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Abstract In the case of an emergency provoked by a natural event, decision makers

should (1) acquire a comprehensive understanding of the current dynamics and (2) take the

optimal decision based on the information available at that moment. Scientists should

provide the key inputs to decision makers, as well as clearly highlight the current

dynamics. While much progress has been made in this field, the theory of options, which

was developed to assess financial and real investments in an uncertain world, has as yet

never been applied in emergency management related to natural hazards. This article

highlights, through some simple examples, the contribution that this approach may provide

in this field. First, it allows the comparison of different strategies and to value their degrees

of flexibility. Second, it allows the determination of the optimal timing of different types of

intervention. Finally, thanks to decision trees, this approach provides a clear and concise

presentation of the current dynamics. Options theory possesses an interesting potential to

improve emergency management.

Keywords Natural hazards � Real options � Emergency management � Cost-benefit

analysis

1 Introduction

The use of scientific knowledge by decision makers is topical. This issue is of even greater

importance in the context of natural hazards (Habib and Nokra 2004). In fact, the risk is

generally high in spite of the fact that the probability of occurrence of big events is low. It
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represents the classic ‘‘black swan’’ problem (Makridakis and Taleb 2009). The decision to

evacuate an area at risk is complex, and the best techniques available should be applied in

order to make choices as effectively and efficiently as possible. In this article, we propose

to add another tool to the bag by integrating the options theory approach in the context of

natural hazards.

The options theory, usually applied in the assessment of real and financial investments,

is first of all a ‘‘reasoning framework’’ (Mun 2010). The application of this approach in the

field of natural hazards should highlight the different options available during an emer-

gency. Furthermore, the decision trees, with their decision and chance nodes, which are

presented in this paper, should improve communication to decision makers and stake-

holders. Options theory has already been applied in the field of natural hazards but not

specifically in emergency management.

In this article, we point out the added value that options theory can provide in comparison

and addition to traditional methods. Cost-benefit analysis (CBA), which is sometimes

applied to assess the consequences of an evacuation, may be combined with options theory

to evaluate a broad set of options, when the information availability evolves during the time

of emergency. Among other things, this approach assigns a value to flexibility.

This article represents a first step toward the development of a complementary approach

that can improve emergency management. It provides an accessible presentation of real

options theory in the context of natural hazards. The similarities of the hypotheses and

methods applied in natural hazard management and in real options theory should facilitate

the convergence between these two approaches. Relevant contributions should be expected

in this field in the near future.

The article is organized as follows: Sect. 2 provides some basic concepts about risk

management, CBA and its relevance in the case of an emergency. Section 3 presents the

options theory and its applications. The current state of the literature is quoted in these two

sections. Section 4, devoted to emergency management and real options, represents the

core of the article. It includes several hypothetical examples illustrated with decision trees.

Section 5 presents a more complex example about a volcanic eruption, although options

theory can be applied to the entire spectrum of natural hazards. The discussion of the

results is given in Sect. 6. The conclusion follows.

2 Risk management

Various models and criteria have been developed to assist decision makers in the field of

risk management. First of all, uncertainty should be distinguished from risk. The latter

‘‘refers to a situation in which the potential outcomes can be described in objectively

known probability distributions,’’ whereas in the case of uncertainty, ‘‘no reasonable

probabilities can be assigned to the potential outcomes’’ (Haimes 2004, p. 227). In the case

of uncertainty, one can apply different decision criteria, called maximin, maximax, etc.

(Arrow 1951; Luce and Raiffa 1957). For instance, in the case of the ‘‘minimax regret,’’

one looks at the maximum regret associated with each state of the nature and chooses the

option with the smallest regret.

As far as it is possible to assess the probability of occurrence of an event, the decision

can be taken on the basis of an ‘‘expected value.’’ Usually, a trade-off is made between

expected costs and expected benefits related to the realization of different protective

measures (Kunreuther 1996). In general, benefits represent avoided costs.
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However, since the eighteenth century, thanks to Bernoulli, we know that in principle

decisions are not determined by the expected value. The individual’s attitude toward risk

plays an important role. In fact, the expected utility theory shows that if individuals are risk-

averse, they accept to pay a certain amount of money (for instance, by buying an insurance

policy) in order to avoid an unwanted outcome (Hey 1979; Luce and Raiffa 1957).

The prospect theory shows that the problem is even more complex (Kahneman and

Tversky 1979). There are asymmetries between potential gains and potential losses. The

utility associated to a gain is lower than the disutility associated to a loss. The utility/

disutility decreases as the gains/losses are increased. Furthermore, probabilities may be

over or underestimated. Both prospect theory and expected utility theory show that the

expected value does not necessarily explain the decision taken by decision makers, and lay

people and even experts.

A discussion of the limits of the expected utility theory and the relevance of prospect

theory for natural hazards and disaster management is provided by Asgary and Levy

(2009). Eiser et al. (2012) review the literature devoted to risk interpretation and its

implications for action. By quoting ICSU (2008), they stress that ‘‘the seriousness of the

consequences of any disaster will depend also on how many people choose, or feel they

have no choice but, to live and work in areas at higher risky…’’ (p. 6).

In this article, we present another approach. We take stock of the literature on expected

value as well as on CBA, but we propose some developments based on the options theory.

CBA literature is briefly summarized below. Options theory will be introduced in Sect. 3.

2.1 Cost-benefit analysis (CBA)

CBA (De Rus 2010) is often applied in natural hazard risk management, because it rep-

resents a comprehensive assessment of the social costs and benefits related to a decision of

implementing a plan of evacuation (Gamper et al. 2006). In this perspective, the cost of an

evacuation should include the private costs (transportation, rehousing, loss of revenue in

the evacuated region, etc.), as well as the negative externalities (for instance, loss of social

relations due to displacement). It is the same for benefits, for instance, through the

inclusion of avoided human losses. The main challenge is to assign a price to externalities.

The case of the price of life is particularly relevant, although controversial (Cropper and Sahin

2009). There are two main approaches to estimate it. Under the ‘‘human capital’’ approach, the

price of life is determined by the lost earning potential of the victim. The alternative one is based

on peoples’ ‘‘willingness to pay’’ (WTP) for higher safety. While both methods have their own

flaws, the WTP approach produces higher values and tends to be preferred.

One should note that the cost and benefits should be discounted as far as they appear in

different periods of time, in order to obtain the present value of a plan of intervention or project

of investment (for instance shelters) in risk mitigation (cf. Eq. 1). In the CBA, the ‘‘social rate of

discount’’ should be applied (Marglin 1963). The discount rate itself could be affected by

extreme events (Ermoliev et al. 2010). In principle, even the future value of the lives saved is

discounted. We do not discuss these issues, which are the subject of a huge amount of the

literature, but we can assume that in the examples below the costs and benefits are discounted.

NPV ¼
XT

t¼0

Bt � Ct

ð1þ rÞt
ð1Þ
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where NPV is the net present value, Bt the benefit at time t, Ct the cost at time t and the rate

of discount is r. (1 ? r)t is the discount factor.

2.2 Management during emergencies

Marzocchi and Woo (2007) discuss the ‘‘scientific management of volcanic crises’’ and

focus on the expected value criteria. In the case of an emergency, they conclude that

evacuation should be carried out if:

p [
C

L
ð2Þ

where p is the probability of occurrence of an event, C is the cost of the protection

measures and L represents the potential losses if no protection measures are deployed.

L includes in particular the human losses. C and L should be discounted if they arise over

different time periods.

These decision criteria may be relevant as far as decision makers have to deal

with « now-or-never » situations. This means that if they decide not to deploy protection

measures, they will not be able to do it later. But, if one is not in a ‘‘now-or-never’’

situation and information changes over time, this criterion is not optimal. In fact, infor-

mation has a value, which may be important when uncertainties are high (Katz and Murphy

1990). Equation 2 does not allow for taking into consideration the information improve-

ments, as well as adopting a flexible approach in risk management. These drawbacks may

be overcome by the options theory, whose historical background we now briefly sketched

by focusing on the most relevant aspects for natural hazard.

3 Options

The principle of options theory is quite simple: One should consider the options available

at each point in time and focus on flexibility. The strategy should be adapted to the

uncertainty’s evolution. When a decision that has irreversible effects is taken, an option is

exercised. The lost option entails a cost because flexibility possesses a value. This cost

should be taken into consideration in the assessment of the actions that can be undertaken.

If it is forgotten, the theory fails in explaining the decision makers’ behavior. In other

words, real options theory is de facto intuitively applied in the real world (Pindyck 1991).

As already pointed out, options theory has been applied in the field of natural hazard and

risk mitigation. In this respect, one should quote Hatori et al. (2004), who studied the social

learning processes in relation to the mitigation of an earthquake’s impact; Mondello

(2007), who discussed investments in built-up areas exposed to a tsunami risk in the light

of the precautionary principle and investment in building in the context of a Tsunami; El-

adaway (2012), who assessed the real option implications in the case of windstorms.

Options theory has also been applied in the field of industrial hazards (Reniers et al. 2011;

Yu and Chen 2011). However, options theory in emergency management linked to natural

hazard has not been considered.

3.1 Financial options

Options theory emerged in the field of finance and provides a number of financial products

(Black and Scholes 1973). For instance, it allows a buyer to hedge the risk that the price of
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the good he seeks to acquire may rise sharply before its purchase (call option). The parallel

exists for the sellers in order to protect them against a falling market (put option).

Before going into further details, it is useful to provide some definitions. An option is

characterized by different parameters.

• Underlying asset: the option’s good (for instance, oil)

• Strike price: the price, defined by the option, to which the asset can be exchanged

• Option life: the option’s lifetime

In the case of a call option, the buyer wants to purchase an asset (e.g., a barrel of oil) at

some point in the future (e.g., in 1 year). If he does not want to hedge the risk, he can wait

and pay the market price at that point. Otherwise, he can buy an option that gives the right,

but not the obligation, to purchase the asset at the strike price (for instance, he can buy an

oil barrel at 100 US$). One should point out that in the case of a ‘‘European option,’’ the

purchase must be completed at a certain instant (say, in exactly 1-year time), whereas in

the case of an ‘‘American option,’’ the purchase can be made throughout the option life.

For simplicity’s sake, we take into consideration the case of the European call option.

On the due date, the person who possesses the option would face one of the following

situations:

• The market price of the underlying asset is lower than the strike price. The option has

no value. His owner has lost the option cost.

• In the opposite case, the option value is given by the difference between the market

price and the strike price.

Thus, as shown by Fig. 1, the option value at maturity (Brach 2003) is:

Vc ¼ maxðP� Sp; 0Þ ð3Þ

where Vc is the value of the call option, P is the market price of the underlying asset and Sp

is the strike price.

The option’s purchase is only profitable if the market price is higher than the neutral.

One should note that the buyer’s potential loss is limited whereas the seller’s one may be

infinite. In fact, the call options reduce the buyer’s risk, which, however, has to be paid

through a premium, i.e., the option’s initial cost.

Fig. 1 Option’s value and profit in relation to the value of the underlying asset (based on Kodukula and
Papudesu (2006))
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Several models were developed to estimate the option’s value at the time of purchase.

The most common are the Black–Scholes model for the European options in continuous

time (Black and Scholes 1973), as well as the discrete time binomial approach proposed by

Cox, Ross and Rubinstein (Cox et al. 1979). These models are relevant as far as the risk

premium varies with the underlying asset course.

3.2 Real options and other developments

The options theory was subsequently applied to assess investment projects in different

fields, including infrastructure (transportation, energy supply, etc.) (Dixit and Pindyck

1994). The term ‘‘real options theory’’ is used in these regards, and the approach is similar

to that used in finance.

In this perspective, one should interpret the alternatives of a project of investment as

options. If a decision maker decides to engage himself in a process of evaluation of a new

product, he keeps open the option of abandoning this kind of investment if it is not

profitable. While the evaluation is available, he can decide to pursue or abandon the

project. In certain cases, going ahead means not being able to stop it in the future, in which

case the ‘‘option is killed.’’

In this example, the strike price is the cost of the investment if one supposes that there are

no other costs that have to be supported in the future; the option’s initial cost is the cost of the

evaluation phase; the value of the underlying asset is the revenue generated by the investment.

The possible link between the ‘‘real option approach’’ and the ‘‘principle of precaution’’

was highlighted by Gollier and Treich (2003), who showed that flexibility has a big value

from a social point of view. The fact of keeping alive an option may allow taking

advantage of new information that should be available in the near future. Furthermore,

undesirable irreversibility can be avoided.

In the next section, we will point out how the real options theory may be applied to the field

of natural hazard emergency. The options open to decision makers during an emergency may

be interpreted as investment projects. The intuitive approach of decision trees is the most

appropriate in this respect. One should carry out several steps to build a decision tree in the

framework of the real options theory, as we will show in detail in the next section:

1. Definition of the risk and available options;

2. Determination of the inputs’ value;

3. Construction of the decision tree;

4. Estimation of the options’ value through a process of back-casting;

5. Analysis of the results.

4 Emergency management and real options

4.1 Risk identification and options available

A nonexhaustive list of the most common options available is provided below. They are

particularly relevant in the case of natural hazard risk management.

• ‘‘To wait, to delay’’: This is very useful when information evolves; in this case, one can

take advantage of a « learning option » because during the waiting time, some

uncertainties may be cleared.
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• ‘‘To expand’’: For instance, the ability to expand an evacuation plan from local to

regional level.

• ‘‘To contract’’: the opposite of the previous option; one can imagine that in an

evacuation plan that includes different steps, it is possible to come back to previous

steps if the situation improves.

• ‘‘To abandon’’: For instance, the ability to remove the state of emergency if the

situation returns to normal, as we will see later.

• ‘‘To choose’’: Being able to choose between different strategies.

• ‘‘Parallel compound’’: Different options bonded to each other. In the case of an exclusive

choice between various strategies, taking an option means killing all the others.

• ‘‘To stage’’: The evacuation plan should be carried out step-by-step according to the

dynamic of the event. First, one should launch the advanced monitoring; then, the zone

at highest risk should be evacuated. Finally, the evacuation should be extended to the

whole region.

This approach is very important for both the analytical and the decision-making process. In

fact, decision makers are able to clarify the decisions that should be taken thanks to the

definition of the available options. One should not lose sight of the fact that the identifi-

cation of the whole set of options is a big step forward.

4.2 Determination of the parameters

The option’s parameters should be determined in order to compute its value. In the case of

a natural hazard, one can accept that the value of the underlying asset is the cost provoked

by the event if no intervention is implemented. The strike price is the cost brought about by

the event if the intervention is implemented, i.e., the unavoidable cost. To simplify, we

suppose that the option’s cost is represented by the declaration of a state of emergency. The

option lasts as long as the task force remains in place.

Such an option is an American one, which may even have an infinite life. It is used if the

intervention is ordered and killed if the state of emergency is removed. Costs should be

evaluated on the basis of a cost-benefit analysis.

The comparison between the examples discussed above is presented in the Table 1.

4.3 Decision tree

As already mentioned, decision tree provides a self-explanatory illustration of the real

options’ approach in such a case. A decision tree includes three types of nodes. The

Table 1 Comparison between three examples of options theory’s application

Trading Investment Natural hazard

Value of the
underlying asset
(P)

Market price of the oil
barrel

Expected revenue generated
by the investment

Expected cost of the event
if no intervention

Strike price (Sp) Fixed price negotiated
in the contract

Investment cost Expected cost if
intervention

Option value maxðP� Sp; 0Þ
Initial option price Price paid at time 0 to

get the option
Cost of evaluation Cost of being in a state of

emergency
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decision nodes represent the points where the decision makers should choose between

different strategies; in particular, they can decide to keep or to kill the option. The chance

nodes show different random events. Here, there is no decision to be taken, but proba-

bilities of occurrence to be explored. The end nodes indicate the final issues. Starting from

the latter, one can compute the value of an option at each node through a back-casting

approach.

The advantage of this approach does not differ substantially from the event tree and

fault tree analysis, which is among the key tools used in hazard and risk assessment

(Newhall and Hoblitt 2002). The integration between these tools and the options theory

does not raise any major difficulty. The difference lies in the fact that decisions represent

an essential part of the analysis in the options theory. On the contrary, the traditional tools

of analysis focus exclusively on natural hazards; the event and fault trees do not take into

consideration the decisional process, i.e., decision nodes.

Figure 2 shows an example of a decision tree in the case of a ‘‘now-or-never’’ evacu-

ation. Throughout this article, decision nodes are represented by squares, whereas chance

nodes by circles. Above the chance nodes, a sum is indicated: The number on the left

represents the cost incurred by the decision taken upstream; the number on the right

represents the expected costs downstream. Costs are expressed in millions of US$ (M$). In

this case, if the evacuation takes place, there is no damage but it costs 3 M$. In the

opposite case, the losses are 10 M$. The probability that an event occurs is 45 %. Because

there is no intervention cost in this second situation, the expected loss is 4.5 M$

(0.45*10 ? 0.55*0). The best choice is evacuation as we presume that the goal is to

minimize expected costs.

The criterion of Eq. 2 gives the same result, e.g., one should act immediately. In fact,

the following inequality satisfies the evacuation criterion:

C

L
¼ 3

10
¼ 0:3\Peve ð4Þ

In this case, there is no difference between the two criteria. The inflexibility in the

management explains this similarity. In such a context, the added value of the real options

theory is nil. This is not the case in the examples that follow.

4.4 The option value

We now present two simple examples of the evaluation of the option’s value, notably

the « defer » option and the « stage » one. Thereafter, we will combine them to highlight

a « choose » option, which is more complex.

But first, the evacuation can be seen as an option. Equation 3 shows that in the previous

example (Fig. 2), its value is

Veva ¼ maxðP� Sp; 0Þ
¼ maxðExpected cost of the event if no intervention�expected cost if intervention; 0Þ
¼ maxð4:5� 3; 0Þ ¼ 1:5

ð5Þ

This means that killing this option has a cost of 1.5 M$. If the cost provoked by the state

of emergency is higher, one should abandon it. The contrary if the cost is lower.
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Now, we should suppose that the event can be sequenced in two stages (Fig. 3). We

assume that the probability to move to a higher warning level is 50 %. In this case, the

probability of occurrence of the event is 90 %. In the opposite case, one goes back to

normality and the probability of the event is zero for the period taken into consideration.

One should notice that at time t = 0, the probabilities are the same as in the previous

example, i.e., Pevent = 0.9*0.5 = 0.45 and Pno event = 1-Pevent = 0.55. The difference

lies in the fact that the event is sequenced. Concerning costs, the difference from the

previous example stems from the fact that if the evacuation is ordered only in the second

phase, and the event occurs, losses are 1 M$ instead of zero.

Figure 4 represents this example with expected costs and options values. Starting from

the right side of the decision tree, the expected loss is M$ 0.9*1 ? 0.1*0 = 0.9 if the

evacuation is ordered at time t = 1 (upper right chance node). The total cost, evacuation

included, will be M$ 3 ? 0.9 = 3.9. In the opposite case (lower right chance node), there

is no evacuation. The expected loss is M$ 10*0.9 ? 0*0.1 = 9. Going back upstream (left

chance node), taking into consideration the option of waiting, we notice that the cost is

zero but the expected loss is M$ 0.5*3.9 ? 0.5*0 = 1.95. The value of the ‘‘waiting’’

option is the following:

Vwait ¼ maxðP� Sp; 0Þ
¼ maxðExpected cost of the event if no intervention�expected cost if waiting; 0Þ
¼ maxð4:5� 1:95; 0Þ ¼ 2:55

ð6Þ

Vwait is then positive, like in the case of the evacuation option. One should point out that at the

first node, the ‘‘waiting’’ option represents the one that has the largest value. Because

Fig. 2 Decision tree for an evacuation

Fig. 3 Probability of an event
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engaging in an evacuation kills the waiting option, one should wait that more information will

be available, although there are some potential losses at the end. In the case of continuous

time, the option to wait should be killed when its value is lower than that to evacuate. One acts

if the outcome is better than doing nothing.

Furthermore, by adding the ‘‘waiting’’ option, there is an increase in the value of

declaring the state of emergency. In fact, the emergency not only keeps open the ‘‘evac-

uation’’ option, but also the ‘‘waiting’’ option, which possesses a higher value. Thus, the

state of emergency’s cost can reach 2.55 M$, i.e., the value of the waiting’s option. In

other words, the fact of keeping alive the waiting’s option increases the gain of creating a

system allowing future interventions.

We now present a « stage » option. One supposes that it is possible to immediately

evacuate the most dangerous zones at the cost of 1 M$. If the level of emergency is higher, the

evacuation can be extended to the entire region at risk at a cost of 2.5 M$. In this case, there

will be no losses. On the contrary, if the event occurs when the level of emergency is low, the

losses will be 6 M$. The question is therefore whether this option is more advantageous.

The value of the stage option is

Sp ¼ 1þ ð0:5 � 2:5þ 0:5 � 0Þ ¼ 2:25

Vstage ¼ maxðP� Sp; 0Þ ¼ maxð4:5� 2:25; 0Þ ¼ 2:25
ð7Þ

As it is positive, one should adopt this approach rather than doing nothing. However, this value

is lower than simply waiting. The two options being exclusive, one should choose between stage

and waiting. Killing the waiting option is more expensive. Thus, one should keep it alive (Fig. 5).

5 Application to an hypothetical case: a volcano eruption

To show the practical relevance of the options theory, we provide a more complete

example. The case of a volcanic activity is particularly relevant. In fact, in most cases,

thanks to the time gap between the first precursors and the eruption, the emergency

management may take advantage of a certain degree of flexibility. Furthermore, it is

possible to acquire new information as time elapses. One should stress that the economical

analysis should be directly incorporated into the tree. In fact, most of the time, it is carried

Fig. 4 Decision tree for the waiting option with expected costs and options values
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out only subsequently, by taking into consideration the probabilities of occurrence and by

analyzing various options separately (Van Stiphout et al. 2010).

The following is a hypothetical case. At time t = 0, the volcano enters in a phase of

unrest. At each time increment, the probability of passing to a higher level of activity is

20 % and to a lower level 80 %. One stops the simulation at time T = 3 where a choice

should be made concerning the evacuation. One supposes that there are damages only if the

activity reaches level E. Figure 6 represents the case under review. At each node, the

probability of reaching level A or E is indicated, respectively, below and above the node.

One supposes that the time increments 1, 2, etc., correspond to a new decision makers’

meeting. At no time, does the volcano stay at the same level of activity. This would be

quite easily represented in the decision tree by adding chance nodes between meetings. To

approach a continuous time, one should add decision nodes. In this case, one has to adapt

probabilities as well as changes. For the sake of clarity, we therefore ignore additional

nodes in our example.

Decision makers have the choice between three strategies, which are similar to those

presented in Sect. 4:

Fig. 5 Stage option

Fig. 6 The black data represent
the probability of going up and
down in the levels of activity. In
gray, the probability of an
eruption (above) and the
probability of coming back to a
situation of rest (below)
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• Not to evacuate, but waiting.

• To order a first evacuation phase, which retains flexibility as it can easily be canceled

and re-activated. Its cost is also lower than a total evacuation. In the case of a high level

of emergency, the latter can be ordered more quickly.

• To order the total evacuation of the region at risk, this can be done only once. The

population will not be able to come back before the situation becomes quiet and stable.

Figure 7 represents the choices that can be done at each decision-node.

One supposes the following costs (Table 2):

Figure 8 shows the decision tree. The complexity is due to the fact that there are many

options, as well as many chance and decision nodes. On the right, costs are assessed on the

basis of a back-casting approach. The end nodes indicate either evacuation or the extremes

of the volcano’s evolution, i.e., rest or eruption.

Once the analysis is carried out, relatively few options remain. The optimal path is the

one drawn in bold in Fig. 8. The best choice gives rise to a single branch, while the

probabilities’ nodes open multiple paths. The decision tree can thus be summarized by

Fig. 9, which allows decision makers and stakeholders to focus on the most important

results of the analysis.

It is apparent from this example that the evacuation’s option is only taken when level D

is reached. The stage’s option is never applied due to hypotheses made in the example,

which was quite simplified.

Finally, Table 3 shows the situations in which real option analysis provides an

important added value in comparison to classical analyses. Since, often in reality, risk and

flexibility are high, options theory deserves careful attention by experts as well as by

decision makers. Moreover, practical applications will enrich the conceptual framework

itself.

Fig. 7 Options available at each time increment depending on the stage of emergency

Table 2 Costs of intervention
and eruption depending on the
stage of emergency

Cost of intervention Cost if eruption

State 0–1 1 State 0 100

State 0–2 5 State 1 50

State 1–2 5 State 2 0

State 1–0 0
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6 Discussion

The options theory offers a ‘‘reasoning framework’’ to planners and experts and facilitates

the communication with decision makers and stakeholders. It does not represent the

Fig. 8 Figures indicate the protection level: 0 if there is no protection, 1 for an intermediate level and 2 for
the evacuation. Letters indicate the volcano’s activity. On the left, the graph shows the stages of emergency
and the level of volcano activities; on the right, the costs and the choices made, using a back-casting
approach

Fig. 9 Sum up of Fig. 8 by
considering that optimal choice
was made at each decision nodes
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panacea to solve all the complex problems linked to an emergency, but it allows the

exploration of the options available at each point in time, taking advantage of flexibility.

The decision tree, with its decision and chance nodes, represents in itself an important

achievement. Both chance and decision nodes should be highlighted by natural and social

scientists alike.

This approach represents a progress with respect to the expected value criteria (Eq. 2)

whenever decision makers do not face a ‘‘now-or-never’’ situation and information changes

over time. The definition of an optimal path may significantly facilitate the decisional

process. All the options are in fact ranked, quantified and the most effective selected. In

principle, the relevant costs and benefits (avoided costs) can be assessed through a standard

CBA approach.

The options theory may be viewed as a normative as well descriptive approach. It is

normative, because the goal is to provide guidelines on how to make decisions. Descriptive as

far as one supposes that the decision makers, thanks to their cognitive abilities, spontaneously

apply the options theory. It is in fact at the crossroads between a normative and descriptive

approach that empirical studies on emergency management should explore the theory.

The objective of such a tool is to assist the decisions makers, not to dictate a solution. In fact,

in the real life cases, for instance, when the social and economic costs of an evacuation are very

high and the likelihood of false alarm is not negligible, other factors must be taken into account,

including political turmoil and the pressure by the media. Moreover, the prospect theory has

shown the importance of the psychological aspects, as pointed out in Sect. 2.

Furthermore, the options theory remains anchored in the field of finance, and its

applications to natural risks are still in its infancy. The dissimilarities between financial and

natural risks (for instance, the stakeholders involved) are no less important than the sim-

ilarities (for instance, domino effects). One should also consider that CBA is still jeop-

ardized by the difficulties in monetizing the external costs and the price of life.

Nonetheless, options theory provides a fresh perspective of the emergency management

problem, and its potential warrants careful investigation.

7 Conclusion

This article shows that options theory may provide a valuable contribution to natural

hazard risk management, in particular during emergencies when an evacuation is envis-

aged. Applied to the classical CBA method, this approach enables experts and decision

makers to take advantage of the flexibility usually offered by the real world. Its advantage

lies in its ability (1) to highlight the available options and to clearly present them to the

decision makers and stakeholders, and (2) to compare and select the options, as well as to

optimize decision time.

The examples provided in this article should be further developed through empirical

studies. Many problems and scenarios belonging to the realm of possibility in the field of

Table 3 Contribution of real
options depending on the level of
flexibility and risk (based on
Kodukula and Papudesu (2006))

Flexibility Risk

Low High

High Medium High

Low No added value Small

486 Nat Hazards (2015) 75:473–488

123



natural hazards should be considered. One important requirement, as shown in the

examples above, is to carry out the physical and economical analysis in parallel and to

represent it by means of decision trees.
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