Analysis of Gas Emission Periodicity for Turialba Volcano, Costa Rica
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• Current results unconclusive, although promising preliminary results still stand
• Positive results would help us understand the physical process within the volcano
driving the process
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• We need a clear shot of the crater, so a photo with good lighting, no obstructing clouds,
and no ash in the plume is ideal
• Different conditions change the shape of the
brightness time series
• Need to cross check the time series with
photos and eruption records to know what’s
really going on
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Figure 3: Brightness time series with events labeled
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Figure 1: Photo of Turrialba’s crater degassing on September 13, 2016

Introduction

• Using Fourier Transforms
to break the data into cyclical
components
• Looking for where the
energy is concentrated

3

2

1

Methods

• A camera takes photos of the crater every second of every day, which goes into a database that OVSICORI-UNA shares with Brown (Figure 2)
• We have built an image processing algorithm with Matlab to create a time series of
plume brightness. (Figure 2)
• Then we identify usable data by cross checking the brightness times series with the
photos, weather, daylight hours, and any known eruptions.
• Next, we apply Fourier Transform and Wavelet analysis techniques to the data.
• For all of the usable time periods, we compare how periodicity changes over time.
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Figure 4: Plot of Fourier Transformed brightness
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• Again, want to describe
the distribution of energy
• Where are the peaks?
• How do peak locations
change before an eruption?
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• Turrialba is a volcano that regularly produces quiescent outgassing, ash eruptions,
and ballistic explosions. (Figure 1)
• It is near the San Jose Airport, and is also a popular tourist destination. (Figure 7)
• We want to understand the physical processes beneath active craters and to better
forecast impending eruptions. (Figure 6)
• We can use plume brightness as a proxy for the amount of gas leaving the volcano.
• The change in amount of outgassing reflects the physical processes within.
• How do temporal variations in outgassing change as eruptions grow imminent?
• What do these variations mean for the physical processes driving an eruption?
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Figure 7: Map of Costa Rica with locations labeled, curtesy of Google Earth
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Figure 5: Plot of brighnesses after CWT with the Morlet wavelet, and a summery graph of their dominant periods.

Results

• Preliminary results suggest that before an eruption, outgassing becomes periodic with
periods of 100-300 seconds.
• However, this reflects only one eruption so far.
• We have also found no link between changes in periodicity and ash explosions (which
are smaller than eruptions) over the months analyzed.

Conclusion

• Actively outgassing volcanoes can have periodic emmissions sometimes.
• It is important to understand how and when periodic outgassing occurs, for monitoring and model purposes.
• Future investigations include looking at other eruptions, implementing automated
time window selection, and exploring 2017 data once it is made available
• If this becomes a viable volcano monitoring method, then it is much cheaper than
other equipment and would be very valuable for research and monitoring teams.
• In that case, future research would include making a user friendly interface for people around the world to use.
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Figure 2: Overview of the methods in picture format
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Figure 6: Cross sectional model of an active degassing volcano, where D represents
the thickness of the gas pocket beneath the cap

• Part of our goal is to better understand how volcanoes degas
• Periodic degassing could be explained
if a gas pocket becomes trapped beneath a semi-permiable cap.
• Pressure builds as more gas exsolved,
and then escape through the cap.
• This process can be described by the
equations for a linear oscillator with
dampening.
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