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ABSTRACT

The monitoring of volcanoes with sateilites in conjunction with existing ground-based
measurements has allowed researchers to gain invaluable information about different volcanic
characteristics. A volcanic eruption releases enormous amounts of heat, which can be observed
via satellite. Prior to an eruption, volcanoes tend to build up heat and pressure from accumulated
magma. This study tries to assess the feasibility of using weather satellites, which provide
updated images every 15 minutes, to predict future volcanic eruptions based on precursory hot
spot signatures. Popocatepetl volcano in Mexico was selected as the main focus of my study. I
analyzed Geostationary Operational Environmental Satellite (GOES) heat radiance data from
August 1998 through May of 1999. The Giobal Volcanism Network (GVN) newsletter and the
Mexico CENAPRED web site provided data regarding the 103 exhalations for Popocatepetl.
The record of GOES heat radiance was plotted against time in hopes of identifying precursory
hot spots. Compared with GVN and CENAPRED records, 71 exhalations showed a precursor
signature up to twelve hours prior to the event, while 32 events had no precursor signature
indication. Of the 71 exhalations, only 15 showed precursory signatures one hour prior to the
event. The data suggests that it is difficult to accurately forecast future exhalations at
Popocatepetl based on precursor peaks in the GOES heat radiance data. In addition to satellite
data analyses, extensive ground-truthing measurements carried out on Kilauea confirmed Hon’s
surface lava cooling rate equation: D = -140 log (t) + 303, where T is temperature in °C and t is
time in hours (Hon et al, 1994).

INTRODUCTION

Satellite remote sensing has revolutionized the way we see our world. From military
intelligence to agricultural practices, the use of satellites has become commonplace in today’s
dynamic world. The field of volcanology has benefited tremendously from the remote sensing
capabilities of sateilites. Remote sensing and ground based measurements work in conjunction
to provide researchers with invaluable insights and information regarding volcanic characteristics
and processes.

The first semester of the project was spent trying to see whether it was possible to use
weather satellites to predict future volcanic eruptions based on precursory hot spot signatures.
During the first month and a half, I monitored volcanoes at Pacaya in Guatemala, Popocatepetl in
Mexico, Lascar in Chile, Colima in Mexico, and Kilauea on the Big Island of Hawaii with
GOES. Toward the latter portion of the semester, I selected Popocatepetl as the main focus of
my study due to its easily visible hot spot image and abundance of exhalations. For every

Popocatepet] alarm message, I would record the day, time, total radiance, and hot spot size. 1
- collected GOES heat radiance data from January through May of 1999, and extended the data set
back to August of 1998, in order to provide a more thorough depiction of Popocatepet!’s activity.
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The next step in the project was finding out the exact timing of the exhalation events.
The Global Volcanism Network newsletter and the Mexico’s National Center for Prevention of
Disasters web site (www.cenapred.unam.mx/cgibin/popo/reportes/consultai.cgi) provided
invaluable information regarding the exhalation times as well as a short exhalation description
for Popocatepetl. These exhalation times and GOES heat radiance data were plotted against time
in hopes of finding a precursor hot spot signatures.

The second semester of the project was spent becoming familiar with Landsat satellite
imagery and trying to better understand the cooling rate of lava flows based on ground-truthing
measurements. [ spent the early part of the semester monitoring Kilauea with the GOES
satellite. Kilauea showed periods of relatively high activity, but high-resolution mapping was
not possible because Landsat images of Kilauea were unavailable. Instead, I turned my attention
to Landsat images of Pacaya volcano in Guatemala. These snapshot images, combined with the
GOES data, provided an accurate depiction of Pacaya’s activity throughout this six-year period. I
created a map of each image depicting different episodes of volcanic activity (Figure 2). The
basic overlying structure of the volcano remained the same, but there were obvious differences in
the amount of molten material. This exercise of using ENVI and Adobe Illustrator to construct
these Pacaya images was a useful exercise in data and image processing.

During late October 1999, my mentor, Dr. Andy Harris and I flew over to the Big Island
to conduct ground-truth measurements. Using the Raytec (an infrared thermometer), we took
fine temperature measurements of sluggish pahoehoe lobes. The lava cooling rates exhibit a
logarithmic relationship, where the temperatures were sometimes observed to drop more than
100 degrees during the first ten seconds. Ultimately, these lava-cooling rates will be helpful in
determining the time that the lava was emplaced. By looking at a Landsat image of Kilauea, we
should be able to construct a map similar to the Pacaya map, but on a much finer scale. These

quantitative measurements taken during ground-truthing tests will enable us to discern the age of
the lava flows within a matter of minutes.

METHODS

The GOES satellites are able to provide updated images once every 15 minutes for twelve
selected areas around the world. The Naval Research Laboratory provides these images via the
internet at the web site http://volcanol.pgd.hawaii.edu/goes. Accounting for data transferring
and processing, the most current images are only 10-30 minutes old when displayed on the web.
Most of the images are 500 x 500 pixels in size, with each pixel representing a 1 x 1-km area. In
addition to images, the web site also contains plots depicting heat radiance per square km vs.
time and cloud cover vs. time. During the first portion of the semester, I became familiar with
analyzing the heat radiance data while also taking into account possible false hot spots, that were
triggered by cosmic hits or cloud edges. Also, daytime solar reflection off of land, water or
clouds may generate scattered false hotspots. It was essential to consult the cloud cover data
prior to making any assumptions of heat signatures, or for that matter, exhalations. Clouds can
play a role in intensifying (cloud edges) or dampening heat radiance measurements, although the
latter is much more common. For every alarm message triggered (I received each alarm message
via e-mail), I recorded the day, time, total radiance, and the size of the hot spot in pixels. An
alarm message is sent when the heat radiance of a targeted pixel(s) exceeds a certain pre-
determined threshold. The pixel hot spot size was determined by importing the image into
Adobe Hlustrator and zooming in on the anomalous pixels. ’
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