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Unit 1: Monitoring Kilauea activity Monday Morning Meeting – InSAR Background Reading[image: ]
Volcanic Hazards Unit 2: Monitoring Kilauea Monday Morning Meeting – InSAR Pre-Reading 
Rachel Teasdale (California State University, Chico) and Kaatje van der Hoeven Kraft (Whatcom Community College).
Read the following information to help you with answering questions about how we monitor volcanoes using InSAR data.
How InSAR Works
Figure 1: InSAR explanation, modified from UNAVCO 2016a.

InSAR is an acronym for Interferometric Synthetic Aperture Radar (Figure 1). Just like submarines emit sonar energy (sound energy) to measure how far away the sea floor or other objects are, SAR (synthetic aperture radar) satellites emit radar energy, which are ideal because radar waves penetrate clouds and can work day or night
The InSAR method compares two satellite passes over the same location to measure the change in distance between the satellite and the surface from one pass to the second (often a month or more apart; Figure 2).  Images are created from each pass and any movement of the ground surface that occurs during the time between the two images being collected is the “deformation” of the ground surface.  The first image is, essentially subtracted from the second image to create an interferogram image, which shows the change in surface topography. Using two sets of satellite signals is the “interferometric” part of  InSAR. 
Figure  SEQ Figure \* ARABIC 2: Energy emitted and reflected to the SAR satellite. Blue "energy" shows the increased distance from the satellite to the ground in a second pass, indicating the surface has decreased in elevation (possibly from a fault or a deflation event). Modified from UNAVCO 2016a.

How to interpret an interferogram
An interferogram image uses color fringes to represent changes in the ground surface. On the visible light spectrum, each color is a band and one cycle through all bands is a color fringe (figure 3). 

Figure 3: A "fringe" of color, where each color is a band (e.g. purple band, blue band, etc.). Modified from UNAVCO 2016a.


When volcanoes deform, the interferrogram often results in a pattern of concentric circles showing that deformation. So to read an interferogram, start at the outside of that pattern and look at the change in colors towards the center of the deformation. The change represented by each fringe depends on the scale of the energy waves and is provided in the interferogram legend (figure 4).
When the fringe colors change from left to right on the scale bar (purple to blue-green-yellow –red), the surface is moving away from the satellite = deflation. When the fringe colors change from right to left on the scale bar (red to yellow-green-blue to purple) the surface of the volcano is moving towards the satellite = inflation. Figure 4: Interferogram of Hawaii showing deformation from Nov 15, 2004 to July 25, 2015. Thick grey lines approximate the locations of the Northeast and Southwest Rift zones of Mauna Loa and the Southwest and East Rift zones of Kilauea. Modified from UNAVCO 2016a.


Watch this instructional video to see how InSAR data was collected for the Three Sisters Volcanoes in Oregon (IRIS).









Example InSAR Data:
Reading the deformation from the changes in color fringes can be done by a computer or manually. To determine the amount of deformation indicated by the interferogram: 
1) Find a place where the color fringes change consistently and become tighter (more narrow bands) then 
2) Decide if the color bands move from purple, through the color spectrum (e.g. to blue to green to yellow to red) or from red, through the color spectrum to purple) then
3) Count the number of fringes
4) Multiple the number of fringes in the set by the distance 1 fringe represents (in figure 4, the legend shows that 1 fringe = 3 cm). 

Use the interferogram in figure 5 (showing deformation of volcanoes on Isla Isabela in the 
Galápagos Islands) to practice determining the direction and amount of deformation. 

To interpret the deformation of Wolf Volcano using the interferogram of figure 5, you will need to determine: 
1) What is the scale of the fringe of this interferogram?
2) What direction did the surface of the volcano move (up or down) and how do you know?
3) Count the number of fringes and determine the amount of deformation that occurred during this time period. 
4) Check your work- does your answer match the answer provided? 







Figure 5: Labeled interferogram for volcanoes on Isla Isabela, Galápagos Islands.



Monitoring with InSAR 
Because InSAR detects deformation over broad areas, it is an excellent tool for mapping both large- and small-scale changes. Changes in topography can be due to multiple processes such as volcanic deformation, earthquakes, landslides, fluid extraction from oil, gas and groundwater pumping, motion of glaciers, ice loss and many other processes.

The interferogram in figure 4 shows the displacement of the ground surface that occurred between November 14, 2004 and July 25, 2015. Notice the two most active volcanoes, Mauna Loa and Kilauea are labelled and the scale of the fringe is shown in cm, where one full fringe shown on this interferogram represents 3 cm (other interferograms use 2.83 cm scales). 

In some places on figure 4, more than 1 fringe is present. Each complete fringe indicates that another 3 cm of displacement has occurred. 
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InSAR at Kīlauea
The Group on Earth Observations' "Supersite" initiative identified Hawai‘i as a critical site for regular monitoring, so large amounts of satellite InSAR data are available for Kīlauea and Mauna Loa volcanoes. In 2015, an interferogram revealed that deformation on Mauna Loa was inflation focused on the southwest rift zone rather than at the summit (figure 4). InSAR from 2014 also captured deflation of the summit of Kīlauea and inflation on the East Rift Zone, which indicated that magma drained from the summit area to lower on the volcano (figure 4). 
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How to read an interferogram
Wolf Volcano, Galdpagos Islands, Ecuador,
May 6, 2015 to June 23, 2015

1 Pick yourfirst fringe.
Choose a fringe where bands of color
start looking consistent near the area

2 Did the surface move up or down?
Movingin the direction of increasingly tighter
bands of color,look f the pattem goes
through the fuil color spectrum from purple to
red (surface moved down) orred to purple
(surface moved up).

Here the patten goes from purpie (0 red, mear

ol

3 Byhow much?
Count the number of fringes. Multiply
this number by the color scale at the
bottom of the interferogram.

Color Sequence
Defation: Ground is moving away from satelite >>>>>
<<<<< Infltion: Ground is moving toward satelte

4 Interpret

The interferogram shows the ground
around WolfVolcano moved down (away
from satellte) about 22 cm. The volcano
erupted on May 25, suggesting this is
deflation associated with the eruption.
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An interferogram shows the difference in the distance a
signal traveled from two different satellite passes.

Why do we need two satellite passes?

Since an interferogram shows a change in the ground’s
shape, we need a picture of the ground taken by the satellite
before the surface deforms
and another picture
taken of the same
location afterthe
ground deforms.
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