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A.1 Proposal Title

Ecuadorian Volcanoes SuperSite

A.2 Supersite Point-of-Contact (PoC)
Patricia A. Mothes
Head of Volcanology
Instituto Geofísico
Escuela Politécnica Nacional
Casilla 1701-2759
Quito Ecuador
(593-2) 222-5655; 2372-251
Fax: (5932) 2567-847
Web: www.igepn.edu.ec
Email: pmothes@igepn.edu.ec
To sign legal license agreements contact:
Dr. Mario Ruiz
Director
Instituto Geofísico
Escuela Politécnica Nacional
Casilla 1701-2759
Quito Ecuador
(593-2) 222-5655; 2372-251
Fax: (5932) 2567-847
Web: www.igepn.edu.ec
Email: mruiz@igepn.edu.ec

A.3 Core Supersite Team and organization
Patricia Mothes, deformation specialist and head of Volcanology at the
Instituto Geofísico, Escuela Politécnica Nacional (IGEPN), Quito Ecuador. P.
Mothes has over 20 years experience in studying and monitoring active
volcanoes with ground-based deformation equipment and deformation data
analysis on active and erupting volcanoes in Ecuador. Given permanent on-
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site observations, she can provide ground-truth of ramping up conditions and
on-site eruptive activity.
Gorki Ruiz, geologist working at the IGEPN in deformation monitoring of
active volcanoes of Ecuador. Ruiz has over 10 years experience in working
with ground-based deformation data sets of erupting volcanoes in Ecuador.
Juliet Biggs, Professor, University of Bristol, England, has worked with Mothes
on interpreting INSAR images of Tungurahua volcano from the ALOS satellite
and also making INSAR surveys of the volcanic arc in Ecuador and Colombia.
Two post-docs of Dr. Biggs, Cyril Muller and Susanne Ebmeier are presently
working with the IGEPN team on TerraSAR-X data sets of Tungurahua and
Reventador volcanoes.
A.4 Other Supersite Research Teams
The IGEPN currently has recent collaborations with the VUELCO and STREVA
projects, both European-based. In the work packages of each project there
are opportunities to interact with deformation specialists. Professor Geoff
Wadge of the University of Reading and the STREVA Project, will be working
with Mothes on further exploiting the deformation data base collected
during eruptive activity of Guagua Pichincha.
Jo Gottsman and graduate student, James Hickey, of University of Bristol
(VUELCO Project) are working with Mothes with finite element modeling of
deformation patterns at Cotopaxi volcano, particularly of the unrest period
from 2001-2002.
USGS´s Mauricio Battaglia will be working with the IGEPN team in November,
2013 to get his modeling programs running at the IGEPN.
Dr. Falk Amelung, University of Miami, has shown interest that one of his
post-docs work with the IGEPN personal on InSAR analysis of one of our
volcanoes, should the Ecuadorian supersite proposal be awarded InSAR
imagery.
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A.5 Supersite Description and Justification
The GeoHazards Supersite concept, organized by the Group of Earth
Observation (GEO), is intended to reduce loss of life from geologic
phenomena. The IGEPN, in existence for 30 years, has a mandate to monitor
volcanic and seismic activity and to provide early warnings to authorities and
the population at large in case of increased volcanic activity. The country of
Ecuador has 14 million inhabitants living in an area of 250,000 km2.
In continental Ecuador there are 4 rows of volcanoes, whose composition
ranges from basaltic-andesite to rhyolites. Forty of the volcanoes are
considered potentially active. In the last 14 years, Guagua Pichincha, just W
of Quito, Ecuador´s capital, Tungurahua, Sangay and Reventador have all
erupted. The later three are still active. Cotopaxi volcano´s last important
eruption was in 1877; however in the last 15 years it has shown strong
seismic unrest.
At Tungurahua volcano the IGEPN´s monitoring efforts have benefited the
local population by providing timely warnings before eruption onset. The
instrumentation of Tungurahua with a suite of continuous electronic surface
and borehole tiltmeters, GPS, continuous BB seismic stations and DOAS
stations for recording SO2 flux, has allowed a complex pattern of data
streams to be wed together and used for prognosticating future activity of
the volcano (Fig. 3).
Near the cone´s base about 30,000 inhabitants are at risk from future largevolume pyroclastic flows (Fig. 1). More than a million inhabitants over the
region have been affected by dustings of ash fallout (Fig. 2). The volcano
started erupting in October, 1999 and still continues with bouts of activity
every 2-3 months . The IGEPN has operated an on-site Volcano Observatory
(OVT) for the past 14 years which is continually staffed by a senior scientist
and assistant.
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Fig. 1: Photo of Tungurahua Volcano with Baños city at the base. The main hazard at
Tungurahua are pyroclastic flows that threaten Baños and hamlets along the West Flank
Photo- J. J. Anhalzer.

Fig. 2: Photo of front page of Ecuador´s main newspaper of 15 July, 2013. Seen in
background is huge eruptive column from the 06H46LT eruption of Tungurahua on 14 July,
2013. The column skirted to the east of Quito.
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At Tungurahua, tiltmeter and GPS data generally show convincing inflationary
patterns prior to eruptive activity. Nonetheless, due to difficulty and danger
of access to the summit area and the East side of the cone, instrumentation
is restricted to only 60% of the volcano (Figure 3). There is little doubt that
frequent INSAR imagery would contribute to identifying zones of inflation or
deflation corroborating what we already see with the ground-based
instrumentation, but more than likely filling in the blanks where we have no
geodetic control. Dikes appear to play an important role in magma transfer
and observed deformation patterns and SAR imagery would be the ideal
means of detecting the broad areas being affected.

Fig. 3: Map of monitoring instrumentation operated by the IGEPN on Tungurahua volcano.
August, 2013.

Cotopaxi volcano (Fig. 4) is a large symmetrical stratocone whose andesitic
eruptions occur about every 100 years. It also has rhyolitic eruptions about
every 2000 years. The last major andesitic eruption with incandescent flows
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was in 1877, when lahar devastated wide swaths of countryside and cities
and flowed 325 km to the sea.
This volcano had an awakening in 2001-2002 when hundreds of very long
period seismic events as well as volcano-tectonic seismic events were
recorded by the IGEPN´s seismic network. Substantial deformation was only
recorded by electronic distance meter (EDM) measurements, and the
shortening was about 10 cm on the NE flank, where it is believed a magma
body was emplaced 2-3 km below the summit. Except for occasional bouts of
unrest and unexplained jumps in SO2 flux, the volcano remains without
obvious superficial manifestations. Given that the glacial ice cap volume is
still about .5 km3 lahar formation will continue to be a threat during future
reactivations. There are over 150,000 people presently living in the direct
path of Cotopaxi lahars.

Fig. 4: Photo of the NW flank of Cotopaxi Volcano and the lahar-strewn plain. Volcano is
5900 m high and has 0.5 km3 of ice.
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The IGEPN monitors Cotopaxi with a broad array of instrumentation (Fig. 5a
& 5b), most whose signals are telemetered to the IG’s office in Quito. Given
the 15 km diameter of the volcano and its bi-modal eruptive character to
switch from andesites to rhyolites, frequent INSAR imagery of this volcano
and its immediate surroundings would help to detect precursory deformation
trends that might not be registered by the actual geodetic network which
actually shows a deflating pattern (Fig. 6).

Fig. 5a: Map of the distribution of monitoring instruments operated by the IGEPN around
Cotopaxi volcano. August, 2013.
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Fig 5b: P. Mothes installing new CGPS site on Cotopaxi´s NE flank. June 2012.
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Fig. 6: Vectors of velocity of CGPS stations around Cotopaxi, 2009-2013. The principal
tendency is deflationary on the vertical component.

The IGEPN maintains a limited suite of instrumentation at Reventador
volcano. (Fig. 7). Located 100 km East of Quito, this volcano sits astride a
sedimentary basement and while mostly surrounded by rugged jungle-
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cloaked terrain, two of Ecuador´s most important oil pipelines skirt its base
and a huge hydroelectric facility is under construction in the main river valley
10 km to the south. Some 25 lava flows have been emitted since its main
eruption in November, 2002 (Fig. 8).

Fig. 7: Map of monitoring instrumentation at Reventador volcano. The cone is
within a 3 km diameter horseshoe-shaped caldera.

About every 6 months our seismic monitoring network detects tremor,
explosions and long-period seismic events, associated with the appearance of
new lava flows (Fig. 8). Access is primarily by helicopter which is limited by
overall high rainfall and persistent low clouds. Only one electronic tiltmeter
exists on the volcano, but 5 seismic stations and one continuous video
camera and visual observations from a construction camp to the south
provide adequate ground-truth.
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Fig. 8: Thermal camera image of one of the lava flows emitted in 2011 down the SE flank
of Reventador Volcano. Foto- P. Ramon, IGEPN.

A.6 Current or Future use of Requested Data
The most critical data needed for the Ecuadorian volcano Supersite is new
and frequent satellite-based SAR imagery. A previous study has
demonstrated the value of L-band InSAR for understanding Tungurahua
volcano. All volcanoes have large areas of bare rock and volcanoclastics in the
upper portions which ensures interferometric coherence at X-Band, as
confirmed by preliminary results with TerraSAR-X.
A.7 Schedule
This is the first attempt to establish an Ecuador Volcanoes Supersite. Our
webpage: www.igepn.edu.ec, displays a variety of incoming seismic and
geodetic data streams and daily and weekly reports for active volcanoes. In a
project with the Ecuadorian government funding we are in the process of
creating 9 virtual volcano observatories, which will be implemented in
2014/2015. Three of these observatories will be for the mentioned
volcanoes. All observatories will be on the IG´s web site and have a display of
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all relevant data results, reports of themal imagery and overflights etc and
diagnosis of data sets.
A.8 Detailed Geographic Region of Interest
The area of interest is on the Equator (O degrees) and to 1.5 degrees S and
near the 78th parallel (W) in South America (Fig. 9). A box delimiting the
three proposed volcanoes is shown.

Reventador

Cotopaxi

Tungurahua

Fig. 9: Map of the distribution of volcanoes in Ecuador. Circled are the three volcanoes considered
for this proposal.
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A.9 Data requirements
We request coverage of the three volcanoes described above. In the case
that not enough satellite resources are available for this coverage, the top
priorities are Tungurahua and Cotopaxi (in that order).

TerraSAR-X:
1. We request 11-day repeat coverage of Tungurahua from an ascending
orbit, complementing the current, sporadic acquisitions to obtain one
continuous high-quality time-series for the volcano. In the case of an
increase of the volcanic unrest (indicated by an increase in explosions,
increases in the seismicity and/or detected ground inflation) we will
also request acquisitions from descending orbits.
2. We request 24-day repeat coverage for Cotopaxi.
Cosmo-Skymed:
1. We request ~8 day repeat coverage for Reventador volcano.
2. In the case of unrest at any Ecuadorian volcano we request acquisitions
with the highest possible temporal sampling (1-4 day repeat period).
Note: It is desirable to develop a direct link between the POC and the
Cosmo-Skymed tasking desk to increase the acquisition frequency
when needed (and decrease it when unrest is over).
Sentinel-1, ALOS-2:
We request coverage of the coastal areas and of the Andes mountains to
image occasional earthquakes (subduction events as well as earthquakes in
the overriding plate).

A.10 Available resources
The IGEPN has several personal receiving training in InSAR theory and data
processing. Our relationship with specialists at the Universities of Miami, and
Bristol and Reading in the UK and the United States Geological Survey will
provide the outside expertise to extract the most information from InSAR
imagery. We also hope that post docs related to the STREVA, VUELCO and
the University of Miami doctoral programs will join us in exploiting the InSAR
imagery. This interchange could be done via a program at the EPN, called
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PROMETEO, which provides modest funding for postdocs to work at the
IGEPN alongside local researchers on jointly-developed projects.
The IGEPN is funded by different sources: a permanent fund from the
governmental budget, a program supported by the National Secretariat for
Planning and Development (SENPLADES), the National Planning Office
(SENPLADES) and Escuela Politecnica Nacional budget, and from other
grants. It has been operating for 30 years under several directors. It has a
long institutional memory and is committed to research, academic
instruction, monitoring and extension within threatened areas. It also has
substantial international collaborations, some with USGS and university
scientists, Japanese scientists, French-IRD/CRS- funded scientists, among
others
A. 11 Additional comments

Access to in-situ data
IGEPN understands the three main objectives of the Geohazards Supersites
and Natural Laboratories initiative which are: (1) improved geohazard
monitoring by the targeted acquisition of space-based observations, (2)
developing new scientific knowledge by the integration of space-based and
in-situ observations, and (3) contributing to the international geohazard
scientific community through open-access to in-situ and space-based
observations.
IGEPN is committed to open access of in-situ data as long as it does not
interfere with the monitoring mandate. The data from IGEPN’s broadband
seismic network are freely available for events larger than 3.5 magnitud from
the IG´s webpage. P. Mothes is working with Fran Boler at UNAVCO to place
in their archives several years of GPS data from the stations at both
Tungurahua and Cotopaxi volcanoes (efforts expected to be completed later
in 2013). Information on all other data sets (gas, tilt, short-period seismic) is
available from the IGEPN website (in form of weekly or monthly “Informes”).
Scientists interested in these observations are referred to contact P. Mothes
for questions.
P. Mothes/Mario Ruiz, 02 October, 2013

