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Abstract

Although the negative impacts of volcanism on society are well documented and accepted, many possible benefits from volcanoes are not
always fully considered. This paper provides suggestions for understanding and implementing volcanoes' benefits by suggesting further
application of existing risk management frameworks to volcanology: living with risk by using the sustainable livelihoods approach at the local
level. This paper presents an overview bringing established paradigms into volcanic risk management where they are sometimes absent despite
their advantages. The sustainable livelihoods approach is important in its application to volcanic scenarios in four ways:

(i) Understanding, communicating, and managing vulnerability and risk and local perceptions of vulnerability and risk beyond immediate
threats to life.

(ii) Maximising the benefits to communities of their volcanic environment, especially during quiescent periods, without increasing vulnerability.
(iii) Managing crises.
(iv) Managing reconstruction and resettlement after a crisis.

An overview of case studies is provided showing how volcanic opportunities could be used for sustainable livelihoods. The approach of living
with volcanic risks and benefits could be adopted and implemented as an integral part of changing perceptions of volcanoes and of managing
volcano-related crisis and non-crisis situations. However, the sustainable livelihoods approach is not a panacea, so limitations are discussed along
with why living near a volcano cannot solve all livelihood concerns. In particular, livelihood diversity and livelihood transferability to other
locations assists in living with volcanoes.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction: volcanoes as opportunities

The destructive forces of volcanoes are well-known, from the
local to global levels. Examples of local volcano-related dev-
astation are the 8 May 1902 pyroclastic density currents from
Mount Pelée, Martinique which killed between 28000 and
30000 people in St. Pierre (Blong, 1984; de Boer and Sanders,
2002) and the 13 November 1985 lahars from Nevado del Ruiz,
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Colombia which killed approximately 25000 people, mainly in
Armero (Voight, 1990;Mileti et al., 1991). National and regional
impacts are represented by the 1783–1784 eruptions of Laki,
Iceland which killed 24% of Iceland's population along with
thousands of deaths elsewhere in Europe (e.g., Witham and
Oppenheimer, 2004). Global volcano-related impacts have been
seen through weather alteration, such as the years following the
1815 Tambora, Indonesia eruption (e.g., de Boer and Sanders,
2002) and the 1991 Mount Pinatubo eruption in the Philippines
(e.g., Self et al., 1996). Some global climatic impacts of volcanic
activity are still disputed, as demonstrated by the debate over
Toba's possible climate impacts (Oppenheimer, 2002). Global
climatic impacts have likely happened in the past through
episodes of basaltic flood volcanism (e.g., Self et al., 2006).
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Table 1
Options and consequences for dealing with environmental hazards

Option for dealing with
environmental hazards

Main implications

1. Do nothing. Disasters occur.
2. Protect society
from hazards.

Not always feasible and leads to risk transference
which augments vulnerability.

3. Avoid hazards. Not always feasible and can exacerbate other
problems, augmenting vulnerability.

4. Live with the
hazards and risks.

Livelihoods are integrated with environmental
threats and opportunities.
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So far, human fatalities linked to volcanoes have been
relatively few. The death toll attributed to volcanoes since AD 1
is approximately 275000 (Simkin et al., 2001; see also Tanguy
et al., 1998). This toll is lower than the toll from single environ-
mental hazard events such as the 1918–1919 flu pandemic which
killed at least 20million people (Noble, 1982; Taubenberger et al.,
1997) and the 28 July 1976 Tangshan earthquake which killed
over 500000 people (Bolt, 1978; Hough, 2004). As with many
disasters, volcano-related disasters also have mental health im-
pacts (e.g., Ronan, 1996; Kokai et al., 2004). Volcanic disasters
are likely to continue in the future with cities including Auckland,
Tokyo, Naples, Quito, and Seattle located near active volcanoes.
Each city contains a threatened population larger than the human
death toll attributed to volcanoes since AD 1.

Becker et al. (2001), Haynes (2005), and Johnston et al.
(1999) provide overviews of the volcanic risk perception
literature. The studies tend to focus on threats and dangers from,
or worries and concerns about, volcanoes along with possible
preparation measures for countering dangers from and increas-
ing resilience to volcanic threats. Data regarding perceptions of
volcano-related benefits or opportunities are more limited. In
many instances, positive aspects or positive perceptions might
be minimal; for example, health consequences of gas emissions
at Mount Aso, Japan (Nomura et al., 2004) or lahar and ash
impacts on skiing at Mount Ruapehu, New Zealand from the
perspective of ski resorts (Miller et al., 1999; Paton et al., 2001).
Nevertheless, questions added to surveys could potentially
cover expected benefits from taking the risks or whether the
perceived benefits dominate decision-making (e.g., Starr and
Whipple, 1980; Slovic, 2000).

Volcanoes' contributions to society are discussed in some
literature. Duncan et al. (1981) note that “the Mount Etna region
represents just under 7% of the land area of Sicily, yet contains
over 20%of the population” (p. 165) and “Reasons for this intense
human activity on the lower slopes of the volcano are not difficult
to find” (p. 165), including Etna-related factors of fertile soils
and a reliable freshwater supply. Robertson (1995) describes the
agricultural, mining, quarrying, and tourism benefits to St.
Vincent and the Grenadines of the country's active Soufrière
Volcano. For Mount Ruapehu, New Zealand, Becker et al. (2001;
see also Paton et al., 2001) balance the economic losses to ski
resorts with the agricultural and tourism benefits along with the
opportunity to gain volcanic eruption management experience
which can be applied to other crisis management scenarios.

Sigurdsson et al. (2000, Part IX) summarise literature
espousing volcanic benefits, covering geothermal resources,
the agricultural benefits of volcanic soils, the use of volcanic
materials such as basalt hammers and pumice in soap, and
tourism along with the archaeological and artistic gains from
volcanism. Volcanic processes also yield many precious metal
and gemstone deposits (e.g., Erickson, 1988; Decker and
Decker, 1991) along with beneficial landscapes, for instance the
natural auditorium Auditorio Jameos del Agua on Lanzarote,
Canary Islands, Spain.

This overview of the literature demonstrates that positive
and negative perceptions of volcanoes and volcanism exist and
that volcanoes' positive and negative impacts on society are
documented and accepted. Yet it also shows that a gap exists in
that all the possible benefits from volcanoes are not always fully
considered, although many textbooks address aspects of vol-
canoes' benefits (e.g. Fisher et al., 1997; Schmincke, 2004). In
contrast, approaches used in other fields promote and accrue
benefits from potential environmental hazards and these ap-
proaches could be applied to volcanoes.

This paper contributes to understanding and implementing
volcanoes' benefits by suggesting the application of existing
risk management frameworks to volcanology: living with risk
through sustainable livelihoods. New data are not presented.
Instead, established development and sustainability approaches
with respect to disaster risk reduction are connected with vol-
canic risk management as a contribution towards filling in the
gap noted in the critique of the dominant discourse of volcanic
risk management by Gaillard (2008-this issue).

2. Living with risk through sustainable livelihoods

2.1. Dealing with environmental hazards

As exemplified by Mount Etna in Italy (Duncan et al., 1981)
and Mount Mayon in the Philippines (Heijmans, 2001), people
have solid reasons for living near or on volcanoes, includ-
ing good farmland and reliable water supplies (e.g., see also
Uehara, 2005). This sometimes yields dangers, despite the
rewards. To balance the dangers or potential dangers with the
gains or potential gains from environmental hazards, including
volcanoes, a four-option framework is presented here (Table 1)
which has been developed based on the literature (e.g., Hewitt
and Burton, 1971; Lewis, 1999; Wisner et al., 2004). Below
we discuss some of the issues surrounding each of these four
options.

2.1.1. Do nothing
The first option is to do nothing, accepting that volcanic

disasters will happen. Depending on the volcano, this option
might be more viable or less viable. Mount Etna in Italy and
White Island in New Zealand frequently erupt, so doing nothing
could lead to a disaster depending on the extent and char-
acteristics of an eruption. In contrast, Edziza, Canada andMount
Jefferson, USA have not erupted in several centuries yet had
Holocene eruptions (GVP, 2006). With the risk known and the
willingness to accept the consequences of taking that risk, doing
nothing could arguably be an appropriate choice for a certain
timeframe.

http://dx.doi.org/10.1016/j.jvolgeores.2007.12.036
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2.1.2. Protect society from volcanic hazards
The second option is to try to protect society from volcanic

hazards, such as by strengthening roofs against tephra fall (e.g.,
Spence et al., 2005a) and building structural defences against
lahars (e.g., Tayag and Punongbayan, 1994). Some instances are
controversial such as pumping sea water onto lava which
threatened to cut off Heimaey's harbour in 1973 (Chester, 1993;
Fisher et al., 1997). Other examples are seen as more effective,
such as diverting lava from Mount Etna, Italy (Barberi et al.,
1993; Chester, 1993) or slowly degassing Lake Nyos, Cameroon
to avert a repeat of the sudden gas release which killed over 1700
people in 1986 (e.g., JVGR, 1989). In the Cameroon case, a
hazard-altering systemwas selected as being more effective than
other approaches; for example, (i) moving the population from
their livelihoods in the gas-vulnerable areas, which could expose
them to other hazards and (ii) relying on a tight timeframe for a
gas release warning system.

This protection option is not always feasible. Not all gas
releases could be averted through degassing. Large pyroclastic
flows and lava flows are challenging to stop or even to redirect,
although structures could be designed to afford some level of
protection to these hazards (Blong, 1984). More fundamental
concerns exist which are documented more for floods than
for volcanic phenomena, but the discussion applies directly to
volcanoes due to lahars and volcano-related floods including
jökulhlaups.

Protection which increases risk over the long-term has been
illustrated for major floods such as in the Mississippi basin in
1993 (Mileti et al., 1999) and in flood-vulnerable areas such as
London, UK (Ward and Smith, 1998). Criss and Shock (2001)
document “flood enhancement through flood control” for
American rivers. Fordham (1999) and Kelman (2001) further
demonstrate how the protective approach for floods, through
reliance on structural defences, encourages overconfident set-
tlement in flood-prone locations while discouraging adequate
precautions against floods. Other critiques of reliance on
structural measures are that they are frequently one of the most
expensive options, they tend to be implemented in a top-down
manner which contravenes the local approach to living with risk,
and they do not address the root causes of the vulnerabilities
which the extreme hazard event exposes (see also Hewitt, 1983;
Lewis, 1999; Wisner et al., 2004).

The explanation from this work is that hydrological
engineering frequently seeks to control river flow including
dampening out flow extremes, such as from spring snow melt
or the dry season. Riverside inhabitants thus tend to become
inured to the absence of regular flood and drought cycles.
Because few extremes occur, mitigation and preparedness
activities tend to lapse. There is decreased awareness of the
potential flood and drought hazards, decreased understand-
ing of how to predict and react to floods and droughts, and
decreased ability to cope with floods and droughts. Even-
tually, a large flood or drought event must occur, yielding
damage which is far greater than would have occurred if
the affected community were used to regular, smaller-scale
floods and droughts. This phenomenon is termed “risk trans-
ference” (Etkin, 1999) because the risk is transferred onto
future events, yielding potential short-term gain for definite
long-term pain.

Reliance on protective measures for flood and non-flood
volcanic hazards could similarly lead to risk transference and a
dangerous false sense of security without tackling the root
causes of vulnerability. Leone and Gaillard (1999), for instance,
detail the challenges with the technocratic approach to
addressing Pinatubo lahars (but see also Rodolfo, 1995).

2.1.3. Avoid volcanic hazards
The third option is to avoid volcanic hazards, but that is not

always feasible. As noted in Section 1, volcanic impacts are
frequently non-local and are sometimes global, hence all places
on earth have the potential for being severely affected by
volcanic activity. Additionally, with global population increas-
ing, constraints on land and resources frequently leave little
option other than to inhabit areas potentially affected by volcanic
hazards.

Moreover, avoiding volcanic hazards could cause further
problems. First, as further described throughout this paper,
volcanic activity can yield advantages which might outweigh the
problems, although conclusions from analysing the trade-offs
frequently depend on the perspective selected for decision-
making. Second, moving away from volcanoes could yield other
concerns, perhaps exposure to other environmental hazards or
perhaps social challenges. After Montserrat's volcano started
erupting in 1995, some Montserratian families moved to En-
gland in order to ensure that their children would still have
appropriate schooling, only to be disappointed at the low stan-
dard of education in English schools which they felt would harm
their children's future prospects (Windrass and Nunes, 2003).
Montserratians were also shocked at the level of crime risk to
which they were exposed on neighbouring Caribbean islands
(Haynes, 2005).

2.1.4. Live with volcanic risk
The fourth option, living with risk (e.g., UNISDR, 2004),

means accepting that environmental hazards are a usual part of
life and productive livelihoods. Rather than “environmental
hazards”, perhaps they should be termed “environmental events”
or “environmental phenomena”.

For example, many cities in Asia's deserts are sited near
earthquake faults because the tectonic activity makes fresh-
water available (Jackson, 2001). Farmers in the African Sahel
use “flood retreat farming” in which seeds are planted in
floodplains as annual floodwaters recede in order to capture
the moisture before it evaporates (Matlock and Cockrum,
1976). Rather than just surviving in the face of adversity or
reacting to extreme events when they occur, living with risk
means creating and maintaining habitats and livelihoods by
using available resources without destroying those resources.
These resources include environmental hazards, which might
thereby become less of a danger and more integrated into day-
to-day life and livelihoods. For volcanoes, not all potential
hazards can be resources and not all resources can have their
dangers reduced, but this paper highlights some which could
be used.



Table 2
Examples of studies using livelihoods concepts for volcanic risk management
(see also Section 1)

Studies Location Livelihoods material

Crittenden (2001) Bacolor, the
Philippines

Residents made efforts to keep the
community functioning despite
lahar inundations following the
1991 Pinatubo eruption.

Dibben and
Chester (1999)

Furnas, Saõ Miguel,
Azores, Portugal

Livelihoods were part of analysing
human vulnerability to the area's
volcanic threats.

Gaillard (2003) Mount Pinatubo,
the Philippines.

Evacuees returned to their homes
for agriculture-related livelihoods
after the 1991 eruption.

Glaser (1996) Global Volcanic effects on agricultural
livelihoods are discussed along
with agricultural livelihoods
exposing people to volcano-related
health effects.

Lane et al. (2003) Mount Tungurahua,
Ecuador

After being evacuated due to a
volcanic threat in 1999, many
residents returned against
government advice to pursue their
tourism-related livelihoods.

Tobin and
Whiteford (2006)

Rozdilsky (2001) Montserrat Concepts of sustainability are
discussed incorporating “economic
and social resiliency” (p. 66) but
with only passing reference to
livelihoods.
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A component of living with risk is localising disaster risk
reduction. Disaster risk reduction, including pre-disaster activities
such as preparedness and mitigation and post-disaster activities
such as response and recovery, is best achieved at the local level
with community involvement (e.g., Lewis, 1999; Wisner et al.,
2004). Top-down guidance is frequently helpful, such as through
legislation or for providing resources. Nonetheless, the most
successful outcomes are seen with broad support and action from
local residents, rather than relying on external specialists or
interventions.

Examples of community involvement and leadership for di-
saster risk reduction are Townwatch (Ogawa et al., 2005), Com-
munity Fire Units (Lowe et al., in press), and Future Search
(Mitchell, 2006). Even for post-disaster activities, many manuals
suggest that individuals and families must be prepared to take care
of themselves for at least 72 h without external assistance (e.g.,
EMA, 2003; FEMA, 2004) although recent discussions with
practitioners have suggested 1–2 weeks or more. Community
teams are increasingly being trained for such purposes; for ex-
ample, Community Emergency Response Teams in the USA
(Simpson, 2001).

Although volcanoes' long dormancy periods and significant
uncertainties about eruptive pathways might make community
interest in disaster risk reduction wane, few communities are
vulnerable to only volcanic hazards. Day-to-day and year-to-year
threats could be used to establish and maintain community-based
initiatives which would also be useful when volcanic threats
manifest. The result is localising living with all disaster risks.

2.2. The sustainable livelihoods approach

To apply in practice the principles of localising living with
risk, the sustainable livelihoods approach has often been adopted
for disaster risk reduction and it applies to volcanoes too.
Chambers and Conway (1992) propose:

“A livelihood comprises the capabilities, assets (stores, re-
sources, claims and access) and activities required for a means
of living: a livelihood is sustainable which can cope with and
recover from stress and shocks, maintain or enhance its
capabilities and assets, and provide sustainable livelihood
opportunities for the next generation; and which contributes
net benefits to other livelihoods at the local and global levels
and in the short and long term."

Despite some circularity and the absence of explicit mention of
social networks, this definition is useful operationally. The ideas
can be summarised by defining sustainable livelihoods to be
creating and maintaining between generations means of individual
and community living which are flexible, safe, and healthy.

The sustainable livelihoods approach, sometimes termed the
livelihoods approach or the livelihoods security approach, frames
problems from the perspective of focusing on livelihoods and
livelihood indicators (Chambers and Conway, 1992; Chambers,
1995). Applications include the contribution of human rights
to supporting sustainable livelihoods (Moser et al., 2001) and
adapting the approach for specific regions such as Pacific islands
(Cahn, 2002).
Cannon et al. (2003) and Twigg (2004) are examples of using
the sustainable livelihoods approach for disaster risk reduction,
connected to the living with risk approach described in Section
2.1.4. Two specific examples of sectors which integrate the
sustainable livelihoods approach into their programs are:

1. Refugee shelter, termed “transitional settlement and shelter”
(Corsellis and Vitale, 2005).

2. Warning systems (Carney et al., 1999; Turton, 2000).

Although not named as livelihoods, these themes are present
in earlier literature; for instance, Burton et al.'s (1978) statement
that “people not only locate in areas of high, recurrent natural
hazard; they survive and prosper there” (p. 4).

Application of the sustainable livelihoods approach to
volcanoes has been more limited in the literature, although the
concepts are applied without formally mentioning the approach
(Table 2). As further support for applying the sustainable live-
lihoods approach to volcanoes, Mileti et al. (1991) describe how
the lack of livelihoods prior to 1985 lahars from Nevado del
Ruiz, Colombia exacerbated poverty following post-lahar
displacement. Supporting livelihoods before a crisis assists in
managing a crisis. For Pinatubo, Gaillard (2006) notes that
livelihood diversification assisted community recovery while
Gaillard and Leone (2000) emphasise livelihood adaptation as a
successful coping strategy for the Aeta, an indigenous group.
Many indigenous peoples around the world have varying levels
of “positiveness” in the manner in which they view volcanoes
and potential gains from living on or near a volcano. Scope
exists for formal application of the sustainable livelihoods
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approach in order to implement “living with volcanic risks”—
and volcanic benefits.

This paper does so, providing an overview of case studies
where volcano-related opportunities could be used for sustain-
able livelihoods. These examples illustrate that the local
approach of living with volcanic risks and benefits could be
adopted and implemented as part of changing perceptions of
volcanoes and of “living with volcanoes”. We suggest that the
sustainable livelihoods approach is important in its application
to volcanic scenarios in four ways:

(i) Understanding, communicating, and managing vulner-
ability and risk and local perceptions of vulnerability and
risk beyond immediate threats to life.

(ii) Maximising the benefits to communities of their volcanic
environment, especially during quiescent periods, without
increasing vulnerability.

(iii) Managing crises.
(iv) Managing reconstruction and resettlement after a crisis.

These four points are now illustrated in practice.

3. Applying the sustainable livelihoods approach

3.1. Managing vulnerability and risk

The first application of the sustainable livelihoods approach
to volcanoes is understanding, communicating, and managing
vulnerability and risk along with local perceptions of vulner-
ability and risk beyond immediate threats to life. Newhall and
Hoblitt (2002), for instance, calculate individual risk to life for
volcanic scenarios, noting that estimating “community risk
(probable losses of lives and property in a specified area) is
beyond the scope of this paper”. Spence et al. (2005a,b) detail
methods for calculating community risk from individual lives
and properties. Such studies are an essential component of
volcanic disaster risk reduction, but the sustainable livelihoods
approach introduces an equally essential component.

Cronin et al. (2004a,b) illustrate how to bring livelihoods
into pre-eruption vulnerability and risk management by using
Participatory Rural Appraisal approaches to understand how
small island communities wish to view and manage volcanic
disaster risk reduction. Traditional and scientific knowledge are
combined yielding insights into how nearby volcanoes assist
and threaten the communities and how the communities could
be more involved in the vulnerability and risk management. The
process effectively examines living with volcanic risk based on
decisions at the local level.

Livelihoods are explicitly considered. Cronin et al. (2004b,
p. 108) note “the sites of greatest hazard, primarily from
pyroclastic flows and lahars…support the most productive soils
and agriculture, the gentlest island terrain and the highest
population densities.” Understanding the livelihood reasons
for vulnerability is an essential step towards managing that
vulnerability—as noted by Cronin et al. (2004b) by having one
of their work's objectives being to reduce livelihood vulner-
ability. Cronin et al. (2004a) describe the challenge of balancing
livestock survival with protecting subsistence gardens during an
evacuation. Both are essential livelihoods in the area examined.
Recognising the roles of each livelihood, trying to maintain
those roles for post-eruption return, and reducing the liveli-
hoods' vulnerabilities in different evacuation scenarios intro-
duces the sustainable livelihoods approach into volcanic disaster
risk reduction.

Thinking ahead of the event ensures that (i) local livelihoods
are preserved, meaning that the population has an easier post-
disaster recovery except for cases of extreme destruction and
(ii) the affected population is confident that their livelihoods
will remain, so they will be more willing to shelter and evacuate
without putting their lives at risk for the sake of livelihoods. The
population is better able to live with the risk knowing that
their livelihoods are being considered, particularly since many
decisions were made at the local level with outside guidance
where requested.

Examples of syn-eruption consideration of livelihoods are the
attempts to prevent lava blocking Heimaey's harbour (Chester
1993; Fisher et al., 1997) and balancing ski access to Ruapehu
during active episodes and especially the continuing lahar threat
(Miller et al., 1999; Becker et al., 2001). In these instances, it was
decided that saving only lives without considering livelihoods
was unacceptable. Risk and vulnerability have been managed to
achieve a balance between lives and livelihoods: living with
volcanic risk.

3.2. Maximising community benefits sustainably

The second application of the sustainable livelihoods ap-
proach to volcanoes is maximising the benefits to communities
of their volcanic environment, especially during quiescent
periods, while decreasing vulnerability. These suggestions are
not for supporting economic growth, because “sustainable
economic growth” is infeasible (e.g., see Bartlett, 2004 for
mathematical and environmental justifications of this state-
ment). Instead, they support the sustainable livelihoods ap-
proach and suggest, not recommend, further options. All the
provisos should be considered before implementing any of these
options in order to avoid vulnerability increasing, especially
over the long-term.

The livelihood benefits of volcanoes discussed in Sections 1
and 2 can be placed into three main categories: physical re-
sources (e.g., mining), energy resources (e.g., heat), and social
resources (e.g., tourism). In explicitly placing long-term issues
and inter-generational sustainability above short-term economic
gain, the sustainable livelihoods approach accepts the limitations
of many livelihoods and acknowledges the lack of realism of
some suggested livelihoods futures. The challenges of exploit-
ing the full potential of volcanic environments are examined by
looking at the illustrative examples of mining and energy.

Although it may require hydrothermal alteration and erosion
over long time scales to form and expose them, volcanoes play an
important role in the formation of precious metal ores (e.g.,
Francis, 1976; Fisher et al., 1997). Despite the possible economic
gains, mining in volcanic regions presents challenges for the
sustainable livelihoods approach in that it yields relatively short-
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term spikes in local income which are rarely sustainable and
which often damage the local society and environment, inhibiting
other livelihoods.

Thinking more speculatively about volcanoes as a future
resource particularly in the context of terrestrial reserves of
precious metals becoming increasingly depleted, persistently
active volcanoes continuously emit precious metals in their
gases and hydrothermal fluids, although it is difficult at present
to exploit them economically. For example, the atmospheric flux
of copper from volcanoes is estimated at 1–22 Gg/yr (Mather
et al., 2003) compared to global copper mining production of
13.63 Tg in 2003 (Mbendi, 2004) and anthropogenic emissions
to the atmosphere in 1983 of 35 Gg (median value; Nriagu,
1989). Could these persistent emissions yield viable livelihoods
in the future? The technology does not exist today and an
additional risk factor is that if the volcano's activity increases,
the mining resources, equipment, and expected income could be
jeopardised.

As well, dangers might result from mining. Davies et al.
(2007) propose that the 29 May 2006 eruption of a “mud
volcano” in eastern Java, which was highly destructive to local
livelihoods, resulted from borehole drilling. As well, the external
financing, expertise, and equipment often needed for mining
might not be conducive to localisation and other community-
based risk-related decision-making.

Similarly, volcanic areas can be important sources of energy
for local use, but more extensive application tends to be stymied.
For rotating turbines to produce electricity for transmission over
large distances, high pressure and non-corrosive steam sources
are most useful. Many volcanic gas emissions do not fit these
criteria. Moreover, locations with significant potential for elec-
tricity generation are often remote from large areas of pop-
ulation, for instance the El Tatio geyser field in Chile, and using
those areas for energy can compromise their tourism potential
(Francis, 1976). However, livelihoods can be combined to turn
the energy source into a tourist attraction, such as at New
Zealand's Wairakei Geothermal Power Station. Alternatively,
the energy potential could be used locally only, to power the
tourist facilities—a true localisation approach to living with
volcanic risk.

Yet most volcanic thermal energy is not released as hot steam
suitable for use. In theory, the total heat energy dissipated by the
1952 Kīlauea, Hawai'i eruption could have provided enough
energy to supply 40% of the power requirements of the entire
USA during the eruption's timeframe. Despite some dramatic
proposals for how to tap such energy (Francis, 1976), it is not
currently feasible (see also Wright and Flynn, 2004). Further-
more, relying on energy from volcanic sources could increase
the vulnerability of communities to volcanic eruptions if the
energy infrastructure were damaged by an eruption.

3.3. Managing crises

The third application of the sustainable livelihoods approach
to volcanoes is managing crises. Emergency response and
humanitarian relief are adopting the sustainable livelihoods
approach, such as for the sectors of transitional settlement and
shelter (Corsellis and Vitale, 2005) and food security (Young
et al., 2001), by ensuring that these sectors' programs support
livelihoods as well as directly saving lives. The consequence is
that dignity and self-respect of evacuees are maintained while
reducing the chance of developing a culture of dependency.
More durable reconstruction and resettlement are therefore
promoted from the beginning of the crisis. Living with the risk
has been achieved because the volcanic crisis did not become a
volcanic disaster.

3.4. Managing reconstruction and resettlement

The fourth application of the sustainable livelihoods ap-
proach to volcanoes is managing reconstruction and/or reset-
tlement after a volcanic crisis. Following the 1991 Pinatubo
eruption, Gaillard (2006) noted for the Aeta that a predominant
factor in their capability to overcome disaster was diversity of
pre-disaster livelihoods. Where that diversity could not be
maintained, viable resettlement was difficult. Seitz (1998, p. 82)
states that “The main problem remains earning a living” re-
garding the Aeta's resettlement. Aeta lives were saved by timely
evacuation, but those lives were put at risk again by not fully
considering livelihoods in resettlement. The sustainable liveli-
hoods approach ensures that lives are not lost through poorly-
managed post-eruption activities.

Montserrat provides another example. Resettlement in the
island's north, away from the most dangerous zones due to
volcanic activity, included housing construction which was com-
pleted without sufficient attention to local culture, other hazards,
or livelihoods (Pattullo, 2000; Rozdilsky, 2001; Mitchell, 2002;
Rozdilsky, 2002; Mitchell, 2006). The resettlement saved lives,
but did not adopt a local approach to living with risk. Long-term
problems emerged which the sustainable livelihoods approach
might have prevented.

3.5. Disadvantages

The examples here show the importance of the sustainable
livelihoods approach to volcanic disaster risk reduction, yet they
do not display the entire picture. For example, volcano-related
evacuations have sometimes forced people to choose between
staying in poorly-managed shelters with no livelihood prospects
and returning home to their livelihoods despite a high risk
of injury or death from the volcano. This issue was witnessed in
Montserrat, exacerbated by economic structures which encour-
aged farming in the exclusion zone (Pattullo, 2000), and around
Tungurahua volcano in Ecuador (Tobin and Whiteford, 2006).
Arguably, such behaviour is each individual's and community's
choice and they should be permitted to make that choice as long
as they know and accept the consequences of their decision. The
challenge is ensuring that people do understand the risks and
are making informed choices—while having adequate options
which means proper treatment, shelters, and livelihood op-
portunities in the evacuee settlement. Loughlin et al. (2002)
discuss this point for Montserrat while Corsellis and Vitale
(2005) discuss it for transitional settlement and shelter in
general.
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Newhall and Hoblitt (2002) seek to overcome some risk
communication difficulties by providing their Table 5 (p. 16)
listing annual risks of death by age group, occupation, disease,
and accidents. These annual risks of death may be compared to
the annual risk of death from certain behaviour during a
volcanic crisis, such as evacuating to different locations or not
evacuating. This approach makes the risk somewhat subjective
and relative to each person's experience and livelihoods which
is a boon for communication purposes, but which could have
unintended consequences in addition to the provisos detailed by
Newhall and Hoblitt (2002, pp. 17–18).

For example, if a person is informed that the risk is so high
that it is equivalent to smoking two packs of cigarettes a day, s/he
could respond that s/he smokes three packs of cigarettes a day
and feels fine, so the volcano could not be too dangerous.
Similarly, an occupational comparison such as logging which
Newhall and Hoblitt (2002, p. 16) term “high-risk” could
produce a response that several relatives have that occupation and
have never had problems, so the volcano could not be too
dangerous. These responses are not necessarily detrimental, but
could yield risk-related behaviour different from the expected
reaction. Focusing on livelihoods and making the message
locally relevant might not convey the intended risk message;
however, “living with risk” objectives have nonetheless been
achieved.

The sustainable livelihoods approach is necessary for
volcanic disaster risk reduction, but it is not a panacea and it
might not be sufficient for all circumstances.

4. Towards reducing volcanic impacts

This paper shows that considering livelihoods is important in
successful volcanic disaster risk reduction through the four ways
discussed because they contribute to living with volcanic risk
based on a localised approach. Living with volcanoes at the local
level requires changes of perception and action resulting in
advantages for volcanic disaster risk reduction, although po-
tential disadvantages can also occur. With the local population
involved in monitoring, understanding, communicating, making
decisions, and taking responsibility for aspects of volcanic
disaster risk reduction—with external guidance and assistance
where requested—disadvantages can be minimised.

Three points emerge from applying the sustainable livelihoods
approach to localised living with volcanic risk. First, not all
livelihoods near volcanoes are volcano-related. Productive agri-
culture could be due to regular, slow-moving floodwaters rath-
er than volcanic deposits—or due to a combination of factors.
Landscape resources such as harbours can exist as much due to
erosion processes as due to volcanic building processes. The
sustainable livelihoods approach encompasses all livelihoods
without necessarily identifying each livelihood's origin.

Second, not all volcanic activity necessarily yields liveli-
hoods or livelihoods which should be encouraged. The sus-
tainable livelihoods approach is essential but it complements,
not supplants, individual and community risk analyses. Tourism
and research activities in active craters, for example, tend to be
discouraged in volcanology (IAVCEI, 1994, 1999). That level of
risk taking could also make the livelihood vulnerable. For
example, if tourists were killed by a volcano, the area's tourism
could suffer.

The sustainable livelihoods approach also entails livelihood
diversity and transferability. Relying on only volcanic processes
for livelihoods creates vulnerability in (i) resettlement cases, as
implied in Section 3.1 in the statement “the population has an
easier post-disaster recovery except for cases of extreme
destruction” and (ii) cases where needed volcanic processes
diminish or otherwise change. Communities should seek
livelihoods beyond the volcano to ensure livelihood diversity
and transferability of livelihoods to different locations.

Third, resource availability does not always imply resource
use. Mining could be deemed too externally-dependent or too
environmentally and socially destructive to be worthwhile
pursuing. As well, many indigenous cultures place higher value
on preserving land than they would on income derived from
possibly sacrilegious activities such as mining and tours. In
volcano-related attitudes and values mirrored amongst other
indigenous peoples from Réunion to Hawai'i, the Aeta around
Pinatubo believed that the mountain was their divine protector.
Pinatubo's 1991 volcanic activity indicated that the Aeta, or
perhaps non-Aeta loggers and geothermal energy explorers, had
angered the volcano (Goertzen, 1991). To the Aeta, certain
livelihoods would not have been acceptable while they were
living on the volcano's slopes. Some societal needs transcend
individual risk, community risk, and livelihoods.

Communities face non-volcanic hazards too and linking
wider disaster risk reduction with volcanic disaster risk
reduction would be needed. For example, as witnessed by one
of the authors (IK) in 2006, a school near one of Ecuador's
volcanoes does an exemplary job of educating its pupils and its
community about volcano-related hazards, warning signs, and
appropriate behaviour, yet some of the school's design features
could have better accounted for fire risk. The all-hazards
approach—considering all hazards for disaster risk reduction—
along with an all-vulnerabilities approach—trying to reduce
overall vulnerability rather than only one component (see also
Lewis, 1999; Wisner et al., 2004)—should be implemented for
volcanic disaster risk reduction.

The all-hazards and all-vulnerabilities approach means that
living near a volcano and living with volcanic risk does not
necessarily dominate a community or its livelihoods. Volcanic
risk perception and communication studies (referenced through-
out this paper and this special issue) show that not everyone
living by a volcano understands or accepts the actual or
potential implications of the volcano. That statement has usually
focused on volcanic risks, but this paper has shown that it also
includes volcanic benefits through livelihoods, especially when
balancing the importance of life versus livelihoods (see also
Gaillard, 2008-this issue). Risk and disasters emerge from
volcanoes, but livelihood opportunities emerge from volcanoes
too. Those opportunities form an integral part of volcanic
disaster risk reduction. Promoting livelihoods prior to a disaster
and explicitly considering livelihoods within disaster risk
reduction and crisis management plans assist when a threat
manifests, helping to prevent a crisis from becoming a disaster.

http://dx.doi.org/10.1016/j.jvolgeores.2007.12.036
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Yet despite volcanic benefits, living with volcanic risk is not
always feasible and volcanoes should not be relied on for
livelihoods without careful consideration of potential draw-
backs. Other approaches—do nothing, protect, and avoid—
should be considered, as well as appropriate combinations of the
approaches for different combinations of volcanic risks,
volcanic benefits, and societal desires.
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