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Abstract

Mexico has at least 46 volcanic centers (including monogenetic volcanic fields) that are considered active or po-
tentially active. Due to the federal governance of the country, the Centro Nacional de Prevención de Desastres (CE-
NAPRED) is the entity responsible for monitoring natural hazards. Individual Mexican states also monitor active
volcanoes within their territoryand through local universities. Specific observatories exist for Colima, Citlaltépetl
(Pico de Orizaba), San Martín Tuxtla, El Chichón and Tacaná volcanoes, which are considered among the volcanoes
with the highest hazard potential in the country. Details on instrumentation, data acquisition, hazard management,
information dissemination and outreach are given for each volcano and observatory. The creation of a National Vol-
canological Service, based at CENAPRED and in full cooperation with local university-based observatories, would
help consolidate all monitoring data and official information on active volcanoes at a single institution, procure and
distribute resources, and allocate those resources according to the relative risk posed by the different volcanoes.

Este artículo está disponible en español: https://doi.org/10.30909/vol.04.S1.223246 [PDF ES].

1 Introduction

Mexico has a complex geology, comprising pre-
Cambrian metamorphic complexes, Mesozoic folded
orogenic belts, and Tertiary and Quaternary continen-
tal and volcanic deposits [Morán 1985]. This com-
plexity is a consequence of an intricate tectonic set-
ting. Mexico is located at the southern end of the North
America tectonic plate, where the Cocos and Rivera
plates are subducting (Figure 1), creating the Trans-
Mexican Volcanic Belt (TMVB) stretching across the
country from W to E. The most active and hazardous
volcanoes of the country are located along this moun-
tain range [Espinasa-Pereña 2018]. At the NW coast of
Mexico, the East Pacific Rise separates the Baja Cali-
fornia peninsula from North America, and many vol-
canoes exist in this tectonic spreading environment.
Also, along the eastern Sierra Madre, an alkaline vol-
canic province contains a few recent monogenetic fields
and the San Martín Tuxtla volcano. At Mexico’s south-
ern end, the subduction of the Cocos Plate under the
Caribbean Plate has created the Chiapanecan and Cen-
tral American volcanic arcs, where El Chichón and
Tacaná volcanoes are situated, respectively [Macías et
al. 2008; 2015].

A recent study by Espinasa-Pereña [2018] concluded
that 46 volcanic centers in Mexico could be considered
*Corresponding author: respinasa@yahoo.com.mx
:Now at: Instituto de Geología, UNAM

as active, or potentially active. Among them, there
are 26 Holocene stratovolcanoes and 15 monogenetic
fields, which have produced at least one eruption in
the last 10000 years. The list is completed by three
calderas, which have erupted in the last 100000 years
(one of them, Los Humeros, has been active in the
Holocene), and two submarine volcanoes on the East
Pacific Rise. Salton Buttes volcano (SA)in the United
States of America, and Tajumulco, Santiaguito, Fuego,
and Pacaya volcanoes Guatemala) also pose a risk to
Mexico’s population and territory, mainly due to the
potential for ash fall.

At least half the population of Mexico lives within
100 km of an active volcano, mostly due to the mild
climate and fertile soils of the TMVB, where the popu-
lation is densest. With 60 million people at risk, Mexico
is ranked fourth of countries with the highest number
of people exposed to volcanic hazards, after Indonesia,
the Philippines and Japan [Brown et al. 2015].

Due to the federal governance of the country, Cen-
tro Nacional de Prevención de Desastres (CENAPRED) is
the legal entity responsible for the monitoring of nat-
ural hazards that could endanger the life and property
of the population, including volcanic eruptions. Never-
theless, individual states with active volcanoes within
their territory also conduct monitoring operations, usu-
ally through the efforts of a small community of geo-
scientists at local universities; local observatories exist
for Colima volcano in the Colima–Jalisco state border,
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Figure 1: Tectonic setting of Mexico and the different volcanic provinces (grey regions). Main volcanoes men-
tioned in text: 1) Evermann, 2) Ceboruco, 3) Colima, 4) Nevado Toluca, 5) Jocotitlán, 6) Popocatépetl, 7) Citlaltépetl,
8) San Martín Tuxtla, 9) Chichón and 10) Tacaná.

Citlaltépetl and San Martín Tuxtla in Veracruz, and El
Chichón and Tacaná, in Chiapas.

1.1 Brief history of volcano monitoring in Mexico

The first volcano observatories in Mexico were estab-
lished in 1893 at Zapotlan, Jalisco, and in 1895 at Col-
ima, Colima, by Fathers Arreola and Díaz, who made
systematic observations of the activity at Colima vol-
cano between 1893 and 1905 [Bretón-González et al.
2002]. Between 1943 and 1952, the Institute of Geol-
ogy of the Universidad Nacional Autónoma de México
(UNAM) established an observatory near Angáhuan,
Michoacán, to study the activity of Paricutín volcano
[Luhr et al. 1993].

In March–April 1982, and almost without warn-
ing, El Chichón (a.k.a. Chichonal) volcano, in Chi-
apas, produced a cataclysmic eruption that is recog-
nised as the deadliest volcanic disaster in Mexico’s his-
tory. The eruption killed an estimated 2,000 peo-
ple, displaced several thousands, and caused strong
social, economic and environmental impacts. Three
years later, in September 1985, a large Mw 8.1 earth-
quake hit the country, causing the collapse of more
than 300 buildings in Mexico City and an estimated

20,000 casualties. These disasters were the catalysts
for the establishment of the Sistema Nacional de Protec-
ción Civil (SINAPROC) in 1988. Thanks to the support
of the Japan International Cooperation Agency (JICA),
the CENAPRED was created as the technical-scientific
branch of SINAPROC, in charge of studying the phe-
nomena that cause disasters and proposing public poli-
cies to prevent and mitigate their effects.

Colima volcano has been monitored by the Univer-
sity of Colima since 1989. The monitoring started
with three short-period seismometers transmitting to
the Central Campus in Colima City. Presently, the Cen-
tro Universitario de Estudios en Volcanología (CUEV) is
responsible for the monitoring. The data acquired are
shared with the Civil Protection agencies of Jalisco and
Colima states and CENAPRED.

After nearly 70 years of inactivity, in 1994
Popocatépetl volcano, located 60 km from the outskirts
of Mexico City, started showing signs of unrest. Back
then, a single seismic station existed near the volcano,
at Tlamacas (State of México), operated by the Servicio
Sismológico Nacional (SSN). As soon as it was evident
that the volcano was awakening, the first monitoring
stations were installed, with telemetry to CENAPRED,
thanks to aid and the donation of equipment by the
United States Geological Survey (USGS) and their Vol-
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cano Disaster Assistance Program (VDAP). Therefore,
CENAPRED assumed the responsibility of monitoring
and alerting the population in case of an impending
eruption.

Motivated by phreatic activity in 1986 , the SSN
installed a seismic network at Tacaná in 1998. In
2003, with the creation of the Centro de Monitoreo Vol-
canológico y Sismológico (CMVS), hosted by the Universi-
dad de Ciencias y Artes de Chiapas (UNICACH), volcano
monitoring in Chiapas officially started.

The Observatorio Sismológico y Volcanológico (OSV) of
the Centro de Ciencias de la Tierra at Universidad Ver-
acruzana was created in 2014, when Veracruz State’s
seismic network was installed. This was as a re-
sponse to a multitude of historical events, including the
17th and 18th century eruptions of Citlaltépetl (a.k.a.
Pico de Orizaba) volcano, the 1793 eruptions of San
Martín volcano, and the shallow 1920 earthquake (Mw
6.4), which triggered large-scale mass flow events in
the mountain areas north of Citlaltépetl volcano and
caused almost 700 deaths. The OSV was also estab-
lished in response to recent disasters related to rain-
triggered lahars and other mass flow events in 2003
and 2012 at Citlaltépetl volcano [Rodríguez et al. 2006;
Morales Martínez et al. 2016].

1.2 Which volcanoes are currently monitored in Mex-
ico?

As of 2020, there are 6 volcanoes currently monitored
in Mexico: Popocatépetl, Colima, Citlaltépetl (Pico de
Orizaba), San Martín Tuxtla, Tacaná, and El Chichón.

Popocatépetl is considered the volcano that presents
the highest risk potential, due to its location 60 km
from the outskirts of Mexico City and the fact that over
25 million people live within a 100 km radius of its
crater. Numerous historic eruptions are recorded, and
the volcano has been continuously active for the last 25
years, with frequent effusive activity that creates lava
domes within the crater (Figure 2), followed by Vulca-
nian explosions that cause subsequent dome destruc-
tion [Espinasa-Pereña 2012]. Popocatépetl is continu-
ously monitored by CENAPRED.

Colima is the most active volcano in Mexico. In the
last 430 years it has had about 50 significant eruptions,
including sub-Plinian to Plinian eruptions (1818 and
1913, VEI 4) and frequent dome growth and subse-
quent collapse events, associated with Vulcanian explo-
sions and pyroclastic density currents (PDC) [Medina-
Martínez 1983; Bretón-González et al. 2002]. During
the 1913 Plinian eruption, PDCs travelled up to 15
km from the crater [Capra et al. 2015, and references
therein]. Today, similar flows would pose a high risk to
communities near the volcano, where more than 10,000
people now live. In July 2015, two lava dome collapses
associated with dome growth generated PDCs with an
unexpected runout of 10.5 km, making it the largest
eruption since 1913 [Reyes-Dávila et al. 2016]. Usu-

ally, an eruptive phase starts with lava dome growth,
accompanied by the occurrence of pyroclastic and lava
flows (Figure 2), and finally explosions that lead to the
destruction of the lava dome [Arámbula-Mendoza et al.
2019]. Since 2011, lahar monitoring has been system-
atically implemented, in collaboration with the Geo-
sciences Center at UNAM, Campus Querétaro.

Citlaltépetl, also named Pico de Orizaba, is the high-
est volcano in North America and the third most active
volcano in Mexico, with numerous effusive and explo-
sive eruptions during the 16th, 17th and 18th centuries.
Presently it has small active fumaroles near the summit
crater. Nearly one million people, mostly in the cities
of Orizaba, Nogales, and Ciudad Mendoza, to the south
of the volcano, and Ciudad Serdán to the west, are vul-
nerable in case the volcano reactivates (Figure 2).

San Martín Tuxtla volcano, located to the southeast
of Veracruz, is surrounded by a large and young mono-
genetic field and last erupted in 1793. It is 90 km from
the city of Coatzacoalcos, and could affect 160000 peo-
ple, mostly in the cities of San Andrés Tuxtla and San-
tiago Tuxtla. At present, Citlaltépetl and San Martín
Tuxtla are both being continuously monitored by the
OSV (Figure 2).

El Chichón, has a vigorous eruptive record in the
Holocene, with at least 12 explosive eruptions in the
past 8000 years [Scolamacchia and Capra 2015]. How-
ever, it was almost unknown until the March–April
1982 cataclysmic eruption (Figure 2). Currently, El
Chichón volcano is monitored by the CMVS.

Tacaná, situated at the border with Guatemala, is
the westernmost active volcano of the Central Ameri-
can Volcanic Arc. During the Holocene it produced at
least four sub-Plinian to Plinian eruptions and nine ad-
ditional explosive eruptions, the most recent of which
occurred around 150 years ago [Macías et al. 2015]. It
presented phreatic eruptions in 1949 and 1986, high-
lighting the threat it represents to more than 400000
people living in the vicinity of the volcano (the border
city of Tapachula), which is the most densely populated
region of Chiapas and is characterized by its important
economic activity (Figure 2).

2 How do we monitor these volcanoes?

CENAPRED is in charge of the monitoring network
at Popocatépetl volcano. Additionally, it performs an-
nual spring and/or lake water sampling and analysis
at Tacaná, El Chichón, San Martín, Citlaltépetl and Ce-
boruco volcanoes. Since 2015 it also receives the data of
the monitoring network of Colima, by agreement with
CUEV, and has cooperated with them in the acquisi-
tion and installation of monitoring equipment. Seismic
data from the stations near Citlaltépetl and San Martín
volcanoes are transmitted via internet (Earthworm soft-
ware) to OSV and CENAPRED. The seismic stations at
Tacaná belong to the SSN and their signals are received
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Figure 2: Main volcanoesmonitored inMéxico. [A] Popocatépetl viewed from the East, showing ashes and ballistic
deposits over recent snow (photo credit: Ramón Espinasa-Pereña, July 2019). [B] Colima, showing one of the
2015 lava flows issuing from the crater (photo credit: Raúl Arámbula, July 2015). [C] Citlaltépetl (Pico de Orizaba)
towering over the coastal plain (photo credit: Katrin Sieron, October 2018). [D] SanMartin Tuxtla and several of the
parasitic cones that form the Tuxtlas volcanic field (photo credit : Katrin Sieron, April 2010). [E] Tacaná volcano
high above the Tapachula plains at the Guatemala border (photo credit: Ramón Espinasa-Pereña, August 2018).
[F] Crater of El Chichón volcano left after the 1982 eruption, with a lake of sulfurous water (photo credit: Miguel
Alatorre, October 2014).

Presses universitaires de �rasbourg
Page 226



Volcanica 4(S1): 223 – 233. doi: 10.30909/vol.04.S1.223246

both at CMVS and CENAPRED.
In addition, other—less active—volcanic centers in

Mexico are also monitored. In partnership with the
Civil Protection agency of the State of México, seis-
mometers were installed at Nevado de Toluca and Jo-
cotitlán volcanoes by CENAPRED, but currently no sig-
nals are received due to communication problems. Ev-
ermann volcano, located at Socorro Island (State of Col-
ima), has two seismic stations belonging to the SSN.
Ceboruco volcano in Nayarit has a single SSN seismic
station 9 km from the crater. SSN seismic stations
are located within or near the Michoacán-Guanajuato,
Chichinautzin and Xalapa-Naolinco volcanic fields. Al-
though not for volcano monitoring, the calderas of La
Primavera, Los Azufres (Michoacán) and Los Humeros
(Puebla), as well as the geothermal fields of Cerro
Prieto and Tres Vírgenes (Baja California) are instru-
mented by the Federal Electricity Commission (CFE),
but their records are confidential.

2.1 Popocatépetl, States of Mexico, Puebla and More-
los

There are different types of real-time monitoring sta-
tions at Popocatépetl (Figure 3, Table 1), including seis-
mometers, GPS, cameras, meteorological stations, a tilt-
meter and an acoustic sensor. The monitoring staff
of CENAPRED includes a total of 22 people (Table 2).
All the data received and generated from the monitor-
ing network at Popocatépetl volcano are stored in two
ways:

1. Winston Database: A waveform server that uses
MySQL to query data in conjunction with Earth-
worm software and, through Java, can be visual-
ized with Swarm software (Winston, Earthworm
and Swarm are programs developed by the USGS).
The Winston base resides on a server that stores 60
days of data. A second Winston server, with data
for the last 30 days, is used to generate different
formats (heligrams, spectrograms, seisan, dmx and
sac) through Earthworm software.

2. Historical database: Physical backup of 25 years
of seismic data and images, on DVDs, hard drives
and a recently integrated NAS of the native format
of the seismic sensors (gcf, mssed). Camera images
are saved as jpg. Deformation and gas data are
backed up on the acquisition servers and a hard
disk backup.

This information is publicly available through an of-
ficial request letter to the General Director of CE-
NAPRED, specifying type of data and time period re-
quired, and intended use. Data are delivered in native
format, so the applicant can process the raw data for the
purposes of their investigation. CENAPRED requests
that when results are published, due credit is given.

2.2 Colima volcano, States of Jalisco and Colima

There are different types of real-time monitoring sta-
tions at Colima volcano (Figure 3, Table 1), including
seismometers, cameras, acoustic sensors, meteorolog-
ical stations, GPS, tiltmeter and EDM. The data are
stored in DVDs and hard disks and can be made avail-
able upon request. The monitoring staff includes nine
researchers and seven technicians (Table 2).

2.3 Citlaltépetl and San Martín Tuxtla volcanoes,
State of Veracruz

Seismic data from the Veracruz Network, which in-
cludes eight broadband seismic stations located across
the State plus the stations near Citlaltépetl and San
Martín volcanoes (Figure 3), are transmitted and shared
via internet (Earthworm software) with CENAPRED
and the SSN. Small magnitude earthquakes are visual-
ized on the Observatory’s website* (larger magnitude
earthquakes are posted by the SSN). Data are stored
continuously on OSV hard drives and can be requested
through SSN. Two cameras are also installed on Citlal-
tepetl.

There are only two permanent members of the OSV,
one seismologist and one volcanologist, complemented
by students studying different disciplines (Table 2).

2.4 El Chichón and Tacaná volcanoes, State of Chia-
pas

The monitoring equipment and techniques deployed
at present at El Chichón and Tacaná volcanoes by the
CMVS and SSN are presented in Table 1 and Fig-
ure 3, and include seismometers, GPS and EDM on El
Chichón, seismometers and a camera on Tacaná. The
permanent staff of the CMVS includes four persons (Ta-
ble 2) and perform seismic, geochemistry, geodesy and
visual monitoring. All the data are stored at the UNI-
CACH; seismic data are shared with CENAPRED and
with the SSN.

Unfortunately, for the monitoring of Tacaná vol-
cano, although there are contacts between CENAPRED
and Guatemalan institutes—the Instituto Nacional de
Sismología, Volcanología, Meteorología e Hidrología (IN-
SIVUMEH) and the Coordinadora Nacional para la Re-
ducción de Desastres (CONRED)—no formal collabora-
tion has been established yet. This is unfortunate be-
cause the edifice of Tacaná straddles the national bor-
der, and volcanoes in Guatemala also pose a risk to
Mexico’s population and territory due to ash fall.

*http://www.uv.mx/osv
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Figure 3: Monitoring stations at each of themain volcanoesmonitored in México. [A] Popocatépetl; [B] Colima; [C]
Citlaltépetl (Pico de Orizaba); [D] SanMartin Tuxtla; [E] Tacaná, and [F] Chichón. Red triangles are seismic stations,
while blue triangles are stations with seismic and other monitoring instruments (Acoustic sensor, GPS, tiltmeter,
EDM, Camera and/or Meteorological station).

3 Volcano Hazard Management

3.1 Hazard Maps

Hazard maps of Mexican volcanoes have mostly been
produced by individual researchers, without direct

support from the institutions that monitor them. Nev-
ertheless, the most recent version of Popocatépetl vol-
cano’s hazards maps [Martin-Del Pozzo et al. 2016] was
financed by a special fund of the Interior Ministry for
the prevention of natural disasters (Fondo para la Pre-
vención de Desastres Naturales, FOPREDEN).

Presses universitaires de �rasbourg
Page 228



Volcanica 4(S1): 223 – 233. doi: 10.30909/vol.04.S1.223246

Table 1: Monitoring equipment deployed at each volcano.

Institution Volcano Instruments

Seismometers
Acoustic
sensor GPS Tiltmeter EDM Camera

Meteo
station*

CENAPRED Popocatépetl 16 1 7 2 - 9 5
CUEV Colima 15 4 1 1 1 11 4

OSV
San Martin-Tuxtla 3 - - - - - -
Pico de Orizaba 3 - - - - 2 3

CMVS
El Chichón 3 1 - 1 - 1
Tacaná 4 - - - - 1 1

* Meteorological station

Table 2: Staff dedicated to volcano monitoring.

Institution Staff

Executives Researchers Technicians Total

CENAPRED 3 8 11 22
CUEV 2 7 7 16

OSV - 2 - 2
CMVS 1 2 1 4

The official hazard map of Colima volcano was pro-
duced by researchers at CUEV in 2003 [Navarro-Ochoa
et al. 2003], and is still used by Civil Protection.
Nonetheless, based on the recent eruptive scenarios and
new published data [i.e. Cortés et al. 2010; Capra et al.
2015; Macorps et al. 2018] a new version is in prepara-
tion, in cooperation with CENAPRED.

The hazard map for Citlaltépetl volcano was pub-
lished by Sheridan et al. [2002] and eruptive scenario
maps for San Martín volcano were published by Sieron
et al. [2014].

The published hazard map for El Chichón volcano
[Macías et al. 2008], which includes the differentiated
hazards associated with PDCs, lahars and ash fall, has
recently been complemented by a ballistic hazard map
[Alatorre-Ibargüengoitia et al. 2016]. No comprehen-
sive hazards map for Tacaná has been published yet,
although efforts are being made to produce one [e.g.
Vázquez et al. 2019a; b].

Table 3 includes the references to those maps that
are available for download. Hazards maps for other
volcanoes not currently monitored systematically, like
Nevado de Toluca [Capra et al. 2008] and Ceboruco
[Sieron et al. 2019], have also been published.

Additionally, the CENAPRED’s web page provides
access to the National Risk Atlas*. It includes lay-
ers with geological maps and hazard scenarios for Ce-
boruco, Citlaltépetl, El Chichón, Colima, Jocotitlán,
Malinche, Nevado de Toluca, Popocatépetl, San Martín

*http://www.atlasnacionalderiesgos.gob.mx/archivo/visor-ca
pas.html

Tuxtla, Tacaná, and Tres Vírgenes volcanoes, as well
as a layer identifying all Pleistocene-Holocene mono-
genetic volcanic fields and another one which includes
most of the Holocene stratovolcanoes in Mexico.

3.2 Public alert systems

For Popocatépetl, a volcanic traffic-light alert system is
used, with three colors (green, yellow, and red) to iden-
tify the alert level for the population, and with differ-
ent phases in each color to indicate actions that Civil
Protection authorities and personnel should take [De la
Cruz-Reyna and Tilling 2008]. This can be consulted
online†.

Recently, a volcanic traffic-light alert system of four
colors (green, yellow, orange, and red) has been imple-
mented at Colima volcano. This system can change in
function of the volcanic activity and can be consulted
at the Civil Protection website‡.

There is an electronic volcanic traffic-light alert sys-
tem (green-yellow-red, with increasing severity of haz-
ard) in the town of Chapultenango (6000 inhabitants),
located 10 km east from El Chichón volcano, that indi-
cates the state of the volcano in real-time. At present,
arrangements are being made to install further elec-
tronic Volcanic Traffic Lights in other localities around
El Chichón and Tacaná volcanoes.

†http://www.cenapred.gob.mx/es/Publicaciones/archivos/194-
CARTELSEMFORODEALERTAVOLCNICA.PDF

‡http://www.proteccioncivil.col.gob.mx/
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Table 3: Hazard maps of Mexican volcanoes. All online resources accessible as of January 2021.

Volcano Reference

Popocatépetl Martin-Del Pozzo et al. [2016]a

Popocatépetlb Martin-Del Pozzo et al. [2016]c

Colima Navarro-Ochoa et al. [2003]d

Citlaltépetl Sheridan et al. [2002]e

San Martín Tuxtlaf Sieron et al. [2014]g

Chichón Macías et al. [2008]
Chichónh Alatorre-Ibargüengoitia et al. [2016]

Nevado Toluca Capra et al. [2008]
Ceboruco Sieron et al. [2019]

a http://www.cenapred.gob.mx/es/Publicaciones/arc

hivos/357-CARTELMAPASDEPELIGROSDELVOLCNPOPOCATPE

TL.PDF
b nahuatl language
c http://www.cenapred.gob.mx/es/Publicaciones/arc

hivos/357-CARTELMAPASDEPELIGROSDELVOLCNPOPOCATPE

TL(ENNHUALTLDEATLIXTACq.PDF
d https://portal.ucol.mx/cueiv/mapapeligros.htm
e https://www.uv.mx/osv/vulcanologia/mapas-de-susc

eptibilidad-y-peligro-volcanico/
f eruptive scenarios
g https://www.uv.mx/osv/vulcanologia/mapas-de-susc

eptibilidad-y-peligro-volcanico/
h ballistics

3.3 Other systems

The forecasts of volcanic ash dispersion [based on the
FALL3D code, Folch et al. 2009] for both Popocatépetl
and Colima volcanoes are published daily by the Cen-
tro de Ciencias Atmosféricas (Center of Atmospheric Sci-
ences) and the Centro de Geociencias (Center of Geo-
sciences) of UNAM, respectively, and are available
through their web pages*†.

A specially created app, which allows the iden-
tification of the evacuation routes and shelters at
Popocatépetl, with the possibility of seeing them in
Google Earth’s Street View mode, is available online‡.
A similar app is presently being developed for Colima
volcano.

3.4 Scientific Advisory Committee

Whenever the volcanic activity at Popocatépetl appears
to be changing or increasing, CENAPRED convenes
the Scientific Advisory Committee (CCA), a collegiate
body which includes leading volcanologists from the
Instituto de Geofísica (Geophysics Institute) of UNAM
and other academic institutions, to analyze the avail-
able information and hazard assessments provided by

*http://grupo-ioa.atmosfera.unam.mx/pronosticos/index.php/
dispersion-de-cenizas

†http://terra.geociencias.unam.mx/ceniza
‡http://www.atlasnacionalderiesgos.gob.mx/rutasvolcan/

CENAPRED, in order to make a diagnosis of the cur-
rent processes and to issue recommendations about the
Traffic-Light Alert System level. Civil Protection au-
thorities then have the authority to act on this infor-
mation to order evacuations, close or restrict access to
certain areas or to take other measures.

A similar committee, integrated by leading re-
searchers from Universidad de Colima and Civil Pro-
tection stakeholders, has been convened during crises
at Colima volcano to discuss data acquired and, even-
tually, to change the alert level [Espinasa-Pereña et al.
2017]. CMVS also has the collaboration of a Scien-
tific Advisory Committee, constituted by recognized
national and international volcanologists.

4 Information dissemination and out-
reach

4.1 CENAPRED

CENAPRED publishes, on a daily basis, a report on the
activity of Popocatépetl volcano§. Every time there is an
ash emission CENAPRED informs the Centro Nacional
de Comunicaciones (National Communications Center,
CENACOM).

Many publications, including infographic posters,
hazard maps, brochures and technical reports can be

§https://www.gob.mx/cenapred
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downloaded from the CENAPRED web page*. As pre-
viously stated, CENAPRED interacts with all other vol-
cano observatories in Mexico, and with the Civil Pro-
tection system, through the National Civil Protection
Coordination, as recently during the Colima crisis in
2015 [Espinasa-Pereña et al. 2017]. In addition, strong
collaboration is maintained with national and interna-
tional institutions.

4.2 CUEV, University of Colima

Current volcanic activity is described in weekly reports
published in the CUEV website†. In case of major ac-
tivity, special reports are published daily. In addition,
the website includes information about Colima volcano
and its monitoring system. Some data, such as seismo-
grams, acoustigrams and webcams images are also ac-
cessible through the same web site; images from cam-
eras dedicated to lahar monitoring are accessible on-
line‡. CUEV staff frequently visit the communities
nearest to the volcano to inform about ongoing activ-
ity.

CUEV interacts with Civil Protection of Colima and
Jalisco states through a direct channel of communica-
tion between the directors and the operational staff.
Most of the information generated by CUEV is shared
with CENAPRED. In addition, strong collaboration
links are maintained with national and international
institutions, such as the Centro de Geociencias and In-
stituto de Geofísica at UNAM, GFZ-Potsdam (Germany),
USGS, University of Granada (Spain) and Université
Savoie-Mont Blanc (France).

4.3 OSV, Universidad Veracruzana

Information and products derived from research
projects are published in journals, books and other
printed media, some of which can be found at the web-
page§. Any products deemed important for risk mitiga-
tion are handed to Civil Protection offices at state and
municipal levels, as well as to CENAPRED.

4.4 CMVS, UNICACH

The UNICACH offers a bachelor program in Earth sci-
ences, whose students participate in outreach activities
regarding volcanic hazards in communities and schools
around both volcanoes. Furthermore, staff of the CMVS
actively and continuously participate in courses, press
interviews (local TV, radio and newspapers), confer-
ences and seminars related to volcanic hazards, risk as-
sessment and the state of El Chichón and Tacaná volca-

*http://www.cenapred.gob.mx/PublicacionesWebGobMX/buscaind
ex

† https://portal.ucol.mx/cueiv/
‡http://terra.geociencias.unam.mx/vulcano
§http://www.uv.mx/osv

noes.
Information regarding El Chichón and Tacaná volca-

noes, volcanic and seismic hazards and other themes
related with Earth Sciences can be found online¶‖.

CMVS collaborates with UNAM, CENAPRED, CUEV,
Consejo Superior de Investigaciones Científicas de Es-
paña, USGS, OVSICORI in Costa Rica, and INGEMMET
in Peru.

5 Needs, challenges, and future perspec-
tives

Unfortunately, a lack of resources and personnel, to-
gether with cooperation and communication shortcom-
ings between researchers at different institutions (and
sometimes within one institution) severely handicap
these monitoring efforts.

Public universities lack the resources to maintain the
monitoring equipment installed on their volcanoes. Al-
though equipment can be bought through the Consejo
Nacional de Ciencia y Tecnología (CONACyT) grants and
projects, there is usually little or no money for mainte-
nance, so after a few years the equipment deteriorates
or malfunctions.

The creation of a National Volcanological Service,
working in a similar way to the existing Meteorologi-
cal and Seismological Services, possibly based at CE-
NAPRED and in full cooperation with local university-
based observatories, would help in concentrating all
monitoring data and official information on active vol-
canoes at a single institution.

Espinasa-Pereña [2018] made a preliminary ranking
of the 42 potentially active volcanoes in México, follow-
ing the methodology of Ewert [2007]. Among the six
most hazardous volcanoes (Popocatépetl, Colima, Ce-
boruco, Citlaltépetl, Tacaná, and El Chichón) only five
are permanently monitored, and only Ceboruco lacks
permanent sensors. Several other high-risk volcanoes
lack monitoring systems, while most of the other volca-
noes considered possibly active have no monitoring at
all. A single institution in charge of volcano monitor-
ing would aid in procuring and distributing resources
and would also help in allocating those resources ac-
cording to an analysis of the monitoring needs and the
relative risk posed by the different volcanoes. It should
ensure the availability of an annual stipend for equip-
ment maintenance and general operations of the local
observatories and allow for the hiring of researchers
and technical staff at those observatories whose univer-
sities lack enough funds.

As the 2015 crisis at Colima volcano showed
[Espinasa-Pereña et al. 2017], the Civil Protection au-
thorities at the Federal level turn for advice to CE-
NAPRED, also a Federal institution, rather than have
to deal directly with the individual researchers or local

¶https://monitoreo.unicach.mx/
‖https://es-la.facebook.com/IIGERCC/
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scientific advisory committee. A National Volcanolog-
ical Service would serve as a single source of informa-
tion for decision makers, guaranteeing also that a single
voice is used to address the concerns of all stakeholders
(Federal and State authorities, Civil Protection and the
media).

An additional advantage of a National Volcanological
Service would be the homologation of the techniques
and methodologies used for monitoring Mexico’s vol-
canoes, and the standardization of the hazards maps
and alert systems (Volcanic Traffic-Light Alert System),
which currently is different at each observatory.
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