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Abstract 

In this paper a statistical analysis of stated behaviour in emergency conditions is 
proposed. The analyzed sample is extracted by people participating in a planning 
transport seminar in June 2011. The analysis is finalized to evaluate user 
behaviour in evacuation conditions in relation to formal transportation decisions 
and in respect of the type of informer and the kind of dangerous event. Obtained 
results show especially the importance of the informer.  
Keywords: evacuation conditions, hypothetical scenarios. 

1 Introduction 

In the last few years, several scientific papers have focused on evacuation 
simulation in emergency conditions. The simulation of user behaviour during an 
evacuation is a very complex problem, as the behaviour depends on different 
factors, such as the kind and entity of the dangerous event; socio-economic 
characteristics of users; panic. Demand models specified and calibrated in 
ordinary conditions cannot be directly applied for several reasons [1, 2]. The 
international literature relating to evacuation conditions proposes many studies 
which focus on the hurricane emergency case, by estimating demand models 
based on revealed preference (RP) surveys. These are inferred from observations 
of a decision maker’s actual choices, in relation to real contexts. 
     In much of the literature, two users’ decisions are simulated: whether to 
evacuate and when. These decisions are generally simulated through a statistical 
approach, using simple relationships such as averages, rates and distributions [3, 
4]. A different way is to specify a model in which the analyst introduces a 
probabilistic approach and hypothesizes the user decision [5]. In relation to 
destination choice simulation, a disaggregate choice model for hurricane 
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evacuation was developed with post-Hurricane Floyd survey data collected in 
South Carolina in 1999 [6]. Hasan et al. [7] present a mixed logit model of 
household hurricane evacuation behaviour using original data from Hurricane 
Ivan. Montz et al. [8] develop a model, using TRANSIMS software, based on 
traffic data recorded during the evacuation due to Hurricane Katrina in 2005.  
     Most literature papers focus on the hurricane emergency case and consider 
revealed preference (RP) surveys for demand model estimation. As RP data are 
not available for all dangerous events, such models cannot be directly applied to 
other dangerous events [9]. The prediction of user behaviour becomes essential. 
For this purpose, evacuation trials and stated preference (SP) surveys may be 
conducted.  
     To approach this problem, in previous works we proposed a system of  
models [1, 9] based on data obtained during evacuation trials, which are 
considered as RP with laboratory effect. Calibrated models belong to the 
SICURO research project [1 10], which includes models simulating path choice 
for emergency vehicles [11–15]. Models which allow us to obtain network flows 
and then to evaluate the risk indicator are assignment models. In the following 
we consider the dynamic approach [16] and the general framework of 
equilibrium [17], in which all the different inputs and outputs of the problem are 
given. Starting from [17], specific assignment models for evacuation conditions 
are proposed in [18–21], and a travel time function for evacuation condition is 
proposed in [22]. 
     In this work, we introduce hypothetical scenarios to analyze, in the absence of 
evacuation trials, the statistical behaviour of users in evacuation conditions from 
their statements.  
     In Russo and Chilà [23] a statistical analysis of stated behaviour in emergency 
conditions has been carried out, considering a sample of people belonging to an 
academic department and characterized by a high cultural level. Obtained results 
have pointed out the importance of the informer that determines different 
responses of users, given a particular kind of dangerous event. In this work we 
should verify this result by analyzing a sample of people participating in a 
transport planning seminar. We propose several hypothetical scenarios, which 
could be classified as SP scenarios, considering different dangerous situations, 
with delayed effects in time. To construct the SP experiment, based on the 
statements of respondents about their preferences, we have defined: choice 
context and alternative options; attributes for each alternative; type of requested 
preferences; that is, the choice (the respondent indicates which option to choose 
in that context). 
     Below we describe hypothetical scenarios proposed for the sample considered 
(section 2) and obtained results from statistical analysis of statements (section 3); 
we then draw our main conclusions (section 4). 

2 Description of hypothetical scenarios  

This section shows hypothetical scenarios proposed in an experiment conducted 
at Mediterranea University of Reggio Calabria, during a planning transport 
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seminar at the Laboratory of Transport System Analysis (LAST), which took 
place in June 2011. We asked people in the lab to fill out an information sheet on 
their socio-economic characteristics. 
     The experiment was developed as described below. The analyst read aloud 
the description of nine hypothetical emergency scenarios, one scenario at a time. 
Each user in the sample then had to fill out a paper ballot with all information 
relating to a choice context, choosing from a range of alternative options. 
     We tried to carry out an analysis finalized to establish the importance of 
various factors in the choice [23], which are subdivided into two main classes of 
objectives: 

 a first-level objective, to evaluate user behaviour in relation to the 
decision to evacuate or not, of toward evacuate and by which transport 
mode (the formal transportation decisions); 

 a second-level objective, to evaluate user behaviour, in relation to the 
informer and to the kind of dangerous event. 

     Emergency scenarios are synthetically described in table 1.  

Table 1:  Scenario description for dangerous events with delayed effect in the 
time. 

Scenario Kind of 
dangerous event 

Effect in 
the space 

Informer Place of 
users during 
dangerous 

event 

Evacuation 
time 

Destination 
and transport 

mode 

1 Anthropogenic Punctiform Stranger User’s 
workplace 

Free Separate 

2 Anthropogenic Punctiform Department 
head 

User’s 
workplace 

Free Separate 

3 Natural Diffused Mayor User’s 
workplace 

Scheduled Separate 

3 bis Natural Diffused Faculty 
headmaster 

User’s 
workplace 

Scheduled Separate 

4 Anthropogenic Diffused Stranger New 
environment

Free Separate 

4 bis Anthropogenic Diffused Representative 
of mayor 

New 
environment

Free Separate 

4 ter Anthropogenic Diffused Professor New 
environment

Free Separate 

5 Anthropogenic Punctiform Stranger User’s 
workplace 

Free Joint 

6 Anthropogenic Punctiform Department 
head 

User’s 
workplace 

Free Joint 

 
     Scenarios 1 and 2 are very similar: in both cases the same kind of emergency 
is proposed, the difference is the informer who communicates the state of 
emergency to potential stakeholders: while for scenario 1 the informer is a 
stranger, for scenario 2, it is the head of department. The objective is to 
determine whether, according to the reliability of the informer who broke the 
news, different behaviour may be found in users. 
     Scenario 3 is more complex: it includes the possibility that a stream running 
by the engineering school may flood, and a scheduled evacuation time for those 
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involved. The objective is to test whether, in this case, the user is willing to 
follow precise directions provided by the system operator (in this case, the mayor 
of the city), or panic, choosing to leave the area affected by the emergency 
immediately. Scenario 3 bis is similar to scenario 3, but it is characterized by the 
faculty headmaster as informer.  
     Scenario 4 was constructed by considering an environment different from the 
LAST, within the university campus: the environment is the city centre, and the 
objective is to test any differences in behaviour under more critical traffic 
conditions, in an urban rather than a campus context. Scenario 4 bis and 4 ter are 
similar to scenario 4, but the informer is a representative of the mayor in scenario 
4 bis and a professor in scenario 4 ter. 
     Finally, scenarios 5 and 6 are similar to scenarios 1 and 2, but a different 
choice structure is proposed to sample users. The goal here is to determine 
whether the choice of mode and destination is jointly made or otherwise, in 
emergency conditions, compared to what usually happens in ordinary conditions 
(see fig. 1). 
 
 

 

Figure 1: Choice structure for different scenarios. 

     For all scenarios, as well as checking the willingness of the user to evacuate, 
information on the choice of transport mode (car or foot) and destination (home 
or safe place indicated) is required. 
     Scenarios 1–3 and 5–6 are set in the university campus (fig. 2); scenarios 4, 
4 bis, 4 ter are set downtown (fig. 3). 
 

3 Statistical analysis of responses 

The sample included 51 people, 22 women and 29 men, aged between 20 and 31 
years. A percentage of 63% had participated in previous evacuation trials and the 
61% of the total had, at least, sufficient knowledge of the risk field. The main 
characteristics of sample are reported in table 2. 
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Legend: 1. LAST; 2. Engineering school car park; 3. Main engineering school exit; 4. Gate to the 
agricultural college; 5. Piazza San Brunello; 6. Annunziata torrent; 7. Palace of the Regional 
Council; 8. agricultural college. 

Figure 2: View of the university campus. 

 
Legend: 9. Car park; 10. Tanker full of flammable liquid; 11. Town Hall, Hall of Lamps. 

Figure 3: View of downtown. 

3.1 Scenario 1 results 

The scenario 1 results are expressed in percentages compared to the total number 
of users and show that: 

 88% of users leave the laboratory, while the remaining 12% do not trust 
the received information; 

 73% decide to move on foot, 16% choose to go to the campus car park 
and travel by car; 

 39% decide to continue to the agricultural college and 49% to leave by 
the engineering school gate;  

 65% then decide to go to the place designated by the stranger and 23% to 
reach their homes. 
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Table 2:  Sample description. 

Data Value Percentage 
Sex Male 22 43% 

Female 29 57% 
Age Average 21,02 

Professional status Full Time Students 49 96% 
Part Time Students 2 4% 

Residence Residents in Reggio Calabria 29 57% 
Residents outside the province 1 2% 
Residents inside the province 21 41% 

Domicile Domiciled in Reggio Calabria 34 67% 
Socio-Economic data Driving license owner 50 98% 

Car owner 35 69% 
Motorvehicle owner 17 33% 

Knowledge of risk issues Good 4 8% 
Sufficient 27 53% 

Poor 20 39% 
Participation in evacuation 

trials 
Yes 32 63% 
No 19 37% 

3.2 Scenario 2 results 

The scenario 2 results are expressed in percentages compared to the total number 
of users and show that: 

 96% of users leave the laboratory, while the remaining 4% do not trust 
the received information; 

 78% decide to move on foot, 20% choose to go out by car; 

 55% decide to continue to the agricultural college and 41% to leave by 
the engineering school gate;  

 80% then decide to go to the place designated by the informer and 16% to 
reach their homes. 

3.3 Scenario 1 vs. Scenario 2 

A comparison between the results obtained from scenarios 1 and 2 shows that: 
 for scenario 2, the percentage of users who decide to leave the workplace 

increases by 8 percentage points: people perceive the information on 
emergency conditions from the director of the department as being more 
reliable;  

 the percentage of users who choose to go out on foot, in comparison with 
scenario 1, increases, and then users who leave in scenario 2, considering 
the received information more reliable, decide to get out on foot; 

 the number of users who choose to go out via the agricultural college 
increases by 16 percentage points, as people consider the received 
information more reliable; 

 as regards total users, for scenario 2, the number of users who decide to 
reach the place designated by the informer increased by 15 percentage 
points. 
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3.4 Scenario 3 results 

In comparison with scenarios 1 and 2, the dangerous event changes in scenario 3: 
even if both events have delayed effects in time, in scenarios 1 and 2 the kind of 
event is anthropogenic and related to the workplace of users; in scenario 3 the 
disaster is natural and concerns a wider area.  
     Scenario 3 results are expressed in percentages compared to the total number 
of users and show that: 

 45% of users leave the laboratory immediately and do not wait for the 
specified time of evacuation; 

of those who leave immediately  
 31% decide to move on foot, while the remaining 14% choose to go to the 

campus car park and travel by car; 
 23% decide to continue to the agricultural college and 22% decide to 

leave by the engineering school gate; 
 33% of the total decide to get to the place designated by the mayor, while 

the remaining 12% reach their homes; 
of those who wait for the specified time of evacuation (55% of the total) 

 53% of users leave the laboratory while 2% stay behind;  
 33% decide to move on foot, while the remaining 20% choose to go to the 

campus car park and travel by car; 
 32% decide to continue to the agricultural college and 21% decide to 

leave by the engineering school gate; 
 43% of the total decide to get to the place designated by the mayor, while 

the remaining 10% go home. 

3.5 Scenario 3 bis results 

Scenario 3 bis is different from scenario 3 for informer, which is, in this case, the 
Faculty Headmaster. 
Scenario 3 results are expressed in percentages compared to the total number of 
users and show that: 

 45% of users leave the laboratory immediately and do not wait for the 
specified time of evacuation; 

of those who leave immediately  
 24% decide to move on foot, while the remaining 20% choose to go to the 

campus car park and travel by car; 
 25% decide to continue to the agricultural college and 20% decide to 

leave by the engineering school gate; 
 31% of the total decide to get to the place designated by the mayor, while 

the remaining 14% reach their homes; 
of those who wait for the specified time of evacuation (55% of the total) 

 51% of users leave the laboratory while 4% stay behind;  
 35% decide to move on foot, while the remaining 18% choose to go to the 

campus car park and travel by car; 
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 29% decide to continue to the agricultural college and 22% decide to 
leave by the engineering school gate; 

 51% of the total decide to get to the place designated by the mayor, and a 
percentage equal to 0% go home. 

3.6 Scenario 3 vs. 3 bis 

A comparison between the results obtained from scenarios 3 and 3 bis shows 
that: 

 the percentage of users which immediately leaves the laboratory is the 
same for both scenarios (45%);  

 at reference time, for scenario 3 the percentage of users that leaves the 
laboratory is more high than scenario 3 bis of two percentage points (53% 
vs. 51%); 

 the number of users who choose to go out via the agricultural college is 
very similar for both scenarios; 

 the number of users who decide (immediately and at reference time) to 
reach the place designated by the informer, for scenario 3 is equal to 76%, 
for scenario 3 bis to 82%, than increasing by 8 percentage points. Then, if 
we consider that differences of evacuation percentage at time reference 
are insignificant, because very low, in this scenario the faculty 
headmaster is considered more reliable than the mayor. 

3.7 Scenario 4 results 

The results of scenario 4 are expressed in percentage terms compared to the total 
number of users. They show that: 

 76% of users leave immediately while the remaining 24% wait in the hall 
to obtain more reliable information; 

 61% of users move quickly to walk away from the truck, while the 
remaining 15% reach their cars to drive away. 

3.8 Scenario 4 bis results 

The results of scenario 4 bis are expressed in percentage terms compared to the 
total number of users. They show that: 

 82% of users leave immediately while the remaining 18% wait in the hall 
to obtain more reliable information; 

 74% of users move quickly to walk away from the truck, while the 
remaining 8% reach their cars to drive away. 

3.9 Scenario 4 ter results 

The results of scenario 4 ter are expressed in percentage terms compared to the 
total number of users. They show that: 
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 88% of users leave immediately while the remaining 24% wait in the hall 
to obtain more reliable information; 

 76% of users move quickly to walk away from the truck, while the 
remaining 12% reach their cars to drive away. 

3.10 Scenario 4 vs. Scenario 4 bis and 4 ter 

A comparison between the results obtained from scenarios 4, 4 bis and 4 ter 
shows that: 

 the percentage of people who evacuates increases of 6 percentage points 
from scenario 4 to 4 bis and a further 6 points from 4 bis  to 4 ter, then the 
reliability of the informer increases  passing from the unknown to the 
mayor up to the professor; 

 the percentage of users who choose to move quickly to walk away from 
the truck increases of 15 percentage points from scenario 4 to 4 bis and a 
further 5 percentage points from scenario 4 bis to 4 ter, confirming the 
previous result. 

 

 

Figure 4: Evacuation percentage with respect to the informer  (scenarios 4,  4 bis 
and 4 ter) 

3.11 Scenario 5 results 

The results of scenario 4 are expressed in percentages compared to the total 
number of users and show that: 

 88% of users leave the laboratory, while the remaining 12% do not trust 
the received information;  

 40% decide to move on foot, continuing to the agricultural college; 

 22% decide to move on foot by the engineering school gate; 

 2% decide to go to the campus car park and travel by car, continuing to 
the agricultural college; 

 24% decide to go to the campus car park and travel by car, by the 
engineering school gate; 

 61% of the total decide to get to the place designated by the stranger, 
while the remaining 27% go home. 
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3.12 Scenario 6 results 

The scenario 6 results are expressed in percentages compared to the total number 
of users and show that: 

 100% of users leave the laboratory; 
 49% decide to move on foot, continuing to the agricultural college; 

 29% decide to move on foot via the engineering school gate; 

 10% decide to go to the campus car park and travel by car, continuing to 
the agricultural college; 

 12% decide to go to the campus car park and travel by car, by the 
engineering school gate; 

 86% of total users decide to get to the place designated by the department 
head, while the remaining 14% go home.  

3.13 Scenario 6 vs. Scenario 5 

A comparison between the results obtained from scenarios 5 and 6 shows that: 
 for scenario 6, the percentage of users who decide to leave the workplace 

increases by 12 percentage points: people perceive the information on 
emergency conditions from the department head as being more reliable;  

 the number of users who choose to go out via the agricultural college 
increases by 17 percentage points, as people consider the received 
information more reliable; 

 as regards total users, for scenario 6, the number of users who decide to 
reach the place designated by the informer increased by 25 percentage 
points, confirming previous considerations. 

3.14 Scenario 5 vs. Scenario 1 and Scenario 6 vs. Scenario 2 

In scenarios 5 and 1 the informer is the same (a stranger): the differences are 
related to mode and path choices. In fact, in scenario 1 we propose these choices 
as independent (then we consider two different choices, e.g. first the car or the 
foot mode, and after to continue by the agricultural college or the engineering 
school gate); in scenario 5 these choices are considered as joint (see figure 1). 
These different structures of choice alternatives are finalized to analyze the 
formal transportation decisions. 
     Obtained results show that the evacuation percentage is the same, but there 
are differences among choices characterized by the different structure: 

 the percentage of users that decide to evacuate is equal to 88% in both 
scenarios; 

 the percentage of users that decide to move on foot is equal to 73% in 
scenario 1 (disaggregate alternatives), to 62% in scenario 5 (joint 
alternatives); 

 the percentage of users that decide to move by the agricultural college is 
equal to 39% in scenario 1 and to 42% in scenario 5; 
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 the percentage of users that decide to get to the place designated by the 
stranger is equal to 65% in scenario 1, to 61% in scenario 5. 
 

     Differences between scenarios 6 and 2 are similar to these of scenarios 5 
and 1. In fact, the informer is the same (the department head), but the choice 
structure is different (see figure 1). 
     Obtained results show that: 

 the percentage of users that decide to evacuate is equal to 96% in scenario 
2 and to 100% in scenario 6; 

 the percentage of users that decide to move on foot is the same (78%) for 
both scenarios; 

 the percentage of users that decide to move by the agricultural college are 
equal to 55% in scenario 2 and to 59% in scenario 6; 

 the percentage of users that decide to get to the place designated by the 
informer is equal to 80% in scenario 2, to 88% in scenario 6. 

4 Conclusion 

This work confirms the role of the informer in the user choices during evacuation 
conditions. We have proposed several hypothetical scenarios, considering three 
kinds of dangerous events, with delayed effects in time. 
     Our next objectives are finalized to calibrate an evacuation model, based on 
data obtained during SP experiments, in order to evaluate parameters of 
attributes and then to highlight the better choice structure (see fig. 1) to 
reproduce user behaviour in evacuation conditions (objectives of first level). 
     As in the previous experiment [23], in relation to the objectives of the second 
level, results point out the importance of the informer, which influences all user 
decisions: evacuate or not; path and destination choice.  
     In relation to the evacuation percentage in respect of the informer, obtained 
results show that higher evacuation percentages are highlighted if the informer is 
the department head or the professor. In fact, by comparing scenarios 1 vs. 2 and 
5 vs. 6, and then the stranger vs. the department head as informer, we highlight 
increases of evacuation percentages by 8 and 12 percentage points, respectively 
for scenarios 2 and 6. Moreover, the percentage of user that decides to reach the 
place designated by the informer increases by 15 and 25 percentage points, 
respectively for scenarios 2 and 6. If we consider scenarios 3 vs. 3 bis, and then 
the mayor vs. the faculty headmaster as informer, we highlight that the 
evacuation percentage is similar in both scenarios, but the percentage of user that 
decides to reach the place designated by the informer increases by 8 percentage 
points in scenario 3 bis. Then the informer is considered more reliable in 
scenario 3 bis than in scenario 3. Finally, scenarios 4, 4 bis and 4 ter confirm the 
role of the informer: different user behaviour is highlighted if the informer is a 
stranger (sc. 4, evacuation percentage equal to 76%), a representative of the 
mayor (sc. 4 bis, evacuation percentage equal to 82%) and a professor (sc. 4 ter, 
evacuation percentage equal to 88%). 
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