nov-95

120

3.9

Phreatic
Extrusion

1

15-Nov-95

10-Mar-98

847

27.8

Pause

1

11-Mar-98

26-Nov-99

626

20.6

Extrusion

2

27-Nov-99

01-Aug-03

1344

44.2

Pause

2

02-Aug-03

14-Apr-05

622

20.4

15-Apr-05

31-Jul-05

108

3.5

Transition
Extrusion

3

01-Aug-05

20-Apr-07

628

20.6

Pause

3

21-Apr-07

04-May-08

380

12.5

05-May-08

07-Aug-08

95

3.1

Transition
Extrusion

4a

08-Aug-08

08-Oct-08

62

2.0

Pause

4a

09-Oct-08

01-Dec-08

54

1.8

Extrusion

4b

02-Dec-08

03-Jan-09

33

1.1

Pause

4b

04-Jan-09

04-Oct-09

274

9.0

05-Oct-09

07-Oct-09

3

0.1

Transition
Extrusion

5

08-Oct-09

11-Feb-10

127

4.2

Pause

5

12-Feb-10

On going*

3884*

127.6*

*as of 30 September 2020

MVO OFR 20-05: Six Monthly Scientific Activity Report

37

3 Hazards and Risks
3.1 Hazard Assessment
The present lava dome, with a volume estimated at 190 Mm3 (Stinton et al., 2014), is still of considerable size.
Only a few percent of the dome has been removed via rockfalls and pyroclastic flows since the beginning of Pause
5, which highlights that the dome still represents a significant hazard.
The stability of the dome and the quantity of material available remains virtually identical to that discussed in
SACs 17–24. Therefore, we continue to hold the view that little has changed with regard to the status of the
dome at the Soufrière Hills volcano since SAC 24 (November 2019, Neuberg et al., 2019).
A quantitative volcanic hazard assessment is currently being undertaken in order to differentiate the hazard
levels within Zone V, with an initial focus on pyroclastic flows, lahar and ballistics hazards, refer section 4.8 Risk
Evaluation. The pyroclastic flow analysis is based upon work by Spiller et al., (in press) using a statistical database
combined with physical modelling). For more information, see section 4.8.1 Revised Volcanic Hazard Assessment
for Zone V. The lahar analysis is based upon historic lahars in the recently developed lahar database and
modelling to estimate inundation footprints. Though the frequency of recorded lahar events has decreased over
time, there is a probability of approximately 1.0 of a Moderate or Major level event occurring in any year. The
probability of experiencing a lahar event in Zone V is therefore very high and evaluation of monitoring and early
warning systems for lahar events should be considered. For more details of the lahar database, lahar hazard
assessment and recommendations please refer to section 4.8.1 Revised Volcanic Hazard Assessment for Zone
Vand MVO Open File Report 20-2. The ballistics hazard assessment is ongoing and being undertaken using the
modelling software MatHaz (Bertin et al., 2019). For more information, see section 4.8.1 Revised Volcanic Hazard
Assessment for Zone V. Once the hazard layers are finalised development of a revised hazard map and associated
products for Zone V will be developed in consultation with stakeholders.

3.2 Hazard Level System
The Hazard Level has remained at Level 1 throughout the period under review due to the ongoing persistent lowlevel unrest. There have been no changes to the Hazard Level System since August 2014.

3.3 Access and Visits to Zone V
Access to Zone V is only permitted using very strict safety procedures, and is coordinated by DMCA, with
assistance from MVO and the Police. All groups seeking access must apply for permission in advance with a safety
plan. If permission is granted, they are required to be in constant contact with the MVO Operations (Ops) room
throughout their visit. Activities are normally restricted to office hours, unless special arrangements are made
for the MVO Ops room to be staffed. The procedures are reviewed regularly, and there have been only a few
incidents where they have been breached.
An estimated 901 people entered zone V on authorised visits from 1 April 2020 to 30 September 2020; Table 6
and Figure 32 show the number of (authorised) visits and visitor estimates for the 6-month period covered in
this report.
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There were no visitors to Zone V between 27 March and 28 April 2020 due to the national lockdown of
non-essential activities as part of the Government of Montserrat’s Covid-19 response. As a result of this break
and the hiatus in visitors to the island that has followed (i.e. no tourists can enter Montserrat) the number of
visitors to Zone V for the reporting time period are significantly reduced.
There was a visit by RFA Argus of the Royal Fleet for a period of two days (28 and 29 April 2020) that included
~40 visitors to Zone V each day and included liaison with the Royal Montserrat Defence Force who were also
present in Zone V.
There was a site visit into Zone V including St. Georges Hill and Groves led by the tourism department on 14
August 2020. We estimate ~10 people took part in the visit to look at potential future sites of interest to tourism
providers.
Table 6: Data on the number of visits and people to Zone V for various activities during the 6-month period from 1 April to 30 September
2020. The data are sourced from the MVO Ops room logs. Note that the MVO visits are only via vehicle, as helicopter visits are
not recorded.

Activity Purpose
Industrial
Sand export
Scrap metal
Dredging
Geothermal
Tourism etc
Tourist visits
Ferry
Journalists
Film crews
Education
Students
Government
MVO
DMCA
RMPSiii
Other
Total

Area(s) visited

# of visits

# of peopleii

Plymouth jetty
Lover’s Lane
Plymouth jetty
Plymouth jetty

96
0
0
0

686
0
0
0

i

Plymouth
Plymouth jetty
Plymouth
Plymouth

2
0
0
0

22
0
0
0

ii

Plymouth

0

0

Various
Various
Various
Various

37
7
1
7
151

67
19
1
106
901

Comments
people estimate

people estimate

ii

people estimate

ii

people estimate
people estimate

ii

i

The number of people involved with sand export (e.g. stockpiling or barge operations) is an approximation as these
numbers are not given by the company. Several drivers are in operation during a given time period and enter the zone
multiple times, with each day counted as one visit. This can also include multi-day visits.
ii
The number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances.
iii
Note that the number of visits and people for the Royal Montserrat Police Force (RMPS) is greatly underestimated.
According to the guidelines every tourist visit is to be accompanied by a RMPS escort. In many cases the escort does not
radio MVO to provide details or the number of persons.
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Figure 32: Data on the number of visits and people entering Zone V for the period 1 April 2020 to 30 September 2020 for various
activities.

A breakdown of visits from 1 April 2016 (~2 weeks after Ops room log started) until 30 September 2020 (54month period), with a focus on the numbers for tourists, sand mining and MVO (these three categories generally
represent about 2/3 of all the visits and people involved) is provided in Table 7, and Figure 33 and Figure 34; the
data are divided into 6-month periods to align with MVO reporting.
Figure 33 and Figure 34 show that: 1) sand mining visits have risen since 2016, regardless of season, but has
levelled off in the past year; 2) tourist visit numbers have continued to rise (during both the low, 1 April–30
September, and high, 1 October–31 March, seasons), with the exception of this year with visitors unable to travel
to the island since March; and 3) the number of MVO visits has been fairly consistent since 2017. It should be
noted that these data only include MVO visits via vehicle into Zone V; helicopter visits for scientific work (when
undertaken) are not recorded in the Ops room log. Helicopter visits to Zone V by MVO staff should be included
in the records to facilitate any future evaluations of fieldwork risk (life/safety) on Soufrière Hills volcano. It should
also be noted that whilst the number of tourism visits has continued to rise since 2016, there is a much lower
number for the people estimate during the current reporting period in comparison to the same time period last
year. This is certainly a function of the travel restrictions resulting from the Covid-19 pandemic.
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Table 7: Data on the number of visits and people to Zone V for tourism, sand mining and MVO activities. The data are grouped into 6month periods from 1 April 2016 (~2 weeks after the records began) to 30 September 2020, and are sourced from the MVO Ops
room logs. The data are subdivided according to the time periods used for SAC reporting, and can be loosely related to the “high”
(1 October – 31 March) and “low” (1 April – 30 September) tourist seasons. Note that the MVO visits are only via vehicle, as
helicopter visits are not recorded. These three categories, tourism, sand mining and MVO, represent about 2/3 of all the visits
and people involved.

Time Period
Tourism
1 April 2016 –
30 September 2016
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2017
1 April 2017 –
30 September 2018
1 October 2018 –
31 March 2019
1 April 2019 –
30 September 2019
1 October 2019 –
31 March 2020
1 April 2020 –
30 September 2020
Sand Mining
1 April 2016 –
30 September 2016
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2018
1 April 2018 –
30 September 2018
1 October 2018 –
31 March 2019
1 April 2019 –
30 September 2019
1 October 2019 –
31 March 2020
1 April 2020 –
30 September 2020
MVO
1 April 2016 –
30 September 2016

# of visits

# of peoplei

people/time not recorded

83

490

Rare

194

1968

Rare

131

995

Rare

219

2346

Rare

180

1591

Rare

298

3178

Rare

220

1932

Rare

307

2849

Rare

2

22

Rare

49

311

Commonly missing

53

357

Commonly missing

67

439

Commonly missing

69

462

Commonly missing

84

588

Commonly missing

96

663

Commonly missing

100

691

Commonly missing

95

665

Commonly missing

96

686

Commonly missing

9

41

Rare, but often undifferentiated
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Time Period
1 October 2016 –
31 March 2017
1 April 2017 –
30 September 2017
1 October 2017 –
31 March 2018
1 April 2018 –
30 September 2018
1 October 2018 –
31 March 2019
1 April 2019 –
30 September 2019
1 October 2019 –
31 March 2020
1 April 2020 –
30 September 2020
Total (Tourism, Sand
Mining, MVO only)

# of visits

# of peoplei

people/time not recorded

6

78

Rare, but often undifferentiated

17

58

Rare

19

52

Rare

51

166

Rare

35

154

Rare

31

136

Rare

21

62

Rare

37

67

Rare

2569

21047

i

The number of people is an underestimate, as the exact number is not recorded in the MVO log in many instances.

Figure 33: Data on the number of tourism, sand mining and MVO visits to Zone V. The data are subdivided according to the time periods
used for SAC reporting, which can be loosely related to the “high” (1 October – 31 March) and “low” (1 April – 30 September)
tourist seasons (refer to the key).
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Figure 34: Data on the number of estimated people entering Zone V for tourism, sand mining and MVO activities. The data are
subdivided according to the time periods used for SAC reporting, which can be loosely related to the “high” (1 October – 31
March) and “low” (1 April – 30 September) tourist seasons (refer to the key).

3.4 Risk Assessment
Whilst the potential hazard from the dome has remained unchanged since the start of the current pause in 2010
(section 3.1 Hazard Assessment), the data in Table 7 indicates that there has been for the most part a steady
increase in visitors to Zone V since 2016 (see also Figure 33 and Figure 34). The current restriction on visitors to
the island due to Covid-19 has resulted in a reduction in the number of tourism visits in this reporting period and
it is uncertain how future tourism will be impacted as the pandemic unfolds. Once the global situation has
become stable it is anticipated that the number of tourist visitors to Zone V would again continue to increase as
Montserrat becomes more widely recognised as a destination and because of this there has been interest by the
GoM and tour operators in additional tourism locations for visits. It is anticipated more generally that there will
be a rise in requests to undertake other activities in Zone V, highlighting the need to update the risk levels for
these activities since the last detailed analysis undertaken for SAC 19. The revised volcanic hazard assessment is
underway (see section 4.8.1 Revised Volcanic Hazard Assessment for Zone V) and a comprehensive risk analysis
is planned, in the interim risk information is provided to decision makers through individual site-specific / activityspecific risk assessments.

3.4.1 Site-Specific Risk Assessment
There have been two formal requests for risk assessments from the GoM to undertake site-specific risk
assessment for proposed mining activities. The first in the Upper Belham area (Figure 35) and the second in the
Fort Ghaut part of Plymouth (Figure 36). Historically sand mining has been undertaken in the Lower Belham
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Valley of the Soufrière Hills Volcano (SHV) since 2010 when mining in the Trant’s area ceased. At present, there
are four companies undertaking sand mining in the Lower Belham Valley zone and over time this has resulted in
depletion of the Lower Belham Valley sand resource. A new methodology was developed to undertake the sitespecific/activity-specific risk assessments on Montserrat (see section 4.8.2 Site specific / activity specific risk
assessment requests). This method accounts for pyroclastic flow hazard and lahar hazard and leverages upon
the recent developments for these two hazards under the hazard assessment program (see section 4.8.1 Revised
Volcanic Hazard Assessment for Zone V. The likelihood of hazard impact is combined with a risk to life or ‘severity
factor’ and the duration of the time period that elements are exposed to the hazard. Risk to life from lahar
hazards is calculated on the assumption that an event would be seen and recognised by persons on the ground
and that appropriate action would and could be taken to self-evacuate from the flow path. Risk to life from
pyroclastic flow is calculated on the basis that a flow could feasibly occur with insufficient warning to allow for
evacuation to a safe location, and that pyroclastic flows in the great majority of cases are lethal. These risk
assessments have been undertaken based upon the ‘at risk’ (exposed) elements data provided to MVO by GoM
and with the understanding that the risk assessments will need to be updated once the new version of the
quantitative volcanic hazard assessment is complete.

Figure 35: Location of proposed sand mining operations in the Upper Belham Valley used in the site-specific risk assessment. Location of
the proposed site (Loading Zone; LZ) in relation to the Soufrière Hills Volcano (SHV) and within the Belham Valley drainage.
Locations were provided by the Physical Planning Unit (PPU) of Government of Montserrat.
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Figure 36: Location of proposed sand mining operations in the Fort Ghaut area used in the site-specific risk assessment. Location of the
proposed site (Loading Zone; LZ) in relation to the Soufrière Hills Volcano (SHV) and within the Plymouth area. Locations were
provided by the Montserrat Land Development Authority (MLDA) of Government of Montserrat.

Upper Belham Risk Assessment:
For the Upper Belham Valley request the risk is calculated for a five-year period. The probability of the proposed
site (Figure 35) being impacted by lahar hazard (of at least moderate size) in the next five years is found to be
close to 1.0 (i.e. ~100% likelihood). For an individual working 40 hours per week at the site, the risk of fatality
from such an event in the five-year period is found to be 0.0065 (6.5 in a 1,000 chance) with a range from 0.00010.099998 (i.e. 1 in a 10,000 to ~1 in 10 chance). The probability of the Upper Belham site being impacted by a
pyroclastic flow in the next 5 years is found to be 0.001-0.002 (i.e. 1 in a 1,000 to 1 in 500 chance). For an
individual, working 40 hours per week at the site, the risk of fatality from such an event in the five-year period is
found to be in the range 0.000238 - 0.000476. For further details refer to Miller and Calder (2020a); MVO OFR
20-3.
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Fort Ghaut Risk Assessment:
For the Fort Ghaut request the risk is calculated for a one-year period. The probability of the proposed site (Figure
36) being impacted by lahar hazard (of at least moderate size) in the next one year is found to be close to 1.0
(i.e. ~100% likelihood). For an individual working 56 hours per week at the site, the risk of fatality from such an
event in the one-year period is found to be 0.00796 (~8 in a 1,000 chance) with a range from 0.0001 to
0.09547783 (i.e. 1 in a 10,000 to ~1 in 10 chance). The probability of the proposed site being impacted by a
pyroclastic flow in the next one year is found to be 0.0002-0.0012 (I.e. 1 in a 5,000 to 1 in 850 chance). For an
individual, working 56 hours per week at the site, the risk of fatality from such an event in the one-year period is
found to be in the range 0.000067 - 0.0004. For further details refer to Miller and Calder (2020b); MVO OFR 204.
MVO is currently developing new methods to better assess the current and future risk from natural hazards on
Montserrat (see section 4.8 Risk Evaluation).
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4 MVO Monitoring Networks
4.1 Seismic Monitoring
The MVO seismic network has continued to perform adequately during this reporting period. However, the
continued lack of helicopter support (exacerbated by the Covid-19 pandemic) has severely comprised the
effectiveness of the network in locating VT earthquakes.
This lack of regular helicopter access has significantly slowed the upgrade of the seismic network to posthole
three-component seismometers, sampled at 200 Hz. Three stations have been upgraded and added to the
processing network: MBFL, MBGH and MBLY. Unfortunately, MBLY was damaged by lightning during a storm on
27 September 2020, and has not yet been repaired or replaced.
Six of the 11 seismic stations in the network were working for the bulk of the reporting period. Outages have
occurred, at times reducing the network to three or four stations. Figure 37 summarises the state of seismic
network for the reporting period as reported on a weekly basis.

Figure 37: Seismic station outages during the period 1 April to 30 September 2020, based on weekly reporting. Red = stations offline,
Orange: Stations online, but with significant issues, Green: stations online including those with outages lasting no more than a
few hours. Data reported at the beginning of each week.

Previous work at MVO has shown that a reduction in the number of stations below six probably increases the
detection threshold of the network. This will serve to reduce the earthquake counts that are reported.
Previous work has also shown that the reduced network can have an effect on earthquake locations, as all but
one of the stations (MBRY) are to the north of the volcano (Figure 38), and fall within an 85 degree angle that is
centred on where earthquakes would be expected to occur. The hypocentres reported in this report should
therefore be treated with much caution.
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Figure 38: Map of the MVO seismic network showing only those stations that were working for some or all of the period 1 April to 30
September 2020. The map emphasis the northern bias in station location within the MVO network. Black triangle marks the
position of the lava dome. For a map of the complete network, see Appendix A.

The upgrade of the seismic network described in the previous report is still severely hampered by the lack of
regular helicopter support, as the bulk of the limited flight time we have had was used to maintain existing
equipment.

4.2 Ground Deformation Monitoring
4.2.1 GPS Data Availability
Figure 39 shows a plot of data availability for the continuous and campaign GPS sites for the period January 2019
to October 2020.

MVO OFR 20-05: Six Monthly Scientific Activity Report

48

Figure 39: Data availability at continuous (HARR to MSS1) and campaign (MVO2 to LGFM) GPS sites between January 2019 and October
2020. GERD (grey) has been decommissioned in September 2019. See also Table 8 for details.

4.2.2 GPS upgrade:
Ten new receivers (Septentrio PolarX5) have been purchased, together with ten new antennas (Trimble Zephyr
Geodetic 3) and accessory equipment, via the MVO-SRC contract. This new equipment will be deployed at 7 MVO
sites to upgrade the NetRS receivers (not serviced by Trimble any longer, see table above in addition to HARR)
or deficient NetR8 receivers, and provide some spares. All new antennae and receivers and necessary accessory
equipment have been at MVO since June 2019.
For now, the GPS upgrade is still in progress. A new site, MGOD, has been partially built to compensate for the
loss of MVO1. It includes both a new Septentrio receiver and Trimble Zephyr Geodetic 3 antenna. However, the
site still need to be completed and a vault built for the receiver, the battery and other accessory equipment.
Three other Septentrio receivers have been deployed (HARR, HERM, WTYD), but the antenna at these sites have
not been upgraded yet.
A Septentrio receiver and Trimble Zephyr Geodetic 3 antenna has been installed on a threaded rod located on
the same roof than the SGH1 site, for testing, while another Septentrio receiver is being tested at MVO.
The GPS upgrade at others sites will depend strongly on helicopter visits, given the sites need repairs before the
upgrade can be completed.
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Table 8: List of sites with issues during the reporting period. The GPS sites highlighted in green are those scheduled for upgrade, and the
sites in blue are those already upgraded or partially upgraded.

STATION
ANTG

GERD

HARR
HERM
MVO1/MGOD

RCHY
SGH1
SPRI
SSOU
TRNT
WTYD
Campaign

ISSUE / DATA LOSS TIME-PERIOD
There are no data since May 2019. MVO staff is expected to link with the local technician,
and if needed to visit the site to assist with repair when it will be possible (Note this is a site
operated by SRC).
The site was decommissioned by MVO on 9 September 2019. When possible, MVO will
build a new site to a suitable location, with UNAVCO still offering support for the GPS
equipment.
Upgrade complete
Upgrade complete
MVO1 is now discontinued. To replace it, a new site, MGOD has been built at a similar
distance from the dome as MVO1 (see OFR 19-02). While the site installation needs to be
completed, data are being recorded since September 2019 (Figures 1-6) and test is
ongoing. The original Septentrio receiver failed on 30 Jun 2020, and was replaced by
another one on the 31 August (i.e. no data 30 June - 31 August).
The site has been offline since 22 July 2019.
No data collected between 21 Aug – 08 Sept 2020 and 02 Oct – present (receiver
powered off).
The site has been offline since 23 May 2018, when it was noted that the antenna was tilted
and the monument needed refurbishment and a new receiver
The site has been offline since 25 May 2017, and until it is refurbished and upgraded.
The site has some power issues. The receiver powers off, hence the smaller amount of
sub-daily observations decreases the quality of the overall daily position calculated
Impossible to connect to / download data from WTYD since 27 Aug 2020.
One of the two receiver/antenna sets has been malfunctioning since the 29 March 2020.

Overall, telemetric access of the MVO cGPS stations has been relatively good during the reporting period.
Data gathered at the NOTA sites (i.e. maintained in collaboration with UNAVCO: RDON, NWBL, RCHY, AIRS, GERD,
OLVN, TRNT) are normally being transferred daily directly from the station to the UNAVCO FTP site, where they
are converted into RINEX and made publicly available. They are then downloaded from the UNAVCO website in
rinex format and are then incorporated in the MVO daily processing, with the other stations. Telemetry issues
for the UNAVCO stations have been ongoing. Despite the visit of two UNAVCO engineers last year (23 September
– 2 October 2019), data transfer to UNAVCO is not operational at the time of writing, although additional
equipment has been provided, and during the reporting period the data have been manually downloaded daily
from the stations, before to be uploaded from MVO to UNAVCO. Moreover, as indicated in Table 8, two of the
NOTA stations, AIRS and TRNT, have been experiencing powers issues, causing a lack of sub-daily observations
and ultimately a noisy daily GPS solution (see AIRS in particular).

4.2.3 Campaign GPS (eGPS)
Since February 2010, eight benchmarks are occupied episodically, for a week approximately every second month.
A short threaded rod was installed at four stations (North White River, Long Ground, Dry Ghaut, Bransby point)
to facilitate deployment and improve data accuracy.
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The reduced helicopter support and COVID19 crisis have limited the frequency at which the campaign GPS can
be deployed, collected and displaced to the various sites (see Figure 39). Since 29 March 2020, issues with the
equipment have prevented collection of data, and the COVID-19 pandemic has slowed down diagnostic and
hopefully repair of the set.

4.2.4 GPS Archiving and Processing
After being downloaded, raw data are converted with the UNAVCO teqc utility into Rinex format, to be processed
using the GAMIT/GLOBK software suite. A series of MATLAB scripts then read the GAMIT/GLOBK output, apply
correction and remove a common ‘tectonic’ trend, rotate each station time-series into a radial, tangential and
vertical local coordinate frame centered on the volcanic vent, and produce plots as some of those present in this
report (e.g. Figure 7).
A collaboration with Dr Sigrun Hreinsdottir (GNS, New Zealand) is currently on-going in order to improve the
GAMIT/GLOBK GPS position solutions, in particular with a larger and better selection of international reference
stations.
Archiving-wise, the loss of the server MVOHV01 in 2019, and the planned decommissioning of VOLCAN01, is very
problematic since it does not leave much server space left to back-up and archive data, and in general work
which is being undertaken. New archiving space (several TB) will be needed to prevent loss of data.

4.2.5 EDM
There were no changes in the EDM network during the reporting period. EDM baselines measured from Jack Boy
Hill and the MVO are being measured when the weather allows, and the EDM baselines from Broderick’s are
measured approximately every second weeks. However, these measurements have been prevented by the
COVID-19 pandemic and associated Government measures.

4.2.6 Tilt
MVO currently has no operational tiltmeters. It is planned to deploy one tiltmeter with the SPIDER on Galway’s
Mountain, which is proving very difficult to access due to weather and logistical problems. MVO has two other
tiltmeters than can be deployed at seismic stations. The deployment of these will be considered in the seismic
upgrade.

4.2.7 Strain
The Gerald’s strainmeter (GE) was decommissioned on 8 September 2019, leaving strain data measured at the
three CALIPSO stations left (OL, AS, TR). Data are transferred to the UNAVCO server, and from there to the MVO
via FTP protocol. A significant amount of data is at the moment missing on the UNAVCO FTP server however it
can be ordered from the IRIS repository, where it is backed up.
The strain data are usually downloaded quasi real-time from the IRIS repository, and plotted onto Webobs via
Matlab script. Unfortunately the same communication issue that affects the Calipso GPS sites also affect the
strainmeters, but the data from the later cannot be downloaded manually.
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4.2.8 Spiders stations: single-frequency GPS, EDM and Tiltmeter
In June and December 2014, in collaboration with the USGS, three additional continuous GPS stations, so-called
‘spiders’, have been deployed close to the scar (MSS1 and MSUH), and on Chance’s Peak (MSCP).
Since deployment, there have been issues with MSUH and MSCP, with deteriorated data or no data at all, since
28 November 2015 and 2 October 2015, for MSUH and MSCP respectively.
In March 2017, the Spider processing computer failed which caused loss of data between 29 March and 6 April
2017, when all scripts were recovered. Presently, the data are downloaded onto a Windows virtual machine
installed on one of the Operations room computer. The data is then copied onto Titan with the rest of the GPS
data.
As for the other GPS stations, the raw data (Ublox ubx format) are converted into rinex format using the teqc
utility, to be processed by GAMIT/GLOBK. At the moment the ‘Spiders’ are processed using a differential method
with HARR as base station. However they will be processed in the future using GAMIT/GLOBK in combination
with the rest of the network, although through a more complex procedure, due to having a different type of
receiver.
Finally, it is expected that, once the equipment is available and the weather allows, a tilt-meter will be installed
with the Galway’s spider station.

4.3 Gas Monitoring
A bushfire on 4 July 2020 completely destroyed the gas monitoring installations at the Lower Broderick’s
instrument site, southwest of the volcano. This includes the NOVAC instrument and the OpenSO2 instrument
(provided by Prof. Mike Burton from the University of Manchester). Replacement equipment has been acquired
and is awaiting deployment during the next helicopter visit.
The SO2 tubes monitoring for most of the reporting period, was hampered by factors to include contract issues,
lack of helicopter, and total lockdowns both on Montserrat and in the UK, where the analysis is done. As a result
the last data collected from Chances Peak was in March 2019. The site still remains quite difficult to monitor,
due to random helicopter days and the need to replace the post holding the tubes due to corrosion. Access to
Broderick’s remains highly dependent on hiking. The stations which are accessible by driving have had issues
relating to a lack of tubes and Covid-19 lockdowns.

4.4 Dome Volume and Deposit Mapping
There have been no changes to MVO’s capabilities for dome volume and deposit mapping. A combination of
aerial photogrammetry and ground based radar remain the two methods to be employed, supported when
necessary by the acquisition of satellite imagery.
The telemetry link to the AVTIS Radar instrument was repaired in early September 2020. However, a lightning
strike to the MVO mast on 27 September 2020 damaged the AVTIS Base PC inside MVO that is used to
communicate with and store the data from the AVTIS radar unit on Windy Hill. Fortunately, none of the data
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stored on the computer’s hard drives was lost. It is not yet known whether the AVTIS radar unit suffered any
damage during the same storm. There is presently no timeline for replacement of the computer at MVO as it
requires the acquisition of a PC with a custom specification, but MVO are in contact with Dr Dav McFarlane at St
Andrews University (UK) who designed and built AVTIS.

4.5 In-situ Fumarole Monitoring
It has not yet been possible to acquire replacement equipment for the in-situ temperature logging in Galway’s.
As a result, no new instruments have been installed.

4.6 Remote Cameras
The remote camera network currently consists of three cameras: a time-lapse kit at Harris Lookout, a networked
optical/thermal camera at MVO and a telemetered optical day/night camera at Garibaldi Hill. A proposed
expansion of the network to five cameras with new telemetered optical/thermal cameras at Harris Lookout,
Perches Mountain and Fergus Ridge is currently awaiting the purchase of three additional cameras. This
expansion will provide real-time coverage of the north and northeast (Harris Lookout), the east and southeast
(Perches Mountain); and the southwest (Fergus Ridge) sectors of the dome with both optical and thermal still
images and continuous video recording. At present, only the W and NW sectors have real-time camera coverage.
An automated thermal alarm has now been implemented using the MVOT thermal camera at MVO. Four zones
within the field of view of the camera have been designated as trigger zones, covering the summit of the lava
dome, Farrell’s Plain, Upper Gage’s Fan and the section of the Belham Valley that is visible from MVO (Figure 40).
Should there be an increase in the temperature measured by the MVOT camera within any of the four zones, the
camera will send out an email to MVO staff with a thermal image attached. To avoid false alarms associated with
the effect of daytime heating on a cloud-free lava dome, alarms will not be triggered until the temperature
crosses a 40 °C threshold. Thermal alarms may be triggered by increases in fumarole activity, extrusion of fresh
lava, pyroclastic flows or explosive activity. This new automated thermal alarm complements the automated
seismic alarm system that has been in operation for many years. Should the three additional optical/thermal
cameras be acquired to expand the remote camera network, they will also be configured to generate thermal
alarms.
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Figure 40: A thermal image from the MVOT camera showing the four zones designated as triggers for the automated thermal alarm.
Zones represent, clockwise from top: the lava dome summit and 2010 collapse scar, Upper Gage's Fan, the Belham Valley and
Farrell's Plain. Thermal alarms may be triggered by increases in fumarole activity, extrusion of fresh lava, pyroclastic flows or
explosive activity.

4.7 Infrasonic Monitoring
No infrasound monitoring has been carried out during the period of this report.
The upgrade to the seismic network includes the deployment of infrasound sensors at up to 10 stations. These
will be recorded continuously and should provide an infrasound monitoring capability that is better than previous
networks at MVO, especially in azimuthal coverage.

4.8 Risk Evaluation
Interest and enquiries for access to Zone V to undertake resource development, tourism and other activities has
increased. A comprehensive hazard and risk analysis for new activities / areas needs to be undertaken. Whilst
this work is currently underway MVO has responded to existing requests for site-specific / activity-specific risk
assessment. However, any risk assessments undertaken prior to completion of the new volcanic hazard
assessment will be subject to a revised assessment once this activity is complete.

4.8.1 Revised Volcanic Hazard Assessment for Zone V
Development of a revised volcanic hazard assessment for SHV is being undertaken in a series of versions, each
stage building upon the earlier and incorporating updated data and methodologies as they become available.
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This quantitative volcanic hazard assessment will include probabilistic analysis of hazards where possible and will
generate a range of products including a new refined (microzonation) hazard map for Zone V. The first version
will include lahar, pyroclastic flow and ballistics hazard and will be completed by the middle of 2021 in order to
enable GoM to incorporate the results into the next Montserrat Physical Development Plan which is due for
release in 2022. In subsequent versions of the hazards assessment additional volcanic hazards will be
incorporated and if applicable updates to the lahar, pyroclastic and ballistics hazard information will also be
made. A key component of the development of the revised volcanic hazard assessment is the engagement and
consultation with a wide range of stakeholders on Montserrat, to ensure that the assessment will meet current
and future needs and that it is easily understood to facilitate uptake. Stakeholder engagement on Montserrat is
being undertaken to assess the needs and requirements for future hazard maps; this is in progress through a
series of individual consultation meetings. A group consultation workshop is planned for March 2021.

Lahar Hazard Assessment:
The database of lahar events in all valleys around SHV during Pause 5 is used as the main input for lahar hazard
assessment. Lahar volumes are estimated based on the duration of seismic signals and discharge rates calculated
for the Belham Valley by Barclay et al. (2007). A total of 104 of the 160 confirmed events in the database have a
recorded duration and therefore an estimated volume can be calculated. Three lahar hazard scales are proposed
based on the estimated volume of flow. The boundaries of the three levels are Minor (<30000 m 3), Moderate
(30000 – <100000 m3) and Major (≥100000 m3), see Figure 41 for their modelled inundation footprints. The
development of these levels was undertaken through comparison with published sources, webobs and
observations where possible. Modelled extents of recent events from each category were also compared to
observations to validate volume estimates and model outputs. The total number of events in the database is an
underestimate since many small lahars were likely unrecognized on the seismic network and visual confirmations
are restricted by accessibility. Data availability for locations other than the Belham Valley are also affected by
helicopter availability after intense rainfall, this has further reduced the number of confirmed events. It is
assumed for instance that only ~13% of minor events are represented in the database. For the entire ~10-year
period included in the database, which ended in March 2020, 27 events are included in the highest category for
lahar volume (>100,000 m3).
This database provides the evidence based for simulating the extent of lahars of various volumes using the
LAHARZ programme for ArcGIS (Schilling, 1998), and is also used to determine historical recurrence rates and
estimated probability of occurrence. The LAHARZ tool offers a simplified flow modelling methodology however
and does not account for more complex flow characteristics which could modify the inundation footprints.
Though the frequency of recorded lahar events has decreased over time, there is a 0.999917 (close to 1)
probability of a Moderate or Major level event occurring in any year.
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Figure 41: Modelled estimates of Lahar Classification Boundaries for all drainages around SHV. Minor events (<30000 m3) are shown
pink, Moderate events (30000 – <100000 m3) in blue and Major (≥100000 m3) in green.

Recommendations for the focus of lahar work at MVO to improve future hazard assessment include:
1) Developing a better understanding of rainfall patterns on Montserrat with respect to triggering of lahar
in all the ghauts that surround the volcano. This should include both temporal and spatial distributions,
with a view towards the development of potential ‘trigger’ thresholds;
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2) Better characterisation of sediment source potential, which could include development of a new DEM
to estimate the volume and distribution of source material at higher altitude, or possibly fieldwork where
access allows;
3) Improved data for topography - which is one the main controls of lahar transport. Ideally, a new DEM
and the capability to track topographic changes and update the DEM through remote methods (e.g.
satellite and drone) soon after these changes occur. The topography of southern Montserrat has
changed significantly since the start of Pause 5 in 2010, and the 2010/2014 DEM that is currently used
for hazard assessment. A new DEM that more accurately reflects the current environment is necessary
for hazard assessment for any flow hazards that rely heavily on topography;
4) Characterisation of lahar events through mapping and measuring of existing and new deposits. Special
attention should be paid to geomechanical properties (such as grain-size distribution) to improve
constraints on lahar characteristics;
5) Better characterisation of the environmental modification to lahar pathways such as the relationship of
vegetation to the flow regime;
6) Investigation of the effects of human activities on lahar pathways and impacts (e.g. how the mining of
sand deposits in the channels modifies the lahar behaviour in that area);
7) Maintenance and future development of the MVO lahar database, for example i) including, estimates of
volume, rate of flow, H/L, extent and flow depth for as many events as possible. This work could be
supported through the development of systematic and comprehensive approach to identifying,
recording and characterising all lahar events (past and future) that occur around the volcano; ii)
increasing the number of identified lahars through expansion of the monitoring network for instance by
a) increasing the number of seismic stations and tailoring station locations will reduce uncertainty
regarding identification, location, duration and intensity of events that cannot be visually confirmed; and
b) installation and telemetery of camera stations and rain gauges near valleys will allow MVO staff to
verify lahars safely and remotely, in real-time.
8) Investigation and comparison of other lahar modelling programs that are more complex than LAHARZ in
order to evaluate the estimated lahar footprints.
The lahar database is available for external use, further details on the lahar database and modelling methods are
presented in James and Miller (2020); MVO Open File Report 20-2.

Pyroclastic Flow Hazard:
MVO is working in partnership with Prof. Eliza Calder on integrating the results from a new method for
probabilistic pyroclastic flow hazard (Spiller et al., in press) into the MVO hazard and risk assessment programs.
The results have already been utilised in the development of the site-specific risk assessment requests that have
been undertaken, refer section to 4.8.2 Site specific / activity specific risk assessment requests. The pyroclastic
flow model leverages off the database of more than 900 events recorded at SHV with runout distances over 1
km. The method takes into account lava dome eruption durations, as well as extended periods of relative
quiescence. The hazard analysis considers probabilistic scenarios for flow volume and initial direction, and can
determine probabilities of inundation for different forecast windows of interest. The statistical forecasting model
developed is based on considering a very low-frequency background level of activity that is balanced with the
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chance that activity has already completely ceased or will cease at some point in the future. The statistical model
is then combined with a simulation-based strategy to assess the impact of pyroclastic flows on a specific area of
interest from flows corresponding to different scenarios (e.g., flow volume, initial direction). The spatial
distribution of the pyroclastic flow inundation areas are modelled using flow simulations undertaken in TITAN2D
(Patra et al., 2005) and by combining 1000s of scenario simulations.

Ballistics Hazard Assessment:
A preliminary examination of ballistic hazard is underway using MatHaz (Bertin et al., 2019), which is a
probabilistic assessment tool developed using the MatLab platform. MatHaz is comprised of sequential scripts
that perform spatial, temporal and probabilistic assessments of volcanic hazard. Calculations for each simulation
incorporate the location and age of past activity, along with ejection parameters including launch angle, velocity,
shape and density of ejected particles. Simulations of projectile extent at SHV are based on characteristics of
ballistic producing eruptions from 1996 to 2010. These values are determined using webobs reports, available
literature, and feedback from MVO staff. Topography is based on the 2014 LiDAR and Structure from Motion
DEM of southern Montserrat (Stinton, 2015; MVO OFR 15-01). The resulting footprints will indicate the areas
likely to be affected by ballistic projectiles from SHV within the range of the input parameters. Ballistic hazard
levels will be determined for time periods that complement the recent lahar and PDC evaluations. This will follow
best practices and methods applied at other analogous locations. The forthcoming ballistics analysis will provide
a sound foundation for future work and later integration with other hazards from SHV. Preliminary results give
overestimates of temporal probabilities that need to be revised, and spatial probability maps that give a
consistent, conservative range of impact areas.

4.8.2 Site specific / activity specific risk assessment requests
Site-specific risk assessment have been requested and developed for sand mining operations in two areas
currently located within Zone V. On 17 March 2020, a request was made to MVO from the Physical Planning Unit
(PPU, on behalf of the Ministry of Agriculture) to undertake a quantitative assessment of volcanic risk to workers
involved in sand mining in a specific zone in the Upper Belham Valley area and on 21 May 2020, a subsequent
request was made from the Montserrat Land Development Agency (MLDA, on behalf of the Ministry of
Agriculture) to undertake an assessment of volcanic risk to workers involved in sand mining in a specific section
of Fort Ghaut, Plymouth.
The two risk assessments have been undertaken using a methodology developed and tailored specifically for this
kind of request and leveraging the latest hazard information developed under the MVO volcanic hazard
assessment program (section 4.10.1). This is the first time that a site-specific risk assessment for SHV has included
quantitative modelling of lahar hazard and also the first to include the new probabilistic modelling for pyroclastic
flow hazard. A summary of the methodology is provided below; for a summary of the results see section 3.4. The
risk assessments that have been undertaken are based on 1) the current (July 2020) hazard level, 2) best-available
hazard data for pyroclastic flow and lahar hazards to these areas, 3) exposure information provided by
Government of Montserrat (GoM), and 4) an assumption of operations continuing for a calculated time period.
These risk assessments consider hazards from pyroclastic flows and lahars, the most frequent and lifethreatening volcanic hazards associated with the requested areas; they explicitly do not consider other volcanic
hazards related to ballistic projectiles (bombs) from explosive eruptions of the volcano, tephra (ash and lapilli
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fall), or gas hazards. They also do not include environmental or man-made risk or any other kind of risk other
than those explicitly stated.
For lahar the hazard analysis is based upon the historical data contained in the MVO lahar database which covers
the ten-year period since the last major dome collapse at SHV, 17 January 2010 to 31 March 2020 (section 4.8.1
Revised Volcanic Hazard Assessment for Zone V). It includes all the lahar events that have been recorded by
MVO. The magnitude (volume) of individual lahars is estimated from the seismic signal durations and lahar
footprints for a given volume are modelled using the computational modelling tool LAHARZ (Schilling, 1998). The
probabilities of occurrence of lahar events for the period of assessment are based upon recurrence rate
estimates for each lahar size category as captured in the lahar database. Refer to MVO Open File Report 20-02;
MVO Open File Report 20-03, MVO Open File Report 20-04 for further details.
For pyroclastic flows, a probabilistic hazard assessment for SHV was utilised (Spiller et al., in press). This method,
refer to section 4.8.1 Revised Volcanic Hazard Assessment for Zone V, combines a statistical forecasting model
with a simulation-based strategy to assess the impact of pyroclastic flows on a specific area of interest from flows
corresponding to different scenarios (e.g., flow volume, initial direction). The spatial distribution of the
pyroclastic flow inundation areas are modelled using flow simulations undertaken in TITAN2D (Patra et al., 2005)
and by combining 1000s of scenario simulations. From this pyroclastic flow inundation footprints are developed
with probabilities of inundation in relation to the time period of interest, for example one year or five years for
these risk assessments.
The hazard assessment results for lahar and pyroclastic flow are combined with duration of exposure for at-risk
elements (data provided by GoM) and a ‘severity factor’ a measure of the probability of fatality should exposed
elements be impacted. If impacted directly, pyroclastic flows are commonly lethal to human life and the
probability that pyroclastic flow will be lethal to those exposed. If impacted directly by a lahar the chances of
survival can be significantly better than for pyroclastic flows, although globally they are still one of the largest
causes of death around volcanoes. For the purpose of these assessments, we undertook an expert elicitation in
order to obtain a tailored severity factor for the particular conditions of lahars in Montserrat, which implicitly
incorporates the likelihood that a person has the ability to see and recognise an event, and could take
appropriate action to move out of the way of the lahar.

4.8.3 Probabilities from expert elicitation methods
A review of the event tree for the SAC meeting elicitation process and an assessment of calibration questions for
elicitation purposes are underway as a collaborative project between Dr Victoria Miller and Prof. Eliza Calder.

4.8.4 Multi-hazard risk assessment for Montserrat
This collaborative project with Dr Christina Magill (GNS Science, New Zealand) is initially focused on development
of a time-dependent risk modelling framework to better understand risk sensitivity for the tourism sector from
natural hazard events. The pilot is being developed for application to Montserrat with a view to wider use in the
Caribbean. The time-dependent risk framework will provide the foundation for future flexible risk assessment
products on Montserrat.
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4.8.5 Equipment updates / ongoing issues
Confirmation and categorisation of the lahar events in the database is impacted by i) lack of access to helicopter
for visual observations and ii) inconsistent seismic station distribution during the reporting period. Progress on
the stakeholder consultation process for the volcanic hazard assessment has been impacted by travel and
meeting restrictions resulting from Covid-19.

4.9 WebObs
WebObs continues to be the primary source of monitoring information for MVO staff. There are a number of
issues with WebObs that need to be addressed, once the MVO Software Engineer is in place.
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5. MVO Operations
5.1 Staffing
The Director, Dr Graham Ryan was away from MVO between 29 February and 30 July 2020. A visit to the SRC
between 1 and 31 March transitioned into a period of sick leave from 31 March to 22 June 2020 after which time
he was able to work remotely. Due to the closing of the Trinidad and Tobago border, Dr Ryan was unable to
return to Montserrat until 15 July, when he was able to fly out with the assistance of the Regional Security
Service. Due to COVID 19 restrictions Dr Ryan had to stay in quarantine in Montserrat until 30 July. During the
period while Dr Ryan was away from the MVO, the acting Director role was filled by Dr Adam Stinton, Dr Karen
Pascal and Dr Thomas Christopher on a one-month rotating basis.
Due to the departure of Mr Dike Rostant on 28 February, Ms Veta Wade was recruited to fill the position of
Education and Outreach coordinator. Ms Wade held the post from 01 March until her resignation on 31 July
2020. Following the departure of Ms Wade Ms Kathleen Retourné was recruited to the vacant position on 25
August.
Mr Christopher Keller was recruited to the position of Software Engineer on a UWI contract on 31 March 2020,
however, due to the travel restrictions associated with COVID-19 he has been working remotely from Trinidad
via VPN. His current short-term contract comes to an end on 31 December 2020.
Dr Victoria Miller went on a period of maternity leave on 30 July and is expected to return on 31 January 2021.
During her period of leave Ms Davitia James is working remotely on contract primarily to progress work on the
lahar and ballistics layer of the Montserrat volcanic hazard assessment and associated Zone V map.
Ms TiVonne Howe’s internship contract came to an end on 30 September. Ms Howe has plans to take up a
volcanology PhD at the University of Lancaster supervised by Dr Hugh Tuffen, Dr Thomas Christopher and Dr
Severine Moune in January of 2021.

5.2 Staff Training, Visits and Conferences
Prof. Richie Robertson made a brief visit to Montserrat between 1 and 4 March 2020. The main purpose of this
visit was to discuss plans for MVO management contract renewal with authorities on the island. The current
management contract ends on 30 September 2021.
Ms Miriam Rothenberg a PhD candidate from Brown University had planned a visit between 15 March and 7
April to conduct research on the post eruption archaeology on Montserrat. This trip, however, was cancelled due
to an institutional ban on international travel related to the COVID-19 pandemic.
A planned visit to the SRC by Mr Roderick Stewart had to be cancelled due to border closures in both Montserrat
and Trinidad.
Dr Victoria Miller and Ms Davitia James attended a webinar on the Hazard Mapping database that has been
developed by the IAVCEI Commission on Hazards and Risk (29 September 2020).
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5.3 Education and Outreach
Education and Outreach (E&O) at MVO has continued to provide or support a number of outreach activities and
initiatives over the last six months.

5.3.1 Outreach Activities
While the MVO remains closed to visitors, a relaxation in restrictions has meant that some outreach activity has
been able to take place.
In September, Montserrat celebrated “Youth Month”, which culminated in Careers Week. As part of this Miss K.
Retournè and Dr K. Pascal visited Look Out Primary School and gave a presentation to Grade 5 and 6 students on
their respective career journeys and another to the kindergarten class. The students were very receptive and
asked lots of questions. The teacher was very engaged and is keen to work with us further.
Careers Day was also celebrated in September whereby 12 Montserratian-based organisations had a booth at
the Sports Centre to promote and raise awareness of the organization to grade 5 and 6 primary school students
(schools included Look Out, Brades and St Augustine) and the secondary school students.
MVO staff Dr T. Christopher, Dr K. Pascal, Miss T. Howe and Miss K. Retournè participated. We discussed how
seismology worked by getting the children (and adults) to create their own earthquake “signature” by jumping
in front of the seismometer. Dr T Cristopher also brought his microscope and different types of rocks which he
discussed with them.
We also used this opportunity to talk with the other organisations/teachers/ministers who visited our booth.
Many of whom had questions on the current status of the volcano, and this allowed us to reiterate that the
volcano was indeed still active and to answer any questions.
We are working alongside Alliouagana Festival of the Word for the AFW LitFest which starts in November and
will predominately be held online. We will be launching a creative competition, open to everyone on Montserrat,
with different age-bracket winners. The theme this year is “activism” and we will be tying that in with our
competition by asking people to either create a news article, poem/song, or poster, to highlight the political and
social unrest that followed the volcano eruption.
Miss K Retournè and Dr K. Pascal continue to collaborate with The ‘Disaster Passed?’ project, a collaborative
project led by Prof. J. Barclay (University of East Anglia, Norwich, UK). We are in conversations with local
government and the DMCA to arrange a school project whereby students are encouraged to design their own
panels for the exhibit and the best six will be made into panels and become part of the project. The students will
also be asked to create audio content - such as interviews - to tell their stories. This "Mountain Aglow Junior"
could be shown during science fairs, festivals, schools, etc.
Mountain Aglow also launched their website during this period, and this was promoted on MVO social media
with a live session featuring Dr K. Pascal and the Mountain Aglow team.
The weekly activity report continues every Friday, and there has been no interruption to this update, we have
added a picture to the social media posts as pictures drive higher engagement.
We are looking at ways to connect better with the Spanish and Creole speaking communities, as they make-up a
large population of the Montserrat community. Miss K. Retournè and Dr G. Ryan are arranging a meeting with
key community members to see how we can better support their needs.
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‘Disaster passed?’ project: Dr K. Pascal has been collaborating to ‘Disaster passed?’ a collaborative project led by
Prof. J. Barclays (University of East Anglia, Norwich, UK) using arts and sciences to communicate about and
reduce volcanic risks. Dr K. Pascal’s role consisted in participating to the creation of an exhibit ‘Mountain Aglow’,
and arranging the arrival and use of the exhibit in Montserrat. Additionally, Dr Pascal has been participating to
the construction, launch of the website associated with the exhibition, and, together with Ms K. Retourne, to the
E&O activities carried out with local primary schools and DMCA.

5.3.2 Social Media
Facebook remains the major communication channel for MVO. The page is now updated at the very least four
times a week. This has seen a jump in engagement. In September our Facebook reach across all posts was up
309.8% on the previous month, with our posts appearing in 21,051 news feeds throughout this period. Of this
number, 6,105 people engaged with the posts, an increase of 588%.
As part of the SHV25 program, four live webinars took place in July. The themes were: Lessons learned,
monitoring of SHV, overview of ongoing eruptions and Montserrat’s geological history.
Dr T. Christopher took part in a virtual panel on working at volcano observatories in collaboration with Early
Career Researchers Network. Mr R, Stewart took part in a SRC chat “quarantine edition”. Both of these were
streamed onto our Facebook site.
The MVO wish to engage more with those living on Montserrat. As part of this we promoted staff career stories,
which proved to be very popular.
As well, we looked at ways to create more active engagement. We created several fun volcano/geology career –
themed quizzes, which generated a different kind of outreach. A test your volcano knowledge quiz (with a focus
on Montserrat/Caribbean volcanoes) also allowed us to see gaps in knowledge, which we can address in other
outreach projects.
The same increases are applicable to the Twitter page. For twitter it was 29,600 impressions in September,
against 2,700 the previous month.
September also saw the launch of an Instagram page for MVO. This has been a slow burn in terms of growth, but
we are confident that continuous posting and interaction will see this increase.
We have started using a social media schedule platform called Later. This allows us to pre-load content for
consistent posting across the platforms, regardless of if the E&O is otherwise occupied.
YouTube has been updated to create playlists to allow visitors a more user-friendly experience when looking for
content. A few videos were also edited to become more streamlined.
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Figure 42: MVO Education and Outreach and social media activities. Left to right: Creative competition launched, Career class at Look Out
School, Chart showing increase in Facebook reach, Set-up for Careers Day, Launch of career spotlight on MVO staff, MVO video
as part of the 25th anniversary commemorations, Rock demonstration for careers day, Chart showing increase in Facebook
likes/comments/shares, Kindergarten class at Look Out School.

5.3.3 UWI Postgraduate Course Development – Tertiary/Professional
Four key course types are currently being scoped out for delivery through UWI-SRC/MVO:
1) Traditional UWI courses for delivery at St. Augustine campus for UWI-SRC students (e.g. semester-long
volcanology).
2) Residential field courses for delivery on Montserrat (e.g. volcano monitoring techniques), with a view to
open attendance for international students.
3) Professional development short courses for operational staff (residential/online), e.g. disaster managers,
government and policy makers in the region.
4) Professional development short course for delivery at St. Augustine for UWI students (e.g. writing
research proposals). Anticipated pilot to be developed for UWI-SRC students, with possible wider
delivery across UWI.
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5.3.4 Soufrière Hills 25 Years on Conference
MVO/UWI-SRC will host the “Soufrière Hills Volcano 25 Years On” conference (SHV25) to be held in Montserrat,
West Indies, to commemorate the 25 year anniversary of the start of a series of eruptions at the Soufrière Hills
volcano. The conference was due to take place from 20 to 24 July 2020; however, it has been postponed due to
the ongoing uncertainty surrounding the global Covid-19 pandemic and restrictions on travel and large
gatherings. The conference has been tentatively re-scheduled for 12-16 July 2021.
The theme of the conference is “Opportunities from Disaster: Lessons from 25 years living with the volcano.”
SHV25 will bring together scientists, social scientists, government and NGO officials, and representatives from
the private sector and the community to reflect on the lessons learnt and the opportunities that have arisen from
living with an erupting volcano for 25 years. The five-day conference will include four days of presentations in
the following themes: Science into disaster risk reduction, Learning from the past, Cultures of communication,
and Resources for future resilience.
Progress towards the conference in the last six months includes setting and announcement of the revised dates
for conference during the 25 year anniversary events (July 2020).

5.4 Helicopter
The MVO is still without a regular contracted regular helicopter service. The tendering process for the helicopter
service is currently being led by the procurement department of the Government of Montserrat. The Invitation
to Tender (ITT) preparation has been slowed down by the inclusion of the Montserrat MEDEVAC service in the
ITT. However, we are hoping that the ITT will be sent out in the very near future. In the interim, helicopter support
has continued to be provided by West Indies Helicopters, which is based in Saint Martin. The MVO has been
satisfied with the quality of service they provide. In order to minimise the cost of travel time. The MVO usually
books the helicopter for two consecutive days every month. For a total of approximately 8 hours per month.

5.5 Volunteers/Students/Visitors
Due to international travel restrictions and other local measures associated with the COVID-19 pandemic, MVO
has not had any volunteers, students or visitors during this reporting period.

5.6 Collaboration and External Projects
MVO staff are currently involved in the following collaborations and external projects.

Project Name
People Involved
Status
Project
Description

Ground-based radar monitoring of a lava dome (AVTIS)
Dr Dav MacFarlane (St Andrews, UK), Dr Adam J Stinton (MVO)
2009 – present
The project is currently focusing on fine-tuning the data acquisition and processing
workflows. This includes: refining the user interface; development of comprehensive
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documentation; and evaluating the accuracy and quality of the data produced by the
instrument. The instrument’s capabilities for mapping rainfall are also being investigated.
Project Name Geology of MON3 Geothermal Well
People Involved Dr Adam Stinton (MVO), Prof. Steve Sparks (Bristol University, UK), Prof. M. Tucker
(Bristol University, UK)
Status 2018 – present
Project Analysis of the cores and drill cuttings recovered from the MON3 geothermal well on
Description Montserrat. Currently focused on the carbonate deposits, with two publications in
preparation.
Project Name
People Involved
Status
Project
Description

Modelling of the Montserrat geothermal system
Dr Graham A. Ryan, Dr Oshaine Blake, Dr Jared Peacock, Dr Bridget Lynne
2016 – present (Ongoing)
Multiparameter modelling of the Montserrat geothermal system including petrological
and geomechanical results from deep core samples and integration of resistivity, gravity
and P-wave tomography models.

Project Name Neutron activation analysis and gamma ray spectroscopy on a volcanic geothermal
system
People Involved Dr Graham A. Ryan, Dr David Williams, Professor Mark Dickinson
Status 2016 – present (Ongoing)
Project Use of Neutron activation analysis and gamma ray spectroscopy to analyse the elemental
Description compositions of core samples from the MON-3 geothermal well.
Project Name TOUGH2 modelling of the Montserrat geothermal system
People Involved Marijn van den Heuvel, Maella Bremaud, Mike O’Sullivan, John O’Sullivan, Joris Popineau,
Susana Guzman, Michael Gravatt and Graham A. Ryan
Status 2016 – present (Ongoing)
Project Numerical two-phase flow modelling of the Montserrat geothermal system utilising novel
Description seismic geothermometry-based boundary conditions and the TOUGH2 two-phase
modelling code.
Project Name
People Involved
Status
Project
Description

Open SO2 Montserrat project
Ben Esse, Mike Burton, Thomas Christopher
2019- Present
The aim of the Open SO2 Montserrat project is to provide MVO with a robust, real-time
SO2 flux monitoring capacity.

Project Name
People Involved
Status
Project
Description

Development of a UAV for volcano monitoring
Roderick Stewart, Tom Richardson
2017 – present (ongoing)
Development of an Unmanned Aerial Vehicle capable of taking sensor payloads such as
multigas for the purpose of volcano monitoring.

Project Name Integration of InSAR and GPS measurements for monitoring tectonic and volcanic
deformation in the Lesser Antilles
People Involved Dr Graham Ryan, Dr Ian Hamling, Dr Karen Pascal and Dr Nicolas Fournier
Status 2017- present (ongoing)
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Project Use of ALOS-2 PALSAR-2 satellite borne radar imagery to monitor volcanic ground
Description deformation in the Lesser Antilles using the InSAR technique in conjunction with
continuous GPS data as a ground control.
Project Name Montserrat Volcanic Risk Assessment – Refinement of Zone V hazard and risk using
modelling
People Involved Dr Victoria Miller (MVO), Dr Eliza Calder (University of Edinburgh, United Kingdom; SAC),
Ms Davitia James (MVO)
Status 2017 – Present (Ongoing)
Project This project is focused on developing volcanic hazard and risk information for Montserrat:
Description
 Event trees for expert elicitation
 Expert elicitation calibration questions
 Development of a revised volcanic hazard map for Montserrat
 Collaborative visit planned for April 2020 (postponed)
Project Name Development of a time-dependent risk modelling framework to better understand risk
sensitivity for the tourism sector from natural hazard events
People Involved Dr Victoria Miller (MVO), Dr Christina Magill (Macquarie University, Australia; currently at
GNS Science, New Zealand)
Status 2018 – Present (Ongoing)
Project This project is focused on developing a risk modelling framework to better understand
Description risk to the tourism sector in our region from multiple natural hazard events, with the pilot
project being undertaken on Montserrat:
 Funding proposal awarded by TWAS (The world academy of sciences for the
advancement of science in developing countries) to support “Development of a
framework for time-dependent risk modelling as an evidence base for risksensitive tourism.”
 Collaborative visit undertaken in February 2020
Project Name Development of volcanic hazard maps for the Lesser Antilles
People Involved Dr Victoria Miller (MVO), Professor Richard Robertson (UWI-SRC), Omari Graham (UWISRC), Professor Jan Lindsay (University of Auckland)
Status 2017 – Present (Ongoing)
Project This project is focused on developing volcanic hazard assessment products for the Lesser
Description Antilles region using updated geological information and incorporating best-practice
hazard modelling. In order to update the existing Volcanic Hazard Atlas of the Lesser
Antilles stakeholder consultation will be undertaken to ensure that the outcomes are
user-driven with the goal of facilitating uptake and incorporation into regional planning:
 PhD student Omari Graham at UWI-SRC has been engaged in the work to develop
user-focused hazard assessment products
 A stakeholder engagement workshop bringing together disaster managers and
planners from the countries and territories in the region was scheduled for July
2020 (postponed to 2021)
Project Name Development of best-practice engagement protocols for international and local
scientists working in Low- to Middle- Income Countries
People Involved Dr Victoria Miller (MVO), Karen Fontijn (Université Libre de Bruxelles, Belgium), Raúl
Salguero (INSIVUMEH, Guatemala), Gezahegne Yirgu (Addis Ababa University, Ethipoia),
Supriyati Andreastuti (CVGHM, Indonesia), Esline Garaebiti Bule (VMGD, Vanuatu), José
Luis Palma (University of Concepción, Chile)
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Status 2019 – Present (Ongoing)
Project In June 2019 UWI-SRC hosted the international workshop “Fostering developedDescription developing country partnerships for the advancement of global volcano science,” in
collaboration with IAVCEI-INVOLC (IAVCEI’s new network for volcano scientists in Lower
to Middle Income Countries – LMICs; International Network for VOLcanology
Collaboration). Outputs from the workshop included the development of a draft set of
best-practice engagement protocols. The IAVCEI-INVOLC board is further developing
these for incorporation into official IAVCEI guidelines.
Project Name Assessment and development of operational monitoring techniques for volcanoes
People Involved Dr Victoria Miller (MVO), Dr Leo Peters (UWI-SRC), Professor Charles Ammon (The
Pennsylvania State University, United States), Dr Patrick Smith (Dublin Institute for
Advanced Studies, Republic of Ireland), Emeritus Professor Barry Voight (The
Pennsylvania State University, United States), Roderick Stewart (MVO), Matthew
Garthwaite (Geoscience Australia, Australia), Guorong Hu (Geoscience Australia,
Australia), Steve Saunders (Rabaul Volcano Observatory, Papua New Guinea), Michelle
Parks (University of Iceland, Iceland), Amy Parker (Curtin University, Australia)
Status 2017 – Present (ongoing)
Project This project is focused on optimising operational volcanic monitoring techniques,
Description including constraints such as island settings or resource constrained environments
 Presentation at Cities on Volcanoes 10 (2018) – “Optimising the focal mechanism
solution uncertainties from volcano-tectonic earthquakes recorded on smallaperture seismic networks: A case study from the Soufrière Hills volcano,
Montserrat.”
 Publication in Frontiers in Earth Science Geohazards and Georisks (Special topic
on InSAR), January 2019 – “A simplified approach to operational InSAR monitoring
of volcano deformation in low and middle income countries: Case study of Rabaul
Caldera, Papua New Guinea.”
 Presentation at IUGG General Assembly (Montreal, Canada), July 2019 –
“Breaking down barriers to operational InSAR monitoring of volcanoes in resource
constrained settings.”
 Publication in preparation – “Optimising the focal mechanism solution
uncertainties in sparse datasets and heterogeneous environments – ensuring
operational and research requirements are met.”
Project Name Volcano-tectonic earthquake analysis
People Involved Dr Victoria Miller (MVO), Dr Leo Peters (UWI-SRC), Professor Charles Ammon (The
Pennsylvania State University, United States), Dr Patrick Smith (Dublin Institute for
Advanced Studies, Ireland), Emeritus Professor Barry Voight (The Pennsylvania State
University, United States), Professor Derek Elsworth (The Pennsylvania State University,
United States), Dr Silvio De Angelis (University of Liverpool, United Kingdom)
Status 2017 – Present (Ongoing)
Project This project is focused on developing a better understanding of volcano-tectonic
Description earthquake processes through seismic analysis:
 Publication in preparation – “Characterising earthquakes at long-lived volcanic
eruptions: volcano-tectonic ‘strings’ on Montserrat and their relationship to
volcanic activity.”
Project Name Improving the accuracy of the SHV GPS time series
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People Involved Dr. S. Hreinsdottir (GNS, New Zealand), Dr K. Pascal (MVO), Dr. N. Fournier (GNS, New
Zealand) and D. G. Ryan (MVO)
Status 2017 - present (ongoing)
Project The project intends to refine the daily GPS data processing with GAMIT/GLOBK, and
Description improve SHV daily deformation monitoring and modelling.
Project Name
People Involved
Status
Project
Description

A method for single- and dual-frequency GPS receivers combined processing
Dr. K. Palamartchouk (University of Newcastle, UK), Dr K. Pascal (MVO)
2016 – present (ongoing)
Development of a method to process a network combining both single- and dualfrequency GPS receivers, such as the SPIDER and GPS continuous sites at MVO.

Project Name Modelling and correction of the transient and seasonal variations at SHV continuous
GPS timeseries
People Involved Dr. P. Fang (University of California, USA) and Prof. M. Bevis (University of Ohio, USA)
Status 2017 – present (on hold)
Project This project aims to model the seasonal variation affecting the GPS signal in Montserrat
Description and evaluates if it significantly affects the interpretation of SHV deformation signal
Project Name
People Involved
Status
Project
Description

Deformation induced by loading or unloading of SHV edifice
Dr K. Pascal (MVO), Dr. J. Hickey (University of Exeter, UK) and Dr. H. Odbert
2015 – present (ongoing)
The project aims to isolate, using Finite Elements modelling, of the deformation related to
the loading or unloading of the edifice throughout the eruption from the deformation
induced by the magmatic system, and if needed correct it from the GPS timeseries

Project Name Investigating the decrease in inflation rate observed at Soufrière Hills volcano GPS
stations during the present pause in magma extrusion: physical properties of the crust
vs magma influx variation?)
People Involved Dr. J. Hickey (University of Exeter, UK), Dr K. Pascal (MVO), Dr. N. Fournier (GNS, New
Zealand) and Prof. J. Gottsmann (University of Bristol, UK
Status 2018 – pst (ongoing)
Project The project uses Finite Element modelling to explore if the current deformation pattern
Description can be explained without refilling of the magma chamber, when the crust is assumed
being a visco-elastic medium.
Project Name Integration of InSAR and GPS measurements for monitoring tectonic and volcanic
deformation in the Lesser Antilles
People Involved Dr. G. Ryan (MVO), Dr. I. Hammling (GNS, New Zealand), Dr K. Pascal (MVO) and Dr. N.
Fournier (GNS, New Zealand)
Status 2017 – present (ongoing)
Project
Description
Project Name Combined modelling of EDM and GPS measurements
People Involved Alex Johnson (University of Exeter, UK), Dr J. Hickey (University of Exeter, UK), Dr K. Pascal
(MVO)
Status 2019 – present (ongoing)
Project The project aims to exploit the EDM measurements dataset and, combining it with the
Description GPS dataset, to use Finite Element modelling to investigate the source of the deformation
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observed nearer to the vent, and also to consider how EDM monitoring could be
developed.

5.7 MVO Website
It was decided by Dr G. Ryan, Dr A. Stinton and Miss K Retournè that the website required further work. The
proposed site was not very user-friendly for either those updating it, or for the different target audiences.
Discussions are still taking place on the next steps.
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Appendix A – MVO Monitoring Networks
The Montserrat Volcano Observatory operates a compressive suite of instruments to monitor the activity of the
Soufrière Hills Volcano, roughly grouped into four main areas of seismicity ground deformation, gas and dome
volume & geology. The following maps show the location of key instruments for each of the four disciplines.
More information about the data and instrumentation can be found in the relevant sections of the main body of
the report.
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Appendix B – Additional GPS Plots
The following plots present the GPS data set for the period 1998 to 30 September 2020. Refer to Section 1.3
Ground Deformation for details.

Figure B1: Tangential displacements recorded at campaign GPS sites during Pause 5 (February 2010 – present). The reporting period is
bounded by the two blue lines. The distance station-volcanic vent increases from bottom to top of figure. The background
Caribbean plate velocity was removed from the data. The strongest events have been highlighted (red dashed line). The
distance separating the gridlines corresponds to 1 cm. See Figure 13 for radial and vertical components.

MVO OFR 20-01: Six Monthly Scientific Activity Report

75

Figure B2: Radial extension relative to the volcanic vent since January 1998. The reporting period is bounded by the two blue lines. The
distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed
from the data. Displacements due to antenna changes have been corrected. The distance separating the gridlines corresponds
to 1 cm.
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Figure B3: Tangential displacements relative to the volcanic vent since Jan. 1998. The reporting period is bounded by the two blue lines.
The distance station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was
removed from the data. Displacements due to antenna changes have been corrected. The distance separating the gridlines
corresponds to 1 cm.
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Figure B4: Vertical displacements observed since January 1998. The reporting period is bounded by the two blue lines. The distance
station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the
data. Displacements due to antenna changes have been corrected. The distance separating the gridlines is1 cm.
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Figure B5: MSCP, MSS1, MSUH ‘Spider’ Stations: Radial, tangential and vertical displacements relative to the volcanic vent since MSUH,
MSS1 and MSCP deployment (June 2014- present). FRGR, NWBL and HERM displacements are also shown for indication. The
distance station-volcanic vent increases from bottom to top of each figure. The plate velocity has been removed from the data.
Displacements due to antenna changes have been corrected. The strongest VT events during the reporting period have been
highlighted (grey dashed line). The distance separating the gridlines corresponds to 1 cm.
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