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ABSTRACT

Argentina is a country that presents a complex situation regarding volcanic risk, where a total of 38 volcanoes
are considered active. Although Argentina has no major cities close to these volcanoes, the continuous increase in
economic activity and infrastructure near the Andean Codillera will increase exposure to volcano hazards in the
future. Further, volcanic activity on the border between Argentina and Chile poses a unique challenge in relation to
volcano monitoring and the management of volcanic emergencies. Additionally, due to atmospheric circulation pat-
terns in the region (from West to East), Argentina is exposed to ashfall and ash dispersion from frequent explosive
eruptions from Chilean volcanoes. Considering this, the Servicio Geologico Minero Argentino (SEGEMAR) decided
to create and implement a Volcanic Threat Assessment Program, which includes the creation of the the first per-
manent volcano observatory for the country, the Observatorio Argentino de Vigilancia Volcanica (OAVV). Previously
the Decepcion Island volcano observatory was created as a collaboration between the Instituto Antdrtico Argentino
(TAA) and the Museo Nacional de Ciencias Naturales (MNCN) from the Consejo Superior de Investigaciones Cientificas
(CSIC).

Este articulo esta disponible en espanol: https://doi.org/10.30969/vol.04.S1.2148 [PDF ES].

INTRODUCTION

south, in Antartica and sub-Antarctic areas, two vol-

Volcanic activity in continental Argentina is principally
linked to the Andean volcanic arc along the Pacific
margin. Here, subduction of the Nazca and Antarc-
tic plates beneath the South American plate controls
the occurrence of volcanism, which is distributed in
three volcanic zones [Barazangi and Isacks 1976; Jor-
dan et al. 1983; Isacks et al. 1986; Davidson and de
Silva 1995; Allmendinger et al. 1997; Ramos et al. 2002;
Stern 2004]. To the north, the southern end of the Cen-
tral Volcanic Zone (CVZ) extends from 16 to 28°S and
includes the active volcanic centers of the Altiplano-
Puna region [Coira et al. 1993; Kay et al. 1994]. The
Southern Volcanic Zone (SVZ) includes volcanoes be-
tween 33 and 46°S and is the most active zone. At
the southern tip of the continent, the Austral Volcanic
Zone (AVZ, 49-56°S) is associated with the subduc-
tion of the Antarctic plate. The AVZ is characterized
by low subduction velocity and the occurrence of few
and isolated volcanic centers [Stern and Kilian 1996].
Two gaps in the active volcanic arc are observed along
this segment of the Andes: one between the CVZ and
the SVZ (28-33° 15’ S), known as the Pampean flat-
slab segment [Jordan et al. 1983; Ramos et al. 2002],
and another between the SVZ and the AVZ (46-49°S),
named the Patagonian volcanic gap [Stern 2004]. To the
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canic zones with frequent volcanic eruptions are recog-
nised: Deception and Penguin Island associated with
the South Shetland Islands, in the Mar de la Flota or
Bransfield rift [Viramonte et al. 1974b; Ortiz Ramis et
al. 1992; De Rosa et al. 1995; Aparicio et al. 1997]. An-
other volcanic arc with several active volcanoes is lo-
cated in the Southern Antilles (South Sandwich Islands)
and includes Curry on Zavodovski Island; Belinda vol-
cano on Jorge Island; Sourabaya on Blanca Island; etc.,
which are associated with the subduction of the small
Sandwich plate situated between the South American,
Antarctic and Scotia plates [Baker 1990; LeMasurier et
al. 1990; Leat et al. 2000; Canclini 2009].

In the Argentine continental area there are around
120 active volcanoes (i.e. with documented historical
activity, since the arrival of the Spanish between 500
and 200 years ago, and/or geological evidence of ac-
tivity during the Holocene) in this segment of the An-
des. Twenty of these volcanoes are situated entirely
in Argentina; 18 are located on the Chile—Argentina
border, and are thus considered binational volcanoes.
The remaining volcanoes are located entirely in Chilean
territory. [Elissondo and Villegas 2011; Elissondo and
Farias 2016, Figure 1].

Despite hosting few volcanoes within Argentine bor-
ders, large areas of Argentine territory and airspace are
affected by volcanic ash from explosive eruptions of
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Figure 1: Map showing regions of ash dispersion from the most important historial eruptions that had an effect
Argentine territory [modified from Viramonte et al. 2001].
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Chilean volcanoes, owing to the dominantly westerly
winds in the region [e.g. Scasso et al. 1994; Viramonte
et al. 2001; Bonadonna et al. 2015]. Although ash dis-
persion and fallout do not usually generate direct loss
of life, they can have important socio-economic and en-
vironmental effects [e.g. Elissondo et al. 2016].

Volcano-specific evaluations of volcano hazards in
Argentina are incomplete. The occurrence and extent
of hazardous phenomena in proximal and medial areas
(with respect to the volcanic centre), such as pyroclas-
tic flows, lahars and lava flows, have not been prop-
erly documented. This might be partially attributed to
the relatively low population density close to volcanoes
in Argentina. Nevertheless, the progressive increase
of economic activity and investment in infrastructure
(e.g. tourism, mining, gas and oil pipelines, new inter-
national border crossings, hydroelectric dams, among
others) in the Andean region in recent decades is in-
creasing exposure to these hazards.

Further, Antarctic and sub-Antarctic volcanism is
very important for aeronavigation security, specifically
due to transpolar flights. This area is principally un-
der the surveillance of the Instituto Antdrtico Argentino,
the Buenos Aires Volcanic Ash Advisor Center (VAAC
Buenos Aires) and the Comision Nacional de Actividades
Espaciales (CONAE).

Several important volcanic eruptions have affected
Argentine territory over the last 88 years (e.g. Quizapu
1932, Decepcion Island 1967, 1969, 1970; Lascar 1986-
1993; Hudson 1991; Chaitén 2008; Planchon-Peteroa
1991, 2011, 2018; Cordén Caulle 2011, Copahue 2012;
Calbuco 2015). These eruptions not only affected thou-
sands of people directly and produced millions of dol-
lars in economic and material losses [Viramonte et al.
1974b; Hildreth and Drake 1992; Ortiz Ramis et al.
1992; De Rosa et al. 1995; Aparicio et al. 1997; Bar-
bier 2011; Durant et al. 2012; Ministerio del Interior
2012; Collini et al. 2013; Osores et al. 2013; Elissondo
et al. 2016; Reckziegel et al. 2016; Romero et al. 2016],
but they also challenged local civil authorities and in-
directly impacted populations across the country (Fig-
ure 1).

An iconic example of this is the explosive eruption
of Puyehue-Cordén Caulle on June 4, 2011, which trig-
gered the spontaneous evacuation of ~4000 inhabitants
from Villa La Angostura, situated 50 km away to the
south-east [Collini et al. 2013; Cérdoba et al. 2015;
Elissondo et al. 2016]. The ash cloud and associated
ashfall also reached the cities of Villa Traful, San Car-
los de Bariloche, and even Buenos Aires, forced lo-
cal airports to close, and forced airlines to cancel lo-
cal and international flights, generating huge economic
losses. Road traffic was also affected at multiple scales
by tephra fallout, even resulting in the closure of the
International Pass Cardenal Samoré border crossing (to
Chile) for almost three months. Other impacts asso-
ciated with tephra accumulation included: collapse of
dozens of poorly constructed roofs, obstruction of ur-
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ban drainage systems, contamination of water supplies,
and interruption of electric power [Wilson et al. 2013;
Craig et al. 2016; Elissondo et al. 2016]. The impacts on
agriculture, livestock, and ecosystems were also severe:
burying agricultural lands, causing a shortage of wa-
ter and forage for the animals and resulting in the loss
of animals, low birth rates and high predation. Almost
ten years later, communities and ecosystems affected by
this eruption are still in recovery [Wilson et al. 2013;
Craig et al. 2016; Forte et al. 2018; Dominguez et al.
2020].

This article details the evolution of national vol-
canic risk management activities carried out by the
Servicio Geoldgico Minero Argentino (SEGEMAR) since
the 1990s in continental Argentine territory. This
evolution is marked by some of the historic volcanic
eruptions previously described. Currently, volcanic
risk management at SEGEMAR is part of the Vol-
canic Threat Assessment Program, which consists of
two main branches: The Volcanic Hazard and Geology
Group and the Observatorio Argentino de Vigilancia Vol-
cdanica (OAVYV).

2 VOLCANIC RISK ASSESSMENT IN ARGENTINA

2.1 History of volcanic risk management in Argentina

Volcano research in Argentina was carried out histori-
cally by different groups including universities and the
Consejo Nacional de Investigaciones Cientificas y Téc-
nicas (CONICET) of Argentina (Table 1).

The eruptive crises in 1991 due to the eruptions of
Hudson and, to a lesser extent, of Planchon-Peteroa
volcanoes, showed civil authorities in Argentina the
enormous damage that ashfall can cause. They also
demonstrated the limited geological knowledge and Ar-
gentina’s low institutional degree of preparation for
volcanic threats. In response to this, SEGEMAR, with
the support of the United Nations Development Pro-
gram (UNDP) and the Servicio Nacional de Geologia
y Mineria of Chile (SERNAGEOMIN), developed its
first synoptic program to study the volcanic hazards
presented by Argentine volcanoes [Haller et al. 1991;
1994]. The first result of this effort was the first bina-
tional geological and volcanic hazard map of Planchén-
Peteroa volcano [Naranjo et al. 1999]. Over the follow-
ing years, specific projects were carried out at other
active volcanoes, such as Copahue [Sruoga and Con-
soli 2011], Maipo [Sruoga et al. 2012], Lanin and
Laguna del Maule Volcanic Complex [Fierstein et al.
2013; Sruoga et al. 2015] in order to reconstruct their
Holocene eruptive stratigraphy and assess their vol-
canic hazards.
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Table 1: Some of the research groups, centres, or university institutes or mixed dependency (University and Con-
sejo Nacional de Investigaciones Cientificas, CONICET) that have historically carried out volcano monitoring and

volcanological research.

Department, Center, or Institute

Institution or University

Grupo de Estudio y Seguimiento de Vol-
canes Activos (GESVA)

Centro Nacional Patagonico (CENPAT)

Instituto Andino Patagénico de Tecnologias
Biolégicas y Geoambientales (IPATEC)

Centro de Investigaciones en Ciencias de la
Tierra (CICTERRA)

Instituto de Capacitacion Especial y Desar-
rollo de Ingenieria Asistida por Computa-
dora (CEDIAC)

Instituto de Ecorregiones Andinas (IN-
ECOA)

Grupo de Sismologia Volcanica, Facultad de
Ciencias Astronémicas y Geofisicas (FCAG)

Centro de Investigaciones Geoldgicas (CIG),
Facultad de Ciencias Naturales y Museo (FC-
NyM)

Instituto de Investigacion en Paleobiologia y
Geologia (IIPG)

Instituto Geonorte — Instituto de Bio y Geo-
ciencias del Noroeste Argentino (IBIGEO)

Facultad de Ciencias Naturales e Instituto
Miguel Lillo

Universidad de Buenos Aires (UBA) CONICET
Universidad Nacional del Comahue (UNCOMA) CONICET
Universidad Nacional del Comahue (UNCOMA) CONICET
Universidad Nacional de Cordoba (UNC) CONICET
Universidad Nacional de Cuyo (UNCuyo) CONICET
Universidad Nacional de Jujuy (UNJu) CONICET
Universidad Nacional de La Plata (UNLP)

Universidad Nacional de La Plata (UNLP) CONICET
Universidad Nacional de Rio Negro (UNRN) CONICET
Universidad Nacional de Salta (UNSA) CONICET
Universidad Nacional de Tucuman (UNT) CONICET

2.2 Relative risk (threat) ranking for Argentina

After the 2008 reawakening of Llaima and Chaitén vol-
canoes in Chile, SEGEMAR implemented its Volcanic
Threat Assessment Program with the objective of as-
sessing the possible environmental and socio-economic
impacts associated with volcanic hazards/threats to the
country. A rapid evaluation of the volcanic risk at the
national continental level was carried out by Elissondo
and Villegas [2011] and Elissondo and Farias [2016],
allowing us to identify the volcanoes that present the
highest risk and to organize future research projects
and volcanic monitoring activities. This evaluation has
laid the foundation on which strategic programs re-
lated to volcanic risk management in Argentina are be-
ing developed. The methodology was based on the Rel-
ative Threat Assessment System applied for the Na-
tional Volcano Early Warning System (NVEWS), devel-
oped by the United States Geological Survey (USGS;
[Ewert et al. 2005; Ewert 2007]), and also applied in
other countries, including Chile [Lara et al. 2006], New
Zealand [Miller 2011], and Peru [Macedo Sanchez et al.

Ss

Presses universitaires de Strasbourg

2016], among others. In this approach, relative threat
refers to the qualitative risk that a volcano poses to
people and property. A numerical ranking is obtained
through the analysis of different exposure and hazard
factors for each volcano. The threat value is defined by
the product of these two scores [Ewert et al. 2005; Ewert
2007]. The assessment was carried out for 38 volcanoes
located in Argentine continental territory and on its
international border (Table 2). Following the NVEWS
methodology, several hazard and exposure factors were
analyzed. The hazard assessment included analysis of
15 factors: the type of volcano, the frequency and mag-
nitude of the eruptions, the eruptive products emit-
ted in the Holocene, and the historical records of un-
rest. The sources of information were the Smithso-
nian Global Volcanism Program database, SEGEMAR
geological maps and numerous scientific publications
[Elissondo and Farias 2016]. The exposure was calcu-
lated on the analysis of 10 factors including the pop-
ulation living within 30 km of the volcano, the oc-
currence of fatalities or evacuations during historical
eruptions or unrest, local and regional aviation expo-
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sure and transportation infrastructure, energy and sen-
sitive areas of economic development. This information
was obtained through the compilation of data from dif-
ferent institutions: Instituto Nacional de Estadistica y
Censos, Instituto Geografico Nacional (IGN), Ministe-
rio de Energia, Administraciéon de Parques Nacionales,
Organismo Regulador del Sistema Nacional de Aerop-
uertos, and Air Routes ICAO GIS Traffic Flow 2015 (In-
ternational Civil Aviation Organization) [Elissondo and
Farias 2016]. The results of the evaluation allowed the
classification of analyzed volcanoes into four categories
of relative risk including two Very High Risk volcanoes,
six High Risk volcanoes, nine Moderate Risk volcanoes,
and 21 Low Risk volcanoes. although it should be taken
into account that the level of scientific knowledge of
very high- and high-risk volcanoes is much higher than
that of lower-risk volcanoes (Table 2).

2.3 OAVYV: the youngest volcano observatory in Latin
America

After the 2011 Cordon Caulle eruption, an idea devel-
oped within SEGEMAR for the creation of a special-
ized facility and staff dedicated to monitoring the vol-
canoes that could affect Argentina. But it was not until
the eruption of Copahue volcano on 22 December 2012
that development of the OAVV started. The goal was to
create an institution capable of studying and monitor-
ing the activity of the continental Argentine volcanoes,
through the instrumentation of the volcanoes that pose
the highest threat to the country.

To accompany the beginning of the OAVV project,
on January 27 2013, during the summit of the Comu-
nidad de Estados Latinoamericanos y Caribefios in San-
tiago de Chile, government represenatives from Chile
and Argentina signed a binational agreement for the
“control, monitoring, and management” of volcanic
eruptions in the border region between the two coun-
tries. This agreement represents a milestone regard-
ing volcano monitoring and volcanic risk management
between both countries and has laid solid foundations
for the cooperation between SEGEMAR and SERNA-
GEOMIN (see also Amigo [2021] in this volume).

The first step of the project was to decide which
volcanoes needed to be monitored. This decision was
guided by the results of the Relative Risk Ranking
(Threat). According to the ranking, a total of 15 vol-
canoes among the 38 Argentine volcanoes have very
high to moderate risk (Table 2). Nevertheless, due
to the large geographical extent of the active volcanic
arc in the country and therefore the area to be moni-
tored, the investment required for the installation and
maintenance of stations has forced a strategy of de-
ployment in stages. The first stage includes the eight
most hazardous volcanoes of the SVZ, which have more
frequent eruptions, and also are closer to bigger pop-
ulations, infrastructure, and economic activities (Fig-
ure 2): Lanin, Copahue, Tromen, and Laguna del Maule
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volcanoes (Neuquén province) and Planchén-Peteroa,
Maipo, Tupungatito, and San José volcanoes (Mendoza
province; [Garcia et al. 2017]). The second stage of the
project will include the extension of monitoring net-
works to the very high to moderate risk volcanoes lo-
cated in the CVZ.

The next step consisted of defining the desired level
of ground-based instrumentation for each volcano, as
well as the improvement in capacity building in satel-
lite methodologies such as InSAR (interferometric syn-
thetic aperture radar), thermal anomaly imaging, SO,
satellite anomalies, to monitor those volcanoes, which
would not be instrumented. Decisions were made
based on the criteria used by the USGS [Guffanti et al.
2010] alongside other experiences from different obser-
vatories in Latin America and adjusted to the available
funding. This way, the eight selected highest priority
volcanoes were divided into three categories accord-
ing to their threat score from the volcanic risk assess-
ment. Each category has different levels/amount of in-
strumentation based on their threat score.

For Category I volcanoes (Lanin, Copahue,Planchén-
Peteroa, Maipo, Laguna del Maule) presenting the
greatest threat, ground-based instrumentation was pro-
posed to allow a very high level of monitoring, with
the possibility of defining precursor patterns of erup-
tive activity in addition to conducting scientific stud-
ies so that complex volcanic processes can be modeled,
as well as taking into consideration the need of redun-
dancy. Volcanoes classified as Category II (Tupungatito,
San José) have similar types of instrumentation as those
of Category I, but with less dense coverage, so that pre-
cursor patterns can also be determined, but research
will be limited to the general documentation of pro-
cesses that occur at the volcano. Finally, Category III
volcanoes (Tromen) will be instrumented to guaran-
tee the minimum monitoring necessary to determine
the base level of activity and confirm the onset of an
eruption, but with little chance of detecting precursory
changes.

The instrumentation proposed covers the increas-
ingly standard suite of geophysical, geochemical, and
visual techniques employed at observatories around
the world: broadband seismometers, scanning-DOAS,
GNSS stations, electronic tiltmeters, infrasound sen-
sors and visual IP cameras. These stations will be self-
sustaining using solar energy (solar panels and bat-
tery banks) and real time connection, through point to
point/point-multipoint communication in the vicinity
of each volcano, and a satellite communication system
on the base of each volcano to relay data from the vol-
cano to the headquarters of OAVV where the data stor-
age, processing, and analysis center will be located.
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Table 2: Relative Risk Ranking (Threat) for continental Argentina developed by Elissondo et al. [2016]. Arg-Chile
indicates volcanoes located within the region close to or on the international border.

Ranking Volcano Name Location Pliovmc.e 1 Threat  Exposure Hazard
rgentina Index

1 Copahue Arg-Chile Neuquén 170.92 13.15 13
2 Planchén-Peteroa Arg-Chile Mendoza 154.95 10.33 15
3 Laguna del Maule Arg-Chile Mendoza 133.77 9.55 14
4 Tupungatito Arg-Chile Mendoza 119.19 9.93 12
5 Lanin Arg-Chile Neuquén 118.70 11.87 10
6 Maipo Arg-Chile Mendoza 116.00 11.60 10
7 San José Arg-Chile Mendoza 85.54 8.55 10
8 CV Cerro Blanco Argentina Catamarca 84.21 8.42 10
9 Lastarria Arg-Chile Catamarca 65.78 6.58 10
10 Viedma Argentina Neuquén 64.26 10.71 6
11 Tuzgle Argentina Jujuy 62.96 12.59 5
12 Tromen Argentina Neuquén 62.07 12.41 5
13 Socompa Arg-Chile Salta 56.38 8.05 7
14 Ojos del Salado Arg-Chile Catamarca 51.64 5.74 9
15 Overo Argentina Mendoza 48.16 9.63 5
16 Llullaillaco Arg-Chile Salta 35.82 5.97 6
17 Aracar Argentina Salta 28.35 7.09 4
18 CV Palei-Aike Arg-Chile Santa Cruz 15.15 5.05 3
19 G Huanquihue Argentina Neuquén 13.77 6.89 2
20 Tipas Argentina Catamarca 13.76 6.88 2
21 Cordén del Azufre Arg-Chile Catamarca 11.48 5.74 2
22 Cerro Bayo Arg-Chile Catamarca 11.46 5.73 2
23 Infiernillo Argentina Mendoza 11.39 5.70 2
24 Paytn Matrt Argentina Mendoza 8.51 4.26 2
25 Cerro Volcanico Argentina  Rio Negro 8.51 8.51 1
26 Laguna Blanca Argentina Neuquén 8.31 8.31 1
27 Nevado de Incahuasi Arg-Chile Catamarca 8.22 8.22 1
28 Cerro Escorial Arg-Chile Salta 7.55 7.55 1
29 Peinado Argentina Catamarca 6.45 6.45 1
30 Cerro El Céndor Argentina Catamarca 5.89 5.89 1
31 Sierra Nevada Arg-Chile Catamarca 5.74 5.74 1
32 Falso Azufre Arg-Chile Catamarca 5.72 5.72 1
33 El Solo Argentina Catamarca 5.68 5.68 1
34 CV Antofagasta Argentina Catamarca 4.91 4.91 1
35 Cerro Negro (Crater Basalt) Argentina Chubut 4.37 4.37 1
36 Tralihue Argentina Neuquén 3.85 3.85 1
37 Salar de Arizaro Argentina Salta 2.30 2.30 1
38 Sin Nombre Argentina  Salta 1.60 1.60 1

3 How DO WE MONITOR THESE VOLCANOES?

3.1 History of volcano monitoring in Argentina

Since the beginning of the 21 century, prior to cre-
ation of the OAVYV, the study and monitoring of vol-
canic activity in Argentina using modern techniques
was carried out by university geology and geophysics
departments and research groups (Table 1) in collabo-
ration with international scientific groups mainly from
Italy and Spain, among other countries [e.g. Ibanez et
al. 2008; Agusto et al. 2013; Casas et al. 2014; Tassi et
al. 2016].
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Some of the early application of volcano monitoring
techniques in Argentina was on Deception Island in
Antarctica [Viramonte et al. 1974a; b; Ortiz Ramis et
al. 1987; Ramos et al. 1990; Ortiz Ramis et al. 1992;
Risso and Ortiz Ramis 1994; De Rosa et al. 1995; Apari-
cio et al. 1997; Caselli and Agusto 2004; Bonatto et al.
2007; Caselli et al. 2007] and then at Copahue Volcano
[Ibanez et al. 2008; Agusto et al. 2012]. Other limited
monitoring programs took place at other volcanoes in-
cluding Cerro Blanco [Lopez et al. 2014] and Planchén-
Peteroa [Casas et al. 2014].

The primary objectives of these early efforts were re-
search into volcanic processes, without an emphasis on
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tored (or will be monitored in the future) [modified from Garcia et al. 2017].
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continuous monitoring in real time to support early
warning systems.

3.2 Current monitoring activities and capacities

The OAVYV project finally materialized in 2017 with the
acquisition of initial equipment and the hiring of pro-
fessionals that form the present staff of the observatory.
The location of the future OAVV headquarters and the
development of the headquarters construction project
is yet to be defined. In the meantime, OAVYV staff are
working from the central headquarters of SEGEMAR,
in Buenos Aires. Currently, OAVV monitors the two
most active volcanoes in Argentina in real time: Co-
pahue and Planchén-Peteroa, in cooperation with the
Observatorio Volcanoldgico de los Andes del Sur (OVDAS)
in Chile (Figure 3). This work is carried out by an in-
terdisciplinary working group composed of five pro-
fessionals, which includes geologists, geochemists and
geophysicists. Also, the OAVV staff collaborates with
three geologists from the Volcanic Hazard Group of
SEGEMAR and four professionals from the GIS and
Remote Sensing Area (thermal imaging processing and
radar interferometry techniques: InSAR).
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Figure 3: Binational volcano monitoring network for Co-
pahue volcano.

The real-time monitoring network at Planchén-
Peteroa volcano consists of two seismic stations and two
IP cameras on the Argentine side of the volcano. This is
complemented by remote sensing and the analysis of
multiple types of satellite images. Advanced Space-
borne Thermal Emission and Reflection Radiometer
(ASTER) images are used to track temperature changes
in the crater, NASA Firms Visible Infrared Imaging Ra-
diometer Suite (VIIRS), 375 m near real time (NRT),
and Suomi National Polar-orbiting Partnership (Suomi
NPP) for performing thermal anomaly alerts, and radar
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images for mapping ground deformation (i.e. InSAR).
Also, water and gas geochemistry sampling campaigns
are regularly carried out in summer. Gas and water
samples are jointly collected with Grupo de Estudio y
Seguimiento de Volcanes Activos from the Universidad
de Buenos Aires (GESVA-UBA) while direct gas sam-
pling (SO,, CO; and H,S) of fumaroles with a Multi-
GAS instrument is performed in collaboration with
professionals from Internacional Center for Earth Science
(ICES) from the Comision Nacional de Energia Atomica
(CNEA).

Monitoring of Copahue volcano is possible through
the binational agreements signed between SEGEMAR
and SERNAGEOMIN, permitting exchange of informa-
tion in realtime between OAVV and OVDAS. This al-
lows the staff of OAVV to receive and process informa-
tion from six seismic stations and two IP cameras (Fig-
ure 3). Monitoring is complemented by the same re-
mote sensing techniques applied in Planchén-Peteroa,
and the summer geochemistry sampling campaigns.

4 VOLCANO HAZARD MANAGEMENT

To date, there are only two completed volcanic hazard
maps for Argentine volcanoes—Copahue [Bermudez
and Delpino 1995] and Planchén-Peteroa [Naranjo et
al. 1999]—and it has been determined that they require
updating according to new information (such as newly
published geological and volcanological research) and
methodologies. For that reason, and in the frame-
work of SEGEMAR’s Volcanic Threat Assessment Pro-
gram, the Volcanic Hazard Group from the Direccion de
Geologia Ambiental y Aplicada of SEGEMAR has been,
since 2016, developing volcanic hazard maps for the
top priority volcanoes (prioritized according to rela-
tive risk ranking). Using the Relative Risk Ranking for
Argentina [Elissondo and Farias 2016] as a baseline,
SEGEMAR launched the Volcanic Hazard Map Pro-
gram, starting with the maps from Laguna del Maule
Volcanic Complex [Gho et al. 2019] and Lanin and Co-
pahue volcanoes. The first two maps were carried out
within the frame of the binational agreement between
SEGEMAR and SERNAGEOMIN (with the assistance of
the USGS’ Volcano Disaster Assistance Program ).

The hazard evaluation requires a detailed geological-
geomorphological study of each volcano, coupled with
information regarding topography, hydrology, meteo-
rological data, and historical reports of activity, among
other data. The hazard mapping activities include field
surveys, geological mapping and sampling with the
main goal of reconstructing the postglacial eruptive
history of the studied volcano and identifying the dif-
ferent volcanic products and associated hazards. The
identified products are then characterized (e.g. volume,
length, etc.) to give information about eruption charac-
teristics and parameters. After reconstructing the post-
glacial eruptive history, most probable eruption scenar-
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ios are defined which, depending on the information
available, may be probabilistic or deterministic. For the
different scenarios and for each volcanic hazard, sus-
ceptibility maps are prepared. These maps depict areas
likely to be affected by each volcanic hazard for the dif-
ferent eruptive scenarios defined, and they are obtained
using different modelling techniques. The hazard zona-
tion is obtained by assigning probabilities of occurrence
to the susceptible areas, according to previously per-
formed probabilistic analysis [Calder et al. 2015]. The
maps created by SEGEMAR are semi-quantitative and
multi-hazard. The analysis and results are presented
at different scales: the proximal hazards are shown on
a detailed scale, in general 1:50000 (e.g. pyroclastic
density currents, lava flows, lahars, ballistics, proximal
tephra fallout), while tephra fallout with a regional dis-
tribution is presented at a scale smaller than 1:2000000.

SEGEMAR carries out research and monitoring of
volcanic activity within the framework of the new Sis-
tema Nacional para la Gestion Integral del Riesgo (SINA-
GIR), created in 2016 through the enactment of Law
N°27287. This law aims to integrate the actions and
articulate the operation of the national, provincial and
municipal government agencies, non-governmental or-
ganizations and the civil society, to strengthen and op-
timize actions focused on risk reduction, crisis man-
agement and recovery. Within this framework, SEGE-
MAR is part of the Red de organismos cientifico técni-
cos para la gestion del riesgo de desastres (Red GIRCYT)
and coordinates the volcanic hazard segment of the
Plan Nacional de Reduccion de Riesgo de Desastres (PN-
RRD 2018-2023). The PNRRD seeks to define the po-
litical guidelines and basic principles that should be
developed by public and private institutions, as well
as social organizations, for the execution of programs
and actions aimed at reducing existing risks, guaran-
tee better security conditions for citizens, and protect
economic, social, environmental and cultural heritage.
Also, SEGEMAR has been responsible for the coordina-
tion and implementation of the Interinstitutional Pro-
tocol for Information Management in the face of a vol-
canic activity threat that may affect Argentine terri-
tory. This protocol aims to articulate the access to infor-
mation and data generated by technical and scientific
agencies that are part of the GIRCYT Network, with
the purpose of generating data and scientific products,
and making them available to stakeholders and deci-
sion makers in order to manage volcanic risk. Since
Argentina is a federal country, preparedness and re-
sponse stages are managed by the local and provincial
civil defenses, who are responsible for helping com-
munities prepare for eruptions, and eventually man-
age evacuation process in case of an event. Neverthe-
less, volcanic risk awareness in Argentina is very low,
and due to this, most provinces do not yet have re-
sponse plans to deal with them, with the exception of
particular cases, like the province of Neuquén, which
recently dealt with significant eruptions (i.e. Cordoén
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Caulle 2011, Copahue 2012, Calbuco 2015) and de-
veloped emergency plans to deal with volcanic risks.
SEGEMAR through the OAVV has been raising volcanic
risk awareness in the country, as well as proposing in
collaboration with other national organizations the im-
plementation of national policies through the PNRRD
(2018-2023), to raise awareness of these risks at a na-
tional level.

5 INFORMATION DISSEMINATION AND OUT-
REACH

The OAVYV is responsible for issuing Volcanic Alert Lev-
els (or “technical alerts”) to the national, provincial
and municipal authorities as well as to the civil pop-
ulation, through the National Platform of Alerts and
Monitoring of SINAGIR. OAVYV periodically sends Vol-
canic Activity Reports (RAV) and Special Volcanic Ac-
tivity Reports (REAV) of Argentine and Chilean volca-
noes using a mailing list, the SEGEMAR website and
social networks. In this context, SEGEMAR has re-
cently launched a new dedicated section on its web-
site (https://oavv.segemar.gob.ar) to improve public
access to information related to monitored Argentine
volcanoes. This information includes basic information
on volcanic hazard processes, information about SEGE-
MAR'’s volcano monitoring networks, and reports on
the status of Argentine and Chilean volcanoes.

One of the main foundational pillars of the OAVYV,
as a new specialized center at the national level, is the
consolidation of national and international collabora-
tion networks of scientists who are involved in volcanic
studies and emergency response. Currently, OAVV col-
laborates at a national level with other scientific and
technical organizations of the national government in-
cluding: the Servicio Meteoroldgico Nacional Argentino,
where the VAAC operates; the IGN, who is in charge
of the national cartography of the country as well as
the management of the national geodetic network; the
CONAE, which guarantees access to satellite images
for volcano monitoring applying remote sensing tech-
niques; ICES-CNEA and the Instituto de Investigaciones
Cientificas v Técnicas para la Defensa. The OAVV also
collaborates with several groups of researchers from
national universities such as: GESVA-UBA; the Volcano
Seismology Group at FCAG-UNLP; the Satellite Images
group of the CEDIAC Institute from the UNCuyo; the
IIPG at the UNRN; Geonorte Institute and IBIGEO at
UNSA and the UNCOMA (See Table 1 for meaning of
acronyms).

On the international side, SEGEMAR has a formal in-
stitutional policy to develop strong bonds with other
geological surveys with extensive experience in vol-
canology and volcano monitoring. That is why, ini-
tially, multiple binational agreements where signed
with Chile. Also, SEGEMAR has signed agreements
with the USGS and the Servicio Geoldgico Colombiano
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for the transfer of knowledge and technology, and the
training of OAVV professionals, in order to replicate
the best practices implemented in both countries. This
will lay the foundation for effective operations, sus-
tained and strategic growth, and generation and re-
cruitment of specialized human resources and the de-
velopment of scientific research projects that can com-
plement volcano monitoring activities.

6 NEEDS, CHALLENGES, AND FUTURE PERSPEC-
TIVES

OAVYV is the first permanent volcano observatory in Ar-
gentina and the youngest in Latin America. Its success
will produce a stable foundation for modern volcano
surveillance, early warning systems, and volcanology
research in Argentina.

The main goal for the future is to maintain an effec-
tive volcanic monitoring system that can improve vol-
canic risk management in Argentina. As part of this,
OAVYV will strive to generate accurate and updated in-
formation on the activity of the volcanoes that may
affect Argentine territory, and make this information
available to stakeholders and authorities at different
political levels as well as to civilian population. The
main challenge is to obtain the resources to reach this
goal before a volcanic eruption that severely impacts
lives, infrastructure, and regional economies. Likewise,
the generation of instrumental monitoring networks
and the application of advanced monitoring method-
ologies used worldwide will allow the training of new
professionals in the country together with different uni-
versity and CONICET volcanological research centers,
helping to build a new generation of Argentine volca-
nologists.
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