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1 LAVA FOUNTAIN HEIGHT ESTIMATION
Video from the RUV camera was live-streamed, and the camera’s pan, zoom and tilt were controlled
remotely to track the eruptive and lava flow activity. Images were archived at 1920x1080 resolution and
25 frames per second with each frame timestamped to the nearest second; the timestamp of each frame
was retrieved using Optical Character Recognition. To measure fountain heights from a camera we need to
calibrate it, which is to say we need to know the parameters necessary to project points from 3D object
space (Easting, Northing, height) to 2D image space (row, column). These parameters are the camera
location, its internal geometry and its orientation in space. The location was known from aerial survey
data, while the internal geometry and orientation we find by horizon matching. A horizon visible from
the camera’s location is extracted from a high resolution aerial survey DEM as a list of XYZ coordinates
and projected onto the image using an assumed camera focal length, principal point, orientation and sets
of distortion coefficients. These parameters are then varied manually until this artificial horizon matches
the one in the image. This process is simplified by assuming the x and y focal lengths are the same, the
principal point is in the center of the frame and the distortion coefficients are zero. Even though we could
not explicitly quantify lens distortion, the horizon matching process allows one to detect it, and the PTZ
camera was found to be notably rectilinear at the zoom setting used for the video studied here, with
distortion only becoming visible at the most wide angle zoom settings.

The height of the fountain was inferred from each frame by transforming it from a RGB to a LUV
colourspace. The U component has high values for the red-brown tones visible in the fire fountain during
the day and a threshold of 130 was found to be sufficient for capturing ‘older’, cooler material before it
cooled to dark brown tones similar to the background and became indistinguishable. The height of the
fountain can thus be considered an arbitrary temperature level in the fountain set by the balance between
thermal emission and ambient illumination conditions, which by visual inspection is close to the apex of
the arc traced by most visible bombs in the videos. A small amount of material can sometimes be seen
being lofted much higher, out of the frame of the camera, however we are confident that the fountain
heights reported here represent the top of the overwhelming majority of fountained material. The pixel
with the highest U value in each row of the frame was selected, to give a vertical profile of the fountain
based on colour and appended to those from previous frames to make a curtain plot that tracks changes in
fountain structure, while the notional fountain top in image coordinates was taken as the row above which
all pixels have U values below 130. The height in the image is then converted to a height in geographic
space by projecting the coordinate (vent Easting, vent Northing, fountain height above sea level) into
image coordinates and minimising the difference in the projected row number with that retrieved from the
colour information in the frame. The measurement therefore rests on the assumption that the fountain top
is directly above the vent.
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2 MOVIE S1 DESCRIPTION
Video (with audio) of a lava fountain event recorded at 20:43 UTC on 11 May from a vantage point 500 m
SSE of the vent. Note the ongoing brush fire in the background which forced the temporary removal of the
acoustic sensor array.

3 FIGURES

Figure S1. Temperature (top row) and wind velocity (bottom row) measured by an Icelandic Met Office
weather station located close to the eruption site during our two periods of analysis: 2 – 8 May (left column)
and 17 – 25 May (right column).
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Figure S2. Infrasound and spectral fitting for a lava fountain event at 1107 UTC 05 May. (a) Acoustic
data as recorded at the array. (b) Frequency spectrogram for the data shown in panel a. Peak frequency
through time is highlighted through time by red dots for each time window where max dB >75. (c) Misfit
difference spectrogram plot showing times and frequencies of RMSD for FST (blue) and LST (red). Also
plotted are measured lava fountain heights in black and red, with the latter colour indicating if this exceeds
the measured height of the lava cone.

Figure S3. Infrasound and spectral fitting for a lava fountain event at 1126 UTC on 05 May. See Fig. S2
caption for details on panels.

3



Supplementary Material

Figure S4. Infrasound and spectral fitting for a lava fountain event at 1703 UTC on 18 May. See Fig. S2
caption for details on panels.

Figure S5. Infrasound and spectral fitting for a lava fountain event at 1718 UTC on 18 May. See Fig. S2
caption for details on panels.
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Figure S6. Results from modelling of bubble oscillation for the first 24 manually picked events on 05
May. In each panel, the real wave (red line) is plotted against the matched synthetic waveforms (grey lines),
along with the median synthetic waveform (green dashed line). The time of each waveform is indicated at
the top right, and the number of matched synthetics in the bottom right.
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Figure S7. Results from modelling of bubble oscillation for the first 24 manually picked events on 18
May. In each panel, the real wave (red line) is plotted against the matched synthetic waveforms (grey lines),
along with the median synthetic waveform (green dashed line). The time of each waveform is indicated at
the top right, and the number of matched synthetics in the bottom right.
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Figure S8. Acoustic recordings (a) and the frequency spectrogram (b) of the sequence of activity prior
to the sequence of Helmholtz resonant bubble bursts on 05 May. Green lines in panel a indicate the time
span of Fig. 9a in the main article. (c) Screenshot of the webcam images of the unusually tall lava fountain
observed at 05:39 UTC (marked by red line in panel a).
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Figure S9. Results from modelling of Helmholtz resonance for a sequence of bubble bursts on 05 May. In
each panel, the real wave (red line) is plotted against the matched synthetic waveforms (grey lines), along
with the median synthetic waveform (green dashed line). The time of each waveform is indicated at the top
right, and the number of matched synthetics in the bottom right.
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