
An international partnership to develop volcano monitoring capacities in Guatemala 
Silvio De Angelis, University of Liverpool, Andreas Rietbrock*, Karlsruhe Institute of Technology, Yan Lavallee, 
William Carter , Paul Wallace, University of Liverpool, Ellen Gottschämmer, Alicia Rohnacher, Karlsruhe 
Institute of Technology 
 
Summary 
 
In Guatemala, volcanic hazard is high with 1,341,000 people 
living within 10 km of an erupting volcano, and over 
7,000,000 people living within 30 km of a volcano. Here we 
present a project, funded under the auspices of Geoscientists 
Without Borders, that focuses on the currently erupting 
Santa Maria and Santiaguito volcanic complex. Santa Maria 
is one of 16 international decade volcanoes, which were 
designated as areas of special interest by the International 
Association of Volcanology and Chemistry of the Earth's 
Interior because of their history and potential to generate 
destructive eruptions, and their proximity to densely 
populated areas. The 1902 eruption of Santa Maria claimed 
the lives of about 8,700 people and many more died from a 
consequent outbreak of malaria. In 1922 the ongoing 
eruption of Santiaguito began with the growth of a lava dome 
complex inside the crater of the 1902 eruption. Since then, 
Santiaguito has produced, for nearly a century, explosions, 
collapses and avalanches, pyroclastic flows and lahars, 
which are a constant threat to a population of several tens of 
thousands, and to farming developments in the area. Villages 
and infrastructure around Santa Maria and Santiaguito have 
sustained severe damage from pyroclastic flows and lahars 
in the recent past, including the notable example of the town 
of El Palmar located about 10km from Santiaguito, which 
was destroyed twice by lahars, and subsequently abandoned, 
forcing the displacement of local population to a new 
settlement. Until very recently, surveillance at Santiaguito 
was limited to visual observations and manual analyses of 
data from a sparse seismic network. The overarching goal of 
this project is to assist the Instituto Instituto Nacional de 
Sismología, Vulcanología, Meteorología e Hidrología 
(INSIVUMEH) with improving monitoring at Santaguito 
through the installation of state-of-the-art geophysical 
equipment, and by providing training in modern volcano 
monitoring technology to local personnel. Here, we present 
our project and the details of the installation of new real-
time, broadband seismo-acoustic stations in the area. 
 
Introduction 
 
Erupting volcanoes eject ash, lava, solid rocks and gases, 
generating hazards that kill people, disrupt air travel, and 
destroy property and infrastructure. Despite this, nearly half 
a billion people presently live close to an active volcano. 
Attracted by resources like minerals, geothermal energy, 
fertile soils, and tourism, societies have traditionally 
considered that the benefits of living near a volcano 
outweigh the potential risks. However, only over the past 50 

years, volcanoes have taken the lives of nearly 30,000 
people, and hazards from their activity have caused the 
displacement of more than a million others. On a global 
scale, moderate size eruptions are relatively frequent, on the 
order of 10 to 20 every year, whereas larger ones occur a few 
times every decade. Repercussions on society and the 
economy from volcanic activity are experienced at the local, 
regional, and global scales. The impact of eruptions, 
similarly to other geological hazards, is disproportionally 
larger in developing countries where, despite the hard work 
of local scientists and the unrelenting efforts of civil 
protection authorities, resources remain scarce. Even the 
most basic monitoring equipment is frequently not available 
to local scientists whose training is often inadequate. 
Awareness and preparedness in local communities, 
particularly in rural areas, are also frequently below 
desirable standards. 
 
Recent activity at the Santa Maria and Santiaguito 
volcanic complex 
 
The Santa Maria and Santiaguito volcanic complex is an 
international decade volcano located in Guatemala, at the 
northwest end of the Central American volcanic arc. In 1902 
Santa Maria erupted 8.5 km3 of dense dacite, producing one 
of the largest volcanic events in the 20th century [Harris et 
al., 2002]. The eruption, which left a 0.5 km3 crater, killed 
about 8,700 people, and many more died from a consequent 
outbreak of malaria. In 1922, after about 20 years of 
dormancy, the ongoing eruption of Santiaguito began with 
the growth of a lava dome (Fig. 1a) within the crater of the 
1902 eruption [Rose, 1972]. In 1929, a 3,000,000 m3 
collapse accompanied by a pyroclastic surge occurred. 
Uncertain estimates suggest that between few hundreds to 
about 5,000 people were killed by this event. Since then, 
Santiaguito has produced, for about a century, explosions, 
collapses and avalanches, pyroclastic flows and lahars, 
representing a constant threat to a population of several tens 
of thousands, and to farming developments in the area. 
Activity at Santiaguito over the past three decades has 
consisted of small-to-moderate, regular (hourly to every few 
hours), explosions from the active Caliente vent [Johnson et 
al. 2004; De Angelis et al., 2012]. Occasionally, these 
explosions have been larger causing significant ash dispersal 
mostly south of Santiaguito, and pyroclastic flows toward 
small towns and coffee plantations along the slopes of the 
volcanic complex. During 2014-2016 Santiaguito 
experienced a sudden shift from continuous lava extrusion 
and mild explosive activity to large explosions accompanied 
by ash plumes of several km and significant pyroclastic flow 
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activity (Fig. 1b). Fortunately, no casualties resulted from 
this activity, which however served as a formidable reminder 
of the destructive potential of the volcano. 
 
Hazard at the Santa Maria and Santiaguito volcanic 
complex 
 
Although the main edifice of Santa Maria is currently not 
active, the Santiaguito lava domes generate recurrent 
hazards. The land on the slopes of the volcano is used for 
agriculture, mostly coffee plantations. The number of 
workers in the coffee plantations around Santiaguito is 
variable (due to the seasonality of this type of work), and 
overall difficult to assess; official census data collected in 
2002 and statistical estimates of population density (NASA 
Socio Economic Data and Application Center, 
http://sedac.ciesin.columbia.edu/, last accessed March 7, 
2018) suggest that a population of about 2,000, within a 
roughly semi-circular area with radius of 5-6 km south of the 
Santiaguito dome complex, would be directly affected by the 
outcomes of large explosions such as pyroclastic surges and 
ashfall, or by lava flows. Ashfall, pyroclastic flows and 
avalanches were frequently reported in communities within 
this area during 2014-2016; explosive activity in May 2014, 
for instance, produced a pyroclastic flow with run-out of 
about 7 km, which caused the evacuation of about 200 
people (Global Volcanism Program, Smithsonian 
Institution, last accessed on March 7, 2018, 
https://volcano.si.edu/volcano.cfm?vn=342030&vtab=Bull
etin). For large explosive events drifting ash clouds affect 
towns and cities near the volcano, including the whole 
municipality of Quetzaltenango (an area of about 130 km2 
around the volcanic complex) with a population of about 
220,000, causing hazardous breathing conditions, damage to 
crops, and to buildings when the load of ash exceeds the 
strength of roof structures (during the April-September rainy 
season). In several instances, during 2016, INSIVUMEH 
reported that explosions had generated plumes reaching up 
to 10 km altitude, and pyroclastic flows along drainages in 
the east and west directions from the active Caliente vent. 
The Washington Volcanic Ash Advisory Centre reported ash 
plumes from explosions drifting nearly 500 km SW in this 
period. Explosions with ash plumes rising to 6 km or higher 
were observed 12 times during May 2016. Pyroclastic flows 
often travelled 2-3 km down the east, south, and west flanks; 
INSIVUMEH noted that volcanic bombs were ejected to up 
to 3 km from the vent. Finally, lahars are a recurring hazard 
in the streams and rivers around the Santiaguito domes, due 
to the intense summer rainy season experienced in this area 
(Fig. 1c, 1d). The original town of El Palmar was destroyed 
by lahars in the 1980s, and the newly built town remains 
under the threat of future mudflows. During 2012-2017, 
lahars streamed along drainages southeast of Santiaguito. 
INSIVUMEH reported that many of these events, triggered 
by heavy rainfall, were contained within the Nimá I 

drainage. However, lahars following the nearby rivers Nimá 
II, San Isidro, and Tambor can merge with the larger river, 
Rio Samalá (Fig. 1d). When Rio Samalá is threatened by 
lahars warnings are issued for the Castillo de Armas bridge, 
which supports the Inter-American Highway, the main road 
that links all the Pacific coastal countries of the Americas in 
a connected highway system.  

Challenges in monitoring Santiaguito 
 
Volcanic activity at the Santa Maria and Santiaguito 
complex is monitored by the Santiaguito Volcano 
Observatory (OVSAN), operated by INSIVUMEH, and 
located about 7 km southwest of the active vent. Local 
surveillance of Santiaguito is limited to daytime visual 
observations from the observatory by a member of OVSAN. 
Observations are frequently hampered by cloud cover and, 
at the time of this writing no geophysical data are available 
in real-time to local staff based at OVSAN. Data from a 
sparse network of short-period, vertical-component, 
seismometers are telemetered to the INSIVUMEH 
headquarters in Guatemala City. Data received at 
INSIVUMEH are visually inspected by members of the 
Volcanology team in Guatemala City.  
The earthquake monitoring group at INSIVUMEH operates 
the Guatemalan national seismic network with a SeisComp 
3 seismic data acquisition system 
(https://www.seiscomp3.org); this system receives data via 
the seedlink protocol 
(http://ds.iris.edu/ds/nodes/dmc/services/seedlink/), and 
provides a robust platform for the implementation of a real-
time, automated data analysis workflow to monitor 
Santiaguito. However, this requires equipment, which 
supports modern digital data transfer protocols.  
The University of Liverpool is currently testing real-time 
data streaming from two seismic stations located within 5 
km of Santiaguito to INSIVUMEH. Data from Nanometrics 
Trillium T120 Compact seismometers installed are digitized 
by Earth Data EDR209 dataloggers at 24-bit and sent to the 
INSIVUMEH headquarters via the 3G mobile network (Fig. 
1). At the time of this writing these stations have been 
operating continuously since the initial installation with very 
minor data dropouts, on the order of 1-2% of the total data 
expected. Data can be accessed in real-time through a public 
server managed by INSIVUMEH.  
 
Conclusions 
 
Geophysical monitoring aims to measure changes at active 
volcanoes in order to: 1) forecast when an eruption might 
occur; 2) provide real-time information during eruptive 
crises; and 3) assess the end of an eruption. Effective 
volcano monitoring requires the availability of continuous 
streams of geophysical data (and/or field and visual 
observations) in real-time for the implementation of warning 
systems and their close integration with risk communication 
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schemes. Traditionally, monitoring of geological hazards 
relies on significant, long-term, financial commitments by 
local governments. In Guatemala, the substantial lack of 
financial resources allocated to hazard programs have made 
 
 
 

 
Fig. 1 Seismic data recorded on March 7, 2018 by a test 
seismic station jointly operated in real-time by 
INSIVUMEH and the University of Liverpool about 2.5 km 
west of the active Caliente vent. 
 
continuous and effective monitoring of volcanic activity - 
and other geological hazards - a very challenging proposal. 
However, over the past decade, state-of-the-art sensor and 
data transmission technologies, with low power 
consumption, have become increasingly available at 
relatively low cost. This allowed deployment of multi-
parameter monitoring stations at many volcanoes worldwide 
within the framework of international cooperation, and with 
comparatively low budgets. Furthermore, the establishment 
of standard protocols and open-source software solutions for 
data transmission, archiving, and processing has facilitated 
the implementation and deployment of real-time, or near 
real-time, warning systems. Within this framework we have 
installed real-time seismic and acoustic equipment at 
Santiaguito. After the installation of equipment will be 
complete, we will start work on implementing simple 
software to analyse data in real- or near real-time and to 
dispatch alerts on volcanic activity. Further we expect to 
conduct a formal training program for local staff at 
INSIVUMEH).  
The objectives of this project are relevant to hazard 
assessment and risk mitigation in the region of Santa Maria 
and Santiaguito and more broadly in Guatemala, and the 
potential impact is far reaching. Our initiative will act 
effectively on volcanic early warning in Guatemala; the 
newly available data and procedures will assist with the 
formulation of new plans in the event of unrest and eruption. 

Volcanic eruptions can have long lead times, which allow 
warnings and effective decisions making to protect 
vulnerable populations and/or infrastructure well in advance 
of an event. Short-term warnings can also be issued in a 
timely fashion based on real-time data analyses for events 
such as heavy ash-fall and lahars; procedures for rapid shut 
down of vulnerable systems, activities and infrastructure in 
areas at risk during a hazardous event can, thus, be 
implemented to mitigate risk. The application of well-
informed procedures will ultimately decrease the time 
needed for recovery in the aftermath of volcanic events. 
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