Monitoring Volcanoes Unit 2: Monitoring Kilauea Monday Morning Meeting: GPS Pre-Reading
Original text by Michael Poland (USGS), modified by Kaatje van der Hoeven Kraft (Whatcom Community College) and Rachel Teasdale (California State University, Chico)
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Read the following to help you answer questions about how to monitor volcanoes with GPS.
Global Positioning Systems (GPS)
The use of the Global Positioning System (GPS) in Earth sciences has only been prominent since the 1980s, but since then has become nearly ubiquitous in volcano deformation measurements around the world. Relatively inexpensive GPS receivers, like those in your phone, can determine their position on the Earth's surface to within a few meters. With more sophisticated receivers and methods, receiver positions can determine positions to within a few mm horizontally and ~10 mm vertically. GPS includes satellite and ground segments. Multiple satellites are constantly orbiting around Earth (~20,000 km above the surface). The ground segment includes a receiver with an antenna to read the satellite signals and a computer to calculate the position through multiple measurements (Figure 1). 
Monitoring with GPSFigure 1. GPS uses satellites to measure a fixed location on Earth. Image Credit: UNAVCO, Kristine Larson.

GPS measurements can be used to measure volcanic activity because the location of the receiver due to the amount of magma accumulating beneath the surface. For example, Mauna Loa volcano has experienced multiple episodes of inflation since its 1984 eruption, and it has been well documented since the mid-1990's. These data have helped HVO scientists to better understand magma movement and storage beneath the volcano (Figure 2). Additionally, today's GPS networks record data in real time and detect rapid change associated with magma moving towards the surface in the hours to days before an eruption.
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GPS can detect the overall motion of the plate as well as smaller levels of detail pertaining to the volcano (see Figure 3). The data received by GPS stations are susceptible to a number of environmental effects unrelated to volcano deformation. For example, snow buildup on a GPS antenna can cause delays in the signal, rain can change the ground surface, small movements can be detected due to diurnal (day and night) or seasonal temperature variations, and most importantly, storms and other atmospheric phenomena can introduce deformation artifacts.   

GPS Network at Kilauea
There are over 60 GPS stations on the Island of Hawai‘i (Figure 4), most of which are operated by the Hawaiian Volcano Observatory (HVO) for the purpose of earthquake and volcano monitoring. All stations have a GPS antenna mounted into solid rock (Figure 5). The antenna is connected to a receiver which is typically run using a combination of solar and battery power. Data are collected at least every 30 seconds and, at some stations, every second, and periodically radioed to the HVO where processing is completed and positions calculated. In addition, because there are multiple GPS stations, the relative movement between GPS stations affords the opportunity to examine possible inflation and deflation activity through line lengths where lengths would increase with inflation.
[image: ]Figure 3. Map of the Kilauea Region illustrating the SE movement that has been measured from different continuous GPS stations across the region. The longer the arrow, the farther the movement within the same time frame. Image Credit: USGS

Figure 4. Map of Kilauea area showing GPS stations (indicated as stars in the map above) across the region. Map compiled from: 
https://volcanoes.usgs.gov/observatories/hvo/hvo_earthquakes.html 


[image: ]Figure 6. GPS graphs of GPS receiver PUOC (Figure 5) from 2009 to 2011. Note the disruption and significant shifts in 2011.  Image Credit: USGS



















Example Data: 
Time Series graphs illustrate the individual points measured from GPS as a function of both vertical and horizontal directions. From that, one can determine the rate and direction of movement.  For example, in March of 2011, a cinder cone on Kilauea’s flank, Pu’u’O’o collapsed as magma withdrew the feed a fissure a few kilometers away.  The crater collapsed again in August as Pu’u’O’o, which had refilled with lava started to leak and drain. In September, a new eruptive event formed on the east side of Pu’u’O’o. The March and August events featured deflationary deformation with the GPS station moving towards the crater (Figure 6) and line lengths between stations decreased. The GPS the station moved away from the new site during the September inflation event (Figure 6) and line lengths between stations increased.Figure 5. GPS Receiver PUOC near Pu’u’O’o. Image Credit: UNAVCO
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Figure 2a. Note the GPS Stations ABCD and how they indicate that the magma is rising as the
ground inflates. Image Credit: USGS and Jessica Murray-Moraleda
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Figure 2b. Simplified versions of graphical output
from Station A for East, North and Up directions.
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Here we show three satellites

continuously sending coded signals;

think of the codes as being ones and
zeroes.

GPS receiver

The receiver is going to try to decrypt each of the GPS signals separately.
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