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Abstract. One of the critical actions in catastrophe conditions is how to evacuate effectively.
However, instead of horizontal evacuation, vertical evacuation is the better protective action.
This research aims to evaluate the vertical evacuation for pedestrians near field tsunami using
agent-based modelling (ABM). The data was obtained from the Tsunami disaster in Banten in
2018, such as milling time, walking speed, shelter location and tsunami wave. We evaluated
the effectiveness of evacuation regarding the number of people evacuated safely and the
mortality rate. Some scenarios was evaluated with various parameters. This research reveals
that milling time and walking speed are critical points to create good vertical evacuation.

1. Introduction

Indonesia is one of archipelago country with many active volcanoes. Also, it is located in the ring of
fire which is surrounded by three world tectonic plates, namely the Indo-Australian Plate, the Eurasian
Plate and the Pacific Plate. The volcanic activity causes catastrophic eruptions, while the activity of
tectonic plate may cause earthquakes and tsunamis[1]. The impact of the disaster is in the high risk
category. The data show that the total number of people exposed to the risk of tsunami disaster in
Indonesia is 4,102,406 people in all provinces in Indonesia with a potential loss of IDR 879
Trillion[2]. One of the areas that has a risk of earthquake and tsunami threat is Banten Province with
the potential for earthquake and tsunami losses calculated to reach 148,390 people[1].

These risks can’t be avoided, but their impact should be minimized. The way to minimize the
catastrophe’s risk is evacuation. Afew of studies attempt to analyze how to carry out an effective
evacuation[3-5]. However, these researchesare still limited to hurricane disasters.

Furthermore, as an effort in terms of planning an effective evacuation strategyis necessary to know
the behaviour disaster evacuation. The agent based model (ABM) approach is the appropriate model to
determine evacuation behaviour during disasters such as explosions[6], excavations[7], fires[8,9],
volcanoes [10], earthquakes[11,12], as well as earthquakes and tsunamis[13].

Unlike other disasters, tsunamis take approximately 20-40 minutes after the initial earthquake and
generally have limited time to provide early warnings before the disaster strikes [14]. Thus the
evacuation will be different. Research that discusses tsunami evacuation is carried out by [15] where
evacuation is carried out using vertical evacuation with the help of a tsunami evacuation building
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(TEB). this study only simulates the effectiveness of buildings in saving people. On the other hand,
the effectiveness of evacuation is strongly influenced by human behaviour[16-18] during early
warning, during a disaster and after a disaster with factors that influence, including age, gender
[19,20], early evacuation and location safe [20] .

Thus, research is needed to examine the effectiveness of evacuation that focuses on human
behaviour in responding to disaster information. While one of the approaches used is the agent based
model (ABM). Research using ABM has been carried out, where this study focuses on the behaviour
of individual agents[21,22]compared to the community, because it is closer to reality. While other
studies add the agent's behaviour on foot [23] or the interaction between car and walking
transportation modes[14,22,24,25]. However, the car mode of transportation creates a new problem,
namely overcrowding which can cause a slowdown in evacuation, so[26]suggests evacuating by foot.

In this study, observations were made for the evacuation of walking with the consideration of
avoiding overcrowding during evacuation. As a consideration in the evacuation, evaluate evacuation
routes, shelter locations. Thus, this study will develop a model that can help to identify the vertical
behaviour of earthquake and tsunami evacuation for walkers using an agent-based model (ABM)
approach.

2. Methods
The object of this research is the behaviour of earthquake and tsunami evacuation based on age,
gender, occupation, shelter location, shelter capacity. To develop this simulation model, it involved the
participation of communities disaster-affected by the earthquake and tsunami in Carita Beach, Banten.
The model evaluates the interactions that occur between evacuating groups and walker evacuation
behaviour. For research stages are: (1) identify the behaviour of the earthquake and tsunami mode, (2)
conduct focus group discussion (FGD) on disaster evacuation behabiour for pedestrians in Carita
Beach, Banten, (3) determine of agents, (4) using computational agent-based model simulation
(ABMS), and (5) determine the best alternative solution.

In this study, the agents involved were evacuees and tsunamis with the explanations as shown in
Table 1. While the description of the model showed in Table 2.

Table 1. Agents of Model
Agents Functionalities

Evacuees Represents the people in the vulnerable area. In the simulation, the number of
evacuee agents is taken between 300 and 500. The speed of evacuees is taken by
various parameters.

Tsunami Represents the tsunami. For initial tsunami is random at speed defined based on
the various parameters.

Table 2. Description of Model

Agents State Action behaviour
Evacuees Alive, in motion, dead Walk towards the When the agents see
shelters, die the tsunami
indication, they
walk toward the
shelters
Tsunami Propagate, stop propagate, Disperse, affect the The tsunami starts
affect evacuees evacuees at the beginning of
simulation and
disperse with the
time.
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Based on the literature review stage, this study uses several parameters and simulation scenarios.
The scenarios are divided into three which differ on the parameters used. For details as in Table 3.

Table 3. Paremeter dan Scenarios

Parameter Scenario A Scenario B Scenario C
Walking speed 1ms? 1.5 ms? 2,5ms?
Tsunami speed 5ms? 5ms? 5ms?
Milling time 10 minutes 10 minutes 10 minutes
Location Shelter 5 in random 5 in random 5 in random
Capacity/Shelter Undefined Undefined Undefined

3. Results and Discussion

For three scenarios, the results are shown in figure 1. Number of survived evacuees is depend on
walking speed that she/he took. In scenario C with walking speed that is fastest than the others, It gets
the best result with 441 alive evacuees (59 missing persons). In other hand, the worst result is scenario
A with 399 alived evacuees. From these scenarios reveals that with lower walking speed-represents
the physical ability- impacts on high mortality rate.
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Figure 1. Number of evacuees based on three scenarios

Furthermore, Figure 2 shows the number of evacuees with scenario C in longer milling time (20
minutes). For this scenario, the number of alived evacuees is higher than scenario C in shorter milling

time (10 minutes) with 452 and 441 refugees respectively. These means the impact maximum of
milling time on mortality rate is lower.
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Number of evacuees (Scenario C with milling time 20 m)
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Figure 2. Number of evacuees based on scenario C with mlling time 20 minutes

4. Conclusions

In this paper, we conducted a framework the vertical evacuation behavioural for near-field tsunami
using agent based model. Focusing on both milling time and walking speed, this research reveals that
both of them are critical points that impact on mortality rate. It means that maximum milling time and
walking speed impact on good vertical evacuation.
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