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ABSTRACT

The Servicio Geolégico Colombiano (SGC) was created in 1916 and has been dedicated to the research and monitoring
of active volcanoes in the country since the disaster resulting from the eruption of Nevado del Ruiz Volcano in
1985, where more than 25000 people died due to lahars. Today the SGC has three Volcanological and Seismological
Observatories in the cities of Manizales (SGC-OVSM), Popayan (SGC-OVSPop), and Pasto (SGC-OVSP), from where
23 active volcanoes are monitored. The three observatories manage an instrumental network of about 740 stations
(permanent and portable) as well as signal repeaters, and cover the disciplines of seismology, geodesy, geochemistry,
and potential field, amongst others. Volcanic hazard assessment is also carried out by the SGC, producing hazard
maps and reports. These tasks are complemented by programs for promoting geoscience knowledge transfer to the
public, developed through different strategies. Although at this time, data derived from volcanic monitoring are
not available online, the SGC is analysing this need, for implementation in the near future.

Este articulo esta disponible en espanol: https://doi.org/10.30909/vol.04.S1.113139 [PDF ES].

1 INTRODUCTION

Colombia is located in the north-western corner of
South America and is influenced by the interaction of
three tectonic plates: the South American, Pacific and
Caribbean plates. This context leads to several geologi-
cal processes such as the formation of mountain ranges,
earthquakes, and volcanism. From a general perspec-
tive, Colombia, like the rest of South America, is part
of the so-called "Pacific Ring of Fire" which is located
around the Pacific Ocean. It corresponds to a zone of
interaction between the Pacific, Juan de Fuca, Nazca,
and Cocos tectonic plates with the borders of the South
American, Caribbean, Eurasian, Philippines, and Aus-
tralian plates [Monsalve and Mora 2005]. As it is well
known, this “belt” has intense seismic and volcanic ac-
tivity, reflecting a living and dynamic planet.

1.1 The origin of volcanology in Colombia

The disaster associated with the eruption of Nevado
del Ruiz Volcano on November 13, 1985, which led to
the loss of life of about 25,000 Colombians in Tolima
and Caldas Departments (northern Colombia), had a
great impact not only in the country, but worldwide.
It induced important changes that included assigning
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the Servicio Geologico Colombiano (Colombian Geologi-
cal Survey, SGC) at that time called INGEOMINAS, to
be the highest authority in the “study and prevention
of all kinds of geological risks” (Decree 3815 of 1985),
followed by INGEOMINAS “s resolution number 057
of February 5, 1986. Officially, this resolution created
the Observatorio Vulcanoldgico y Sismoldgico (OVS) of
Colombia in Manizales. The Nevado del Ruiz disas-
ter also motivated the design and structuring of a na-
tional disaster risk management system in the country,
which has improved over the years. In this context, the
SGC, created in 1916, has dedicated more than 34 years
to the research, and monitoring of active volcanoes in
Colombia. Throughout this time, the SGC, through its
geohazard, basic geosciences, and laboratory subdivi-
sions, has established and strengthened a group of pro-
fessionals specialized in different fields of volcanology,
including volcanic geology and stratigraphy, volcanic
hazard assessment, and volcano monitoring. For moni-
toring purposes, the SGC uses networks with the most
technologically advanced equipment and stations that
allow multiparametric observations. This means that
a single station can monitor seismicity, ground defor-
mation, gases, and temperature among others, using
geophysical, geodetic, and geochemical techniques (Ta-
ble 1).

Volcanic activity in Colombia occurs in three main
regions: South, Central, and North. These regions are
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Table 1: Different techniques and instruments used by the Observatorios Vulcanoldgicos y Sismoldgicos of
Pasto, Popayan and Manizales of the Servicio Geoldgico Colombiano (SGC-OVS) for monitoring the active
Colombian volcanoes. BB = Broad Band, SP = Short Period. For EDM (Electronic Distance Measurement),
BAS = Base, PRIS = PRISMS.

SGC-OVS monitoring telemetric stations

Observatory Volcano Repeaters Seismo-  Acoustic GPS DOAS CO, Tilt EDM
meters sensor meter
Chiles -
Cerro Negro 6 7 BB ! ! 3
SGC-OVSP  Cumbal 1 2 BB 1 1
umba +28P
4 BB 4 BAS
Azufral 4 L 1SP 4 2 L12PRIS
14 BB 3 BAS
Galeras 8 +35P 6 11 3 1 8 + 7 PRIS
Dona Juana — 4 BB
Las Animas 4 +1SP 2 4
. 6 BB
Nevado del Huila 2 +15P 1 1 1
SGC-OVSPop , 9 BB 2BAS
Puracé 6 +35P 1 11 2 5 5 +11 PRIS
. 7 BB 2 BAS
Sotard 2 +28P > 3 + 9 PRIS
Sucubun 1 BB
. 11 BB 3 BAS
Nevado del Ruiz 8 +4SP 8 10 5 1 11 + 18 PRIS
. 5BB 8 BAS
Machin 5 +85SP 5 5 + PRIS
Nevado del Tolima 3 BB 2 2
1 BB 2 BAS
SGC-OVSM Cerro Bravo 2 +4SP 1 1 + 2 PRIS
Paramillo 2 BB 3
de Santa Rosa + 2 SP
2 BB
Santa Isabel +1SP 2 2
Romeral 1SP
Cerro Espana 1 BB 1
Paramillo
del Quindio 1 BB !
San Diego 1 BB
Escondido 1 BB
SGC-OVS monitoring telemetric stations
Meteo Electric = Magnetic  Mud  Thermo-
Observatory Volcano Camera station Field Field Flows couple Radon
Chiles —
Cerro Negro 1 1 1
Cumbal 3
SGC-OVSP Azufral 1 1 1 1 1
Galeras 3 2 3 2 2 3
Dona Juana —
Las Animas
Nevado del Huila 4 1 2
SGC-OVSPop g(‘)‘tr;f: ‘; 3 2 2 ! 3
Sucubun 1
Nevado del Ruiz 9 3 2 6 4
Machin 1 1 1 2
Nevado del Tolima
Cerro Bravo 1
Paramillo
SGC-OVSM de Santa Rosa

Santa Isabel
Romeral
Cerro Espana
Paramillo

del Quindio
San Diego
Escondido
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home to 23 active volcanoes (Figure 1), with millions
of Colombians living within 100 km of at least one
volcanic center (Table 2). These volcanoes are moni-
tored by the SGC through its three observatories: the
Observatorio Vulcanoldgico y Sismoldgico de Pasto (SGC-
OVSP), Popayan (SGC-OVSPop), and Manizales (SGC-
OVSM).

As mentioned, in 1986 the OVS of Colombia was cre-
ated, with the purpose of monitoring Nevado del Ruiz
volcano and for future studies of other volcanoes in the
country. In 1989, the reactivation of Galeras volcano
made it necessary to start similar work in Pasto, cul-
minating in the creation of a permanent volcanological
observatory in this city. In 1993, based on the experi-
ences acquired while monitoring Nevado del Ruiz and
Galeras volcanoes, a plan was made to monitor qui-
escent Colombian volcanoes to allow detection of ad-
vanced signs of changes in their activity. That is how
the OVS was created in the city of Popayan, in the ab-
sence of a volcanic crisis. Nevertheless, volcano moni-
toring in this region started at the end of 1986 with the
temporary installation of a seismograph near the sector
known as Verdum, on Nevado del Huila volcano [Mén-
dez 1989].

1.2 The active volcanoes of the national territory

Although all Colombian volcanoes have their own char-
acteristics, conditions, relevance, and challenges in risk
management, due to their history and/or potential for
future danger [Espinosa 2011], the following aspects
should be highlighted. In the northern part of Colom-
bia, Nevado del Ruiz volcano is actively monitored to
mitigate the impact of lahars (with estimated volumes
between 50 and 100 million m?) and the secondary pro-
cesses they can trigger [Pierson et al. 1990]. Nevado
del Ruiz entered a new phase of unrest in 2010, sig-
nalled by howing seismicity, deformation, gas and ash
emissions, and the growth of a lava dome in the Are-
nas crater, first observed in August 2015. Cerro Machin
volcano, which has the eruptive potential to affect the
most populated area of the country, is considered to be
one of the most explosive and dangerous volcanoes in
Colombia because it has produced devastating explo-
sive eruptions in its past and will likely do so again.
Pyroclastic flow deposits and lahar deposits have been
found up to 40 km and 109 km distance from the vol-
cano, along the Coello and Magdalena rivers, respec-
tively. The most recent eruption of Cerro Machin vol-
cano was recorded approximately 800 years ago [IN-
GEOMINAS 2003; Cortés Jimenez et al. 2006; Gémez
Tapias et al. 2016; Piedrahita et al. 2018].

In the central region of Colombia, two volcanoes are
highlighted: Puracé, because it is considered very ac-
tive, with a long record of eruptions in historical times
[Monsalve et al. 2014], and Nevado del Huila, because
it represents an example of successful risk manage-
ment involving indigenous communities and institu-

Ss

Presses universitaires de Strasbourg

tions. On June 6, 1994, a tectonic earthquake of mag-
nitude 6.4 occurred, 10 km SW of the rim of Nevado
del Huila, generating about 3000 landslides that subse-
quently caused avalanches along the Paez and Simbola
rivers and left about 1100 people dead. Subsequently,
the reactivated volcano caused two phreatic events be-
tween 2007 and 2008, a phreatomagmatic eruption in
2008, and the emplacement of a lava dome (with extru-
sion pulses in 2009 and 2010). This activity generated
lahars that flowed down the Paez and Simbola rivers,
surficial changes on the volcanic edifice (appearance of
cracks and a crater), and loss in the ice cap [[NGEOM-
INAS 2008; Monsalve et al. 2011; Pulgarin et al. 2015].
In 2008, the volcano generated an immense lahar, con-
sidered one of the largest historical lahars in the world
(estimated at 400 million m?). Owing to rapid and effi-
cient coordination, and communication and interaction
between institutions and communities, only 10 fatali-
ties occurred and these were a direct result of a failure
to follow evacuation orders. This volcanic crisis was
managed by the SGC-OVSPop [Monsalve et al. 2011;
Pulgarin et al. 2015].

In the southern region of Colombia, Galeras, Azufral,
Chiles, and Cerro Negro volcanoes stand out. Galeras
is considered, at least in historical times, as one of the
most active volcanoes in Colombia, with the potential
to affect seven municipalities with about 500,000 in-
habitants and municipal headquarters located at dis-
tances of less than 12 km from its active cone. Dur-
ing its most recent period of activity (1989-2010), at
least 22 explosive eruptions were recorded [Servicio
Geoldgico Colombiano 2015]. Azufral volcano, located
about 12 km west of Taquerres city, is the only active
volcano in Colombia that has a green crater lake. It is
considered, together with Cerro Machin volcano, as one
of the most dangerous volcanoes in the country, with
a record of eruptive processes between approximately
17800 years and 780 years before present [Calvache et
al. 2003]. Chiles and Cerro Negro are two active vol-
canoes that are shared territorially with Ecuador. Al-
though there is some evidence of fumarolic activity,
there are no records of eruptions in historical times
(last 500 years). Since the end of 2013, a significant in-
crease in earthquake activity has been recorded in the
area near these volcanoes, mainly related to fracture
of crustal material; as of September 2020, there have
been about 780000 earthquakes (VT type), with sev-
eral events with maximum local magnitudes between
3.5 and 5.6 clearly felt in the region. This situation
led to the signing of a ten-year framework cooperation
agreement in 2014 between the Director of the Servi-
cio Geoldgico Colombiano (SGC) and the Rector of the
Escuela Politécnica Nacional (EPN), of which the Insti-
tuto Geofisico (IG-EPN) is a part. This agreement covers
various activities of common interest to the two insti-
tutions, including investigation, monitoring, and eval-
uation of the volcanic hazards. This agreement has fa-
cilitated joint monitoring activities at these active vol-
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Table 2: The cities and population exposed to volcanic hazards at relevant active Colombian volcanoes. The

population information is based on the 2018 census, conducted by the Departamento Administrativo Nacional

de Estadisticas (DANE) and available via the link https://www.dane.gov.co/index.php/estadisticas-por-tema/

demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018.
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Figure 1: The active volcanoes of the Colombian territory are divided into three geographic segments to the South
(a), Center (b), and North (c), and are monitored by the Observatorio Vulcanolégio y Sismolégico of Pasto (SGC-
OVSP), Popayan (SGC-OVSPop), and Manizales (SGC-OVSM), respectively. Color coded triangles give information
about the current volcanic activity levels: yellow means activity level Ill, while, green means activity level IV. The
main Provinces are noted in black ellipses and the main cities are also shown with a small white dot.
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canoes along the border.

There are about 5.5 million people exposed to vol-
canic hazards of some of the main active Colombian
volcanoes (Table 2). For this approximation, the infor-
mation from hazard maps, in terms of the area that can
be covered by ash fall deposits, is compared with ter-
ritorial limits and official census data. The output in-
formation can be sorted as a function of rural, urban,
or total areas exposed to high, medium, or low hazard
zones.

2 How Do WE MONITOR THESE VOLCANOES?

Currently, the SGC-OVS maintains a multi-parameter
instrumental network used for monitoring and re-
search, which integrates disciplines such as geophysics,
geochemistry, geodesy, and volcanology (Table 1).
These approaches employ state-of-the-art technologies
that allow the acquisition of data (e.g. seismic, GNSS,
tiltmeter, gases, cameras, etc.) used to diagnose and
assign the level of activity to each monitored volcanic
structure. The observatories also engage in eruption
forecasting and providing information based on knowl-
edge of active volcanoes and their associated hazards,
which decision makers can use for land-use planning.
Today, 23 potentially active volcanoes are monitored,
and as of December 2019, the monitoring network in-
cludes seismology, geodesy, geochemistry, potential-
field (magnetic and electric methods), web cameras,
with a total of 741 stations in the country (Table 1) of
which 397 are permanent (transmitting data by teleme-
try) and 344 are non-permanent (for these, data are col-
lected during fieldwork). Permanent or telemetric sta-
tions transmit data at different sampling rates (vary-
ing from 4 to 100 Hz) in real time to the observato-
ries, where data are collected, processed, and stored
in high capacity servers. The SGC-OVS operates con-
tinuously, with specialized technical and professional
personnel (Table 3) working in shifts 24 hours a day,
365 days a year, and with the support of undergrad-
uate students who come from geology, basic sciences,
geography, chemistry, and engineering departments of
regional universities in Manizales, Popayan, and Pasto.

With the expansion of the monitoring networks, the
need to maintain their operation also increases. Thus,
it is important to rely on highly qualified teams and
financial resources to keep 100 % of the elements in the
monitoring network operational.

To acquire and process the volcanic monitoring in-
formation, the SGC-OVS uses different tools depend-
ing on the monitoring area. The acquisition of seis-
mic data is carried out by specific software depend-
ing on the types of digitizers installed, and include
Scream, Slink2ew', and Reftekf. To concentrate, dis-

*https://www.guralp.com/sw/scream

+http://www.earthwormcentral.org/documentation4/ovr/
slink2ew_ovr.html

ihttps://www.reftek.com/refftekfprotocolfdaemonfrtpd/
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tribute, and store information acquired in standard for-
mats, we use Earthworm’ software and seiscompBﬂ. Pri-
mary seismic data processing, including classification
of earthquakes, reading of basic parameters, location,
and calculation of local magnitude, is carried out us-
ing Provig and Lakiy tools, which were developed by
our observatories’ staff. The Provig application is used
to perform manual data processing and Lakiy (in de-
velopment) is used to perform automatic data process-
ing in order to obtain processed information in nearly
real time. Secondary processing is carried out through
scripts developed by the technical staff, using both free
and commercial software.

Ground deformation—detecting instruments includ-
ing Global Positioning System (GPS) and electronic tilt-
meters are used to monitor surface deformation. Data
acquisition of GPS data is done using the Trimble
4Dl control software and GAMIT* is used for process-
ing. Electronic tiltmeter data are acquired by means
of the Advanced TCP IP Data Logger Software'', and
then processed using scripts developed by technical
personnel dedicated to deformation processes and vi-
sualized using the GEODATA application also developed
by our staff.

For geochemical monitoring, we use telemetered in-
struments to measure SO,, CO,, radon, and tempera-
ture. The measurement of SO, data is carried out us-
ing NOVAC ScanDOAS and MobilDOAS instruments
[Garzon et al. 2008; 2013]. For CO,, radon, and ther-
mocouple data acquisition, we use the Advanced TCP
IP data logger software and another software program
designed by our engineers.

Electromagnetic (EM) monitoring is performed using
a network of electric and magnetic field sensors. The
electric field is measured in the NS and EW directions.
The NS direction runs more or less perpendicular to the
topographic contour lines and in direction of the incli-
nation of the cone walls at the point of the EM station,
while the EW direction runs more or less parallel to the
contour lines. The electrodes used are non-polarizable
copper-sulphate electrodes. The electrode separation
for each component is 100 m. In addition to the electric
field, the three components of the magnetic field are
recorded, (NS, EW, and vertical), using a Fluxgate FL3-
100 magnetometer (SENSYS type), with a sensitivity of
0.1 nanoT. The data of the two electric channels and
the three magnetic channels are digitized with a 24 bit
Guralp digitizer with 50 samples per second for each
channel and are automatically transmitted to the ob-
servatory in charge. Data are acquired through Scream
and Reftek software and the stored data are processed
by scripts written by observatory staff.

§http://www.isti.com/products/eq—monitoring—seismic—software/

earthworm/
ﬂhttps://www.seiscomp3.org/doc/jakarta/current/index.html
“https://www.trimble.com/MonitoringfSolutions/
Trimble-4D-Control.aspx
**http://geoweb.mit.edu/gg/
T*https://www.aggsoft.com/tcpipfdataflogger.htm
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Table 3: Staff distribution by thematic areas, for the three Observatorios Vulcanolégicos y Sismolédgicos (OVS) in
charge of research and monitoring of the active Colombian volcanoes.

Institution Coordinator ~ Seismology = Deformation Geochemistry Geology Potential Fields
SGC-OVSP 1 3 2 1 1 2
SGC-OVSPop 1 8 1 1 3 0
SGC-OVSM 1 5 2 3 5 1

Institution Electronics Systems GIS Hazard modelling  Field support ~ Administrative support  Total
SGC-OVSP 3 2 1 2 3 5 26
SGC-OVSPop 3 3 1 4 3 27
SGC-OVSM 2 3 2 8 5 37

In addition, we have software developed by the SGC-
OVS that makes it easier for the technicians in charge
of volcanic surveillance to consult, plot, and analyze all
of the information acquired. Currently, these programs
are only available for the SGC-OVS users. Seismic data
processing is performed online, manually and automat-
ically. Due to their nature and acquisition rates, defor-
mation, geochemical, and electromagnetic data are pro-
cessed in batches at different intervals, which vary from
hours to days.

In terms of storage systems, in the SGC-OVS, vol-
canic monitoring data related to all the areas of surveil-
lance are stored continuously by using different tech-
nological structures. Current information is accessed
immediately and regularly on the same equipment as-
sociated with the acquisition system. At present, there
is an approximate daily average of 25 GB of data, dis-
tributed in binary files and structured in database en-
gines, which are stored on high-capacity servers, with
periodic backup locally and remotely at the Central
SGC headquarters. Presently, data related to volcanic
monitoring can be used by the OVS staff, and is not
fully available to external users, especially data col-
lected and processed with still under-development in
house tools. The issue of public data availability is be-
ing analyzed within the SGC and we envision that in
the future much of the primary monitoring information
may be available online.

3 VOLCANO HAZARD MANAGEMENT

In Colombia, according to the national law 1523 of
2012, hazard is defined as “the latent danger that a
physical event of natural origin [in this case, volcanic]
[...] occurs with sufficient severity to cause loss of life,
injury or other impacts on health, as well as damage
and loss to property, infrastructure, livelihoods, service
provision, and environmental resources” [Congreso de
la Republica 2012].

The SGC has established a methodological procedure
(Figure 2) to assess volcanic hazard in Colombia [Mon-
salve 2000]. It begins with detailed research and ge-
ological characterization of the volcano under study,
which includes field and laboratory work, and culmi-
nates with a geological map of the volcano. These
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field activities include identification, characterization,
mapping, stratigraphic correlation, and sampling of the
volcanic deposits. The samples are sent to the labo-
ratory for granulometric analysis, component classifi-
cations, petrography, geochemistry, isotopic geochem-
istry, and dating. The process continues with analy-
sis of historical eruptive activity if that information is
available. Finally, this information—combined with re-
sults of modeling and computational simulation of pos-
sible volcanic phenomena—Ileads to a zonation map of
volcanic hazards [Cepeda 2009]. It is important to men-
tion that there is no established international standard
for the graphic representation of volcanic hazard maps
[Monsalve 2000; Calder et al. 2015]. In Colombia, haz-
ard map formats are the result of technical discussions
of a specialized SGC working group. The goal is that
these maps are understandable to the authorities and
the community in general, based on geological knowl-
edge and internationally used methodologies and ana-
lytical tools.

Hazard maps specify areas that may be affected by
different volcanic phenomena, based on computational
simulations of past volcanic phenomena. For the nu-
merical simulation of the possible volcanic phenom-
ena, different types of tools are used, such as: TITAN2D
[Patra et al. 2005], FLOW2D [Sheridan and Macias 1992]
and FLOW3D [Kover 1995; Sheridan and Kover 1996],
LAHARZ [Schilling 1998; 2014], TEPHRA2 [Bonadonna
et al. 2005], ASH-3D [Schwaiger et al. 2012], EJECT!
[Mastin 2001], LAVA PL and LAVA C [Connor et al. 2012;
Richardson and Connor 2014]. For the analyses, it is
assumed that possible future eruptions may be similar
to those of the eruptive history of the volcano, and that
the center of eruptive activity will be the current crater
or craters. Generally, the SGC volcanic hazard maps
have three zones designated as high, medium, and low
hazard. The boundaries between the different zones
are transitional, represented with dashed lines and in
no way imply absolute limits. This zoning is based on
the potential damage caused by volcanic phenomena,
considering the possibility that a given area may be af-
fected by one or more of these phenomena simultane-
ously. Phenomena such as pyroclastic density currents,
lahars, and lava flows, which represent a high severity
for impacts, are classified as a high volcanic hazard. Py-
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Figure 2: Graphic description of the methodology used by the SGC for the evaluation of volcanic hazard in Colom-
bia [Modified from Servicio Geoldgico Colombiano 2015].

roclastic falls and shock waves can be classified from
high to low hazard, depending on the distance to the
crater and its physical parameters such as thickness,
size, pressure, and dispersion direction.

As mentioned before, the seismic crises at Chiles—
Cerro Negro volcanoes at the end of 2013, in addition to
the joint monitoring process, led to SGC and the IGEPN
to work together in order to produce volcanic hazard
maps for Chiles and Cerro Negro Volcanoes under the
framework cooperation agreement signed in 2014. This

s
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was done through scientific meetings that took place
both in Quito (Ecuador) and Ipiales and Pasto (Colom-
bia). Afterwards, those maps were adapted by SGC and
IGEPN to the respective national standards, symbol-
ism, terms, and socialized with its respective authori-
ties and communities in 2014.

The official volcanic hazard maps are published on
the institutional website*. As an example, for Galeras
volcano, the map as a PDF file and its explanatory doc-

*https://www.sgc.gov.co/volcanes
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ument can be downloaded*. Users can also request
the information through the institutional search en-
gine' or can make specific requests with more techni-
cal details to the following institutional email address:
client@sgc.gov.co.

4 INFORMATION DISSEMINATION AND OUT-
REACH

The Sistema Nacional para la Gestion del Riesgo de Desas-
tres (SNGRD) in Colombia were updated through the
law 1523 of 2012, which is based on three tenets, which
are all interrelated although they can be carried out in-
dependently: risk knowledge, risk reduction, and dis-
aster management. Fundamentally, this law considers
that disaster risk management “is a social process for
the formulation, execution, monitoring and evaluation
of policies, strategies, plans, programs, regulations, in-
struments, measures and permanent actions for knowl-
edge and risk reduction and for disaster management,
with the explicit purpose of contributing to people’s
safety, well-being, quality of life, and sustainable de-
velopment”. The law also states that “management of
risk is the responsibility of all the authorities and the
inhabitants of the Colombian territory”.

In this context and within the framework of the
SNGRD, the SGC is responsible for advising and pro-
ducing research, studies, documents, reports, maps,
etc., focused on improving knowledge of geological
process and hazards (e.g. seismic, volcanic, and mass
movements, amongst others). The goal for these prod-
ucts, is to be understood and used as input for risk as-
sessment, decision making, land-use planning, and—
principally—to contribute to disaster risk reduction
and mitigation. For the case of volcanic activity, the
SGC provides two fundamental tools to authorities, in-
stitutions, decision makers, and communities: the vol-
canic hazard maps described above, and volcanic ac-
tivity levels, which are the result of the integration
and evaluation of all the multi-parametric, continuous
monitoring information collected by the SGC-OVS for
the active volcanoes in the country. Volcanic activity
levels (Figure 3) were proposed by the SGC in 2004 to
the disaster risk management authorities of Narifio De-
partment following the eruptions of Galeras Volcano,
but have now been adopted for all active volcanoes in
Colombia. Activity levels have 4 stages ranging from
level IV or green, which means active volcano with sta-
ble behavior, to level I or red, which corresponds to im-
pending or ongoing eruption. As mentioned, the level
of activity is established with the evaluation of the dif-
ferent monitoring parameters for a given instrumented
volcano and the evaluation made by the group of ex-
perts in the Volcanological Observatories. The descrip-

*https://www2.sgc.gov.co/sgc/volcanes/VolcanGaleras/
Paginas/Mapa-de-amenaza.aspx
Jrhttps ://miig.sgc.gov.co/Paginas/advanced.aspx
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tion and details of the meaning of these Volcano Activ-
ity Levels are explained online*. Based on both volcanic
hazard maps and activity levels, local risk management
authorities residing near active volcanoes in Colombia
consult with their communities and then design and
coordinate contingency plans and response strategies.
These include alert levels and within them, the actions
that communities must follow during volcanic unrest,
such as evacuation orders for those who live in areas
where phenomena such as pyroclastic density currents
may occur.

Over 34 years of uninterrupted volcanic surveillance
and research, a significant number of crises have been
faced, which, based on a strengthened institutionalism
and reliance on state-of-the-art instrumental networks,
have had successful responses. Benefits for the coun-
try include not only saving human lives, but also pro-
tecting cultural and economic resources. Among these
crises are those of Galeras, Chiles, Cerro Negro, Cerro
Machin, Puracé, Sotara, Nevado del Huila, and Nevado
del Ruiz volcanoes, some of which are ongoing.

4.1 Strategies for Apropiacion Social del Conocimiento

Geocientifico on volcanism

All SGC personnel are convinced that outreach work
must be transmitted in the best way to our users.
Knowledge provided must be understood and appro-
priately used. The importance of traditional knowl-
edge and beliefs of communities and their incorpora-
tion in risk analysis is also recognized. All of these
strategies are used in the framework of the strate-
gies for Apropiacion Social del Conocimiento Geocienti-
fico (ASCG) [Narvaez Zuniga et al. 2015; Cortés Jimenez
2016]. In the context of volcanic risk management, the
SGC and its observatories have been implementing a
series of activities or strategies that, due to their com-
plexity and detail, are briefly presented in this docu-
ment, highlighting the following:

e Social networks, which are used for mass com-
munication, including the SGC website (url-
www.sgc.gov.co), Facebook (@sgcolombiano), Twit-
ter (@sgcol) and YouTube (ServicioGeologicoC).

* National Biennials of Children and Young People
who live in areas of volcanic risk (2011, 2013,
2015, 2018, and 2020), which is an important ac-
tivity aimed at education and communication. In
February 2020, the fifth biennial was held in the
area of volcanic risk (“influence area”) of Nevado
del Ruiz volcano and in the Omaira Sanchez
memorial park [Gomez 2015; Cortés Jimenez and
Castano 2016; Lopez et al. 2018].

* Open observatories, itinerant or mobile observato-
ries, guided tours, agreements with national or in-

T'https ://www2.sgc.gov.co/Paginas/
niveles-actividad-volcanes.aspx
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Figure 3: The volcanic activity levels established by the SGC for Colombian active volcanoes that have instrumental

monitoring systems.

ternational institutions, which are strategic activi-
ties aimed at strengthening the institutional posi-
tion in the territories.

* Numerous cooperative programs with communi-
ties including workshops, pedagogical walks to
the volcanoes, guides, specific projects with educa-
tional institutions, amongst others [Agudelo et al.
2012; Driedger et al. 2020].

Recent disasters such as the one in Guatemala af-
ter the eruption of Fuego volcano on June 3, 2018, en-
courage all involved in disaster risk management, in-
cluding the authorities and communities, to re-think
the importance of understanding volcanic hazards and
their related uncertainties. Disasters also challenge us
to strengthen knowledge and risk reduction, in order
to have communities and institutions much better pre-
pared to confront this type of natural phenomena. This
is in accordance with a fundamental premise: “to un-
derstand the risk, is to reduce it”, stated as part of a
project developed in Galeras by the European Com-
mission Humanitarian Aid department’s Disaster Pre-
paredness Programme [DIPECHO 2007]. The idea be-
hind this sentence is to learn from such a tragedy, the
importance of knowing how to make better decisions
and understand that although volcanoes will always
generate small or large eruptions, eruptions should not
always cause disasters. The potential for disaster de-
pends on our knowledge of the phenomena and in our
actions aimed at mitigating their impact. If all commu-
nities and institutions work together continuously on
risk management, it would aid in never again having
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disasters as unfortunate as those that Guatemala has re-
cently experienced or those that Colombia experienced
in 1985 after the eruption of Nevado del Ruiz Volcano.

5 NEEDS, CHALLENGES, AND FUTURE PERSPEC-
TIVES

Although Colombia—since its formal inception in
studying, researching, and monitoring volcanic
activity—has been used as a regional role-model, there
are a significant number of needs related to the growth
achieved in 34 years of uninterrupted study, in the
increased number of active volcanoes monitored (from
11in 1985 to 23 in 2020), and the corresponding moni-
toring networks, acquisition systems, and so on. Some
of these needs are: to maintain continued operation
of the extensive volcanic monitoring and research
network; to strengthen and complement the current
monitoring networks; to implement instrumentation
on new active volcanic structures, mainly where there
is a community under some degree of risk; to keep
scientific personnel trained in order to work continu-
ously to understand processes driving volcanic activity,
with a view to being recognized not only regionally,
but internationally. Further, continued outreach and
collaboration with local communities, including in-
digenous communities, remains an important priority.
These efforts are both a challenge and a memorial to
the thousands of people who have died due to volcanic
activity, not only in Colombia, but worldwide, with
the final goal of reducing disasters related to volcanic
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activity, and contributing to generating more resilient
communities.
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DATA AVAILABILITY

Currently, data related to volcanic monitoring is not
fully available to the public, especially those collected
and processed with under-development tools. Access to
seismic data can be requested through email or written
petition. Access is subject to data use within a research
project. This issue is being analyzed within the SGC
and it is believed that in the future, much of the pri-
mary monitoring information may be available online.

Other types of documents, such as hazards maps,
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geologic maps, reports, bulletins, photos, and
videos can be obtained online through our web-
site (https ://www.sgc.gov.co/volcanes/index.html,
or https://www.sgc.gov.co/Publicaciones/Paginas/
informes-tecnicos.aspx, or https://www.sgc.gov.co/
Noticias/Paginas/Boletines-extraordinarios.aspx,
or https://www.sgc.gov.co/Noticias/Paginas/
Boletines-mensuales.aspx), or by consulting the
institutional search engine (“Geoportal”), by navigat-
ing to the following link and following the instructions
there: https://www.sgc.gov.co/sgc/mapas/Paginas/
geoportal.aspx.
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