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1.4 Volcanoes

acidic fluids. Some hazards (e.g., ash) 
are unique to volcanoes.i

VOLCANO THREAT 
AND RISK 

All of Canada’s potentially active 
volcanoes are in BC and Yukon, 
though most (326 of at least 
348 vents, distributed across 28 
complexes or fields) are in BC. The 
annual probability of an eruption 
is at least 1/2001; this estimate is 
based on a count of the total number 
of eruptions in Canada over the last 
10,000 years. Annual probabilities of 
eruptions at most individual volcanoes 
are poorly known. Canadian volcanoes 
have been ranked for threat2 using a 
semi-quantitative system developed 
by the United States Geological 
Survey3; this threat is not synonymous 
with quantitative risk (which cannot 
be assessed because of insufficient 
information on the probability of the 
hazard) but instead evaluates the 
qualitative risk to people and property 
by scoring each volcano on a series 

i For definition of all volcanogenic hazards, see 
Resources: Hazard Information Profiles.

ABOUT 
VOLCANOES 

DESCRIPTION

Volcanoes are complex systems 
with multiple potentially destructive 
interacting hazards. The types and 
characteristics of hazards depend 
on eruption magnitude, intensity, 
style (explosive or non-explosive) 
and duration, and may include 
explosions of tephra (volcanic ash, 
lapilli, blocks and bombs), pyroclastic 
density currents (PDCs: hot flows 
of gas, ash and rock that travel 
downslope at high speeds), lahars 
(volcanic debris flows), lava flows, 
gas emissions, landslides, outburst 
floods, earthquakes and tsunamis 
(at volcanoes beside or beneath 
water). Volcanic hazard footprints 
vary in space and time: For example, 
lahars may travel tens of kilometres 
downstream in valleys, while ash 
and gas may be carried thousands 
of kilometres downwind (Figure 1). 
Some hazards occur only during 
eruptions, while others may continue 
long afterwards (e.g., resuspension 
of loose ash by wind). Landslides are 
common at many volcanoes, even in 
the absence of volcanic unrest, due 
to steep, fractured rock altered and 
weakened by interaction with heated 
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3

1.4 Volcanoes

of geology and exposure factors, 
thus allowing identification of the 
volcanoes most likely to harm people 
or damage property. 

Five BC volcanoes pose “high” to 
“very high” threat levels. Although 
Canadian volcanoes are virtually 
unknown and are commonly 
overlooked in tabulations of natural 
hazards, it should be noted that these 
are significant threats that merit 
mitigation. The “very high” threat 
classification, into which Mounts 
Meager (Qw’elqw’elústen) (Figure 
2) and Garibaldi (Nch’ḵay’) fall, is 
the same category that includes 
numerous US volcanoes widely 
recognized as dangerous, including 
Mount Baker and Mount St. Helens 
in Washington. Mounts Cayley 
(Sxel’tskawu7), Price, and Edziza 
fall within the “high” threat category 
(which includes Mount Adams 
in Washington and Yellowstone 
in Wyoming). Four of Canada’s 
highest-threat volcanoes (Meager, 
Garibaldi, Cayley, and Price) are 
located in southwestern BC’s Sea to 
Sky corridor (in the area of Highway 
99, from south of Squamish to north 
of Pemberton) (Figure 3), which 
has more than 33,000 permanent 
residents and lies on busy air traffic 
corridors of western North America. 
US volcanoes may also produce 
ash fall or (for Mount Baker) lahars 
or floods that may impact Canada, 
particularly Southwest BC, which 
includes Metro Vancouver. 

Depending on the location and nature 
of an eruption, many types of assets 
may be exposed. Landslides, lahars, 
and PDCs may bury or destroy people, 

Figure 1: Eruption column produced during the May 18, 1980, eruption of Mount St. Helens, 
WA. Explosive eruptions produce tephra (rock fragments). While the largest fragments are 
deposited near the volcanic vent, the smallest material, ash (particles less than 2 mm across), 
is easily carried upwards within the plume and then carried downwind for very long distances 
(hundreds or thousands of kilometres). Due to its small size, abrasiveness, and widespread 
distribution by wind, ash can cause major damage to buildings, transportation networks, water 
treatment systems, power supplies, communications, machinery (including aircraft), and 
agriculture and may also pose health hazards to people and animals. (Photo: A. Post).
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buildings, and infrastructure. Lava 
flows destroy buildings but typically 
move slowly enough for people to 
escape easily. Volcanic ash can cause 
roof collapse, reduce visibility, make 
surfaces slippery, damage machinery 
(including heating and ventilation 
systems, telecommunications, and 
aircraft), damage power transmission 
lines, affect water treatment, damage 
crops, contaminate soils, harm 
animals, and pose respiratory health 
risks. 

The dynamic multi-hazard nature of 
volcanoes means risks, vulnerabilities 
and impacts are complex. Remote 
volcanoes may pose ash risks to 
regional air corridors or settled areas 
hundreds of kilometres downwind. 
Buildings on low ground near rivers 
may be more at risk from lahars than 
those on high ground, while buildings 
directly downwind may be more at 
risk of ash fall than those upwind. 
Roof construction affects building 
vulnerability to ash deposition, while 
wetting of ash by rainfall makes all 
buildings more vulnerable. Remote 
communities may have greater 
risks of disruption of transportation 
or power infrastructure, which is 
commonly located in valley bottoms 
at risk of lahars and PDCs. Potential 
impacts could be significant for those 
Indigenous communities whose 
populations and cultural resources 
are located near a volcano. Cascading 
impacts are also probable (e.g., ash 
fall on transportation corridors limits 
access and evacuation and may 
disrupt supply chains; cleanup of ash 
is necessary but time consuming, 
costly, and labour intensive, and thus 

Figure 2: Mount Meager, showing Plinth Peak and the Job Glacier, including fumaroles (hot gas 
vents) that melted through the ice and were reported in 2016. (Photo: R. Warwick).

Figure 3: Location of Canadian volcanic vents (grey triangles), and the volcanic  complexes or 
fields that have been ranked according to threat level (red triangles). Modified after Wilson and 
Kelman, 2021.



5

1.4 Volcanoes

PAST EVENTS 

At least 49 eruptions in Canada have 
been identified in the geological 
record since the last ice age. Many 
were highly destructive. The eruption 
of BC’s Mount Meager around 2,400 
years ago scattered ash across 
central BC and Alberta and caused an 
outburst flood and lahar traceable 65 
km downstream in the Lillooet valley. 

Only one historical eruption is well 
documented, but it gives an idea 
of the level of destruction possible 
from a relatively small-volume 
eruption: The Tseax Cone eruption 
in northwestern BC, around 1700 
CE, caused up to 2,000 deaths 
in the Nisga’a Nation, and lava 
flows modified the course of a 
river.4 Landslides occur at many 
BC volcanoes, especially at Mount 
Meager: Its 2010 landslide of 53 
million m3, conditioned by glacier 
retreat and triggered by hot summer 
weather that increased ice and snow 
melting and led to heightened pore 
water pressure,5 was the largest 
historic slide in Canada, and a 1975 
landslide at Mount Meager killed 
four people.6 Worldwide, there 
is substantial evidence for the 
destructiveness from eruptions; even 
unrest not followed by eruptions has 
had, in some cases, socioeconomic 
impacts.

DRIVERS OF RISK 

Volcanic risk varies with eruption 
magnitude, style (explosive or 
non-explosive), and hazards, but is 
generally linked to proximity to the 
volcano, particularly in low-lying 

lengthy periods of uncertainty and 
crisis linked to unrest, whether or not 
an eruption actually occurs (Figure 4).

Climate change may affect hazards 
and risks at glaciated volcanoes 
because melting of glaciers (which 
may be significant) removes support 
from unstable slopes and may lead 
to higher pore pressure in ground 
water, increasing the probability of 
landslides. Climate change may also 
impact crisis response, since extreme 
weather, wildfires and other hazards 
linked to climate change may divert 
needed resources and make access 
difficult if they occur simultaneously 
with volcanic crises.

may interfere with other components 
of crisis response). 

The nature of many volcanic hazards 
makes recovery difficult, as lava, PDCs 
and lahars may completely destroy or 
bury infrastructure. Volcanic eruptions 
also differ from other natural hazards 
in their timelines because unrest prior 
to an eruption may last days to years, 
and lahars and ash remobilization by 
wind may continue for years after an 
eruption. Unrest does not always lead 
to eruptions, and even under the best 
conditions of intensive monitoring 
at well-understood volcanoes, there 
will be uncertainty in forecasting the 
outcome of unrest. This can result in 

Figure 4: Comparison of the event timelines of natural hazards. Volcanic eruptions typically 
have a much longer warning phase before the onset of eruption, and eruptions can last much 
longer than other natural hazards. Modified from USGS.
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These information gaps limit 
understanding of long- and short-term 
volcano behaviour through cycles of 
dormancy, unrest and eruption. The 
highest-threat volcanoes have been 
identified, an activity which is key 
to prioritizing limited resources for 
risk reduction, but the lack of basic 
geological information of even these 
highest-threat volcanoes limits the 
capacity for hazard assessment. 
Only two preliminary volcanic hazard 
assessments10,11 and one volcano 
landslide risk assessment12 have been 
done. The lack of hazard assessments 
is the most significant information 
gap because hazard maps present 
information about location, type, 
magnitude, and frequency of hazards, 
and thus are key to fully informed 
land use, emergency planning and 
monitoring as well as a prerequisite 
for any risk assessment. The lack 
of information about Canadian 
volcanoes has led to a perception 
of minimal to insignificant risk 
not commensurate with available 
evidence.

A second critical information gap 
in Canada stems from the lack of 
continuous dedicated monitoring 
initiated while volcanoes are 
dormant. Eruptions are almost always 
preceded by days to years of unrest, 
including small earthquakes, ground 
deformation, and gas emissions. 
However, lack of monitoring means 
that these warning signals may be 

developed (e.g., Global Volcano Model), 
and numerous databases exist, notably, the 
Smithsonian Global Volcanism database, the 
Volcano Global Risk Identification and Analysis 
Project (VOGRIPA), and WOVOdat (a database of 
precursors to eruptions).  

of data about seismic activity, ground 
deformation, gas emissions and other 
phenomena, and is the only scientific 
basis for short-term (hours to weeks) 
forecasts of volcano behaviour.

Natural Resources Canada (NRCan) 
is the lead federal government 
geoscience agency in Canada. Its 
mandate includes informing natural 
hazard risk reduction, and it conducts 
research and monitoring of multiple 
natural hazards, including volcanoes. 
However, a large proportion of volcano 
research and monitoring comes from 
universities, industry, and government 
agencies. International collaborations 
and Canada’s Indigenous communities 
are a major potential source of 
knowledge and expertise, although 
these have not yet been explored in 
detail through effective engagement 
and partnerships. Data platforms such 
as the Federal Geospatial Platform 
and the numerous satellite geodata 
platforms may also be used to support 
evidence-based assessment and 
planning for volcanic risks; most 
available information is qualitative. 

GAPS IN RISK 
INFORMATION

Significant gaps in the information 
needed for volcanic risk reduction 
exist in Canada. The Canadian 
Disaster Database does not include 
volcanic eruptions, there is no publicly 
available eruption database, and 
knowledge about volcanic risk in 
Canada is minimal. Canada has no 
guidelines for volcanic hazard and risk 
assessment.ii 

ii Globally, guidelines for volcanic hazard and 
risk assessment and data collection are being 

areas. Infrastructure development 
along river valleys is a significant 
driver of risk: Along the Lillooet valley 
near Mount Meager, the landslide 
threat exceeds international risk 
tolerance thresholds for loss of life7 
and continued development increases 
the exposure to this hazard. Similarly, 
development in Squamish and along 
Highway 99 increases exposure 
to volcanic hazards, especially 
landslides. 

Increases in air traffic, infrastructure 
development, and population also 
drive increases in risk from volcanic 
ash. The moderately sized 2010 
Eyjafjallajökull eruption in Iceland 
caused about US$5 billion in losses to 
aviation and businesses globally,8 and 
the recent 2022 eruption of Hunga 
Tonga–Hunga Ha‘apai in Tonga shows 
the wide reach of volcanic hazards 
across the Pacific basin.9 There is 
clearly significant potential for losses 
in BC from explosive eruptions both 
within and outside the province.

UNDERSTANDING 
RISK 

WHAT SOURCES 
HELP US 
UNDERSTAND 
HAZARD AND RISK 

The key information needed for 
volcanic disaster risk reduction is 
identification of the highest-threat 
volcanoes, hazard mapping and risk 
assessment, and monitoring data. 
Volcano monitoring is the systematic 
collection, analysis, and interpretation 
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of key activities: identification of 
threatening volcanoes, hazard 
mapping and risk assessment at 
the most threatening volcanoes, 
and monitoring of parameters (like 
earthquakes, deformation, and gas 
emissions) that may indicate unrest. 
Without these basic information 
provision activities, higher order 
risk reduction activities like land-
use planning and emergency 
preparedness planning (including 
evacuation planning) are impossible. 

Almost all monitoring is done only 
in response to perceived or potential 
unrest (often discovered by chance), 
routine funding is minimal, and most 
collaborations are informal. If unrest 
were to be detected at a Canadian 
volcano, it would be challenging 
to interpret, because of the lack of 
baseline (non-unrest) monitoring 
data, and because of the paucity 
of geologic knowledge (about rock 
types, faults, groundwater, and other 
features that may influence unrest 
signals and eruptions). It would also 
likely be challenging to try to install 
sufficient monitoring equipment 
during an escalating unrest crisis. 

In Canada, there has been no 
coordinated approach to prioritizing 
the most urgent volcanic risk 
reduction activities, and the scope of 
any given activity depends largely on 
funding availability. The inability to 
provide information about long-term 
volcano behaviour (through hazard 
mapping) hinders risk management 
through land-use planning. The 
inability to provide information 
about short-term volcano behaviour 
(through monitoring) means early 
warning systems are effectively 
nonexistent.

REDUCING RISK

PRACTICE AND 
CAPABILITIES

The current practice of volcano risk 
management in Canada is shaped by 
the lack of volcano risk governance 
and paucity of information. Volcanic 
risk reduction requires a number 

missed entirely or not detected 
within a time frame that allows for a 
meaningful scientific interpretation 
and a practical emergency response. 
Volcano monitoring data inform 
the understanding of a volcano’s 
structure, hydrothermal systems, 
and potential hazards, thus also 
improving the quality of hazard 
assessments. The ability to detect 
unrest and track the course of unrest 
is a key component of volcano early 
warning systems, including short-term 
forecasting of behaviour (over hours 
to weeks). 

Canada’s monitoring resources are 
distributed across government, 
academia, and industry, and thus are 
not easy to locate and integrate when 
needed. Volcanoes lie within NRCan’s 
regional seismic network, but this 
network is not optimized to detect and 
locate the numerous tiny earthquakes 
characteristic of volcanic unrest. 
NRCan has resources for infrasound 
and GPS monitoring of ground 
deformation, as well as landslide 
expertise, though these resources are 
not currently deployed for volcano 
monitoring. An InSAR (Interferometric 
Synthetic Aperture Radar) ground 
deformation monitoring program 
is under development by NRCan. 
Local universities, in partnership with 
NRCan, have monitoring equipment 
and expertise that has been applied 
most recently to Mount Meager, 
and landslide detection and alerting 
systems are being developed in 
collaboration with corporate partners. 
Many satellite platforms are available 
to acquire various types of volcano 
data that may indicate unrest. 

In Canada, there has 
been no coordinated 
approach to 
prioritizing the most 
urgent volcanic risk 
reduction activities, 
and the scope of 
any given activity 
depends largely on 
funding availability. 
The inability to 
provide information 
about long-term 
volcano behaviour 
(through hazard 
mapping) hinders 
risk management 
through land-
use planning. The 
inability to provide 
information about 
short-term volcano 
behaviour (through 
monitoring) 
means early 
warning systems 
are effectively 
nonexistent.
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The other significant gap is the lack 
of guidelines for volcano hazard and 
risk assessment and monitoring. 
Such guidelines should be informed 
by international examples but 
adapted to fit the Canadian setting. 
Threat-based monitoring guidelines 
similar to those developed for the 
US National Volcano Early Warning 
Systems (NVEWS)13 could be created 
for Canada. As Canadian volcanoes 
are now ranked by threat with the 
same system used in the US, there is 
justification for the recommendation 
of similar monitoring levels for 
Canadian volcanoes of similar threat 
levels. Guidelines for long-term risk 
reduction (through land-use planning 
and emergency response planning) 
would also be beneficial, but such 
guidelines will not be meaningful 
unless agencies that engage in these 
activities have the basic scientific 
information they need for rational 
decision making, which can only be 
provided through basic geological 
research, volcanic hazard and risk 
assessment, and monitoring. 

OPPORTUNITY 

RECOMMENDATIONS 

Three key activities will substantially 
improve the understanding of volcanic 
risk and the practice of volcano risk 
reduction in Canada. Development of 
a volcano risk governance framework 
would significantly facilitate their 
implementation (Table 1).

Available public education resources 
about Canadian volcanoes are few 
and general awareness of volcanic risk 
is low. 

A key strength is Canada’s ability to 
deal with airborne volcanic ash. The 
Volcanic Ash Advisory Centre (VAAC) 
in Montreal conducts volcanic ash 
transport and dispersal modelling 
and ash forecasting in concert 
with the other VAACs worldwide. 
The Interagency Volcanic Event 
Notification Plan (IVENP) ensures 
rapid and effective communication of 
information to the aviation community 
(and other key agencies) about the 
sudden onset of volcanic eruptions 
within or near Canada. Events like 
the 2010 Eyjafjallajökull eruption in 
Iceland show that moderate eruptions 
adjacent to critical transportation 
networks can have widespread 
impacts.

GAPS IN RISK 
REDUCTION 
PRACTICE 

The main gap in volcanic risk 
reduction practice in BC is the lack of 
a volcanic disaster risk governance 
framework: a system of institutions, 
mechanisms, policies, legal 
frameworks, and other arrangements 
that guides, coordinates, and oversees 
volcanic disaster risk reduction. The 
governance framework should be 
transparent, inclusive, collective, 
and efficient in order to reduce the 
existing risks and avoid creating new 
risks. Without such a governance 
framework, a systematic approach to 
understanding and managing volcanic 
risk is impossible. 

Volcano risk reduction activities in BC 
and Yukon are not comprehensive or 
consistent and occur only where they 
are driven either by research interests 
unrelated to hazards or by specific 
events. For example, the geology 
and structure of Mount Meager 
are comparatively well-understood 
due to geothermal exploration and 
development there. Similarly, the 
fortuitous discovery of fumaroles 
under the Job Glacier at Mount 
Meager in 2016 led to investigations 
of its gas emissions. However, other 
threatening volcanoes, such as Mount 
Garibaldi and Mount Cayley, have 
been less thoroughly investigated. In 
addition, the role of climate change in 
volcanic risk is only beginning to be 
explored.

The Emergency Management Act 
outlines the federal policies and roles 
of stakeholder agencies in promoting 
public safety for hazards, while in 
BC, the Emergency Program Act, 
currently being updated, provides the 
legislative framework for management 
of disasters. However, inclusion of 
volcanoes within a generalized risk 
management framework does not 
necessarily facilitate the assembling 
of the resources and interagency 
cooperation needed to complete 
basic risk reduction activities. 
Multiple agencies (e.g., Emergency 
Management BC) have roles in public 
safety with respect to volcanoes but 
their ability to fulfill them depends on 
the provision of scientific information 
from NRCan and its partners. Thus, 
many emergency plans include 
volcanoes on lists of hazards but 
not in detailed emergency planning. 
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occurring hazards that are more likely 
to occur during a given time period. 

Volcano risk reduction is also hindered 
by perceptions that there are few or 
no mitigation options, that mitigation 
is too costly to justify, or that a 
volcanic crisis can be successfully 
mitigated by adding monitoring 
equipment after unrest has begun. 
There is a lack of understanding that 
the most fundamental actions to take 
to support volcanic risk reduction 
are hazard and risk assessment and 

occurred at volcanoes perceived 
to pose negligible risks or to be 
extinct. Because of the lack of 
personal or institutional experience 
of eruptions in Canada, people tend 
to underestimate their probability 
and potential consequences. The 
long recurrence intervals of Canadian 
volcanoes greatly exceed the length 
of program funding cycles or political 
administrations, so mitigation 
activities may be deferred indefinitely 
and repeatedly in order to fund risk 
management activities for frequently 

THE CHALLENGE 

The most challenging aspect of 
reducing volcanic risk in Canada 
is dealing with the risk from long-
dormant volcanoes with limited 
or no historic unrest—a challenge 
common to some other high-impact, 
low-frequency hazards. Volcanoes 
may be dormant for many hundreds 
or thousands of years (e.g., the last 
known eruption of Mount Meager 
was 2,400 years ago), and many 
large eruptions worldwide have 

Table 1: Recommendations
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some information about potential 
unrest, and future system upgrades 
might be planned in order to provide 
more information about volcanic 
activity. Identifying and taking 
advantage of these synergies may 
help to reduce the risk from both 
volcanoes and other hazards.

such as informed development and 
the ability to provide ongoing volcano 
status, which will increase public 
confidence and awareness. 

Learning about volcanoes has many 
areas of overlap with other sciences 
and arenas of hazard and risk 
knowledge: Geologic research for 
hydrothermal or mineral exploration 
provides information key to evaluating 
volcanic hazards, while studies of 
glaciers may reveal information useful 
to assessing volcanic landslide hazard 
and risk. Many types of monitoring 
provide information relevant to 
volcanoes: For example, stream 
gauges and other river monitoring 
can provide information relevant 
to volcano-related flooding and 
lahars, while satellite platforms used 
to monitor weather systems and 
pollution may be used to monitor 
volcanic ash and gas. Other natural 
hazard risk reduction work has 
benefits for volcanic risk reduction 
too. For example, Canada’s existing 
seismic network provides at least 

long-term monitoring. Early warning 
systems for volcanoes effectively 
consist of monitoring (in order to 
understand what a volcano will do 
over time frames of hours, days, or 
weeks) and the capacity to convey 
this information effectively to those 
who need it (such as emergency 
management agencies, civil 
authorities and the public). There 
is also a lack of understanding that 
higher order risk reduction activities 
(e.g., emergency response planning 
and land-use planning) require the 
information from hazard and risk 
assessment and monitoring in order 
to be effective. 

These misperceptions make 
designing risk reduction actions 
difficult. Because all actions carry at 
least some cost, if quantitative risk 
information is lacking, there is no 
cost justification for any action, and 
it is likely that there will be no actions 
taken or that only low-cost actions 
will be taken. The issue needs to be 
approached from the perspective of 
needing to provide the basic hazard 
and risk information required to do 
land-use and emergency planning at 
volcanoes.

The above challenges can be better 
addressed in Canada by creating a 
volcano risk governance structure that 
identifies roles and responsibilities of 
all agencies and stakeholders clearly 
and includes guidelines for hazard 
risk assessment and monitoring. It 
would also be advantageous to find 
synergies with other scientific work 
and to emphasize the positive benefits 
of volcano risk reduction activities, 

These challenges can 
be better addressed 
in Canada by creating 
a volcano risk 
governance structure 
that identifies roles 
and responsibilities 
of all agencies 
and stakeholders 
clearly and includes 
guidelines for hazard 
risk assessment and 
monitoring. 
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RESOURCES 

1. A description of each of hazard information profiles (HIPs), developed using a 
consultative process by scientists and experts across the globe:

UNDRR-ISC, Hazard Information Profiles: Supplement to UNDRR-ISC Hazard 
Definition & Classification Review — Technical Report (2021): 203–237. 
Accessed February 28, 2022. https://www.undrr.org/publication/hazard-
information-profiles-supplement-undrr-isc-hazard-definition-classification

2. International network of institutions and organizations with the aim of creating 
a sustainable, accessible information platform on volcanic hazard and risk: 

Global Volcano Model network. Accessed March 3, 2022. https://wovo.
iavceivolcano.org/news/5-global-volcano-model-website 

3. A proposed United States national-scale plan to ensure volcano monitoring at 
levels commensurate to their threats: 

National Volcano Early Warning System. Accessed March 3, 2022. https://www.
usgs.gov/programs/VHP/national-volcano-early-warning-system-
monitoring-volcanoes-according-their-threat 

4. The USGS Volcano Hazards Program is aimed at enhancing public safety and 
minimizing social and economic disruption from volcanic unrest and eruption:

USGS Volcanic Hazards Program. Accessed March 3, 2022. https://www.usgs.gov/
programs/VHP 

5. A resource provided by Natural Resources Canada to inform the public about 
volcanoes and volcanic hazards in Canada:

Volcanoes Canada, Natural Resources Canada. Accessed March 3, 2022. https://
chis.nrcan.gc.ca/volcano-volcan/can-vol-en.php

6. This project aims to provide systematic information on global volcanic activity, 
hazards and vulnerability to identify locations at high risk from volcanism and 
gaps in knowledge about hazards and risk:

Volcano Global Risk Identification and Analysis Project (VOGRIPA). Accessed March 
3, 2022.  https://www2.bgs.ac.uk/vogripa/ 

7. A comprehensive global database on volcanic unrest aimed at understanding 
pre-eruptive processes and improving eruption forecasts:

World Organization of Volcano Observatories (WOVOdat). Accessed March 3, 
2022. https://www.wovodat.org/ 

https://www.undrr.org/publication/hazard-information-profiles-supplement-undrr-isc-hazard-definition-classification
https://www.undrr.org/publication/hazard-information-profiles-supplement-undrr-isc-hazard-definition-classification
https://wovo.iavceivolcano.org/news/5-global-volcano-model-website
https://wovo.iavceivolcano.org/news/5-global-volcano-model-website
https://www.usgs.gov/programs/VHP/national-volcano-early-warning-system-monitoring-volcanoes-according-their-threat
https://www.usgs.gov/programs/VHP/national-volcano-early-warning-system-monitoring-volcanoes-according-their-threat
https://www.usgs.gov/programs/VHP/national-volcano-early-warning-system-monitoring-volcanoes-according-their-threat
https://www.usgs.gov/programs/VHP
https://www.usgs.gov/programs/VHP
https://chis.nrcan.gc.ca/volcano-volcan/can-vol-en.php
https://chis.nrcan.gc.ca/volcano-volcan/can-vol-en.php
https://www2.bgs.ac.uk/vogripa/
https://www.wovodat.org/
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