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EXECUTIVE SUMMARY  

The development of new probabilistic methods for volcano hazard assessment, including techniques for 
probabilistic eruption forecasting, has resulted in a new era of quantitative volcano risk management. As 

similarly happened with the assessment of earthquake hazard some decades ago, important decisions by all 
stakeholders can now be sensibly risk-informed because of these advances. Increasingly, the basic language of 

economic risk, instinctive to insurers but foreign to most volcanologists, is viewed as central to  the objectivity 

and rationality of the community discourse on safety, emergency planning, evacuation timing, and risk 
mitigation  for volcano hazard. This report surveys the current status of quantitative volcano risk management 

within this perspective , and offers specific insights for insurers. In the principal insurance markets across the 
world, including the U.S., Europe, Japan, and Australasia, volcanic risk poses a potentially catastrophic loss to 

major cities including Seattle, Portland, Naples, Tokyo, and Auckland. Illustrations are drawn from the principal 
regions of insurance interest, including Japanôs Mount Fuji, as well as Italyôs Mount Vesuvius in commemoration 

of the 79 CE eruption.   
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PROBABILISTIC VOLCAN O HAZARD ANALYSIS   

The management of volcano risk has always posed a challenge for populations living in the shadow of 
volcanoes. In primitive societies, volcano risk was managed simply but effectively through avoidanceðliving 

near the summit of an active volc ano was a religious taboo. In the 21st century, however, the fertile slopes of 
active volcanoes are often densely populated because of their agricultural abundance. Therefore, volcano risk 

management procedures need to involve an economically and sociologically realistic assessment of risk.  

Although an ethos of determinism has been entrenched in traditional volcano risk management practices and 

academic volcanological research, the extreme complexity and indiscernible nature of the inner workings of 
volcanic systems make the deterministic prediction of volcanic processes impossible. A probabilistic approach is 

essential for capturing uncertainty both in terms of the physical processes and the current state of scientific 
knowledge, and there is a growing int erest in applying a probabilistic approach to assessing volcano risk. For 

insurers faced with the geological possibility of cataclysmic eruptions of super  volcanoes, such as within 

Yellowstone National Park, the deterministic concept of a Maximum Credible Eruption (MCE) is insufficient for 
risk management decision-making. A range of possible scenarios, captured in the occurrence frequency of great 

eruptions, is a cornerstone of comprehensive quantitative volcano risk management, and recent progress in 
probabilistic eruption event forecasting is advancing the volcano risk management agenda.  

The year 2008 marked the 40th anniversary of the conceptual advent of probabilistic seismic hazard analysis 

(PSHA) (Cornell, 1968), which is utilized in many earthquake r isk management contexts, notably earthquake 

insurance. In particular, t he earthquake risk models used by insurers for portfolio management are based on 
PSHA methodology. By comparison, the development of probabilistic volcano hazard analysis (PVHA) methods is 

in its infancy . Indeed, much of the progress in PVHA is attributable to seismic hazard practitioners, who share 
volcanological interests and have worked in both domains. For example, some major projects,  such as the 

designated nuclear waste disposal site at Yucca Mountain, Nevada, have required earthquake and volcano 
hazard assessments. As with all natural perils, the occurrence of catastrophic events significantly advances 

methodological developments. The sudden eruption of the Soufrière Hills Volcano on the Caribbean island of 
Montserrat in 1995, after centuries of quiescence, instigated some important initiatives in PVHA (Aspinall et al., 

2002), which remain ongoing after more than a decade. The eruptionðwith continued activity (Figure 1) ð

proved costly for some insurers with total claims estimated at around US$95 million. 

 

Figure 1: ASTER image of Soufrière Hills Volcano on Montserrat in the Caribbean in 2002, with 
continued activity evident by smoke and ash plume (Source: NASA/GSFC/METI/ERSDAC/JAROS 
and U.S./Japan ASTER Science Team; http://asterweb.jpl.nasa.gov/gallery -
detail.asp?name=Ongoing) 
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As with PSHA, a probabilistic volcano hazard analysis involves the construction of a large stochastic set of 

possible event scenarios, each assigned a relative likelihood of occurrence. For a volcano, an event is 

characterized by the style and size of an eruption.  The damage from a volcanic event is the result of a variety 
of possible secondary sources: tephra (ash and other airborne ejected material); lava flows; pyroclastic flows 

(avalanches of hot gas and rock); lahars (mudflows) and debris avalanches; glacier outburst floods; and 
tsunamis. For a given scenario eruption, the physical damage associated with each of the various volcanic 

impacts can be estimated using information on the surrounding building vulnerability.  Annual exceedance loss 
probability curves that consider policy conditions for the extent of insured loss can then be generated f or a 

portfolio at risk from an active vol cano. 

In the spatio -temporal modeling of  event occurrence, there is an obvious contrast between seismic and volcanic 

hazard modeling. Spatially, volcanic sources are confined geographically to a small number of volcanic vents, 
with  the greatest variability  associated with volcanic fields and calderas. In addition, as  some level of activity is 

often ongoing at active volcanoes, the probability  of an eruption is  strongly time-dependent, constantly 
changing the landscape of risk over time. 

Probabilistic Erupti on Event Forecasting  

The methodology for probabilistic eruption event forecasting has advanced rapidly over the past decade to 
address the challenge of risk management requirements across a range of time scales, including weeks, 

months, years, and decades (Aspinall et al., 2006; Marzocchi et al., 2007) . The shorter time scales are 
important for the management of active volcanic crises, while the longer time scales are relevant for 

infrastructure design and land use planning.  

The challenge in modeling volcanic eruptions is the highly protracted nature of volcanic events, which can 

extend for years or even decades. During such times, there may be low levels of precursory activity, such as 
volcanic tremors and quakes, gas emissions, microgravity changes, or even small crater eruptions (Sparks, 

2003). For example, significant seismic activity occurred around the Rabaul Caldera in Papua, New Guinea over 
a decade before the volcanoôs eruption in 1994. As a result, it is prudent risk management for insurers to 

regularly track the volcano hazard in a region of property exposure.  In addition, there may be justification for a 
risk premium loading commensurate with an enhanced volcanic activity status and uncertainty over a future 

event.  



 

© 2009 Risk Management Solutions, Inc.     4 

 
 

 
 

Earthquake - Induced Volcanic Activity  

The time interval following a major regional earthquake can often be a period of heightened volcano 
risk. A change in stressðwhether positive or negativeðcould trigger an eruption. Increased stress 

surrounding the magma chamber may squeeze magma upward; a decrease in stress may promote the 
formation of gases and the unblocking of conduits above the magma chamber. From historical 

experience, perhaps the most notable candidate for eruption triggering due to seismic activity is Mount 

Fuji in Japan. The most recent example, which dates back three hundred years, is also the most 
striking. Less than two months after the magnitude M8.4 Great Hoei Earthquake occurred on the 

Nankai Trough subduction zone on October 28, 1707, impacting the coast of mid -Honshu, Mount Fuji 
erupted violently on December 16, 1707 (Figure 2).   

Fallout from the 1707 eruption covered most of the south Kanto Plain and now forms the basis for the 

rich, arable, volcanic soil of the area. Across what is today the Tokyo metropolitan area, ash deposit s 

reached up to 3-6 in (8ï16 cm) deep. A Japanese government report produced by the Mount Fuji 
Hazard Map Committee has estimated that a large eruption of Mount Fuji could cause more than $20 

billion of damage through the combined effects of lava, ash, and  smoke. The forestry industry would 
be worst hit, but major loss would be experienced by the business and manufacturing industries as 

well.  

The conditional probability of a major eruption of Mount Fuji, given a M8 earthquake on the Nankai 

Trough, is thus a good example for the illustration of probabilistic eruption event forecasting. Such 
deposits would cause massive business interruption (BI)  in the 21 st century, given the amount of 

developed infrastructure in place. In addition, quite apart from an erupt ion triggered by an 
earthquake, the volcanic hazard at Mount Fuji changes intermittently. In 2000 and 2001, there was a 

sharp rise in seismic events, indicative of minor stress changes within the volcano. 

 

 Figure 2: Map of the To kai region with the locations of Mount  Fuji and of the probable 
source rupture of the 1707 Great Hoei Earthquake 
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The Use of Logic Tree s  
The logic tree approach has been extensively used for the development of stochastic events within the realm of 

probabilistic hazard analysis. This technique, which employs a tree-like structure with alternate ñbranchesò that 
define potential  outcomes, can be applied to volcanic hazard to capture the alternative pathways to a specific 

style and size of volcanic eruption (Newhall and Hoblitt , 2002). For example, in a situation where volcanic 
activity has been detected, there may be doubt as to whether the activity is due to magmatic unrest (i.e., flow 

or movement of magma within the volcanic chamber)  or to hydrothermal causes (i.e. , magma interaction with 
groundwater) . Such doubt can be represented by a fork in a logic  tree. Figure 3 illustrates the consequent 

branches splaying out from the more threatening branch of magmatic unrest , representing (a) whether 

magmatic unrest leads to an eruption; (b) whether an eruption is explosive or merely effusive , giving rise to 
lava flows but not the more dangerous pyroclastic flows; and (c) whether an explosive eruption is Plinian or 

sub-Plinian, the latter  being less destructive with lower degrees of fragmentation and a smaller area impacted 
by the eruptionôs fallout. 1  

Further branches of a complete logic tree would cover the scope of secondary volcanic perils, such as the 

direction and extent of pyroclastic flows, lahars, lava flows, floods , and tsunamis, as well as the implementation 

of risk mitigation measures. The reliability of the logic tree approach in defining a set of possible volcanic 
eruptions is primarily due to  scientific progress in physical volcanology. In particular, the computer modeling of 

magmatic processes, conduit dynamics, and geophysical flows allows one to estimate the impacts of volcanic 
eruptions in a much more systematic way . Furthermore, the e mbedding of such physical systems modeling 

within a stochastic framework provides a solid scientific platform for probabilistic volcano hazard analysis , which 
minimizes the reliance on expert judgment . 
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Figure 3: Example of a logic tree used to capture the style of volcanic eruption 
 

Each branch of the logic tree is assigned a weight according to its perceived likelihood of occurrence. Empirical 
approaches are often used for  weight estimat ion, relying on  Bayesian updating methods, where evidence or 

observations are used to update or newly infer the appropriate weights or probabilities. For example, as the 

inner mechanics of a volcano are not directly observable, a Bayesian Belief Network can be used to 
systematically draw inferences about hidden variables. An example of a Bayesian Belief Network for 

probabilistic volcano hazard assessment is illustrated in Figure 4 (Hincks, 2007). Here, the object is to estimate 
the probability of a lava dom e collapse, which can lead to a volcanic explosion. This probability is evaluated in 

                                                      
1 A Plinian eruption, named for Pliny the Younger, is a large explosive event that forms enormous dark columns of tephra and gas high 
into the stratosphere . 
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terms of the probability distributions of the main causal variables: magma at surface, ground deformation, 

magma movement at depth, pressurization, and stability ( shown in yellow in Figure 4). These variables are 

inferred from external observations ( e.g., seismic, geodetic, geochemical, and rainfall) at the peripheral nodes 
of the network.  

 

 

Figure 4: Bayesian Belief Network for the Soufrière Hills Volcano, Montserrat (Source: Hincks, 
2007) 
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RISK - INFORMED VOLCANO CRI SIS MANAGEMENT  

In contrast to earthquakes, precursors to volcanic eruptions are far more informative and reliable for 
forecasting volcanic events. This is because the underlying cause of an eruptionðmagma movementðcan be 

indirectly sensed through local monitoring. With software tool s for real-time estimation of volcanic eruption 
probability becoming more widely circulated, a new era in quantitative volcano risk management  has emerged. 

Emergency response planning and the potential need for evacuation are informed by the likelihood of a volcanic 

crisis. While event likelihood is a key input parameter for measuring risk, one must consider the most suitable 
choice of volcano risk metrics. 

Vol cano Risk Metric: The F requency Number  Curve   

A widely-adopted metric for volcano risk is measuring the risk in terms of the frequency and distribution of the 

number of fatalities. Known as a societal risk criterion, F(N) is the frequency of accidents with  N or more 
fatalities on an annual basis and a plot of F(N) versus N is called an FN curve or frequency number curve. Due 

to the rarity of great disasters that result in many fatalities , this  curve is typically plotted on a log -log scale. For 

example, Figure 5 depicts an FN curve for Montserrat, showing the probability of N or more fatalities in a year 
from volcano risk at different times (September 2005  in blue, March 2006 in green, and June 2006 in red), as it 

compares to hurricane and earthquake risk.  

 

Figure 5: An example of a FN curve, measuring the probability of fatalities  for the population of 
Montserrat (Source: SAC, 2006) 

 

FN curves are a straightforward  visual means of depicting fatality distributions, and have also been  used to 

define safety tolerance levels for industrial and transportation facilities. The simplest risk criterion  utilizing F(N) 
is a diagonal line of negative slope on an FN graph, where the risk is deemed safe below the diagonal line and 
deemed unsafe above the diagonal. While this type of criterion has been used for safety regulations, there is no 
clear evidence that this is the most appropriate  choice of criterion. Indeed, risk theorists argue that consistent 
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decision-making under uncertainty requires t hat the risk criterion should be the expected value of some 

function of the number of fatalities  (Evans and Verlander, 1997). With an expected value calculation, cost-

benefit analysis of a risk mitigation action  can then be utilized, where the expected red uction in the number of 
fatalities is weighed against the expected costs of a populationôs relocation or evacuation. 

Measuring the Benefits and Costs of Evacuation  

The tradeoffs involved in taking mitigating action  against volcano risk in the interests of public safety can be 

studied within the framework of cost -benefit analysis (Woo, 2008). Consider a situation where a decision-maker 
has to choose between two actions: either (a) protect or (b) do not protect. In this context, protection may 

involve evacuation, which carries a cost of C. In the absence of protection, the decision -maker incurs a loss L, 

which exceeds C if an adverse hazard state arises. The adverse hazard state here is one of volcanic eruption, 
for which a decision not to protect carries a la rge loss penalty of L, measured in human fatalities.  The 

probability of the adverse hazard state arising within a specified time window is denoted P. Assuming the 
optimal choice is to minimize the expected expense, then one will protect if P > C/L, but will choose not to 

protect when P < C/L. The minimal expense is denoted min{C, PL}. In other words,  one compares the cost of 
an evacuation to an economic equivalent of the expected loss of life. 

In choosing to evacuate, one basic component that is unfortunate ly often neglected is the time needed for an 
evacuation. Usually, the evacuation process is considered a deterministic process, expressed in terms of the 

number of people evacuated over a fixed time period.  Past experience, notably from Hurricane Katrina in 2005, 
has shown that such a process is far from being deterministic . In fact, the time to evacuate is better  described 

by a probability distribution with a fat tail  (denoting the  great deal of uncertainty associated with a large scale 
evacuation). Intuit ively, one might think an evacuation order should only be issued when fairly confident of a 

volcanic eruption ( i.e., when P is close to unity). However, th e lessons learned from events such as Hurricane 
Katrina indicate that  this choice is far from optimal  (Marzocchi and Woo, 2007). Yet, this is the outcome of two 

recent pilot evacuation exercises:  MESIMEX (Major Emergency Simulation Exercise) for Naples, Italy,  held in 

October 2006, and Exercise Ruaumoko for Auckland, New Zealand held from November 2007 to  March 2008.2 
Optimally, delaying an evacuation decision would only be justified if it has little impact on the number of people 

who fail to be  evacuated. 

 

Figure 6: The volcanic field in Auckland, New Zealand, which was the focus of Exercise 
Ruaumoko, testing New Zealand's ability to respond to an impending volcanic eruption in 
Auckland (Source: GeoNet) 

 

                                                      
2 For more information on MESIMEX, see http://www.protezionecivile.it/cms/view.php?dir_pk=395&cms_pk=3323 ; for more 
information on Exercise Ruaumoko, see http://www.exerciseruaumoko.co.nz/    

http://www.protezionecivile.it/cms/view.php?dir_pk=395&cms_pk=3323
http://www.exerciseruaumoko.co.nz/
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Apart from providing a better decision-making process in calling for an evacuation, cost-benefit analysis can 

also be used for planning the scope of an evacuation. For example, as illustrated in Figure 7,  the geography of 

the red zone around Mount Vesuvius is based on the size of a major eruption in 1631, which is the largest 
event to occur in the 2nd millennium, but is far from be ing the largest event in history.  In addition to  the 

famous Pompeii eruption of 79 CE, a greater Avellino eruption occurring in the 2 nd millennium BCE affected 
much of the yellow zone. Considering this historical event, there has been debate as to whether evacuation of 

the red zone should be extended to include the yellow zone (Mastrolorenzo et al., 2006; National Geographic, 
2007). A cost-benefit analysis indicates that, due to the rarity of Avellino-sized events and the moderate 

proportion of yellow zone residents saved due to an evacuation (Neri et al., 2007) , an extension of the 
evacuation zone is unwarranted (Marzocchi and Woo, 2009).  

 

 

 

 

 

 

 

 

 

Figure 7: Red and yellow hazard zones around Mount Vesuvius, Naples, Italy  (Source: 
ProtezioneCivile) 
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VOLCANIC  PERILS  

The main purpose of evacuation is to protect inhabitants from lethal pyroclastic flows , which are fast -moving 
currents of hot gas and rock  following a volcanic eruption . Lava, on the other hand, tends to be viscous and 

flows comparatively slowly, and is therefore primarily a hazard to property.   

However, mass casualties can also be caused by fast-flowing lahars (i.e., mudflows)  and tephra fall  (e.g., ash 

or rock) , which can be directly injurious to the body or can accumula te on roofs and cause damage to buildings 
and their occupants. More insidiously, the massive insertion of sulphurous gases into the atmosphere following 

a volcanic eruption can cause respiratory difficulties for those breathing the dense acid fog. 

Tephra F all  

The tephra discharge from a volcanic vent includes rock fragments of many sizes, ranging from large angular 

blocks of rock to fine -grained volcanic ash. Apart from isolated volcano monitoring outposts, few buildings  are 
close enough to a vent to be damaged from the discharge of large tephra rock. Ashfall is the primary hazard of 

economic importance. The vulnerability of property to ashfall , as with other hazard perils,  is a function of  
building construction.  The most severe damage mechanism is collapse, as the weight of ash on roofs may cause 

structural failure . For volcano risk in snowy climates, such as in the Cascades in the Pacific Northwest, building 
design regulations addressing snow loading serve a dual function of mitigating ashfall damage.  

Moderate damage to buildings and their contents can also be caused by both the abrasive characteristics and 
the weight of ashfall. Because the weight of 4 in (10 cm) of ash has the potential to cause roof damage, the 

spatial extent of ashfall damage can be very large, extending for hundreds of kilometers in moderate winds 
(i.e., below storm force). Wind speed and direction are the principal factors contributing to the spatial variation 

in ashfall footprints. As a result, in the principal insurance markets across the world, including the U.S., Europe, 
Japan, and Australasia, ashfall poses a potential catastrophe loss. Large areas blanketed with ash could cause 

significant business interruption and might be deep enough to cause roof collapse and other building dama ge. 
Major cities, such as Seattle, Portland, Naples, Tokyo, and Auckland are susceptible to such a hazard. An 

example of a large wind-oriented tephra footprint,  with  the thickness of deposits from a recurrence of the 1707 

Mount Fuji eruption, is illustrated in Figure 8. Overlain on a regional map of population density , the potential 
impact of a recurrence of this event on Japan  shows ashfall thickness between 1.5 in (4 cm) an d 3 in (8 cm) as 

far away as Tokyo. 

 

Figure 8: Contour map of thickness of tephra fall (in cm) from the 1707 eruption of Mount  Fuji 
(Source: NIED) 
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RMS undertook ashfall modeling for the Cascades volcanoes (i.e., Mount Rainier and Mount Saint Helens), using 

the program TEPHRA2, a geophysical model describing the diffusion, transport , and deposit of volcanic ashfall 

(Connor, 2001). A probabilistic approach identif ies the variable input parameters to estimate eruption column 
height and duration, as well as wind direction.  The wind profile is based on wind reanalysis data from the 

National Centers for Environmental PredictionïNational Center for Atmospheric Research (NCEPïNCAR)3, 
sampled bi-monthly over a period of twenty years  of available data, yielding 480 estimates of wind speed and 

direction.  

Conditional on an eruption of a specified size, the wind field  estimates are used to determine a probability 

distribution for the ashfall depth in the area around the volcano.  For example, a probability of ashfall depth due 
to a great eruption of M ount Rainier is illustrated in Figure 9. The map contours the probability that the  ashfall 

will have a density exceeding 20.5 psf (100 kg/m 2), which corresponds to the minimum snow load design level 
for roofs  in this area of the U.S., and thus constitutes a threshold for building da mage potential.  A depth of 

approximately 3.9 in ( 10 cm) of dry volcanic ash would exert this level of loading.  

For this extreme eruption scenario, with a return period of thousands of years , both Portland and Seattle have 

a reasonable chanceðbetween 2% and  10%ðof suffering significant ashfall  levels. However, since lesser, more 
common eruptions would most likely not affect these principal urban areas, the expected ashfall loss from 

Mount Rainier is overall much less than the expected ashfall loss from neighboring Mount Saint Helens, which 
dominates the Cascades ashfall risk due to its higher level of activity.  

 

 

Figure 9: Contour map of ashfall hazard from a great eruption of Mount  Rainier (probability of 
ashfall density exceeding 100 kg/m 2) 

Lahars  

Lahars are large mud and debris flows originating on the flanks of volcanoes. The danger  that they pose  to 
people and property is amplified by their mobility , as lahars can surge tens and even hundreds of kilometers 

                                                      
3 NCEPïNCAR reanalysis dataset available at http://www.cdc.noaa.gov/  
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downstream from a volcano. Lahars can develop through crater lake failure, snowmelt, avalanches into lakes 

and streams, or heavy rain. Hazard zonation maps can be drawn to indicate the areal extent of future lahars , 

based on geological studies of deposits left by past lahars, and rheological (i.e., lava flow) models. For 
example, Mount Rainier is remarkable for the size of its prehistoric lahars (Figure 10). One series of flows, the 

Osceola Mudflow, occurred 5,700 years ago when part of the northwest sector of the volcano collaps ed, 
covering more than 200 mi2 (500 km2) in the Puget Sound lowland and extending into the modern day suburbs 

of Seattle. 

Even larger prehistoric lahars have spread debris over Seattle and Tacoma. Given the vast financial investment 

in these cities and the extremely long return period of such enormous lahars, cost -benefit analysis offers little 
help in examining various risk mitigation measures, with the exception of evacuation in a volcanic crisis. The 

cost of permanent protection, such as through selective relocation of parts of the population , is unjustified.  
Insurers, throu gh their catastrophe coverage, form an integral part of the societal economic safety net for the 

extremely remote but possible occurrence of a lahar in this region.   

By contrast, where lahars are much more likely and the cost of relocation is comparatively modest, cost -benefit 

analysis encourages protection of a population at risk by moving people out of the danger zone.  However, 
relocation may be economically unfeasible for the poorer classes of individuals in developing countries. Thus it 

was for the 23,000 residents of Armero , Colombia, who were buried by a lahar in one of the worst natural 
disasters of the 20 th centuryðthe 1985 eruption of Nevado del Ruiz. 

 

Figure 10: Maps of two major prehistoric lahar deposits at Mount Rainier (Source: USGS) 

Lava flows  

While lava flows move slowly enough to be a minimal threat to human life, all property in their path is 
incinerated and land covered by lava may be uninhabitable for years.  Volcanoes with recently damaging lava 
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flows include Kilauea and Mauna Loa, Hawaii; Etna, Italy; Paricutin, Mexico; and Heimaey, Iceland. Fortunately, 

lava flow is not entirely a natural peril , as human intervention to divert the flow of la va introduces a man-made 

component to mitigate loss.  

The computer modeling of lava flow has recently become increasingly sophisticated through the development of 
more complex numerical models of lava rheology (i.e., the study of the flow of lava) . Such modeling is 

particularly useful in identifying which towns or villages might be threatened by a flow and whether human 
intervention to divert the flow is worthwhile.  As with river flood, any intervention must consider the possibility 

of one community gaining while another loses. During the Valle del Bove, Etna, eruption of 1991ï1993 (Figure 

11), the village of Zafferana was saved by persistent and intensive mitigating action s, employing earthen 
barriers and explosives to divert  the flow of lava , albeit not wit hout questions raised as to cost-benefit 

effectiveness. However, under favorable circumstances, engineering efforts to divert a lava flow may prove 
cost-effective.  

 

Figure 11: Map of the Valle del Bove eruption of Etna in Italy f rom 1991 to 1993 (Source: 
Behnke, 1995) 
 

On the big island of Hawaii, aerial bombing (with explosives) of lava flows from the Mauna Loa volcano was 

attempted in 1935 and 1942 to divert flows threatening the major town of Hilo  with little success. In the 19 70s, 

the U.S. Airforce tested improved bombing techniques on prehistoric lava flows  and these more modern 
techniques would stand a good chance of diverting the flow  should a future lava flow threaten Hilo again . For 

transparency, an explicit accounting of the costs and benefits of any planned intervention is good risk 
management practice. Moreover, a cost-benefit analysis should include an insurance term, representing the 

mitigation of insurance claims should an intervention be attempted and succeeds. 

Pyroc lastic flows  

Pyroclastic flows originate either directly from an eruptive vent  or from the gravitational collapse of an eruption 

column or lava dome. The distance a pyroclastic flow travels is dependent upon the eruption size and the 
height at which the fl ow start s to descend. Powered by gravity, pyroclastic flows tend to be channeled into 

valleys, as illustrated by the lava dome collapse at the Soufrière Hills Volcano on the Caribbean island of 
Montserrat (Figure 12). Volcanic activity on Montserrat began on July 18, 1995, and by December 26, 1997, 
when the most explosive event occurred, 90% of the population of over 10,000 had relocated, with over two-
thirds leaving the island.  


