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Proposal for a Permanent Geohazard Supersite
A.1 Proposal Title

Coupled geohazards at Southern Andes: Copahue-Lanin arc volcanoes and
adjacent crustal faults (GeoHaZSA)

A.2 Supersite Coordinator

Email (Organization only) luis.lara@sernageomin.cl

Name: Luis E.

Surname: LARA

Position: Research scientist (Volcanology and Quaternary Tectonics)
Personal web page: CV (added)

Institution: SERNAGEOMIN, Universidad de Concepcion
Institution type Government, Education

(Government, Education,

other):

Institution web address: www.sernageomin.cl

Street address: Avenida Santa Maria 0104

City: Santiago

Postal Code/Zip Code: 7520405

Country: Chile

Province, Territory, State, or | RM

County:

Phone Number: +56985948235

A.3 Core Supersite Team

Email (Organization only) maria.cordova@sernageomin.cl

Name: Maria Loreto

Surname: CORDOVA
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Postal Code/Zip Code:
Country:
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Email (Organization only)
Name:

Surname:

Position:

Personal web page:
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Institution type
(Government, Education,
other):
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Country:

Province, Territory, State, or
County:
Phone Number:

Email (Organization only)
Name:
Surname:

Position:

GROUP ON
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Research scientist (geodesy)
CV (to be added)
SERNAGEOMIN

Government

www.sernageomin.cl
Rudecindo Ortega 03850

Temuco

Chile

Region de la Araucania

fid49@cornell.edu

Francisco

DELGADO

PhD. Researcher (InSAR)
CV (to be added)

Cornell University

Education

www.cornell.edu

112 Hollister Drive

Ithaca

USA
NY

andrestassara@udec.cl

Andrés
TASSARA

Researcher (Active tectonics)
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(Government, Education,
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Institution web address:
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Personal web page:
Institution:

Institution type
(Government, Education,
other):

Institution web address:

Street address:

City:

Postal Code/Zip Code:
Country:

Province, Territory, State, or
County:
Phone Number:

Email (Organization only)
Name:

Surname:

Position:

Personal web page:
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Universidad de Concepcion

Education

www.udec.cl
Victor lamas 1290

Concepcion

Chile
Region del Biobio

41-2204738

peuillades@cediac.uncu.edu.ar
Pablo

EUILLADES

Researcher (InSAR)

CV (to be added)

Universidad Nacional de Cuyo

Education
www.uncu.ar
Mendoza

Argentina

Mendoza

leuillades@cediac.uncu.edu.ar
Leonardo
EUILLADES
Researcher (InSAR)
CV (to be added)
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Education
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Mendoza

Argentina

Mendoza

feaguilera @ucn.cl

Felipe

Aguilera

Researcher (gas geochemistry)
CV (to be added)

Universidad Catdlica del Norte

Education

www.uchn.cl
Angamos

Antofagasta

Chile
Region de Antofagasta

paul.r.lundgren @jpl.nasa.gov
Paul

LUNDGREN
Researcher (InSAR)
CV (to be added)

Jet Propulsion Lab, California Institute of Technology
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Institution type
(Government, Education,
other):

Institution web address:

Street address:

City:

Postal Code/Zip Code:
Country:

Province, Territory, State, or
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Phone Number:
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Name:

Surname:
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Institution:

GROUP ON
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Education

www.jpl.nasa.gov
4800 Oak Grove Drive

Pasadena

USA
CA

+01 818 354 1795

cwicks @usQs.qov
Charles

WICKS

Researcher (InSAR)
CV (to be added)

USGS

Government/Research

WWW.usgs.gov
345 Middlefield Rd

Menlo Park
94025

USA

CA

+1 650 329 4874

lucia.lovison @sat-drones.com

Lucia

LOVISON

Geospatial Director (Remote Sensing)

CV (to be added)

Sat-Drones
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Institution type Research/Education
(Government, Education,

other):

Institution web address: www.sat-drones.com
Street address: 405 Linden Street
City: Wellesley

Postal Code/Zip Code: 02481

Country: USA

Province, Territory, State, or

County:

Phone Number: +1-617-852-8389

Core science team atefined above could be expanded to other scientists upon request and
after signing a simple MoU where open data sharing is acknowleddedenvision other
research teams working on specific casedies (e.g., José Cembrano and Gonzalo Yafiez from
Pontificia Universidad Catolica de Chile; José L. Palma from Universidad de Con&spgion.
Barrientos head of the National Seismological @erfrom Universidad de Chile is also willing
to collaborate with this effort in the next future.

Responsibilities of the core team members are described as follow in general terms:

Luis E. Lara, Project Coordinator, research scientist (volcano-tectonic interactions)

He coordinates effortsprepares proposals for fundingakes part of casstudies, supervise
students and coordinate outreach activities.

Maria L. Cérdova, research scientist (geodesy), representative of OVDAS (Sernageomin)
She takes part & casestudies, facilitates access to ground data and work on INSAR modelling
Francisco Delgado, research scientist (geodesy)

He takes part of casstudies working on INSAR modelling and providing training for local
scientists.

Andrés Tassara, research scientist,

He prepares proposals for funding, takes part of casalies, supervise students and
coordinate outreach activities.

Pablo Euillades, research scientist (geodesy)

He takes part of casstudies working on InSARodelling.
Leonardo Euillades, research scientist (geodesy)

He takes part of casstudies working on INSAR modelling.

Felipe Aguilera, research scientist (gas geochemistry)
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He takes part of casstudies

Paul Lundgren, research scientist (geodesy), senior advisor

He takes part of casstudies working on INSAR modelling and provides senior advice
Charles Wicks, research scientist (geophycisist), senior advisor

He takes part of casstudies working on INSAR modelliswgd provides senior advice
Lucia Lovison, research scientist, senior advisor

Shetakes part of casstudies working on INSAR modelliagd provides senior advic&he also
suggest integrated monitoring of satellites, drones and ground observations in the region.

A.4 Region of Interest

The ragion of interest extends from Copahue to Quetrupillan (Lanin) volcanoes over 220 km
along the ac; in a swath of 50 km in width from 32°S to 39.75S. Vertices are indicated i
the figure and correspond to:

A:37.76°S/7Q97°W
B: 3776°S71.36°S

C:39.75°S/72.15N
D:39.75°S/71.45N
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Fig. 1. Regional setting for the supersite proposed. The trapezoid (insert) on the left paned $teoarea
defined by the coordinates.

A.5 Supersite motivation

The Southern Andegn a broadsense the region between the southern edgiethe Pampean
Flat Slab at 3% andhe Triple Jaction of Nazca, Antarctica and South American plate46S)

are a young and active mountain belt where volcanism and tectonic processes (and those
related to the hydrometeorological conditions controlled by this geological setting) pose a
significant threat to the growing communities nearbiypn fact, only recent eruptions caused
evacuations of 25@500 people each as managed by ONEBAiilean Civil Protection agcy).

In particular, the segment here considered capends to a low altitude orogex2000 masl

on average) but characterizdxy a high uplift rateas a result of competing tectonic and climate
forces (e.g, Rosenatet al., 2006) This area is sb shagd by the northern segment of the
LiquifieOfqui Fault System (LOFS), a lingd rightlateral strike slip faultunning for ~1200

km (Cembrancet al., 1996 Lavenu and Cembrano, 199%embrano and Lara, 20{Big.1).

This proposal foceson aca 200km long segment of the Southern Andesrdillerawhere 9
active stratovolcanoes (Copahue, Callaqui, Tolhuaca, Lonquimay, Llaima, Sollipullicd/illar
Quetrupillan and Laninand 2 distributed volcanic field§Caburgua and Huelemollesye
located, justalong a tectonic corridor defined by the northern segmentrd LOF$Cembrano
and Lara, 2009)Volcanoes in this area take part of the central province of Suaithern
AndeanVolcanic Zone (341°S) and run along the horgail array of the LOFS to theorth
(Rosenatet al., 2006) Most of the stréovolcanoes ardocated atop of the LOFEScommonly
near the intersection with obliqgue (NW and Ktending) transverse fault®ctivity of the LOFS

8
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has been detected prior to some eruptions and coeval with sothers €.g., Lonquimay 1989
Barrientos and Acevedo, 1992There are several tectonic and volcanic models to be
investigated: astrong twoway coupling between tectonics and volcanism has been proposed
for the LOFSsegment (Cembrano and Lara, 200®ut only recently detected by either
geophysical techniques or numerical modgl{Jayet al., 2014; Wendget al., 2017. In addition,
recent network deployment alload to detect subtle(silent) reactivationor seismic shadow
(e.g, Francoeet al., 2019 oflocal faultfracture networks in specific volcardomains after large
earthquakes in the subduction zone, which suggest that besides the near field tectonic
triggering there isan important component ofremote tecbnic trigger through static and
dynamic sress transfer(e.g, Laraet al., 2004)

Hazards in the segment deriveostlyfrom the activity of some of the most active volcanoes in
South Americag.g, Villarrica, Llaima), others with loastingbut weak current activity €.9,
Copahue that caused evacuation in Chdad Argentina of about 3,500 people during every
major volcanic eventor some volcanoes with low frequency but high magnitude eruptions in
the geological recorde(g, Lonquimay). iBce the beginning of the 20th centun80 eruptions

have been recorded in this area (Latal., 2011).Volcanic hazards in this region are mostly
related to debris flows triggered by ice/snow melting (lahars) and tephra fallout @iasd,
2011). Ongoing modeling efforts allow a near reale forecast of ash dispersion and settling
and new modeling tools (with local high resolution DEMSs) allow a better constrain of lahar
inundation zones. In addition, remote sensing techniques coupled with ground based seismic
monitoring allowed a trackingf the effusive stage of the 2012012 Cordon Caulle eruption
(Bertinet al.,, 2015). These and other monitoring methods could be expanded to this area with
direct impact in the quality of hazards assessment, estimating of their vulnerability and
uncertainies that SERNAGEOMIN would provide to ONEMI and also to the scientific

community.
O,
Sierra Nevada
—— Py _ %
\L nqu:may
1
\ < J

Fig. 2. Example of volcantectonic association for Lonquimdiolhuaca volcanoes (Péretzal., 2017; Péreet al., 2016), view to the north.
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There isgrowing and interestingevidence ofboth magmatic and nomagmatic ground
deformation inthe volcanic areaf the proposed supersite, mainly from InSAR d@ay,
Fournieret al., 2010; Véleert al., 2011 Lundgreret al., 2015; Delgadet al.,2017)(Figs. 3 and
4), mostly in Copahuand more recently irLonquimay Llaimaand Villarrica(Cordovaet al.
2015) The firstone seems to be related witla shallowsourceand its interaction with the
hydrothermal systemthe latter, Llaima and_.onquimayprobablymore related to processes on
surface Fournieret al, 2010,Remyet al., 2015). Based oRADARSATZand COSMe&skyMed
iImages together wittUAVSARata, Copahue vole® has beenunder sustained inflation since
2012 at 10 cm/yr with a complex patin until 2015 (Lundgren, 2015)

Jies 7100 s 290 . 10 Jics 7100 .30 -0

Fig. 4. Regional survey of active deformation of volcanoes
Southern Andes (Fourniet al,, 2010). Copahue, Lonquima
and Llaimaappear with a signal, although with a differen
interpretation for related processes.
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On the other hand, a large and growing network of continuous GNSS stations deployed along
this segment is revealing interesting patterns of crustal deformation likely related to current
activity the LOFS and its possible interaction with volcanoes. Piglaker Tassara et al., 2016)
shows a map of kinematic monoclinal vorticitye( the ratio between simple shear and pure
shear deformatiorparallel to the LOFS, in this caséfained from velocity vectors of campaign

and continuous GNSS stations, aymad between 01/01/2008 to 31/12/2009 (couple of
months before the Mw 8.8 Maule earthquake). Regions of large vorticity are nicely aligned with
some segments of the LOFS demonstrating the localization of -siifkemotion there. A
preliminary spatietemporal analysis of vorticity from cGNSS stations suggests that the pattern
of Fig. 5 has been rapidly evolving likely in response to the postseismic relaxation after the
Maule earthquake. This process in turn could be driving disequilibrium of the volcatemsys

as can be deduced by the apparent correlation between events of large concentration of
vorticity and recent eruptive activity (Tassastial, 2016; Garcia et al., 2017his pattern is

also related with the spatiotemporal evolution of crustal seigpity recorded by seismic
networks notably well observed along the proposed segment.

Fig. 5. Map of kinematic monoclonal vorticity of the Southern Andes from veloc
vectors of GNSS stations averaged between 01/01/20082/2009 (Tassara et
al.,2016). Hot colors marc regions of high vorticity, i.e. large dominance of-sti
slip over pure shear deformation along a NNE axis (parallel to LOFS). Also ¢
are fault traces compiled from the literature. Black polygon shows the segn
here proposed a Super Site.
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Climate and tectonic forces shaped the steep relief of this region, which is a condition for
frequent mass wasting (mostlpw volume landslidesand debris flows) triggered byeavy
rains shallow earthquakesand/or volcanic activitylahars) There is plenty of evidence for the
first (worst in a scenario of climate change, which allow liquid precipitation at higher altitudes)
and some outstanding examples for the latter in other places that share features with the
proposed sited.g, Sepulveda and Serey, 2009; Sepulvetdal., 2010; Oppikofeet al., 2012)

In general, themodelling effortand other future research areas can be beneficial to the
development ofan early warning systerior the evaluation of the geodynamic risk at sesfic
time and location. For example, predictive models tleauld relate the vorticityor ongoing
Coulomb stress chang® volcanic unrest or slope instability would be beneficial, including
their uncertainties, to the local as well to the internationa@lommunities, but have yet to be
developed, which could be enhanced by BENL initiative.

Institutional framework and new generation of intagency partnership

In Chile there is civil protection system that is formed by scientific/technical agencies (both
government related orattached to universities) coordinated by ONEMI (Oficina Nacional de
Emergencias), which is the response agency related with the Ministry ofdnimid Public
Safety. Scientific/Technical agencies are Sernageomin (the Chilean Geological Survey that
includes a Mining branch), Centro Sismolégico Nacional (belonging to the Universidad de Chile),
SHOA (Hydrographic and Oceanigraphic Survey, which rts opaNational Army), DMC
(Meteorological Service, belonging to the National Air Force), CONAF (Forest Service, which is a
private corporation that belong to the Ministry of Agriculture). Sernageomin has the legal
mission of running the volcano monitorimgtwork and make geological studies of volcanoes
(including hazards assessment) with responsibility for issue volcanic alert levels. ONEMI has the
role of issue alerts in terms of the civil protection (i.e., risk assessment) and coordinate the
response. Afpresent there is a growing effort to integrate data from different ageneed
increase the capability of risk analysis in a multiplatform system, now under the umbrella of the
so-called SociNatural Risk Observatory initiative leaded by the Ministryntérior and Public
Safety.

Because of the nature of the GeoHaZSA initiative, with a core team composed by research
scientists from different institutions, we envision GeoHaZSA as a new collaborative
environment that would be more a research network thantask force based on a single
institution. Present capabilities allow basic research on <tigdies but no operational
response during unrest. Thus, we also envision an opportunity to set a collaborative network
supported by fresh funding from nationahd international funds. In Chjléhere is apublic
funding scheméor such a collaborative efforts managed by CONI@Xiw(conicyt.c) and

some initiatives could be set in order to get budget for research infrastractiypically high
performance computers, technical support, etc.), hiring graduated research scientists and
research mobility (e.g., travel expensgsgst practices, and lessons learned

12
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Main scientific challenges

The connection between regionatale tectonic processesand volcanic activity is poorly
understood beyond the recent castudies. Thus, early detection of tectonic unrest and its
possible effect on volcanic systems require more comprehensive mdaai can be testd
with nearreal time daa ofsurface deformation.

In Chile the early-warning systen for volcanic eruptions isostly based on seismic data. A
major challenge is to integrate seismicity with other proxies like deformafmth based on
cGPS and InSAREgassing in near reéime, use of satellites, drones and other robotics with
ground observations to monitor the region during each disaster cygda integrationand
multidisciplinary researcthrough GSNframeworkand the presentGeoH& SAnitiative, would
allow developing new products and services that would be very beneficial to local and
international communities and ageies

Once eruptions begin the ability to track the evolution providing reliable forecast about the
possible duration and eruptive magnitude (or eruptaalume) is limited. Near real time survey
of the effusion/emission rate from space borne data could provide key information to
understand firstorder behaviour of an eruptive cycle.

For longlasting eruptions, eruptions of very short duration or thosewadng in remote areas,
tracking of the thermal anomalies is a very useful tool that allow estimation of eruption rates
(Coppoleet al.,, 2016) and lavtake dynamics (Medinat al.,, submitted).Tracking ash clouds

well accomplished usingerialimages ad could be used in back analysis of forecast models
and uncertainties

Once eruptions begin the need for specific hazards assessment is limited for the avadébility
background datad.g, <5 m resolutiotopography). High resolutior(ca 1 m)DEMsand other
aerial imagesif available,could be rapidlyset to run numerical models for a number of
processes, which could lead to ngwoducts portfolio of information servicege.g, maps of
arrival times, etc.)beneficial to everybody from first responders to civil population and
scientists.

Thus, main scientific challenges are mostly relatbdt not limited to produce data of surface
deformation of volcanoes and surrounding areas with active faults in ordetetect early
signals of unrest providing a newol for volcano monitoringAssessment of ther hazards
related with fault acivity and mass wasting are spiffs of this approach. Although a strong
focus is put on radar sensors, optical and others ase phrt of the strategy.

Specific goals of the supersite will be:

e To establishregional source modsli(faults and vatanoes) mostly based onongoirg
research at Universidad de Concepcion/Fondecyt.

e To develop atrategy for deformation monitoring alorthe LOBbased on INSAR

e To develop a kind afarly warningsystem for volcanic unreftased on InSA&nd other
techniques.

13
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e To provide data and models for amegrated earlywarning system coupling seismicity
with deformation (InSAR) degassing from spaceborne sensors and ground
observations

e To improve capability to track effusion/emission rates based on ppdar and other
aerial imageproducts

e To develop new products anservicesbased on collaboration within GSNL, for first
responders, civihnd scientific communities.

Data required an@ppliedresearchopportunities envisioned

SARand other imagedata will be fundamental for systematic InSaRalysis and long to shert

term forecast of activity at faults and volcanic systems. In addition, some SAR products would
be useful for preparing DEMs, which are a critical input for numerical modeling of gravity flows
(lahars, pyroclastic density currenand lavas)High resolution opt@l sensorsould beuseful

to observe evolving situations during unrest periods in some specific volcanoes. We do not
mention here images or webased services already freely available that certainly will continue
to sene for this task. Details in next section.
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A.6 In situ data

This section should providedatailed description ofthe in situdata available to the Supersite
participants, at the time of proposal submiss@as well agollowing Supersite implementation
Please address here criteria 4f9section 5.1.1

Groundbased monitoring networks for both volcanism (the-called Red Nacional ed
Vigilancia Volcanica at Sernageomirhich is now composed by a single volcano observagory
OVDAS, the Southern Andes Volcano Observabutywill be form by two additional facilities
in the next futurg and tectonics (Centro Sismologico Nacional avéhsidad de Chile) allow a
good omplement with spacdorne data. Figure6 shows the present network run by
Sernageomin.
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Type of data Data source Data access ‘
Seismic wave form SERNAGEOMIN Open access with a registration form, only with
(OVDAS) network (35 restriction to ongoing orange-red alert levels; server to
stations) remote and automatized download scheduled; at

present ftp download upon request. Time-series for
registered scientists under specific agreements with the
restriction to deliver these data to third parties or use
for non-authorized forecast or response. Specific
protocol in section A. 10

Geodetic data from 18 SERNAGEOMIN

cGPS--GNSS (OVDAS) (16), IGM(1) ngtr:) c?)iciis:egt)i 0GnSEI_l (;‘cientists upon request. Specific
and CSN (1) network '
and GPS Campaigns

DOAS and Gas

measurements SERNAGEOMIN Open access to GSNL scientists upon request. Specific
(OVDAS) network (5 protocol in section A.10
continuous stations)
and Campaigns

Infrasounds

(2) Open access to GSNL scientists upon request. Specific

protocol in section A.10

In detail,the present network in the area of interest is distributedsk®wn in figure 6 and the
table below. In addition, temporal campaign stations have been deployed by Universidad de
Concepcion and Pontificia Universidad Catolica de Chile as part of research Fondecyt projects.
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Fig.6. Present distribution bGPSred dots) and other type of stations (seismic and DOAS, in orange squares) used for maoytol
Sernageomin

Year 1 Planning and launchinBesign of nationalinternational capabilityfor INSARand other
techniques based on remote sensingpplication for fresh funding devoted to networking
activities is envisionedrirst systematic survey on target areas (those with high vorticity or
evidence of surface deformation based on GNNS stations)

Year 2 Preliminary source modglplan for develoment of productsand services for early
warning systems and first response to emergency.
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Year 3 Advanced source model and prospectus of early warning syatefrfirst response to
emergency.

Year4: Operational source modelTests and trhputs for predictive models, early warning
system and first response to emergency.

A.8 Available Resources

Sernageomin and its Volcano Monitoring Network run a netwdrdk @ GNSS stations the

area of interest A3 staff team is in charge of the processes and analysis of this data at OVDAS
(Observatorio Volcanoldgico de los Andes del.Sbif)er senior scientists take also part of the
analysis. Annual budget for this taskca. US$100,000. Total funding for the Chilean Volcano
Monitoring Networkrun by SERNAGEOMIN (45 volcanoes with local networks at préseat)
US$585,615.

Universidad de Concepcion is runnirgndecytfunded research projects in this subject (a PhD
student working on a numerical modeBnnual budget for this task . US$100,000, part of it
is used to improve the network of continuous GNSS stations.

Some teams areunning Fondecytfunded research projectsni this subject (etive tectonics of
LOFS and oblique to the arc fault systgmsnual budget for this task & US$15,000.

A.9 EO data requirements

MISSION NAMKEe.g. COSMSkyMed, TerraSAR X, Radarsate.)

Scenario 1 (High Priority): during unrest peri@ds detected by any meamngoingvolcanic
eruptions(including weak sustained activitg) waning stages after peak eruptions

COSMO-SkyMED:

Information Notes

Image mode Stripmap/spotlight (tbd) COSMO SkyMER intended for near real
time monitoring with INSAR

Spotlight coverage might be requested fol
limited time and specific high resolution
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needs
Orbit pass mostly descending but some
ascending passes too
Look direction Right

Beam or incidence angle
(range)

To be planned

Polarization No preference
Type of Product SLC
Number of archive The entire archive over the AOI, We could prioritise some of the volcanoes

images requested

it is about 1000 images

if needed

Number of new images
requested, per year

ca 450 SAR images (every :
weeks during  quiescence
periods, plus maximum
temporal coverage  during

unrest or eruption)

For each 9 of 11 volcanic centres
(stratovolcanoes) but especially for those
with signals of unrest (under yellow or
higher alert level; areas where clustered
seismicity or surface deformation recorded
by cGPS; or areas under evident slope
instability)

TerraSAR X/ TanDEM X:

Image mode

Information

Stripmap

Notes ‘

TerraSAR X (TanDEM X) is mostly fc
DEM production at selected sites.

Orbit pass

Ascendingand descending

Look direction

Beam or incidence angle
(range)

Polarization
Type of Product SLC
Number of archive The entire archive over the AOI

images requested

(tbd)

Number of new images
requested, per year

ca. 150 images

To cover the volcanic  centres
(stratovolcanoes) but especially those with
signals of unrest (under yellow or higher
alert level; areas where clustered seismicity
or surface deformation recorded by cGPS;
or areas under evident slope instability)

Repeat table above for each sensor/system
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ALOS 2:

Image mode

GROUP ON
EARTH OBSERVATIONS
Information Notes

Stripmap, Wide Swath

ALOS? is intended for near real time

monitoring with INSAR; fundamental for
highly vegetated areas.

Orbit pass

Ascendingand descending

Look direction

Beam or incidence angle
(range)

Polarization
Type of Product slc
Number of archive The entire archive over the AOI

images requested

(tbd)

Number of new images
requested, per year

ca. 150 images

For each 9 of 11 wvolcanic centres
(stratovolcanoes) but especially for those
with signals of unrest. Using WS all could
be covered with one frame.

RADARSAT 2:

Image mode

Information

tbd

Notes

Radarsat 2 is wused for continuous
monitoring in the quiescent periods. It
will complement Sentinel 1 withimages
with different line of sights, useful to
determine the 3D deformations

Orbit pass

Ascendingand descending

Look direction

Beam or incidence angle
(range)

Polarization
Type of Product slc
Number of archive The entire archive over the AOI

images requested

(tbd)

Number of new images
requested, per year

ca. 150 images

For each most volcanic  centres

(stratovolcanoes)
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Sentinel 1:

Image mode

GROUP ON
EARTH OBSERVATIONS

Information

W

Notes ‘

Needed for monitoring of quiescent
periods, but it can be used to complemen
other sensors during crises if a higher
frequency is ensured

Orbit pass

Ascending and descending

Look direction

Beam or incidence angle
(range)

Polarization w
Type of Product SLC
Number of archive open

images requested

Number of new images
requested, per year

Open, but we ask for 6 day Forall the AOI

revisit frequency

Pleiades:

Image mode

Information

Nadiral, Tristereo

Notes ‘

Optical images are intended for detection
of morphological changes (e.g., variations
of craters and lava lakes, glacier respons
to subglacial icemelting; slow slope
failure, etc.) Submeter DEMs from the
tri -stereo are important for sin- and post

eruption changes in summit areas.

Orbit pass

Look direction

Beam or incidence angle
(range)

Polarization

Type of Product

Number of archive

images requested
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Number of new images ca. 2535 images For the volcanic centres under unrest
requested, per year

Sentinel 2:
Information Notes ‘

Image mode Optical images are intended for detection
of morphological changes (e.g., variation:
of craters and lava lakes, glacier respons
to subglacial icemelting; slow slope
failure, etc.).

Orbit pass

Look direction

Beam or incidence angle

(range)

Polarization

Type of Product

Number of archive Open

images requested

Number of new images Open For all the volcanic centres under unrest

requested, per year

Scenarid® (Moderate Priority): during quiescence periods

Information Notes ‘
Image mode ALOS2 ScanSAR
Envisat, COSMO SkyMEI
TanDEM X
TerraSAR X
Orbit pass
Look direction descending
Beam or incidence angle
(range)
Polarization
Type of Product (i.e. SLCRAW)

22



GROUP ON
EARTH OBSERVATIONS

GEO Geohazards Supersites and
Natural Laboratories

www.earthobservations.org/gsnl.php

Number of archive ca 200 Envisat for Copahue
images requested (2002-2012);
ca. 1000 COSMO SkyMEI
(2011-present, descending):
Llaima (276), Villarrica (270),
Copahue 284);

ca. 30 TanDEM X

Number of new images See high priority scenario
requested, per year

A.10 Declaration of commitment

In Chile there is a law that mandates public agencies to disseminate the information. Internal
procedures in Sernageomin put somestrections to the data access during ongoing crsesl

and orange alert leveld)ut the general policy is to sharaw data as open as possible (only
limited by the capability in terms of staffsome procedure is require@ndinternal ITsecurity
issues). At presentaw data is shared upon request thugh a requisition form and depending

on the volume transfer is made by hardware or using a dedicated ftp serdMewever, we
envision a trend to more open access following international benchmarking.

Sernageomin protocol for data sharing:

1. All raw information is open to all upon request, except for those volcanoes in orange
and red alert.This includes a subset of the 35 seismic stations (those more stable and
high quality), reference GNYS&lobal Navigation Satellite Systestations and DOAS
(Differential Optical Absorption SpectroscopWt present, delivery is made through
physical means but a proprietary server or and international system will be
incorporated.

2. Raw data andvalidatedtime seriesare open to core team research scientists upon
request, including those for volcanoes under orange and red alert levels with the only
restriction to share with third parties or using for independentaugthorized forecast or
media releases.

3. Longtime validated time series open to core team research scismupon request for
any alert level with an embargo for publishing of one year.

Research projectgublic or private agenefunded)protocol for data sharing:

Principal researchers have exclusivity about data gathered in the frame of their projects but
there is a growing trend to share as open as possible. We encourage to share datevigthoaiy
research scientistin the core team with commitment to produceoeauthored articleswith
acknowledgement to the funding project
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A.11 Further comments

This proposal is a first step Chile aimedo connect spacdvased technology with ground
based techniques for monitoring and reseadtgeological hazards (mostly volcanic hazanas)
near real time It would be also the first exercise @hassivesharing data acquired by
SERNAGEOMIN networks at glot@ale.Socially collected data from drones and other means
will be also easily incorporatedVe expect to contribute to both an improvement of the
monitoring capability (merging data and taking advantage of the experience in the global
scientific commurty) and abetter knowledge of some key geological processes. Rough data as
indicated in section A6 will be available upon request or in a dedicated, along with regular
upload to international databases (e.g., IRIS, UNAVCO GSAC, WOVQdatd giossibly a
Chilean GSNIlat http://www.sernageomin.cl/ (Spanish and English) and GSiN&bsite.
GeoHaZS#s intended as a research network rather than an institudnmsted program and
thus funding for regular activities would be @lmed from active research projefprograms
leaded by the core scientis@t the first stage. When more stablishetlunding fom other
sources could be explored.
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