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Abstract. This paper presents a simulation study to observe the walking speed of evacuee in
the case of tsunami evacuation in Padang, West Sumatera, Indonesia. A number of 9
volunteers. 6 observers. 1 route with 5 segments were involved in the simulation. The chosen
route is the easiest path and the volunteers were ordered to walk in hurry to a particular place
which was assumed as a shelter. The observers were placed at some particular places to record
the time when an evacuee passes their place. The distance between the observers were
measured using a manual distance meter. The study found that the average walking speed
during the evacuation was 1.419 m/s. Walking speed is varied by age and gender of the
evacuee.

1. Introduction

Padang is one of the most earthquake and tsunami threatened places in the world because of its
location closes to the ring of fire in the west part of Sumatera Island. The city is the capital of West
Sumatera Province with population of about 900,000. Half of the population are living in the tsunami
vulnerable area. Many n@sivc earthquakes have been hit the west part of Sumatera Island during the
last 100 years such as a M 9.1 in December 26, 2004; M 8.6 in March 28, 2005; M 8.5 in September
12, 2007 and M 7.8 in October 25, 2010. Some of the earthquakes triggered a substantial tsunami to
the west coastal area of Sumatera Island and nearest islands such as Mentawai and Nias Islands.
Nevertheless, experts predicted that a tsunami-generating earlake is still a threat to the area and
Padang may face up to 15 m tsunami inundation (Cedillos, et al. 2010, Muhammad et al., 2017,
Yosritzal et al., 2017).

The authorities in Padang have put a tremendous effort in the tsunami preparedness such as
developing tsunami early warning systems, increasing the capacity of tsunami evacuation routes,
building new or retrofitting existing building for temporary evacuation sites and educating people
about tsunami and evacuation (Y osritzal et al,, 2017). However, the readiness of the system has not
been properly evaluated. Even though simulation is one of the most important preparation in
evaluating how does the system work, tsunami evacuation simulation conducted by the authorities (in
this case Local Disaster Mitigation Agency or BPBD) was not well prepared. It failed to attract people
to involve. 3

One of the aims of the simulation 1s to study the walking speed of the evacuees during the
evacuation. The walking speed is one of the most important variable in estimating the shelter demand
and coverage area of a shelter. As the simulation failed, the walking speed data could not be obtained.




In order to fulfil the req@ement of the walking speed data, a small simulation involving a paid
volunteer was conducted. This paper presents the results of the simulation. The contribution of this
study has been providing an addition of literature on the walking speed during a simulated tsunami
evacuation. Many studies have been conducted to fAivestigate the pedestrian behaviour on sidewalk,
crosswalk or on the pedestrian corridor, however, little attention has been paid on the behaviour of
pedestrian during the tsunami evacuation.

2. Literature Review

2.1. Feature of Padang City

Padang is the capital city of West Sumatera Province, Indonesia. Astronomically, Padang is located
between 0°44” and 01° 08" South Latitude and 100°05” and 100°34” East Longitude (BPS, 2015). From
the coast, the terrain of Padang has 3-4 km of flat land within zero to five-meter elevation above sea
level and then rising toward hills further inland (Cedillos et al., 2010). The population of the city in
2014 was 889,646 people (BPS, 2015) which about a half of them were living close to the coast. The
map of Padang is shown in Figure 1.

Figure 1. Map of Padang City (BPS, 2015)

The authorities in Padang are advising people to evacuate on foot immediately after the suspected
tsunami generating earthquake hit. People have also been suggested to leave their cars and bring only




a bag with emergency stuffs inside. Evacuation was suggested to be done to the nearest shelters or the
safety zones (Stanford, 2009). The use of car was predicted to make evacuation more difficult due to
traffic jam and bottleneck (Mas et al., 2012). Learning the preferences of car users in parking their car,
Yaldi et al. (2016) found that majority of respondents were prefer to park on street. This will make the
evacuation routes become more vulnerable to a massive traffic jam during the rush hour and during
evacuation.

Learning from previous event, the authorities have been setting some multi-storey buildings as
sheltersggfjeople who are predicted to fail reaching the safety zone using horizontal evacuation will be
appeal to conduct a vertical evacuation to a nearest shelter. However, in fact, panic during previous
earthquakes in Padang causes 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 (for example, see Tribunnews, 2017).

The government has been educating people using religious words since the Aceh’s tsunami in
2004, which w@ppsed in many countries during the earthquake in Japan to provoke emotions of the
people to make it easier for them to understand the situation (Sato et al. 2008). However, no evaluation
has been done to investigate the impact.

1

22. Walking Speed Studies

Walking speed studies usually conducted in traffic engineering studies such as simulation of
pedestrian movement in a corridor, sidewalk or crosswalk (Sharifi et al., 2017; Iryo-Asano and
Alhajyaseen, 2017; Bosina and Weidmann, 2016; and Pasch@gidis et al., 2015; Chandra and Bharti,
2013). Sharifi et al. (2017) investigated walking behaviour of individuals with disabilities through
controlled video tracking. Iryo-Asano and Alhajyaseen (2017) investigated the behaviour of pedestrian
at signalised crosswalks under uncongested conditions. Bosina and Weidmann (2016) compared many
walking speed studies and determine the variables that influence the walking speed. Paschalidis et al.
(2015) studied behaviour of pedestrian when crossing at intersection and examined parameters
affecting the walking speed adaptation. However, the behaviour of pedestrian movement during a
normal condition would be different from in an evacuation condition.

93‘ Walking Speed in Disaster Mitigation Studies

Yosritzal et al. (2016) used the average walking speed of pedestrian in normal condition as a variable
in estimating the coverage area of a shelter. The same data was used in Kemal et al. (2017) and
Yosritzal et al. (2017) in estimating coverage area, demand and the estimation of the capacity versus
demand of a shelter. Given the effective available evacuation time has been estimated around 17
minutes, the walking speed will limit the distance could be reach by evacuee. Using normal walking
speed, Yosritzal et al. (2016) assumed the average distance could be reach by evacuee was 1.37 km.,
However, the normal walking speed was not the case for evacuation because during evacuation,
evacuees are ordered to walk as fast as they can to the safety zone or to a shelter.

Yosritzal et al. (2016) found that the tsunami arrival time at shoreline was 37.1 minutes, slightly
slower than Honesty et al. (2014) which was 35 minutes. effective evacuation time was 17.1 minutes
which was estimated to 1.37 km walk distance. This walking speed is similar with Rienne et al.
(2010) whose found 1.3 m/s for adult and 1.5 m/s for children. Using this walking distance, Y osritzal
et al. (2017) 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. (2017) and Kemal
et al. (2017) found that many parts of Padang City could not be coverage by any of the evacuation
plans. Therefore, Yosritzal et al. (2017) and Kemal et al. (2017) suggested to prepare more shelters to
increase the possibility to safe the people in the areas.

Abustan (2013) recorded average walking speed by observing people crossing at a crosswalk a£9a
and used the finding as a parameter in simulating a tsunami evacuglion. The study found that the
average walking speed of Malaysian is 1.16 m/s. The slowest is 1.04 m/s and belong to female senior
adult and the fastest is 1.38 m/s and belong to male adult.




Wood et al. (2016) estimated minimum walking speedg 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. (2016) suggﬂed different minimum travel speed to eyfcuate 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 importance role.

Regarding the start time of evacuation, Sugimoto et al. (2003) argue that in general people start
evacuation at difference time. Therefore, in their simulation model, Sugimoto et al. (2003) divided
population into several groups and assigned different start time for each group. Sato et al. (2011) and
Mas et al. (2011) threated people individually based on psychological parameters. According to Sato
et al. (2011), delays of resident starting evacuation were caused by psychological factors such as
cognitive dissonance and attitudes waiting for warning. This finding supported Y osritzal et al. (2017)
assumption that the evacuation will be started 20 minutes after the strong earthquake hit.

3. Methodology

Data for this study was obtained through a simulation. The tsunami evacuation route was set from a
densely populated residential location to a shelter. The route is shown in the Figure 2. The chosen
route may not the shortest path to the shelter, but it is easy and safe for the volunteers. This route has
two right turn and no left turn and it is following an inspection road which is 5 m wide and then turn
right through a major road with pedestrian footpath and then turn right again to the shelter. The
starting point was chosen as the farthest point based on the estimated distance could be travelled
during 17 minutes, the effective available evacuation time (Yosritzal et al., 2016). Based on the
distance measured by google map application, the distance is around 1.6 km. Observers were placed at
6 points along the routes to observe the time when the volunteers pass through their position. The
volunteers were asked to do a hurry walking from a specified point to a specified point near to a
shelter. Volunteers recorded the time when they were passing each observer point using a stopwatch
application in their mobile phone. The timing data recorded by volunteer was used as main data and
data observed by observers was used as a back up in case the volunteers fail to record their timing.
Prior to the simulation, volunteers were asked to sign a consent letter that they are willing to involve in
the simulation.
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Figure 2. Simulated Routes.
4. Result and Discussion

4.1. Characteristics of the Volunteers




We invited a reasonable number of volunteers in order to fulfil the proportion of population. However,
at the d-day, only 12 volunteers and 6 observers presented at the meeting place. As this is a simulation
where volunteers were asked to walk through a particular route for about 1.5 to 1.6 km distance,
children under 10 should be accompanied by one adult. There were three children involved in this
study, therefore 3 of the adult volunteers will be the companion of the children and their data will not
be considered in the analysis. The analysed data will be based on the 9 volunteers’ data. The profile of
sample is shown in Figure 3.

Frequency Frequency
6 6
5 5
4 4
4 3
2
1 2

Upto 10 Yearold 20-40 yearold More than 60 year 0

old Male Female
(a) (b)

Figure 3. Distribution of Volunteers. (a.) Distribution of volunteers by age interval. (b.) Distribution of
volunteers by gender.

Figure 3 shows that, in terms of age, most of the volunteers are in the second group with age interval
between 20 to 40 years old. In terms of gender, male and female were almost equal. There are 5
segments of the simulated route as shown in Figure 4. The distances between the segments are 515 m,
365 m, 315 m, 250 m, and 190 m respectively. At each segment, an observer was placed to record the
time when the volunteer passing.

S15m 365 m

N5m

190 m

Figure 4. Segment of the simulated route.
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gwas found that in average, the walking speed was 1.419 m/s or equivalent to 85.14 m/minute. Data
of the average walking time and speed among the age group interval is shown in Table 1. It can be
seen in Table 1 that, the walking speed of the volunteers were varying by age group and by segment of
the route. The mean of walking speed of those who are in the age group up to 10 years old was 80.94
m/minute or equivalent to 1.349 m/s. The mean of walking speed for age group 20-60 years old was
90.32 m/minute or equivalent to 1.505 m/s whilst age group > 60 years old was 84.13 m/minute or




equivalent to 1.402 m/s. However, the standard deviation of the up to 10 and > 60 groups much larger
than the 20-60 group (1425 m/minutes and 22.26 m/minutes respectively compared to 3.01
m/minute). Overall the average walking speed was 85.13 m/minute or equivalent to 1.419 m/s.

Table 1. Distribution of the average walking time and speed by Age Group

No. Distance Average Walking Time Average Walking Speed
(m) (minute) (m/minute)

<10 20-40 > 60 <10 20-40 >060

1 515 6.11 5.59 7.00 8429 9213 7357
2 365 372 3.90 3.00 9812 93.59 121.67
3 315 533 3.68 4.00 59.10 8560 7875
4 250 2.93 277 3.00 8532 9025 833
5 190 2.44 2.11 3.00 77.87 9005 6333
Average 80.94 9032 8413

When the walking speed of male and female being compared, the walking speed of male was found
to be 10% higher than female as shown in Table 2. In this case, only male and female at the 20-40 age
interval groups being compared. The average walking speed of male was 96.34 m/minute or
equivalent to 1.606 m/s whilst female was 86.89 m/minute or equivalent to 1.448 m/s.

Table 2. Comparison walking speed of Male and Female

No. Distance Average Walking Time Average Walking Speed
(m) (minute) (m/minute)

Male Female Male Female

1 515 520 586 99.13 87.88

2 365 3.57 412 102.38 88.52

3 315 337 3.88 93.61 81.12

4 250 2.82 273 88.65 91.46

> 190 1.94 2.22 97.94 8546

Average 96.34 86.89

The findings of this study are slightly higher then Rienne et al. (2010) and much higher compared to
Abustan (2013). However, Rienne et al. (2010) and Abustan (2013) observed walking speed on a
normal situation where people walking at their normal speed.

5. Conclusion

This paper presents the result of a simulation of tsunami evacuation in Padang, West Sumatera,
Indonesia. The study found that the average walking speed during the simulated evacuation was 1.419
m/s. The walking speed differs by age group and gender. Those who are in the age group 20 - 40 years
old was 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
hurry, the profile of the walking is higher than previous studies on walking speed of pedestrian on a
normal day.
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