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Abstract—This paper aims to identify factors influencing 

the walking speed of evacuees by conducting an evacuation 

drill in Padang, West Sumatera, Indonesia. A number of 18 

volunteers and 6 observers, were gathered in an evacuation 

experiment on 3 routes with 5 segments each. The chosen 

routes are almost equal in terms of distance, but different in 

terms of the number of turning points. The experiment 

comprises of three cases in terms of the complexity of the 

route. These cases represent a simple, a medium and a complex 

route based on the number of turning points. The volunteers 

were asked to move, as if in an evacuation, to a particular place 

which was assumed to be a shelter. The observers were placed 

at some particular waypoints to record the time when an 

evacuee passes their location. The distance between the 

observers was measured using a manual distance meter. This 

study found that the average walking speed during the 

evacuation was 1.69 m/s. In addition, walking speed varied by 

age, gender, and walking distance. This finding significantly 

has an effect on the estimations of the coverage area of tsunami 

shelters. The data collection method is one of the novelties of 

this research. In this study, the walking speed was observed 

through an evacuation drill from a location to a shelter of 1.5 

km away, whilst most of the previous studies estimate the 

walking speed based on an observation of a group of 
pedestrians crossing a road. 

Keywords: tsunami, evacuation, walking speed, evacuation 
drill, Padang 

I. INTRODUCTION

Padang is the capital of West Sumatera Province, 

Indonesia. Located close to the Ring of Fire in the west part 

of Sumatera Island. Padang has a substantial tsunami hazard 
potential, as reported by various authors such as [1], [2], [3], 

and [4]. The population of the city was about 914.968 in 

2016 [5], and about half of them are living in the tsunami-

vulnerable area [6]. Many massive earthquakes had hit the 

area, and some of those had triggered significant tsunamis to 

the west coastal area of Sumatera Island and nearest islands 

such as Mentawai and Nias Islands. Previously, on February 

10, 1797, and November 24, 1833, tsunami was reported 

with a respectively 5 m and 3-4 m inundation high of 

tsunami [3]. Padang is predicted to face up to 15 m tsunami 

inundation shortly [7], [8], [9], [3]. McCloskey reported that 

an accumulation of a vast seismic moment deficit since 

1797 and 1833 at the megathrust [3]. 

In order to reduce the disaster risk, the Indonesian 

government has been developing tsunami early warning 

systems, increasing the capacity of tsunami evacuation 

routes, building new or retrofitting existing buildings for 

temporary evacuation sites, and educating people about 

tsunami and evacuation [9], [10]. Given the complexity of 
the preparation and limited time and budget available, the 

Major of Padang was calling any contribution from the 

universities and experts (Personal communication, April 19, 

2016). This paper is one of our contributions to answer the 

call.  

This paper presents an observation of walking speed of 

evacuees during an experiment of tsunami evacuation in 

Padang. The objective of the study is to investigate the 

effects of the characteristics of the evacuation route and 

characteristics of evacuees on the evacuation walking speed. 

In particular, turning points in evacuation routes and age of 

evacuees. It is more valuable to measure the evacuation time 
with a much larger group of participants, however, in this 

area, it is difficult to invite people to do evacuation drill. It 

used to be at least once a year, the community-wide tsunami 

drill being organized by the government. However, in recent 

days, not so many people engage in the drill. Therefore, a 

limited evacuation drill should be organized to obtain the 

required data. This study is the extension of our previous 

study published in [6], which observed the walking speed of 

the evacuees in a simple evacuation route (case 1 in this 

paper). Here, two more routes with different characteristics 

were added together with nine additional volunteers. 

The walking speed during an evacuation is one of the 

most critical variables in developing evacuation plans [11], 

[12], [13]. Many studies have been aimed to estimate the 

walking speed in case of disaster evacuation, but almost all 

of the studies estimate is based on an observation of 

pedestrians at a crosswalk which is short in distance and not 

in evacuation cases [14]. In our study, the distance, duration, 

and route were set to be equal to the real situation; therefore 

this is one of the contributions of our study to the literature. 

Advances in Engineering Research, volume 193

2nd International Symposium on Transportation Studies in Developing Countries (ISTSDC 2019)

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 125



Fig. 1. Map of Case Study Location in Padang City. 

II. LITERATURE REVIEW

A. The Feature of Padang City

Padang is one of the largest cities in Indonesia. Serving
as the capital city of West Sumatera Province, Padang is 
located between 0o44’ and 01o08’ South Latitude and 
100o05’ and 100o34’ East Longitude [5]. Cedillos et al. [7] 
reported that the terrain of Padang is flat within 3-4 km from 
the coast with elevation from zero up to five meters above 
sea level and then rising toward hills further inland. The map 
of Padang is shown in Fig. 1. 

The authorities in Padang are advising people to evacuate 
on foot immediately after the suspected tsunami-generating 
earthquake hit [15]. Furthermore, people have also been 
suggested to leave their cars and bring only a bag with 
emergency stuff inside [15]. The evacuation was suggested 
to be done to the nearest shelters or the safety zones [16]. 
The use of a car is possible to make evacuation more 
difficult due to traffic jam and bottleneck [17]. Learning the 
preferences of car users in parking their car, [18] found that 
the majority of respondents prefer to park on the street. 
Parking on the street will make the evacuation routes 
become more vulnerable to a massive traffic jam during the 
evacuation. However, in reality, only a few people do 
evacuation immediately after a big earthquake hit the city, 
such as on September 30, 2009. Most people tried to find 
information on whether the earthquake triggered tsunami or 
not. The evacuation was started in 15 to 20 minutes after the 
earthquake, and most of them used their car and motorcycle. 

The authorities have been setting some multi-story 
buildings as shelters. People who might fail to reach the 
safety zone using horizontal evacuation would be an appeal 
to conduct a vertical evacuation to the nearest shelter. 
However, panic during previous earthquakes in Padang 
caused congestion in all of the tsunami evacuation routes. 
Everybody did horizontal evacuation using their cars, but 
none of them could pass through the traffic and reach the 
safety zone within the available evacuation time [19].  

The government has been educating people using 
religious words since the Aceh’s tsunami in 2004, which was 
used in many countries during the earthquake in Japan to 
provoke emotions of the people to make it easier for them to 

understand the situation [20]. However, no evaluation has 
been done to investigate the impact. 

B. Walking Speed Studies

Walking speed studies are usually conducted in traffic
engineering studies such as simulation of pedestrian 
movement in a corridor, sidewalk, or crosswalk [21], [22], 
[23], [24]. Sharifi et al. [21] investigated the walking 
behavior of individuals with disabilities through controlled 
video tracking. Iryo-Asano and Alhajyaseen [22] 
investigated the behavior of pedestrian at signalized 
crosswalks under uncongested conditions. Bosina and 
Weidmann [23] compared many walking speed studies and 
determined the variables that influence the walking speed. 
Paschalidis et al. [24] studied the behavior of pedestrians 
when crossing an intersection and examined parameters 
affecting the walking speed adaptation. However, the 
behavior of pedestrian movement during a non-disaster 
conditions would be different from an evacuation condition. 

C. Walking Speed in Disaster Mitigation Studies

Yosritzal et al. [9] used the average walking speed of
pedestrians in non-disaster conditions as a variable in 
estimating the coverage area of shelter. The same data was 
used in [25] and [10] in estimating coverage area, demand, 
and the estimation of the capacity versus demand of a 
shelter. Given that the effective available evacuation time 
has been estimated at around 17 minutes, the walking speed 
will limit the distance that could be reached by an evacuee. 
Using average walking speed in non-disaster conditions, [9] 
assumed that the average distance that could be reached by 
an evacuee was 1.37 km.  

Yosritzal et al. [9] found that the tsunami arrival time at 
shoreline was 37.1 minutes, slightly slower than [26], which 
was 35 minutes. Effective evacuation time was estimated at 
17.1 minutes, which corresponds to a 1.37 km walk distance. 
This walking speed is similar to [27] whose found 1.3 m/s 
for adults and 1.5 m/s for children. Using this walking 
distance, [10] found the suggested area for horizontal 
evacuation. Some of the areas are overlapping between the 
horizontal evacuation safe zone and vertical evacuation. 
Yosritzal et al. [10] and [25] found that many parts of 
Padang City could not be covered by any of the evacuation 
plans. Therefore, [10] and [25] suggested preparing more 
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shelters to increase the possibility of saving the people in the 
areas.  

Abustan [28] recorded the average walking speed by 
observing people crossing at a crosswalk area and used his 
findings as a parameter in simulating a tsunami evacuation. 
The study found that the average walking speed of 
Malaysian is 1.16 m/s. The slowest is 1.04 m/s and belongs 
to senior female adult, and the fastest is 1.38 m/s and 
belongs to a male adult. 

Wood et al. [29] estimated minimum walking speed of 
people in the vulnerable area in order to reach shelter before 
the tsunami wave reach the shoreline, instead of estimating 
the coverage area of shelter. Wood et al. [29] suggested 
different minimum travel speed to evacuate from hazard 
zone for each type of walking such as impaired adult (0.89 
m/s), slow walk (1.10 m/s, fast walk (1.52 m/s), slow run 
(1.79 m/s) and fast run (3.85 m/s) depending on the 
evacuees’ decision to start evacuation, their distance to the 
safety zone and the minimum available evacuation time. In 
this context, the decision to start evacuation is playing an 
important role. 

An experiment of the evacuation of a water-related 
disaster was reported in [30]. The study found that the slope 
and age groups of participants influence the walking speed. 
The average speed at a flat surface was recorded that in 5 
minutes, a group of participants can walk 741 m while on the 
steepest path with 15o a group of participants can walk 460 
m distance in 5 minutes.  

Regarding the start time of evacuation, Sugimoto et al. 
[31] argue that in general, people start evacuation at different
times. Therefore, in their simulation model, [31] divided the
population into several groups and assigned a different start
time for each group. Mas et al. [11] developed tsunami
departure curves from questionnaire surveys to characterize
the start time of evacuees during simulation. Sato et al. [20]
suggest that the delays of resident starting evacuation were
caused by psychological factors such as cognitive dissonance
and attitudes waiting for a warning. Yosritzal et al. [10]
assumed the evacuation starts in 20 minutes after the strong
earthquake hit. This assumption may be too high even
though current experience showed that it is more likely to be
true. For example, earthquake  September 1, 2017, in
Padang, the majority of people tend to wait for instruction
from the authorities, which were hard to receive as the
electric power was shut down. A similar experience has also
been reported regarding the September 31, 2009 earthquake
in Padang, as noted by [32]. Most studies assumed that the
institutional decision time is 5 minutes, and institutional
notification time is 3 minutes. Nevertheless, the information
will not be received until 20-25 minutes after the earthquake
occurred as communication and information were lost by the
power cut or damaged by the earthquake. Yunarto and Sari
[32] assumed that the reaction time of people is 7 minutes;
therefore the evacuation is started 15 minutes after the
earthquake. Post et al. [33] wrote that the people reaction
time is between 5-15 minutes, therefore the evacuation could
be started in 13 to 23 minutes.

(a) 

(b) 

(c) 

Fig. 2. The Simulated Routes: (a) Route 1 for scenario 1, (b) Route 2 for 
scenario 2, (c) Route 3 for scenario 3. 

III. METHODOLOGY

The previous study suggested that the maximum walking 
speed varies by age and gender, but none of the studies 
examined the effect of walking duration or walking distance 
and the complexity of the route [28]; [29]. Therefore, in this 
study, in addition to age and gender, it was hypothesized that 
the maximum walking speed would be influenced by the 
duration of the walk and the complexity of the route.  

Data for this study was obtained through an evacuation 
drill on October 29-30, 2017. The tsunami evacuation routes 
were set to start from a densely populated residential 
location to a shelter. There were three scenarios in the 
evacuation drill, which were based on the complexity of the 
route. The complexity of the route was simplified by 
assuming the more turning points along the route, the more 
complex the route. The chosen routes are shown in Fig. 2a, 
Fig. 2b, and Fig. 2c. The first scenario was examined the 
walking speed of volunteers (hereafter will be called 
evacuee) at the simple route which may not be the shortest 
path to the shelter, but it is relatively easy and safe for the 
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volunteers. This route has two right turns and no left turn, 
and it is following an inspection road which is 5 m wide and 
then turns right through a major road with pedestrian 
footpath and then turns right again to the shelter. The starting 
point was chosen as the farthest point based on the estimated 
distance could be walked within 17 minutes; the effective 
available evacuation time [25].  

Based on the distance measured by the google map 
application, the distance is around 1.6 km. In the second 
scenario, Evacuees walked through a middle complex route, 
which has six turning points. The distance is about 1.5 km, 
and the path is following a quite wide local street in a 
residential area. The route in the third scenario is more 
complicated, with ten turning points and passing narrower 
streets in the housing area.  

Observers were placed at 6 points along the routes 
(marked as orange dots along the route) to observe the time 
when the Evacuees pass through their position. The 
Evacuees were asked to do a hurry walking from a specified 
point to a specified point near to a shelter. Evacuees 
recorded the time when they were passing each observer 
point using a stopwatch application on their mobile phone. 
The timing data recorded by a volunteer was used as the 
primary data and data observed by observers was used as a 
back up in case the volunteers fail to record their timing. 
Prior to the evacuation drill, volunteers were asked to sign a 
consent letter that they are willing to involve in the 
evacuation drill. 

IV. RESULTS AND DISCUSSION

A. Characteristic of the Volunteers

We invited 21 Volunteer to act as evacuees and six
volunteers as observers for the evacuation drill. Evacuees 
were asked to walk through a particular route for about 1.5 
to 1.6 km distance. Evacuees under ten years old should be 
accompanied by one adult. There were three evacuees under 
ten years old involved in this study; therefore 3 of the adults 
will be the companion of the children, and their data will not 
be considered in the analysis. The final data will be based on 
the 18 evacuees’ data, where some of them involved in more 
than one scenario. In the case of evacuee involved in more 
than one scenario, 1-hour time was given to take a rest 
before engaging in the next evacuation drill scenario. The 
profile of the sample is shown in Fig. 3.  

Fig. 3a shows that, in terms of age, most of the Evacuees 
are in the second group with an age interval between 20 to 
40 years old. In terms of gender, Fig. 3b shows that male is 
about 60% and female is 40%. There are five segments of 
the simulated route, as shown in Fig. 4, which observed by 
one observer each. The distances between the segments in 
Route 1 are 515 m, 365 m, 315 m, 250 m, and 190 m 
respectively, whilst in Route 2 are 184 m, 190 m, 205 m, 521 
m, and 440 m, and in Route 3 are 201 m, 245 m, 189 m, 222 
m, and 623 m as shown in Fig. 2. 

(a) 

(b) 

Fig. 3. Distribution of Evacuees: (a) by age interval and (b) by gender. 

B. Walking Speed by Route and Age Group

In general, it was found that, on average, the walking
speed of all participants was 1.70 m/s. Data on the average 
walking time and speed among the age group interval is 
shown in TABLE I to III. It can be seen in the Tables that 
the walking speed of the evacuees was varying by age group 
and by the segment of the route. In Route 1, there were no 
Evacuees in the age group of 40-60 years old involved. The 
mean walking speed of those who are in the age group up to 
10 years old was 1.35 m/s. The mean walking speed for the 
age group 20-40 years old was 1.51 m/s while the age group 
> 60 years old was 1.40 m/s. However, the standard
deviations of the up to 20 and > 60 groups are much more
significant than the 20-40 group (0.24 m/s and 0.37 m/s
respectively compared to 0.05 m/s). Overall the average
walking speed was 1.42 m/s. In the second and third
scenario, there were no children under ten years old
involved. In Route 2, the mean of walking speed for age
group 20-40 years old was 1.84 m/s while the age group of
40-60 and > 60 years old were 1.61 and 1.55 m/s,
respectively.

TABLE I.  DISTRIBUTION OF THE AVERAGE WALKING TIME AND 
SPEED AT ROUTE 1 

No. 
Distance 

(m) 

Average Walking 
Time by Age Group 

(minute) 

Average Walking 
Speed by Age Group 

(m/s) 
< 20 20-40 > 60 < 20 20-40 > 60 

1 515 6.11 5.59 7.00 1.40 1.54 1.23 

2 365 3.72 3.90 3.00 1.64 1.56 2.03 

3 315 5.33 3.68 4.00 0.98 1.43 1.31 

4 250 2.93 2.77 3.00 1.42 1.50 1.39 

5 190 2.44 2.11 3.00 1.30 1.50 1.06 

Average 1.35 1.51 1.40 
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TABLE II.  DISTRIBUTION OF THE AVERAGE WALKING TIME AND 
SPEED AT ROUTE 2 

No. 
Distance 

(m) 

Average Walking Time 
by Age Group 

(minute) 

Average Walking 
Speed by Age Group 

(m/s) 
20-40 40-60 > 60 20-40 40-60 > 60

1 184 1.42 1.72 2.00 2.16 1.78 1.53 

2 190 1.82 2.07 2.00 1.74 1.53 1.58 

3 205 1.81 2.10 2.00 1.89 1.63 1.71 

4 521 4.75 5.40 6.00 1.83 1.61 1.45 

5 440 4.57 4.88 5.00 1.60 1.50 1.47 

Average 1.84 1.61 1.55 

TABLE III.  DISTRIBUTION OF THE AVERAGE WALKING TIME AND 
SPEED AT ROUTE 3 

No. 
Distance 

(m) 

Average Walking Time 
by Age Group 

(minute) 

Average Walking Speed 
by Age Group 

(m/s) 
20-40 40-60 > 60 20-40 40-60 > 60 

1 201 2.49 2.98 2.00 0.81 0.67 1.01 

2 245 2.17 2.50 3.00 1.13 0.98 0.82 

3 189 1.66 2.03 2.00 1.14 0.93 0.95 

4 222 2.05 2.30 3.00 1.08 0.97 1.20 

5 623 6.16 5.50 7.00 1.01 1.13 0.89 

Average 1.03 0.94 0.97 

 It can be seen that the average walking speed for the 
Route 2 is higher than the walking speed at Route 1 and 
Route 3 across all of the age groups. Route 1, as the most 
straightforward route, was expected to be walked faster than 
any other routes. However, the study found that walking 
speed in Route 1 is slower than Route 2, which was more 
complicated. After carefully assessing the route, we found 
that the difference between Route 1 and Route 2 is that 
Route 1 is disturbed by traffic and the route is lack of shade 
to avoid the sun. 

C. Walking Speed over Time

In order to investigate the influence of the walking
duration to the walking speed, average walking speed was 
differentiated by routes and segments. Given the available 
data was limited, the analysis was focusing on the age group 
20-40 years old.

Fig. 4. The Average Walking Speed from Segment to Segment. 

The result is presented in Fig. 4. Despite different 
walking speeds were emerged at different segments and 
routes, a trend pattern can be seen that the walking speed 
was reduced over time. As the segments are sequential, and 

the evacuees walked continuously from segment 1 to 
segment 5, it is understood that the walked duration and 
distance increases from segment 1 to segment 5. This finding 
should be considered when estimating the coverage area of a 
shelter because the tsunami wave velocity might not have the 
same feature. 

D. Walking Speed by Gender

When the walking speed of males and females being
compared, the walking speed of males was found to be 10% 
higher than females as shown in TABLE IV. In this case, 
only males and females at the 20-40 age interval groups 
being compared. The average walking speed of males and 
females were 1.60 m/s and 1.45 m/s, respectively. 

TABLE IV.  COMPARISON WALKING SPEED OF MALE AND FEMALE 

No. 
Distance 

(m) 

Average Walking 
Time by Gender 

(minute) 

Average Walking 
Speed by Gender 

(m/s) 
Male Female Male Female 

1 515 5.20 5.86 1.65 1.46 

2 365 3.57 4.12 1.70 1.48 

3 315 3.37 3.88 1.56 1.35 

4 250 2.82 2.73 1.48 1.53 

5 190 1.94 2.22 1.63 1.43 

Average 1.60 1.45 

E. Comparison with Previous Studies

The findings of this study are slightly higher than [27]
and much higher compared to [28]. However, Rienne et al. 
[27] observed walking speed in building evacuation drill,
and [28] observed walking speed at a crosswalk as a
representation of walking speed during a tsunami
evacuation. We believe that the use of walking speed at a
crosswalk in estimating the walking speed during evacuation
such as in Abustan [28] may lead to bias as the pedestrian
might not in a hurry when crossing the road.

Our finding shows that the walking distance may have 
influenced the average walking speed. In a short distance, 
[27] found that children were faster compared to adults than
in a long-distance. It is expected that for a shorter distance,
children tend to walk in a rush whilst adult tend to walk at
their normal speed. Nevertheless, further investigation is
needed to justify the hypothesis.

V. CONCLUSIONS

This paper presents the result of an experiment of 
tsunami evacuation in Padang, West Sumatera, Indonesia. 
The study found that the average walking speed during the 
experiment was 1.70 m/s. The walking speed differs by age 
group and gender. Those who are in the age group 20 - 40 
years old were found to walk 11% faster than young children 
and 7% faster than the elder groups. Male was found to be 
10% faster than female at the same age group. As the 
evacuees were ordered to walk in a hurry, the profile of the 
walking is higher than previous studies on walking speed of 
pedestrians on a normal day. The walked distance is more 
likely to influence the walking speed while the number of 
turning points is still not clear. This finding has a significant 
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influence on the estimation of the coverage area of shelter 
and may be used in evacuation modelling. Further, to be 
more realistic, our plan is to do evacuation drill of 
participants in groups. 
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