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Kaatje van der Hoeven Kraft (Whatcom Community College) and Rachel Teasdale (California State University, Chico). Modified from work by Michael Poland (USGS)
Read the following information to help you with answering questions about how we monitor volcanoes using seismic activity.
How Seismometers Work
Seismology is perhaps the best-known volcano monitoring technique, due to its ubiquitous use at volcanoes around the world, since almost all eruptions are preceded and accompanied by earthquake activity. Seismometers detect earthquakes by utilizing a mass suspended by a horizontal or vertical spring system, or (in modern instruments) by electrical forces. The apparatus is fixed to a stationary base, such as slab of solid bedrock, and the relative motion of the mass during an earthquake is used to measure the onset and amplitude of shaking, which can be used to determine the location, magnitude, and frequency content of an earthquake and, by inference, the mechanisms causing the earthquake (Figure 1). An overly-simplistic animation of how a generic seismometer works is at: https://www.iris.edu/hq/inclass/animation/seismograph_vertical_slow_motion (Please note that this animation is about tectonic-related earthquakes, do not worry about the text describing P & S waves or the orientation of the seismometer. The basic mechanics remain the same for volcanically generated earthquakes)
Figure 1. HVO scientists installing solar panels for a seismic station on Kilauea summit. Image Credit: USGS
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When magma moves through the surrounding bedrock, it starts to crack the rock, generating many (generally) small earthquakes that can be measured by seismometers.  Leading up to an eruption, magmatic activity can generate thousands of earthquakes (Figure 2). Real-time Seismic Amplitude Measurement (RSAM; Murray and Endo, 1992) is a measure of seismic amplitude over a given time period. Amplitude represents the size of an earthquake. When large earthquakes or seismic swarms occur, RSAM values will rise. It is important not to interpret RSAM solely in terms of a single process because RSAM does not differentiate between different types of volcanic or earthquake activity and can even record other sources of ground vibration, such as wind, footsteps, high surf along the coast, and even helicopter noise. Figure 2. As the magma body grows and moves, the ground cracks, generating earthquakes (as indicated by the stars). These earthquakes are detected by seismographs. Image modified from GeoNET term, Magma

When volcanic activity starts to build, individual seismic events are difficult to distinguish, RSAM allows for a quantitative measure of the seismic activity (Figure 3). The main purpose of RSAM is to summarize seismic activity, and the technique is most useful in a relative sense. The RSAM determines the average amplitude of shaking over 10-minute intervals and is measured only relative to other stations. Specific examinations of seismograms and other data (for example, deformation, visual observations, gas emissions) are necessary to determine the causes of RSAM changes.Figure 3. Seismograph output over a 24-hour period of time and the RSAM plot to accompany it. Note how much easier it is to detect increases relative to the overall noise from the seismograph. Arrows indicate where the time starts and stops for the RSAM plot. Image modified from USGS


Seismic Stations around Kilauea
Seismicity is monitored by a network of seismographs operated through the Hawaiian Integrated Seismic Network (HISN). Figure 4 shows the seismometers around Kilauea. Having multiple stations allows one to determine not just the frequency and magnitude of earthquakes but provides an opportunity to precisely locate the earthquake. 
 
Example DataFigure 4. Map of the seismic stations (triangles) around Kilauea and Pu’u’o”O.  Map compiled from: 
https://volcanoes.usgs.gov/observatories/hvo/hvo_earthquakes.html


In 1991, Mt. Pinatubo erupted violently in the Philippines.  Due to the monitoring network of instrumentation, they were able to safely evacuate more than 58,000 people. One of the networks they used to monitor the ground deformation as a result of the moving magma was with RSAM. Figure 5 illustrates one of the RSAM plots from that time period.
[image: ]Figure 5. RSAM plots from stations around Mt. Pinatubo in 1991. Modified from Cornelius & Voigt, 1996
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