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Abstract 

This study proposes a model that clarifies how disaster warning issuance conditions affect “cry 

wolf” syndrome. The disaster assumed in this study is landslide caused by heavy rainfall. Local 

authorities that issue disaster warnings are thought to tend to avoid the situation where casualty 

occurs without the issuance to residents of a disaster warning. As a result, the issuance 

conditions may be relaxed. Under this circumstance, however, the residents are thought to tend 

to ignore disaster warnings, since such warnings are inaccurate. Thus may emerge the “cry wolf” 

syndrome. In this study, a simulation model that expresses the behaviors of the local authority 

and the residents has been developed. For the purpose of demonstrating the model, numerical 

experiments were then carried out. In the numerical experiments, the effects of optimal issuance 

conditions for disaster warnings on the cost incurred by the resident were evaluated by using 

assumed parameters for the model. 

 

Keywords: (I) Decision support system, (D) OR in societal problem analysis, “cry wolf” 

syndrome, disaster warning issuance conditions 

 

1. INTRODUCTION 

 

Disaster warnings are regarded as an important measure for mitigating the casualty caused by natural 

disasters. The local authority tends to be afraid of the situation where a natural disaster occurs when a 

disaster warning has not been issued to residents. Therefore, the local authority may find itself in the 

dilemma of whether or not to relax the disaster warning issuance conditions. If the local authority relaxes 

those conditions, the residents will tend to discount the warnings, since the warning will then be a less 

accurate predictor of natural disaster . Thus, it is thought that “cry wolf” syndrome can occur. In “cry wolf” 

syndrome, residents who at first evacuate when disaster warnings are issued tend to become less likely to 

evacuate after over-frequent false alarms, since the cumulative costs required for evacuation, i.e. physical 



cost and psychological cost, can be perceived as greater under overly frequent false alarms than that under 

adequately frequent alarms. 

 

Studies on “cry wolf” syndrome in emergencies have focused on various aspects of the syndrome. 

Nakatani et al. (2009a,b) experimentally analyzed the effects of various sound parameters for auditory 

warning signals on human behavior in an emergency for the purpose of preventing “cry wolf” syndrome. 

Wolshon et al. (2005) reviewed the transportation engineering aspects of hurricane evacuations.  They 

noted that excessive evacuation calls have the potential  to create “cry wolf” syndrome, in which people 

who are ordered to evacuate too often when hazardous conditions do not actually materialize are less 

likely to evacuate in the future. Atwood and Major (1998) investigated the effect of false alarms on “cry 

wolf” syndrome. These two studies showed that an appropriate evacuation order requires a balance 

between the level of risk and potential consequences so as not to adversely affect future evacuation orders.  

Dash and Gladwin (2007) reviewed the literature on a wide range of factors that affect evacuation 

decisions after people hear hurricane forecasts and other information. They focused on three broad areas 

of research that often overlap: warning, risk perception and evacuation research. They mentioned that 

“cry wolf” is an evacuation order for a storm that misses. Sorensen (2000) mentioned that the likelihood 

of people responding to a warning is not diminished by what has come to be labeled the ‘‘cry-wolf’’ 

syndrome if the basis of the false alarm is understood, although repetitive false alarms may decrease 

response. 

 

Tamura et al. (2000) showed that a value function under risk is useful for modeling low-probability, 

high-consequence events like earthquakes for which expected utility theory is inadequate. They also 

showed that using the value function under risk is an appropriate approach for modeling and analyzing 

decision-making regarding low-probability, high-consequence events. Yi and Őzdamar (2007) proposed 

an integrated location-distribution model for coordinating logistics support and evacuation operations in 

disaster response activities. The proposed model considered both the selection of sites that result in 

maximum coverage of medical need in affected areas and the medical personnel who are on duty in 

nearby hospitals have to be re-shuffled to serve both temporary and permanent emergency units. Lindell 

(2008) described a simple, rapid method for calculating evacuation time estimates (ETEs) that was 

compatible with research findings about evacuees’ behavior in hurricanes. Saadatseresht et al. (2009) 

proposed a three-step approach for evacuation planning. In their study, both multiobjective evolutionary 

algorithms (MOEA) and the geographical information system (GIS) were used for obtaining evacuation 

planning. Kailiponi (2010) used multi-attribute utility theory to propose a preliminary decision model for 

evacuation decision. The effect of differences in forecast precision on the optimal evacuation decision 

was investigated in the study. Bretschneider and Kimms (2011) presented a two-stage heuristic solution 

approach for a pattern-based mixed integer dynamic network flow model by which traffic routing such 



that the evacuees leave the evacuation area as safe as possible and as early as possible  within the 

considered time horizon was obtained. Lindell et al. (2011) extended previous research associated with 

households' hurricane evacuation decision making by reporting data on other aspects of evacuation 

logistics such as departure timing, vehicle use, evacuation routes, travel distance, shelter type, evacuation 

duration, and evacuation cost. 

 

In this study, a simulation model which expresses the relationship between the local authority who issues 

disaster warnings and the residents who decide whether to evacuate based on those warnings is proposed. 

The model reproduces “cry wolf” syndrome, since it factors in the learning process of the resident. For the 

purpose of demonstrating the model, numerical experiments will be then carried out. In the numerical 

experiments, the effects of optimal issuance conditions for disaster warnings on the cost incurred by the 

resident will be calculated by using assumed parameters which are associated with the model . The optimal 

issuance conditions are determined so as to maximize the expected utility (satisfaction) of the resident. 

 

2. MODEL FORMULATION 

 

The natural disaster addressed in the present study is  landslide caused by heavy rainfall. We set the 

following four definitions regarding the disaster warnings issued to the residents. 

 We consider only a landslide that occurs on days when the daily rainfall intensity (DRI) q  is: 

  max1 qqq  . 

 An alert ( 1r ) is issued to residents when DRI reaches 1q . 

 An evacuation advisory ( 2r ) is issued to residents when DRI reaches  12 qq  . 

 An evacuation order ( 3r ) is issued to residents when DRI reaches  max323  qqqq  . 

We first define the variable f , which expresses the situation of DRI: 

  


 


otherwise0

 if1 1qq
f . 

Let fp , where 1f , denote the probability of DRI being larger than 1q , which is given by: 

   1Pr qqp f  .        (1) 

Here we address only the days when DRI is greater than or equal to 1q . Therefore, the variable f  which 

is also put beside a probability as a subscript takes 1. frp |1
 is given by: 

   21| Pr
1

qqqp fr  ,       (2) 

Let frp |1  
denote the probability of a day when the alert is issued to the residents. In the same manner, we 

define the following two probabilities:  

   32| Pr
2

qqqp fr  ,       (3) 

   max3| Pr
3

qqqp fr  .       (4) 

The probabilities shown by Eqs. (2)-(4) take the values more than 0 if 1f  and 0 otherwise. On any 



given day, according to the probabilities shown by Eqs. (3) and (4), the evacuation advisory and the 

evacuation order are issued, respectively. maxq , which is used in the assumptions, is a constant such that: 

fqp |max
,        (5) 

where 

   max| .Pr
max

qqp fq  ,       (6) 

and 0  is a sufficiently small constant for representing 0 that is introduced to avoid calculating 

infinity when we assume a theoretical probability function, e.g. fqmax|  under 0|max
fqp . We assume 

that 1q , which is also used in the assumptions, is a constant that can be determined empirically. Note that 

1|1
fqp  conditional on 1f .  3 ,...,1| ip fri

 are then (see also Fig. 1): 


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3 if

2 ,1 if
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ip
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i

ii

i
.      (7) 

 

 

Fig. 1. Rainfall distribution 

 

Note that since the curve shown in Fig. 1 is the cumulative density function of rainfall distribution 

conditional on 1f , the length of line segments makes sense rather than area under the curve. We 

assume then that landslide magnitude is conditioned on rainfall. Let 
ij rmp |  denote the probability of the 

landslide with the casualty level of  2,...,0jm j  occurring conditional on the issuance of  3,...,1iri . 

Level of 0m  means no casualty. By using the probabilities of landslides with the casualties of 

 2,...,0jm j  occurring conditional on 1f  (  qp fm j |
 which are function of q ),  ijrm rmp

ij
 ,|  are 

given by the following (see also Fig. 2):  
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We assume that both fqi
p |  and  qp fm j |

 can be estimated from historical data. 
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Fig. 2. Probability of landslide 

 

Next, we consider the costs related to the occurrence of the landslide that the resident has to pay. In this 

study, we address the cost required for evacuating and the cost of landside casualty in the event of not 

evacuating. We do not address the cost of property damage resulting from landslide. Let 
jml  denote the 

expected cost for personal suffering incurred by the resident who does not evacuate conditional on the 

occurrence of jm . In contrast, the resident who evacuates at this time does not have to pay for personal 

suffering; instead, the resident has to pay the expected cost ( el ) required for evacuation, which is the 

psychological cost plus the physical cost. It is assumed that the residents decide whether to evacuate after 

receiving the disaster warning ir  issued by the local authority. Let )(| dp
ire  denote the probability of the 

resident evacuating conditional on the issuance of ir  on day d .  0| dp
ire  is then the initial 

probability of the resident evacuating conditional on the issuance of the disaster warning ir . The initial 

probability of the resident not evacuating is then    010 || ii rers pp  . The residents are assumed to make 

evaluations of the decisions in retrospect, i.e. evaluations after the fact. Then, the residents assumed in the 

present study change their evacuation probability on the next day  1| dp
ire  based on the evaluations 

they made. Their decisions are evaluated as correct if a landslide with casualty greater than or equal to 

1m  occurs when they evacuate, and if a landslide with casualty greater than or equal to 1m  does not 

occur when they do not evacuate. Otherwise, their decisions are evaluated as incorrect. By using jm  

which is given after the fact, the residents are assumed to change the ir evacuation probabilities on the 

next day conditional on the issuance of ir  as shown by: 

   










otherwise)(

2,1  if1)(
)1(

|

|

| dp

jmdp
dp

i

i

i
re

jre

re 


,    (9) 

where  10   is a parameter of the learning process. The smaller the parameter is, the stronger the 

learning effect is. Note that no change is made to the probability of the resident evacuating when no 

disaster warning is issued. It is evident that the resident learns not only from experiences with the events 

but also from other residents. Since this study focuses on the learning process based on experience, the 

latter effect which is although important in real situation has not been introduced to the formulation.  
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Based on the formulation shown above, the expected cost that the resident has to pay on day d  is: 

  
    






 



otherwise0

1  if|||| fldpldpppp
dgE j

mrsere

i

rmfrf jiiiji

.  (10) 

The expected cost that the resident has to pay during year t  is given by: 

     
 







t

td

dgEtgE
365

1365

.       (11) 

The present value of the expected cost that the resident has to pay during T  years is: 

     
 







T

t
t

r

tgE
TGE

1
1

1
,       (12) 

where r  is discount rate. 

 

The present value of the expected cost paid by the resident  TG  in Eq. (12) is difficult to calculate 

analytically since the evacuation probability (  dp
ire| ) can vary every day depending on the evaluations of 

the decisions the resident makes. For the purpose of analyzing “cry wolf” syndrome, the introduction of 

the dynamics of  dp
ire|  is necessary. The estimation of  TG  under the dynamic process of  dp

ire|  is 

important to determine the disaster warning issuance conditions. This study applies a Monte Carlo 

simulation technique to calculate the resident’s expected cost  TG . It is easily imagined that if the 

issuance conditions are relaxed (e.g., issuing ir  at  3,2,1,0  iqqq iii  ), the residents might ignore 

the disaster warnings since their accuracy would be lower. If a landslide with greater casualty than 0m  

occurs under such circumstances, the costs paid by the residents can be huge, since most of the residents 

are considered as not evacuating. In contrast, it is easily imagined that if the issuance conditions are 

tightened (e.g., issuing ir  at  3,2,1,0  iqqq iii  ), the costs for the residents would be also be huge 

since there is the relative large possibility of a landslide with greater casualty than 0m  occurring before 

disaster warnings are issued. Therefore, it is useful to calculate the optimal conditions of disaster warning  

issuance. The next section addresses the optimal issuance conditions for the residents. 

 

3. CONDTIONS OF DISASTER WARNING ISSUANCE 

 

As explained in the previous section, the residents decide their behaviors (evacuate or not) and change 

their evacuation probabilities based on experience of disaster warning issuance. This section investigates 

the optimal conditions for disaster warning issuance. Since the DRI of 1q , which is the issuance 

conditions of the alert , 1r , is predefined, the local authority is assumed to determine the DRIs of 2q  and 

3q  by which the evacuation advisory ( 2r ) and the evacuation order ( 3r ) are respectively issued. The 

local authority is assumed to determine 2q  and 3q  such as to minimize the inclusive cost paid by the 

resident. The local authority is assumed to not be able to know the evacuation probability 
irep |  when the 



disaster warning ir  is issued. Therefore, the local authority has to estimate the evacuation probability 

first. The discussions in this section will proceed by assuming that the local authority has determined the 

vector of DRIs  Tqq 32q . At the point in time when the observed DRI reaches iq , the corresponding 

disaster warning ir  
is automatically issued. The estimation of the probability of a landslide with casualty 

jm  occurring (
ij rmp | ) for a given  Tqq 32q  is thought to be possible by using historical data. For 

any  3,2,1i , we denote the probabilities as: 

   1|| ,  iirmrm qqpp
ijij

,       (13) 

where 

  max4 qq  .        (14) 

The local authority is assumed to estimate two utility functions of the resident: the utility perceived when 

the resident evacuates and the utility perceived when the resident does not evacuate, under the issuance of 

ir . Let us consider first the situation where a landslide occurs under the issuance of disaster warning ir . 

In this case, the resident who does evacuate has to pay the cost required for evacuating. The resident who 

does not evacuate has to pay the cost of landslide casualty. Consider next the situation where a landslide 

does not occur under the issuance of disaster warning ir . In this case, the resident who evacuates has to 

pay the cost required for evacuating. On the other hand, the resident who does not evacuate has to pay no 

cost. Table 1 shows the relationship between the behaviors the resident takes and the gains the resident 

receives. By using the relationship shown in Table 1, the utility functions under the issuance of disaster 

warning ir  
when the resident evacuates or does not are respectively given by:  

  eeiire alqqu
i

1| , ,       (15) 

   


 
2

1

1|1| ,,
j

miirmiirs jiji
lqqpqqu ,      (16) 

where ea  is the alternative specific constant of the utility perceived when evacuating which is to be 

formulated later. 

 

Table 1. Utility under the issuance of a disaster warning 

disaster warning 

issued 

probability of casualty level 

jm  under the issuance of ri 

evacuation expected gain 

ir  

 1| ,
0 iirm qqp

i
 

Yes   eiirm lqqp
i

 1| ,
0

 

No 0 

 1| ,
1 iirm qqp

i
 

Yes   eiirm lqqp
i

 1| ,
1

 

No  
11 1| , miirm lqqp

i
   

 1| ,
2 iirm qqp

i
 

Yes   eiirm lqqp
i

 1| ,
2

 

No  
22 1| , miirm lqqp

i
   

 



According to random utility theory (e.g., Daganzo 1979), if the independently and identically distributed 

Gumbel distributions are applied to the random terms for two utility functions, the evacuating probability 

are then: 

 
     

   1|1|

1|1|

1| ,1,,
,,exp1

1
, 



 


 iireiirs

iireiirs

iire qqpqqp
qquqqu

qqp
ii

ii

i 
 (17) 

where   is a dispersion parameter. The evacuating probabilities shown by Eq. (17) can be obtained by 

assuming the resident’s expected utility maximization behavior. If the alternative specific constant, ea , is 

not introduced to the utility function, the probability of the resident evacuating shown by Eq. (17) can be 

very small compared with that observed in real situation since the probability of casualty occurring are in 

general very small in the case of landslide. Therefore, we introduced the alternative specific constant. The 

alternative specific constant can be determined by both the disaster warning issuance conditions and the cost 

of landslide casualty. The alternative specific constant assumed in this study is calculated based on an 

assumption, which is originally made in this study, that the resident who does evacuate additionally receives 

the benefit which is proportional to the costs associated with not evacuating (i.e., the cost of landslide 

casualty) since the resident can avoid paying that. Thus, the alternative specific constant is given by: 

 


 
2

1

1| ,
j

miirme jij
lqqpa  ,      (18) 

where   is a proportional constant which can be estimated by using SP data. For simplicity, we assume 

1  in the rest of the paper. For a given disaster warning issuance condition,   4,3,2,1iqi , the 

resident maximizes the expected utilities which are calculated by using the sets of     3,2,1, 1  iqq ii . The 

expected maximum utilities which are given by: 

    
 

  3,2,1  ,expln
1

,
,

1|1 













 



 iqquqqS
sec

iirciir ii 
,    (19) 

accompanied by the occurrence probabilities of     3,2,1| ip fri
q . The local authority is assumed to 

determine  Tqq 32q , such as to maximize the expected utility. The local authority’s determination is 

equivalent to minimizing the inclusive cost paid by the resident. The problem for the local authority 

becomes:  

     



3

1

1| ,max
i

iirfr qqSpS
ii

qq ,      (20) 

s.t.    max321 qqqq  .      (21) 

Under the issuance of ir , resident’s utilities are expressed by random variables. Each resident compares 

the utility of evacuation to the utility of staying and makes an evacuation decision  on that basis. The 

resident will decide whether to evacuate based on the evacuation probability. The expected value of the 

maximum utility under the issuance of ir ,which is denoted by Eq. (19), expresses the satisfaction 

perceived by the resident. Note that the problem may not always minimize the actual cost of the landslide 

incurred by the resident, since we address the perceived cost. Since it is obvious from Fig. 1 that fri
p |  is 



a function of  Tqq 32q , then fri
p |  is replaced by  qyri

p |  in Eq. (19). As explained in the earlier 

section, the local authority tends to avoid the situation of landslide casualties in the absence of disaster 

warning issuance. The local authority can avoid such situation by relaxing the conditions for disaster 

warning issuance, but then the residents may ignore the disaster warnings since warnings under such 

issuance conditions are inaccurate. If the landslide with large casualty occurs under such a situation, the 

costs to the residents can be huge. The problem formulated above does not provide such solutions. The 

reasons are as follows. It is obvious from the formulation that  1| , iire qqu
i

 and  1| , iirs qqu
i

 are the 

increasing function and the decreasing function with respect to iq
 

and 1iq , respectively. Therefore, 

 1, iir qqS
i

 is the increasing function of both iq  and 1iq . Therefore, if the local authority tightens the 

issuance conditions for disaster warnings, the satisfaction perceived by the resident under the issuance of 

ir , i.e.  1, iir qqS
i

, is greater at the beginning. However, since  qfri
p |  changes simultaneously 

corresponding to the issuance conditions  Tqq 32q , then the excessive tightening of  Tqq 32q  

does not provide us the maximum of  qS . Thus, the problem denoted by Eqs. (20) and (21) can provide 

us an interior solution, i.e. max321 qqqq  . 

 

Next we consider the uniqueness of solution. From Fig. 1, which shows  3 ,...,1| ip fri
, we obtain: 

   
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,
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2
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




q

qqp

q

qp
a

frfr
,

    

  (22) 
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 0

,

3

32|
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
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
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

q
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q
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b

frfr
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By using the above relationships, and by performing a first-order expansion to yri
p |  at  *

3
*
2

* qqq , we 

obtain: 
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where we do not regard both 1q  and 4q  as variables, since they are the predefined constants. By 



performing a first-order expansion to  1, iir qqS
i

 at  *
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*
2

* qqq , we obtain: 
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Therefore, at  3
*
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*
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where 

   3
23

2
21 , cdbBcdaA  ,      (32) 

and FC ~  are constants. According to random utility theory, we obtain: 
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2c  are then respectively given by: 
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where we apply (see Eqs. (15) and (16)): 
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Since    
2211 |||| rsrersre pppp  , for any   2|2| 21
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which implies 02
21  cd . In a similar way, 3d  and 3

2c  are respectively given by: 
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Since    
2233 |||| rsrersre pppp  , for any   3|3| 32
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which implies 03
23  cd . As the results, it is clarified that both A  and B  are negative constants. We 

have proven that  *~qS  is strictly a concave function, since  *~qS  can be approximated by a strictly 

concave function of 2q  and 3q  regardless of feasible 
*~q  at which approximation is made. In 

addition, since the constraint shown by Eq. (21) for the problem is a convex set, the problem for the local 

authority has unique solution. 

 

4. NUMERICAL EXPERIMENTS 

 

This section shows the present value of the cost to the resident  TG  caused by the landslide. The cost is 

calculated by applying the Monte Carlo technique by using uniform distribution and the given 

probabilities associated with the formulation. We assume the simulation term  T  of 50 years and the 

sampling number  S  of 10,000 which represents the number of residents, and then calculate the mean 

and variance of the present values of the cost. The probability fp  where 1f  is assumed as 0.005. 

The parameter for the learning process is assumed as 5.0 . The costs that relate to the utility functions 

are assumed as 05.0el , 00.0
0
ml , 10

1
ml  and 20

2
ml . The dispersion parameter shown in Eq. 

(17) is assumed as 1. The discount rate of 0 is assumed for the simplified understanding of the results 

from the model. 1q , and 4q  which is maxq , are assumed as 100 and 300, respectively. The probabilities 

associated with the model are assumed as: 
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by using the sets of parameters shown in Table 2. The resulting probabilities where 1f , i.e. fqp |  and 

 1,0 | jp fm j
 are shown in Fig. 3 and Fig. 4, respectively.  

 

Table 2. Parameters for probabilities 

* a  b      

q  1.5 －100 110 0.05 

0m  1.0 －150 0 1 

1m  1.0 －150 70 1 

 

 

Fig. 3. Rainfall distribution 

 

 

Fig. 4. Landslide probability 

 

The initial evacuation probability will be calculated according to Eq. (17) by using the issuance 

conditions for the disaster warnings  Tqq 32q . Fig. 5 shows the flowchart of the simulation in which 

we assume 1f . In Fig. 5, the subscript s_  put beside a probability means that the probability is 
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drawn from the uniform distribution of  1,0Uni  as the ths  sample. 

 

 

Figure 5. Flowchart of the simulation. 

 

Fig. 6 shows the distribution of the cost  TG  calculated under the issuance conditions of 

 Tqq 200150 1
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distribution has two peaks, we still calculate the mean and the variance of the distribution for the purpose 

of comparing the mean and the variance with those calculated by using different issuance conditions. As a 

result, the mean of 4.72 and the variance of 12.12 are obtained. The left-hand side of the peaks in Fig. 6 

expresses the distribution of cost when the resident does not have to pay for personal suffering from the 

landslide. The right-hand side of the peak expresses the distribution of the cost when the resident has to 

pay twice for personal suffering from a landslide with the casualty of 1m  or once from a landslide with 

the casualty of 2m . Fig. 7 shows the distribution of the cost which the resident has to pay calculated 

under the issuance conditions of  Tqq 130120 2
2

2
1

2 q . We will call these issuance conditions 

“issuance conditions 2.” The mean of 6.43 and the variance of 18.03 are obtained with respect to the 

present value of the cost. Different from Fig. 6, there are four peaks in Fig. 7. Two new peaks appear 

around the costs of 15 and 35. The former peak expresses the distribution of the cost when the resident 

pays for personal suffering from a landslide with a casualty of 1m  once. The other peak, which may be 

difficult to see, expresses the distribution of the cost when the resident pays for personal suffering more 

than twice. Since issuance conditions 2 relax issuing ir  at  3,21  iqq ii   where 302 q  and 

703 q  compared with those defined in issuance conditions 1, the landslide is not likely to occur before 

the issuance of disaster warnings under these conditions. However, under issuance conditions 2, the 

resident is likely to ignore the disaster warnings since the warnings are inaccurate. Therefore, the new 

peak that appears under issuance conditions 2 is thought to be generated as a result of the resident’s 

disregard of the disaster warnings. The results shown by Figs. 6 and 7 can be thought to point out the fact, 

which is also the hypothesis of this study, that the issuance conditions for the disaster warnings should be 

neither too relaxed nor too tight. Under the relaxed issuance conditions, e.g. under issuance conditions 2, 

it is clarified that the resident’s cost can be huge even though the probability of the landslide occurring 

may be small.  

 

Fig. 8 shows the distribution of the cost under the optimized issuance conditions. The optimized issuance 

conditions are estimated as  T152137q , at which the mean and the variance of the cost are calculated 

as 4.67 and 5.13, respectively. Under the optimized issuance conditions, the variance of the cost decreases 

greatly, whereas the mean of the cost decreases a little compared with those under the issuance conditions 

1. Under the optimized issuance conditions, the resident rarely pays for personal suffering. 

 

Fig. 9 shows the distribution of cost under issuance conditions 1 when the parameter for the learning 

process is set as 1.0 . The mean and the variance of distribution are calculated as 4.70 and 12.10, 

respectively. Fig. 10 shows the distribution of cost under the same parameter settings as for Fig. 9 but 

with optimized issuance conditions. The mean and the variance of distribution in this case are calculated 

as 4.65 and 5.06, respectively. A comparison of the results between Fig. 6 and Fig. 9 shows them to be 

almost the same, as does a comparison of the results between Fig. 8 and Fig. 10. Thus, it can be concluded 



that the learning effect parameter does not have much influence on the present value of cost within the 

range of valued studied here. 

 

 

Fig. 6. Distribution of cost under issuance conditions 1 

 

 

Fig. 7. Distribution of cost under issuance conditions 2 

 

 

Fig. 8. Distribution of cost under the optimized issuance conditions  

 



 

Fig. 9. Distribution of cost under issuance conditions 1 ( 1.0 ) 

 

 

Fig. 10. Distribution of cost under the optimized issuance conditions ( 1.0 ) 

 

5. CONCLUSIONS 

 

In this study, a simulation model was proposed that evaluates “cry wolf” syndrome by expressing the 

behavior of the local authority, which decides the disaster warning issuance conditions, and of the 

residents, who make a decision to evacuate based on disaster warnings and personal experience. 

Uncertainty in the decision-making process of the resident as well as the learning process of the resident 

with respect to the evacuation probability are expressed in the model. The optimal conditions of disaster 

warning issuance, i.e. those that maximize the resident’s expected utility calculated under the condition of 

disaster warning issuance, are also expressed in the model. In the model, the cost which the resident has 

to pay reflects the resident’s behavior, which is endogenously determined based on the issuance 

conditions. Disaster warnings with lower accuracy might be ignored by residents. Such effect can be 

regarded as an essential problem in considering the residents’ evacuation behaviors in natural disasters. 

Numerical experiments which examine the effects of the disaster warning issuance conditions on the 

resident’s cost were then carried out. In the numerical experiments, since both the costs involved in 



evacuation and the probabilities associated with the model have been assumed, the results presented in 

this study might not be able to reflect the real resident’s evacuation behavior. However, the model 

developed in this study can be used for examining the optimal disaster issuance conditions provided that 

the parameters associated with the model are correctly estimated and that the learning process introduced 

to the model is reasonable. 

 

Lindell et al. (2011) recently reported that hurricane evacuations costs averaged US$ 200 per household. 

Since the costs assumed in numerical experiments mean that 
1ml  is 200 times el  and 

2ml  is 400 times 

el , the casualty costs calculated based on the hurricane evacuations costs are 
1ml  US$ 40,000 and 


2ml US$ 80,000 which seem very high. For the purpose of analyzing the resident’s realistic evacuation 

behavior, the costs involved in evacuation must be estimated accurately and be used in the simulation 

model. In addition to that, both rainfall intensity probabilities and landslide probabilities are also 

estimated accurately. For the purpose of estimating these two kinds of probability density functions, 

long-term observation of the relationship between rainfall intensity and landslide occurrence is required. 

Lindell (2008) generated a tornado diagram to display the results of a sensitivity analysis for the purpose 

of addressing the uncertainties involved in evacuation behavior. For the purpose of addressing the 

uncertainties, we have introduced a Monte Carlo simulation technique in this study. Therefore, the cost 

distributions were obtained. However, different costs setting will bring out different cost distribution. 

Therefore, setting of reasonable costs and sensitivity analysis of the costs associated with the model are 

required for examining the optimal disaster issuance conditions. These two tasks need to be carried out in 

future study. 
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