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Abstract 

The Circum-Pacific Belt, also called the Pacific rim of fire, is an area around the Pacific Ocean characterized by 

intense seismic and volcanic activity as evidence of a living and dynamic Earth / Planet. This is the reason, which 

explains the presence of large numbers of earthquakes and volcanoes around the borders of the Pacific Ocean. It 

concentrates a large percentage of the world's earthquakes and volcanoes, also some of the countries with dense 

population are located in these areas. Based on assessment of the volcanic hazard and activity of the volcano, local 

authorities should proceed to develop in a consulting and coordinated manner with their communities contingency 

plans and response strategies; which include alert levels, evacuation routes and exercises, such drills for those who 

permanently reside in areas where such dangerous volcanic phenomena can occur, such as lahars or pyroclastic 

flows. As an example of risk reduction experience during a volcanic eruption, the Nevado del Huila volcano in 

Colombia is presented..  
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1 INTRODUCTION 

There are times when news shows us beautiful 
scenes, as well as terrifying ones, like when there 
are erupting volcanoes that affect the population 
living in areas affected by their volcanic activity. 
In 2018, the whole world received multiple news 
broadcasts and videos of two volcanoes with 
major eruptions, one of them the Kilauea in 
Hawaii and the other the Fuego volcano in 
Guatemala; showing two very different 
geographical contexts and realities, not only 
because of the type of volcano and eruptive style, 
but because of the effects they caused on the 
communities that reside in their influential zones. 
In Hawaii, the Kilauea volcano is located within 
the Volcanoes National Park and the closest 
population lives on the edge of the park.  While 
there was great impact on the infrastructure, 
properties and of course the tranquility and well-
being of its inhabitants, there were no casualties. 
On the contrary, in Guatemala, the Fuego volcano 
is located in a highly populated area in the 
foothills of the volcano, where there were more 
than 100 causalities and nearly 200 people 
missing. 

Volcanic phenomena in these two contexts 
correspond practically to the extremes of the 
spectrum of volcanic eruptions, on one hand the 
effusive or "tranquil" with the occurrence of lava 
flows and on the other hand, the explosive or 
"energetic" with generation of pyroclastic flows, 
both generating devastation and changes in the 
landscape; but very different in terms of response 
and possibility to escape the effects of the 
eruption, by the inhabitants in the volcano's 
influential zone. 

The important lesson learned, is that lack of 
right perception and understanding of the 
phenomena generated during a volcanic eruption; 
by authorities, mass media and the community, 
can be fatal. The people next to the volcano in 
Guatemala did not understand the severity of a 
pyroclastic flow. 

As a result of the news, people living in volcano 
areas ask themselves questions such as: can 
something similar happen with our volcanoes, are 
we prepared to deal with a crisis arising from the 
eruptive activity of a volcano? and so, a series of 
reasonable concerns, given the uncertainty of the 
occurrence of a natural phenomenon of incredible 
power: a volcanic eruption 

 

2 THE PACIFIC RING OF FIRE 

This ring is the expression of geological 
processes that have been going on in the Pacific 
Ocean basin for millions of years, and are still 
happening. The Earth is made up of many layers 
with different physical and chemical 
characteristics that give them specific behaviors 
and differentiate them from each other. Thus, the 
Crust is the outermost layer of our planet and can 
be divided in a general way, into two large groups, 
the thinner and denser oceanic crust and the 
continental crust thicker and less dense than the 
previous one. In the case of the Pacific Ring, the 
oceanic crust is generated and moves away from 
the emission center located in the East Pacific 
Rise, which is a mid-oceanic ridge, a divergent 
tectonic plate boundary located along the floor of 
the Pacific Ocean. It separates the Pacific Plate to 
the west from (north to south) the North American 
Plate, the Juan de Fuca Plate, the Cocos Plate, the 
Nazca Plate, and the Antarctic Plate (Figure 1). 

 

Figure 1.The Pacific Ring of Fire, a horseshoe-shaped area 
that runs from New Zealand to Chile, which represents most 
of the seismic and volcanic activity in the world. Diagram 
from: https://www.britannica.com/place/Ring-of-Fire. 

In this ridge new oceanic crust is generated, on 
the contrary, at the edges of the Pacific Ocean, 
there are 'converging limits' where the oceanic 
crust sinks under the continental crust forming 
deep oceanic trenches, folds and uprisings; that 
cause cords of mountain ranges, which form 
islands, such as islands located in Oceania and 
sometimes on the edge of the continents forming 
mountain ranges, for example the Andes in South 
America. In general, these are the so-called 
'converging boundaries' that are characterized by 
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accumulation of large forces that deform the crust 
producing mountains, basins, oceanic trenches, 
seismic and volcanic activity, tsunamis, erosion, 
landslides; among others natural process.. 

In short, this belt around the Pacific Ocean is 
characterized by concentrating intense seismic and 
volcanic activity as evidence of a living and 
dynamic planet. This is the reason, which explains 
the presence of large numbers of earthquakes and 
volcanoes in these plate limits. It is a dangerous 
area, since it concentrates not only a large 
percentage of the world's earthquakes and 
volcanoes, but because they have the potential to 
be the largest in magnitude in the world. In this 
area, there is the largest number of volcanoes on 
the planet. The Fire Belt encompasses a 
horseshoe-shaped area that runs from New 
Zealand in the south-west, to the west coast of 
South America in the south-east, through Oceania, 
Asia, Alaska, North America, Central America 
and South America. 

3 VOLCANOES AND VOLCANIC HAZARD 

Not all volcanoes behave the same, their 
behavior depend on the characteristics of the 
Magma, mixture of high temperature molten rock 
and gas, which is located inside volcanoes and is 
equivalent to the fuel of a volcano.  In this context 
and from the point of view of chemical 
composition, you can have basic and fluid 
magmas, known as basaltic (low content of 
Silicon Dioxide or Silica – SiO2 less than 52% by 
weight), others known as intermediates such as 
andesitic (SiO2 between 53 – 63% by weight) and 
acids and viscous, classified as Dacitic (SiO2 
between 63 – 69% by weight) and Rhyolitic (SiO2 
greater than 69% by weight).  The higher the 
content of SiO2, the greater the explosiveness of 
volcanic eruptions since the composition is 
intimately related to viscosity and in turn with the 
generation of "plugs", that pressurize volcanic 
systems by accumulation of gases that trigger 
explosive eruptions. It is important to note, when 
magma reaches the surface of the volcano, there 
are changes in its properties (temperature, 
pressure, etc.) and is named Lava; if the magma is 
degasified or if the magma has pressurized gases, 
it can form hot clouds of different sized fragments 
and gases, these natural phenomena receive 
different names such as pyroclastic density 
currents, pyroclastic flows, glowing cloud, etc 

A volcanic eruption, depending on the 
characteristics of the volcano, may involve 
numerous different phenomena; the understanding 

of the volcanic phenomena is an important part of 
the risk reduction measures taken by the 
authorities, institutions and community. 

The most common volcanic phenomena that 
occur during volcanic eruptions are described 
below, as well as the effects on life, livelihoods 
and infrastructure: 

Pyroclastic fall: are the result of the volcano´s 
explosive eruptions, they are emitted into the 
atmosphere consisting of fragmented particles 
which according to their size, are known as: ash 
(less than 2 mm); lapilli (2 to 64 mm); blocks, 
bombs / boulders (greater than 64 mm) 

Wind-borne pyro-clasts (Pyroclastic Fall): ash 
and lapilli are carried by the wind to areas far 
from the volcano (hundreds or thousands of 
kilometers) and deposited by gravity. The grain 
size of the pyro-clasts and the thickness of 
accumulated layer decrease with the distance from 
the volcano. Most eruptions, if not all, are 
accompanied by pyroclastic falls and their 
distribution will depend on the height of the 
eruption column and the direction and speed of the 
prevailing wind (Figure 2, a.). Pyroclastic falls can 
cause: - Darkness of the environment. - Affecting 
human and animal health: respiratory conditions, 
eye and airway irritation, poisoning and allergies. 
- Damage to infrastructure and housing: covering 
and burial, obstruction of artificial drains, collapse 
of roofs and electrical conduction lines, corrosion 
to metal elements. - In agriculture and livestock: 
partial or total loss of crops and livestock. - 
Contamination of water sources by solids and 
chemicals. - Electric storms and affectation of air 
and ground transport 

Ballistic Projectiles: Bombs and blocks 
(diameter from 64 mm to metric) are ejected with 
parabolic trajectories such as ballistic projectiles 
from the crater, at speeds of tens to hundreds of 
meters per second. Its distribution is usually 
restricted to a distance less than 10 km from the 
emission point. Ballistic missiles cause destruction 
of infrastructure, house or forest fires and death or 
serious injury to living beings by direct impact 

Pyroclastic density currents - CDP (Pyroclastic 
flows and surges): They are clouds of 
incandescent material composed of rock 
fragments, ash and hot gases (from 300oC to 
800oC) that move at high speeds (tens to several 
hundred km/h) from the emission center by the 
flanks of the volcano, tending to follow the 
valleys (Figure 2, b.). They originate from the 
gravitational collapse of eruptive columns, by 
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collapse and explosion of domes or by collapse of 
lava flows. Most pyroclastic flows have a basal 
flow of thick fragments moving along the ground 
surface and a turbulent cloud of ash rising above 
the basal flow. Ash can fall from this cloud in a 
wide area following the direction of the wind. 
Pyroclastic waves have a higher gas content and 
are more turbulent, with a greater lateral 
distribution, moving in the valleys and high 
topography. Both the melting of glacial masses, 
river dams and ravines due to CDP can generate 
lahars. Pyroclastic density currents will destroy 
everything in their path and can specifically cause: 
- Scratching and fire of the elements exposed in 
their trajectory, due to their high speeds and 
temperatures. - Covering and burying the exposed 
area, including clogging of channels, filling of 
topographic depressions and interruption of tracks. 
- Death of people and animals by impact, burns 
and inhalation of hot ash and gases. 

Figure 2. a. Eruption column and Ash fall at Calbuco 

volcano, Chile, on April 22, 2015. Children watch the 

Calbuco volcano erupt, from Puerto Varas, Chile, Photo 

taken by Carlos F. Gutierrez / AP, from 

https://www.theguardian.com/world/2015/apr/22/chiles-

calbuco-volcano-erupts. b. Pyroclastic flow, occurred on 

January 10, 2014 Sinabung volcano, Indonesia. Photo from 

https://volcanocafe.wordpress.com/2014/01/10/mount-

sinabung-update-riddles/comment-page- 

Domes and lava flows: These are streams of 
molten rock, which are emitted by the crater or by 
cracks on the flanks of the volcano (Figure 3, a.). 
When exiting the crater, they form lobes that tend 
to channel along the valleys, their speed and travel 
distances depend on their composition, volume, 
the morphology of the valley and the 
topographical barriers they find in their path. 
There are fluid lavas and viscous washes: the first 
can extend up to tens of kilometers from eruption 
point, emission focus, while the less fluid ones 
advance a few kilometers from the eruptive center. 
When the lava is very viscous, they accumulate in 
the emission centers, forming steep or dome-

shaped mounds known as lava domes, which 
when cooled capped these emission centers; 
domes can explode or collapse generating 
pyroclastic flows (Figure 3, b. Figure 4, b.). Lava 
flows move relatively slowly, so that people can 
move away from their path, however, everything 
in their path will be knocked down, buried and 
burned due to their high temperatures. Lavas can 
specifically cause: - Destruction of infrastructure, 
burial, burning of crops and forest fires. - Deaths 
attributed to lava flows are often due to indirect 
causes, such as explosions when lava interacts 
with water, asphyxiation due to accompanying 
toxic gases. In the event of an eruption that 
generates lava flows, particular attention should 
be paid to their progress towards populated 
centers or infrastructures. 

Figure 2. a. Photograph of Lava flow on July 11, 2014, from 
Kilauea volcano, Hawaii, United States.  This flow was 
named Puna, lava flow closest to the town of Pahoa. Photo 
taken Staff Sgt. Katie Gray (U.S. Army National Guard) 
from https://www.dvidshub.net/unit/117MPAD-HI. b. 
Photograph of the Lava dome on the bottom of the crater of 
Nevado del Ruiz volcano, Colombia on January 10, 2020. 
Photo taken by Milton Ordoñez, SGC 

Lahars (Mud and Volcanic Debris Flows): They 
are a mixture of rock fragments, sand, silt, clay, 
biomass (vegetation, trunks of dragged trees) and 
water that move through the streams and rivers 
(Figure 4, a.). A moving lahar is presented as a 
wet concrete mass that loads fragments ranging 
from clay to blocks more than 10 meters in 
diameter. Lahars vary in size and speed; large 
lahars, hundreds of meters wide and tens of meters 
deep, can flow at several tens of meters per 
second. These types of flows can be generated 
during (primary) or later (secondary) volcanic 
eruptions, by a variety of mechanisms that allow 
water to interact with volcanic and non-volcanic 
materials. Water sources to form lahars can come 
from snow, ice, craterlike lakes, rains, river 
currents or water reservoirs inside the volcano. 
Lahars can cause: - Sweeping and destruction of 

a b

a b
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vegetation, crops and existing structures along 
their trajectory (bridges, houses and 
infrastructure). - Filling of natural and artificial 
channels, in addition to flooding, burial and 
isolation of large tracts of land (outside the 
riverbed). Because of its speed and energy, a lahar 
is a very dangerous phenomenon and the chance 
of surviving its direct impact is minimal 

 

Figure 4. a. Photograph of Lahar from Ruapehu volcano, 
New Zealand, "The lahar over running the Tangiwai rail 
disaster memorial site". Photo by Geoff Mackley, from 
http://www.geoffmackley.com/archive/ruapehulahar02.html 
. b. Photograph of the Lava dome on the summit of Nevado 
del Huila volcano, Colombia on February 22, 2010. Photo 
SGC. From:  

https://www2.sgc.gov.co/sgc/volcanes/VolcanNevadoHuila/
Paginas/imagenes.aspx. 

Debris Avalanches: They are huge landslides of 
the volcanic edifice that can happen as a result of 
the instability of its flanks, due to the intrusion of 
magma inside, a strong earthquake or the 
weakening of the internal structure of the volcano. 
Sometimes the collapse of the building is 
accompanied by eruptive activity, characterized 
by explosions of extreme violence (blasts) are 
usually directed in the same direction of the 
landslide. The debris avalanches are very fast and 
mobile and wipe out everything they find in their 
path 

Volcanic gases: Before, during and after an 
eruption, volcanoes emit significant amounts of 
gases, mostly water vapor, to which are added 
certain concentrations of CO2 (Carbon dioxide), 
SO2 (Sulfur dioxide) and  H2S  (Hydrogen 
Sulfide) among others, which are rapidly diluted 
in the atmosphere, so that they do not pose a 
greater danger to human health. However, high 
concentrations of CO2 and CO (odorless gases) in 
topographical depressions can lead to death. 
Prolonged exposure to volcanic gases can cause 
eye irritation and breathing problems. In some 
volcanoes there may be other compounds with 
life-harmful implications for both humans and 
animals, such as Fluor 

Shock waves: It is a pressure wave that 
propagates at a higher rate than sound, produced 
during the explosive activity of a volcano. Shock 

waves can cause: vibration and breakage of 
windows, cracks in walls and vital lines, 
commotion in people who are affected by this type 
of phenomenon. 

Volcanic earthquake: Earthquakes generated by 
the internal activity of a volcano are generally not 
of great magnitude; however, earthquakes with 
magnitude greater than 5 can occur. Volcanic 
earthquakes can cause from minor infrastructure 
damage to home collapses; they can also cause 
different types of mass movements, depending on 
the magnitude and distance to the epicenter 

Volcanic hazard is defined as the latent danger 
of a volcanic event being presented 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 
delivery and environmental resources. A volcanic 
eruption can involve many different phenomena, 
the understanding of which is part of measures to 
reduce the risk that volcanic activity poses 

To evaluate volcanic hazard, it’s necessary to 
know the characteristics and eruptive behavior of 
the volcano, the composition of products, size of 
the eruptions, dynamic of past eruptions, among 
others. The structural framework as well as the 
history of its evolution is desirable to be known 

The zoning of the hazard is the result of the 
integration of the areas that may be affected by 
different volcanic phenomena, which are mainly 
delimited from simulation of volcanic phenomena 
occurring in the eruptive history of the volcano 
and the availability of elevation models where the 
topography and the center or focus of main 
emission of the activity can be defined 

There are several types of hazard maps as well 
as maps used for volcanic emergency 
management, in figures 5 to 8, several types of 
hazard maps are presented 
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Figure 5. Mayon volcano lahar hazard map, PHIVOLCS, 
Philippines. 

 

Figure 6. Mount Fuji volcano hazard map, English 
simplified version, JMA Japan. 

 

Figure 7. Hazard map of Nevado del Ruiz volcano. This is 
the formal presentation of volcanic hazard maps, presented 
by the Colombian Geological Survey – SGC. From: 
https://www2.sgc.gov.co/sgc/volcanes/VolcanNevadoRuiz/P
aginas/Mapa-amenaza.aspx. 

 

Figure 8 Co-working result map with community 
representatives, National Unit of Disaster preventions – 
UNGRD and Colombian Geological Survey – SGC, on 
hazards from Nevado del Ruiz volcano. From: 
http://www.volcanriesgoyterritorio.gov.co/index.php/caja-
de-herramientas/#m1. 

4 VOLCANIC MONITORING 

Volcanic eruptions are usually preceded by 
signals that may indicate their next occurrence, 
those signals are called precursors. The way to 
detect them is to have adequate volcanic 
surveillance, using different techniques and 
performing a comprehensive analysis of the data 
obtained. This coordinated work helps improve 
forecasts of how, where, and when the next 
volcanic eruption will take place 

It is desirable that volcanic monitoring be 
multiparametric monitoring, i.e. through the 
integration of different methodologies that are 
based on geophysics, geochemistry, geodesy and 
geo-volcanology, which allow the recording of 
variables that help diagnose activity in a volcanic 
structure.  Permanent or telemetric stations 
transmit information in real time to the volcano 
Observatories, where it is detected, processed and 
stored on high-capacity servers.  These centers 
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must operate permanently 365 days a year, 
through the availability of specialized technical 
and professional staff, who work shifts 24 hours a 
day 

Seismology allows to analyze the different 
seismic signals associated with rock fracturing by 
the increase in pressure related with magmatic 
intrusions, as well as the circulation of fluids, 
changes in pressure and vibration of fluids in 
cracks and of volcanic structure ducts. Seismology 
has been one of the main pillars of volcanic 
monitoring since the beginning of volcanic 
monitoring technics 

The study of magnetic and electrical fields and 
their temporal variations in volcanic environments 
provides very important information about the 
structure and changes according to the state of 
activity of a volcano 

The geodesy applied to volcanism is the survey 
of possible deformations in a volcanic complex at 
different scales of space and time. These 
deformations occur in response to changes in 
volume and internal pressure exerted by magma. 
In this way the detection of deformations and their 
quantification can give very useful information 
about what is happening inside the volcano 

The chemical study of the composition of 
volcanic products, as well as the effects of the 
interaction of these products with the 
environment, are a valuable tool for obtaining 
information regarding the different stages of the 
volcanic activity. In order to observe the 
geochemical changes, periodic chemical and 
isotopic sampling and analysis of fumaroles, gases 
in soils and water bodies located in volcanic areas 
is carried out. More than 90% of the gas emitted 
in volcanic plumes is water vapor, most of which 
is heated groundwater. It is followed in abundance 
by CO2, SO2 and, to a lesser extent, HCl, H2, H2S, 
HF, CO, N2, COS, CH4, B, Li, halogen, 
hydrocarbons, metals and rare gases 

With detailed study of the eruptive history of 
volcanoes, it is possible to characterize the 
behavior of the volcano with the identification of 
the expelled materials and deposits generated, 
which together are the key to being able to 
understand and interpret correctly the volcanic 
system in question. In addition, geological studies 
allow to limit the areas that are more likely to be 
affected by a new eruptive phenomenon (lava 
flows, pyroclastic fall, lahars, etc.), and with it, 
define the hazard and volcanic risk scenarios. 

 

5 VOLCANIC RISK MANAGEMENT 

For the United Nations International Strategy 
for Disaster Reduction, risk management covers 
assessment and analysis, as well as the 
implementation of specific strategies and actions 
to control, reduce and transfer risk. This is a 
widespread practice of various organizations to 
minimize risk in investment decisions and to 
address operational risks, such as business 
disruption, production failures, environmental 
damage, social impacts, and damage from fires 
and natural threats. Disaster risk management 
seeks to prevent, reduce or transfer the adverse 
effects of threats through various prevention, 
mitigation and preparedness activities and 
measures 

Based on the assessment of the volcanic hazard 
and the activity of the volcano, local authorities 
should proceed to develop in a consultation and 
coordinated manner with their communities 
contingency plans and response strategies; which 
include alert levels, evacuation routes and 
exercises, such drills for those who permanently 
reside in areas where such dangerous phenomena 
can occur such as lahars or pyroclastic flows. 

In the countries around de Pacific Rim of Fire, 
there are institutions responsible for volcano 
research in terms of eruption history, hazard 
evaluation, activity monitoring and outreach; not 
only in the formal way that research is published, 
but the case where applied research may have 
direct implication in saving life / lives. Institutions 
responsible for emergency management are in 
general entities that coordinate prevention 
measures and response in case of volcanic activity 
and eruptions. Table 1 summarizes a list of 
Institutions related to Volcanic Observatories and 
National Emergency Management groups, in 
countries around the Pacific Rim of Fire 

6 STRATEGIES FOR SOCIAL 
APPROPRIATION OF GEOSCIENTIFIC 
KMOWLEDGE ON THE VOLCANIC 
ISSUE: 

Recent disasters such as the one that occurred in 
Guatemala after the eruption of the Fuego 
volcano, allow a new reflection for all actors 
involved in disaster risk management and a call 
for attention to authorities and communities about 
the importance of knowledge and understanding 
of hazards related to volcanoes, their uncertainties 
and the importance of strengthening knowledge 
and risk reduction processes, aimed at having 
communities and institutions better prepared to 
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face these kinds of natural phenomena under a 
fundamental premise that "understanding the risk 
is already reducing it". The importance of 
knowing what to face to make the best decisions 
and understand that volcanoes in the development 
of their role in nature will always generate 
eruptions, some small and some large, but that 
should not be synonymous with disaster; if we 
work together in risk management, we will help to 
never again present situations as regrettable as 
those that occurred in Guatemala or those that 
Colombia experienced in 1985 after the eruption 
of the Nevado del Ruiz Volcano. 

7 THE EXPERIENCE OF THE NEVADO DEL 
HUILA VOLCANO, COLOMBIA: 

The Nevado del Huila volcano (VNH) 5394 
m.a.s.l. is the volcano with the largest glacier in 
Colombia. In June 1994 a magnitude 6.2 
earthquake (RSNC, 1994) generated landslides in 
an area about 300 square kilometers. It was a rainy 
season and the landslides transform rapidly into 
debris flows (Casadevall and other, 1994) or what 
people called ‘avalanche’ that destroyed 
everything along the Simbola and Paez rivers. 
More than 1100 fatalities were estimated (Avila 
and others, 1995) along several municipalities 

In February and April 2007, and in November 
2008, the volcano recorded the first known 
eruptions in the last 500 years. Of these eruptions, 
the latter two generated lahars along the rivers 
Páez and Símbola, with volumes between 75 and 
360 million m3 respectively (Pulgarin et all, 
2010), causing the loss of 10 lives and significant 
impact on infrastructure in 7 municipalities of the 
departments of Cauca and Huila. 

Against this background and throughout the 
process of volcanic reactivation and crisis, the 
management of communication and response 
issued by the SGC-Vulcanological and 
Seismological Observatory of Popayán (OVSPo) 
and the success with which the community 
assumed the leadership to be able to deal with 
adversity and articulate risk management, which is 
based on the experience and lessons learned after 
living and recovering after the devastating impacts 
of the earthquake in 1994. 

During the care and management of volcanic 
crises, the Colombian Geological Survey 
(formerly INGEOMINAS) through the OVSPo, as 
the Institution responsible for monitoring and 
evaluating volcanic activity, it was important to 
have knowledge of the behavior of the VNH , 
geological, volcanic hazard studies, seismic 

monitoring, which began in 1986 and a network of 
mud-stream detectors, a geoscientific knowledge 
that contributed to the development of 
contingency plans that included evacuation routes 
and shelters, the design and preparation of Early 
Warning Systems 

The INGEOMINAS (today SGC) also 
technically accompanied the French Red Cross 
(CRF) and Red Cross Belalcázar (CRB), during 
the different stages of the European Commission's 
Disaster Preparedness, Prevention Program, in its 
two project phases, DIPECHO V and VI at the 
Nevado volcano 2007-2008 and 2009-2010. An 
articulated strategy for volcanic risk management 
aimed at the communities that inhabit the area of 
influence, mostly communities organized as 
indigenous shelters belonging to the Páez ethnic 
group 

From the moment the SGC-OVSPo reported on 
the increase and changes in volcanic activity, 
through official releases and reports, and 
information permanently available through the 
online seismograph on the institutional website, 
the community always expressed concern to 
understand the volcanic phenomenon, the 
geological history of the volcano, the threat map, 
to know about monitoring and seismic signals, 
activity levels, etc., as well as the constant interest 
in actively participating in all meetings and 
workshops facilitated between the SGC-OVSPo 
and local and traditional institutions, including the 
Association of Cabildos Nasa Chacha, the Nasa 
Kiwe Corporation and the National System for 
Disaster Prevention (SNPAD), among others, 
creating spaces of social appropriation through the 
dialogue of knowledge between the technical and 
the traditional. These meeting spaces allowed to 
recognize experiences typical of a community that 
coexists within the territory and its relationship 
with an active volcano, where social – cultural – 
spiritual – environmental dimensions converge 
that are oriented from the plan of life and that 
demand commitments, duties and rights with the 
natural environment 

Based on the situation experienced by the 
communities in the Páez Basin and as a result of 
an accompaniment of the National Government 
with the interinstitutional articulated work and the 
municipal mayors and indigenous authorities was 
approved in 2010 the document was approved in 
2010 CONPES 3667 "Policy Guidelines for Risk 
Reduction in the Threat of Mud Flows 
(Avalanches) in the Nevado del Huila Volcano". 
This policy defined the Nation's commitments 
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with the participation of its technical-scientific 
and administrative institutions to reduce the risk 
status after the disaster situation, based on four 
strategies: (a) improving risk awareness mud flow, 
b) strengthen the response capacity of the National 
System for Disaster Prevention and Care for 
future emergencies, c) recover the affected area 
following the mud stream of November 20, 2008 
and d) intervene the risk condition, through 
incorporating it into the planning instruments 
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Table 1: List of Institutions related to Volcanic Observatories and National Emergency 
Management groups, in countries around the Pacific Rim of Fire. 

 

 
 

Country Institution Volcanological	Observatory

Number	of	

Monitored	

Volcanoes

National	Emergency	Management	Organization Additional	Information

Argentina
Servicio	Geológico	Minero	Argentino	

(SEGEMAR)
SEGEMAR 2

Sistema	Nacional	para	la	Gestión	Integral	del	Riesgo	

(SINAGIR)
http://www.segemar.gov.ar/igrm/observatorio-volcanico/

Chile
Servicio	Nacional	de	Geología	y	Minería	

(SERNAGEOMIN)

Observatorio	Vulcanológico	de	los	Andes	

Del	Sur	(OVDAS)
49

Oficina	Nacional	de	Emergencia	del	Ministerio	del	

Interior	y	Seguridad	Pública	(ONEMI)
https://www.sernageomin.cl/red-nacional-de-vigilancia-volcanica/

Instituto	Geológico,	Minero	y	Metalúrgico	

(INGEMMET)

Observatorio	Vulcanológico	INGEMMET	

(OVI)
8 http://ovi.ingemmet.gob.pe/

Instituto	Geofísico	del	Perú	(IGP) Centro	Vulcanológico	Nacional	(CENVUL) 12

Ecuador
Instiuto	Geofísico	de	la	Escuela	Politécnica	

Nacional	(IGEPN)
IGEPN 12

Sistema	Nacional	de	Gestión	de	Riesgos	y	

Emergencias	(SNGRE)

https://www.igepn.edu.ec/red-de-observatorios-vulcanologicos-

rovig

Observatorio	Vulcanológico	y	Sismológico	

de	Manizales	(OVSM)
12

Observatorio	Vulcanológico	y	Sismológico	

de	Popayán	(OVSPo)
4

Observatorio	Vulcanológico	y	Sismológico	

de	Pasto	(OVSP)
7

Panamá
Instituto	de	Geociencias	Universidad	de	

Panamá	(IGC-UP)
IGC-UP 1 Sistema	Nacional	de	Protección	Civil	(SINAPROC) https://www.panamaigc-up.com/

Observatorio	Vulcanológico	y	Sismológico	

de	Costa	Rica,	Universidad	Nacional	

(OVSICORI-UNA)

OVSICORI 5 http://www.ovsicori.una.ac.cr/

Observatorio	Sismológico	y	Vulcanológico	

de	Arenal	y	Miravalles	(OSIVAM-ICE),	

Universidad	de	Costa	Rica

OSIVAM-ICE 5

Nicaragua
Instituto	Nicaragüense	de	Estudios	

Territoriales	(INETER)
Dirección	General	de	Geofísica	INTER 8

Sistema	Nacional	para	la	Prevención,	Mitigación	y	

Atención	de	Desastres	(SINAPRED)
http://www.sinapred.gob.ni/

El	Salvador
Servicio	Nacional	de	Estudios	Territoriales	

(SNET)
SNET 6

Dirección	General	de	Protección	Civil,	Prevención	y	

Mitigación	de	Desastres
http://www.snet.gob.sv/ver/vulcanologia/monitoreo/

Guatemala

Instituto	Nacional	de	Sismología,	

Vulcanología,	Meteorología	e	Hidrología	

(INSIVUMEH)

INSIVUMEH 3
Coordinadora	Nacional	para	la	Reducción	de	Desastres	

(CONRED)
https://insivumeh.gob.gt/

Centro	de	Investigación	en	Gestión	de	

Riesgo	y	Cambio	Climático,	Universidad	de	

Ciencias	y	Artes	de	Chipas	(UNICACH)

Centro	de	Monitoreo	Vulcanológico-

Sismológico	de	Chiapas	(CMVS)
2 https://monitoreo.unicach.mx/

Universidad	de	Colima
Centro	Universitario	de	Estudios	

Vulcanológicos
1 https://portal.ucol.mx/cueiv/

Centro	Nacional	de	Prevencion	de	Desastres	

(CENAPRED),	Universidad	Autónoma	de	

México	(UNAM)

Popocatépetl	Volcano	Observatory	

(POVO)
1 http://www.cenapred.unam.mx/reportesVolcanGobMX/

Alaska	Volcano	Observatory	(AVO) 32

California	Volcano	Observatory	(CalVO) 11

Cascades	Volcano	Observatory	(CVO) 10

Hawaiian	Volcano	Observatory	(HVO) 6

Yellowstone	Volcano	Observatory 9

Russia

Institute	of	Volcanology	and	Seismology	

(IVS)	/	Kamchatka	Volcanic	Eruption	

Response	Team	(KVERT)

IVS	/	KVERT 68 http://www.kscnet.ru/ivs/kvert/index_eng.php

Japan

Ministry	of	Land,	Infraestructure,	Transport	

and	Tourism	(MLIT),	Japan	Meteorological	

Agency	(JMA)

JMA 110 Disaster	Management	Bureau	(DMB) http://www.jma.go.jp/en/volcano/

Philippines
Philippine	Institute	of	Volcanology	and	

Seismology	(PHIVOLCS)

7	Observatories:	General	Santos	Seismic	

Observatory	(GSO),	Taal	Volcano	

Observatory	(TVO),	Pinatubo	Volcano	

Observatory (PVO) Mayon Volcano

7

Disaster	Response	Management	Bureau	(DRMB),	

Disaster	Response	Operations	Monitoring	and	

Information	Center	(DROMIC)

https://www.phivolcs.dost.gov.ph/index.php/volcano-

hazard/volcano-monitoring2/volcano-observatory

Indonesia
Center	for	Volcanology	and	Geological	

Disaster	Mitigation	(PVMBG)

76	Observatories	distributed	in	15	main	

regions
69 National	Disaster	Management	Authority	(BNPB) https://www.vsi.esdm.go.id/

Papua	New	

Guinea

Department	of	Mineral	Policy	&	Geohazards	

Management	(DMPGM)
Rabaul	Volcanological	Observatory	(RVO) 14

Department	of	Mineral	Policy	&	Geohazards	

Management	(DMPGM)
hguria@global.net.pg

Vanuatu
Vanuatu	Meteorology	&	Geo-Hazards	

Department	(VMGHD)
VMGHD 6 National	Disaster	Management	Office	(NDMO) https://www.vmgd.gov.vu/vmgd/index.php/geohazards/volcano

New	Zealand Earthquake	Commission	(EQC) GNS	Science	Te	Pū	Ao 12 National	Emergency	Management	Agency	(NEMA) https://www.geonet.org.nz/volcano/ruapehu

Centro	Nacional	de	Prevención	de	Desastres	

(CENAPRED)
México

https://www.sgc.gov.co/volcanes/index.html

Perú

USA United	States		Geological	Survey	(USGS) 	Federal	Emergency	Management	Agency	(FEMA) https://volcanoes.usgs.gov/vhp/observatories.html

Comisión	Nacional	de	Prevención	de	Riesgos	y	

Atención	de	Emergencias	(CNE)
Costa	Rica

Instituto	Nacional	de	Defensa	Civil	(INDECI)

Unidad	Nacional	para	la	Gestión	del	Riesgo	de	

Desastres	(UNGRD)
Servicio	Geológico	Colombiano	(SGC)Colombia


