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ABSTRACT: The traffic of the tsunami evacuation route is an essential aspect of disaster mitigation. This
relates to minimizing the possibility of fatalities and property damage as well as preparing communities to be
resilient to disasters. This also refers to the accessibility of a body of water as measured by its length, type,
and position along the coast. There are numerous roads that serve as evacuation routes for the earthquake and
tsunami disasters in the present day, but their conditions are lacking. Furthermore, there has been no detailed
research on the monitoring of the tsunami evacuation route in Padang City. Moreover, Padang City is
extremely vulnerable to earthquakes and tsunamis based on its past and its possibility of future natural
disasters. This research used a quantitative survey with scoring and analysis of Open Route Services (ORS)
tools in the QGIS application. The results indicated that the road accessibility for cars was in priority 1 with a
score of 28,02%, meanwhile the accessibility for motorbikes and pedestrian was in priority 1 with a score
0f100%. Therefore, it is not optimal for two vehicles to share the same road channel simultaneously. The
tsunami-safe zone is located in the relatively elevated eastern area of Padang City. This study also identified
and recommended which sections of the road must be enhanced for the tsunami evacuation route in priority
1.
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1. INTRODUCTION Padang City is in close range to the Semangko
great fault and the Mentawai megathrust fault
Padang City is located at 0° 44' 00"-1° 08' 35" lines, as seen on the Geological Map and Active
south latitude and 100° 05' 05"-100° 34' 09" east Fault Map of Indonesia [3]. Therefore, it is more
longitude. The location is positioned in a tropical likely that seismic phenomena occur frequently. In
area near the equator. Padang has a variety of relief 2009, a 7.6-magnitude earthquake occurred in
conditions. From west to east, the Padang Padang, Indonesia, and in 2010, a 7.7-magnitude
City appears to have a flat relief, while the east earthquake in Mentawai, Indonesia, that triggered
coast, which is part of the Bukit Barisan a tsunami. The Mentawai province experienced a
Mountains, is steep [1]. This impacts the land use magnitude 7.3 earthquake on April 24, 2013. This
distribution of densely populated coastal places Padang City prone to natural disasters,
communities. There were numerous types of including earthquakes and tsunamis [4]. Based on
services, including business, government offices, the data mentioned earlier, Regional Disaster
and education. On the eastern side, the Kerinci Management Agency (Badan Penanggulangan
Seblat National Park still covers the natural forest Bencana Daerah — BPBD) released in 2013 an
of the Bukit Barisan Mountains. index of seismic and tsunami vulnerability
The Padang City has a probability factor of 4 in indicating a high level of vulnerability. According
the tsunami emergengy plan document, indicating to seismicity data obtained from the United States
that 60 to 80 % of the potential disaster is likely to Geological Survey (USGS), Padang City
occur. Padang is one of many Indonesian experienced 246 earthquakes in 2014, with
communities with a 60% chance of being impacted magnitudes that extend from damaging to serious
by an earthquake and tsunami. The Padang City is (magnitude 5 to 8 SR).
a coastal area that faces the Indian Ocean; Earthquakes are one of the events that occur
alongside the city of Padang is a subduction zone when the earth's plates move convergently,
that can cause destructive earthquakes and divergently, or transformatively due to an
tsunamis [2]. endogenous force. In addition to rock fractures,
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cave collapses, and volcanic eruptions, tectonic
deformation  activities can also  produce
earthquakes. Seismicity in the Padang City is,
however, primarily due to the presence of
earthquake faults, as indicated by its historical
occurrence. According to geologists, Padang City
is also classified as an earthquake-prone region.
Because it is located between two active
earthquake sources, namely the meeting of the
Australian and Eurasian tectonic plates and the
Semangko Fault along the Sumatra island [5].

According to observational studies, several
locations in Padang City have placed traffic signs
with  tsunami  hazard warning information
(evacuation road). Based on SNI 7743-2011
regarding Signs, evacuation information signs are
equipment in a specific format that produces
letters, symbols, numbers, and sentences to
provide warnings of movement actions and rescue
people from dangerous areas to safe areas [6].
These signs cover Dadok Tunggul Hitam disctric,
Tabing disctric, Ampang area distric, and Andalas
disctric. Areas included in the tsunami safe zone
have also been designed to notify the public that
the area is already a green zone (safe tsunami
prediction). The signs can be seenat some
location, including Simpang By Pass area, Dadok
Tunggul Hitam area, Lubuk Minturun area, and
Limau Manis area. The eastern area of Padang
City is higher in elevation than the western area, as
determined by spatial identification. Moreover, the
majority of Padang City's coastline is less than 5
meters above sea level [7]. Community literacy
should continue to be maintained using
informational signs indicating tsunami-prone
areas, tsunami evacuation routes, and tsunami-safe
zones.

Geographic Information System (GIS) is one of
the supplementary technologies in Geography.
Using geographic analysis, geographic information
systems are useful for mapping, planning,
monitoring, and evaluating [8]. Geographic
Information System (GIS) is currently gaining a lot
of public interest. Because GIS is able to discover
many objects that exist on the earth's surface [9].
Particularly in the fields of agriculture, forestry,
urban planning, maritime, and many other fields.

GIS is frequently used in community
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development to assist in decision-making and
creating policies [10], [11]. The findings in the
field showed that there are still only a few roads
that become highlights. It is not impossible that
there are many roads that are incidentally
important routes for evacuating tsunami safe areas,
but are not treated as important roads to be
improved as they are designated, considering that
every disaster must refer to the quantity of loss of
life and property (material). Therefore, the
government of Padang City needs to utilize GIS to
monitor the access of tsunami evacuation routes in
order to increase regional resilience in the
preparation of emergency plans for natural
disasters, particularly earthquakes and tsunamis.

2. RESEARCH METHODS

This research is a descriptive survey research.
The research methods used is spatial analysis and
monitoring of road traffic in Padang. The research
was conducted in Padang City using secondary
data obtained from administrative maps, DEM
data, Road Networks, and the Padang City
Tsunami Vulnerability Map. QGIS used Network
Analysis [12] on ORS (open route services) Tools
[13] to process input data. In the field, primary
data is obtained by measuring width samples and
road class conditions. The collected data was
analyzed with the QGIS application. Using
cartographic principles, 3.27 is then displayed as a
map

3. RESULTS AND DISCUSSION
3.1 Initial Study

Initial study was conducted to collect primary
and secondary data, input data, and field
observation data. The road conditions in the Dadok
Tunggul Hitam, Ampang, and Tabing districts
were observed in this study. The primary and
secondary data collected refer to the Padang City's

roads, DEM, and administration map. The
following research flowchart provides further
details.
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Fig 1 Research Flowchart

In the illustration above, the research process
is shown from beginning to the end. Data
analysis and presentation using scoring analysis
and map data presentation using cartographic
principles. The spatial conditions of Padang,
particularly land use, were considered in the
spatial study.

3.2. Evaluation of Road Traffic

The road is a type of infrastructure that serves
as a link from one location to another. Traffic is
the capacity of a road to facilitate passing loads.
Road traffic is the capacity of a section of road to
serve traffic flow requirements in accordance with
its function, as measured by road service level
standards [14]. According to the physical
characteristics of the road, each road has a unique
capacity to accommodate the load that passes it.
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Many factors influence road traffic, including the
physical condition of a location, the population,
the road's length, and its function. Therefore,
evaluation and monitoring of road traffics are
necessary. The 2011 earthquake and tsunami in
Tohoku, Japan, demonstrated the significance of
road traffic for evacuation in addition to their
function as seawalls [15]. In this study,
monitoring of road traffics is used to evaluate the
tsunami  evacuation route  for  various
transportation  facilities and vehicle types
in Padang City.

It is essential to monitor road accessibility in
order to assess the condition of the road itself.
Several parameters, including road function/type,
road length, and demographic activity along the
road, are analyzed spatially utilizing a geographic
information system when monitoring road
accessibility.
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Table 1. Monitoring Classification of Road Accessibility

No Variable Indicator Scoring Decsription
1 Road type Path 1 Not accessible by vehicles, both cars and motorbikes.
Local 2 It can be accessed smoothly by motorbikes, but can only accommodate a
limited number of cars.
Collector 3 It can be accessed smoothly by motorbikes and cars, but there are obstacles
if they are passed simultaneously.
Ring road 4 Can be accessed smoothly by motorbikes and cars.
2 Road length <3m 1 Not accessible by vehicles, both cars and motorbikes.
3-6m 2 It can be accessed smoothly by motorbikes, but can only accommodate a
limited number of cars.
7-8m 3 It can be accessed smoothly by motorbikes and cars, but there are obstacles
if they are passed simultaneously.
>8m 4 Can be accessed smoothly by motorbikes and cars.
3 Road Horizontal 1 This path is alongside to the coastline.
Direction
(towards the
coastline)
Vertical 2 This path is opposite to the coastline.

Source: modified from [16] and [17]
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Fig 2 Monitoring of Road Traffic for Tsunami Disaster Evacuation for Cars
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Table 3. Monitoring of The Road and Priority Scale for Cars

No Road Monitoring Priority Scale
Road’s Name Type Length (m) Road Total Score 1 2 3
Direction
(towards the
beach)

1. S. Parman Street Ring Road 9m Horizontal 8 v

2. Jhoni Anwar Street Collector 7m Vertical 8 v

3. Raden Saleh Street Ring Road 9m Vertical 10 4

4. Khatib Sulaiman Street Ring Road 9m Horizontal 9 v

5. Ampang Raya Street Ring Road 10m Vertical 10 v

6. Adinegoro Street Ring Road 9m Horizontal 9 v

7. Ahmad Yani Street Local 6m Vertical 6 v

8. Sudirman Street Collector 8m Horizontal 7 v

9. Sawahan Street Collector 8m Vertical 8 v

10. Proklamasi Street Collector 7m Vertical 8 v

11. Air Camar Street Collector 7m Vertical 8 v

12. Padang-Painan Highway Ring Road 8m Horizonal 8 4

13. Bypass Street Ring Road 10m Vertical 10 v

14. Siti Nurbaya Street Local 5m Vertical 6 v

15. Tanjung Priok Street Local 6m Horizontal 5 v

16. Samudra Street Collector 8m Horizontal 7 v

17. HOS Cokroaminoto Street Local 6m Vertical 6 v

18. Robert Wolter Monginsidi Local 6m Vertical 6 v

Street

19. Church Street Local 6m Vertical 6 v

20. Moh. Yamin Street Local 6m Vertical 6 4

21. Bundo Kanduang Street Local 6m Vertical 6 v

22. Karya Street Local 5m Vertical 6 4

23. Koto Marapak Street Local 5m Vertical 6 v

24, Damar 1 Street Local 5m Vertical 6 v

25. Olo Ladang Street Local 5m Vertical 6 v

26. Bandar Purus Street Local 6m Horizontal 5 v

27. Teuku Umar Street Local 6m Horizontal 5 v

28. Gadjah Mada Street Local 6m Horizontal 5 v

29. Penjernihan Street Local 5m Vertical 6 v

30. Siteba Highway Local 6m Vertical 6 4

31 Kemayoran Street Local 5m Vertical 5 4

32. Perjuangan Street Local 5m Vertical 6 v

33. Kurau Raya Street Lokal 5m Vertical 6 v

34. Bhayangkara Street Local 5m Vertical 6 v

35. Pasir Jambak Street Local 5m Horizontal 5 v

36. Ikur Koto Street Local 6m Vertical 6 v

37. Padang Sarai Street Local 5m Vertical 6 4

38. Evakuasi Street Local 5m Vertical 6 4

39. Setapak Street Path 2m Horizontal 3 4
Source: Results of data analysis, 2023.

Based on Figure 2 and Table 3, the priority leading to tsunami-safe zones are suitable for cars.

scale for tsunami evacuation roads for cars is Only 28.2% of the thirty-nine roads analyzed are
ranged from 1 to 3. This implied that not all roads included in priority 1. Furthermore, 69.23% are
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categorized as priority 2 and 0.025% are
categorized as priority 3. Due to the population
density in the area, it is necessary to increase road
traffic on priority 1, which is still below 50%. This
requires a wide, paved road that is readily
accessed by four wheels for one vehicle or two
vehicles traveling simultaneously on two lanes to a
tsunami safe zone.

According to field observations, the condition
of the road was covered with asphalt/concrete. The

elevation is also not a steep area. This condition is
essential for facilitating or accelerating traffic flow
on tsunami evacuation routes. The location and
quantity of traffic signs and informational displays
must always be evaluated. The community of
Padang City must also know if there is information
regarding the possibility of a tsunami, and if the
road leading to a tsunami-safe location will be a
one-way street.

=
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Fig 3 Monitoring of Road Traffic for Tsunami Disaster Evacuation for Motorbikes

Table 4. Monitoring of The Road and Priority Scale fo Motorbikes

No Road Monitoring Priority Scale

Road’s Name Type Length (m) Road Total Score 1 2 3

Direction
(towards the
beach)

1. Adinegoro Street Ring Road 9m Horizontal 9 4
2. Padang Sarai Street Local 5m Vertical 6 4
3. Teritis Street Local 5m Horizontal 5 4
4. Evakuasi Street Local 5m Vertical 6 4
5. Bungo Tanjuang Street Local 4m Vertical 6 4
6. Bhayangkara Street Local 5m Vertical 6 v
7. Lubuk Gading Permai 3 Street Local 4m Vertical 6 v
8. Anak Air Street Local 6m Vertical 6 v

29




Sumatra Journal of Disaster, Geography and Geography Education June, 2023. VVol.7. No.1. pp. 24-34
Disaster, Geography, Geography Education http://sjdgge.ppj.unp.ac.id/index.php/Sjdgge
ISSN : 2580 - 4030 ( Print) 2580 - 1775 ( Online), Indonesia

9. Kampung Jambak Highway Local 6m Vertical 6 v
10. Pasia Nan Tigo Street Local 5m Horizontal 5 v
11. Ikua Koto Street Local 6m Vertical 6 v
12. Bronco Street Local 4m Vertical 6 v
13. Taruko 4 Local 4m Vertical 6 v
14. Kemayoran Street Local 5m Vertical 6 v
15. Kurau Highway Local 5m Vertical 6 4
16. Siteba Highway Local 6m Vertical 6 4
17. Lolong Karan Street Local 6m Vertical 6 4
18. Jhoni Anwar Street Collector 7m Vertical 8 4
19. Koto Marapak Street Local 6m Vertical 6 4
20. Damar 1 Street Local 6m Vertical 6 4
21. Olo Ladang Street Local 6m Vertical 6 7
22. Bandar Purus Street Local 6m Horizontal 6 7
23 Prof Dr. Hamka Street Ring Road 10m Horizontal 9 7
24 Siti Nurbaya Street Local 5m Vertical 6 7
25 Tanjung Priok Street Local 6m Horizontal 5 7
26 Samudra Street Collector 8m Horizontal 7 7
27 HOS Cokroaminoto Street Local 6m Vertical 6 7
28 Robert Wolter Monginsidi Local 6m Vertical 6 v
Street
29 Gereja Street Local 5m Vertical 6 7
30 M. Yamin Street Local 6m Vertical 6 7
31 Teuku Umar Street Local 6m Horizontal 6 7
32 Gadjah Mada Street Local 6m Horizontal 6 7
33 Penjernihan Street Local 5m Vertical 6 7
34 S. Parman Street Ring Road 9m Horizontal 9 v
35 Raden Saleh Street Ring Road 9m Vertical 10 v
36 Khatib Sulaiman Street Ring Road 10m Horizontal 9 v
37 Ampang Highway Ring Road 10m Vertical 10 4
38 Ahmad Yani Street Local 6m Vertical 6 v
39 Jendral Sudirman Street Collector 8m Horizontal 7 v
40 Sawahan Street Collector 8m Vertical 8 v
41 Proklamasi Street Collector 7m Vertical 8 7
42 Air Camar Street Collector 7m Vertical 8 7
43 Padang-Painan Highway Ring Road 8m Horizontal 8 7
44 Bundo Kanduang Street Local 5m Vertical 6 7
45 Karya Street Local 5m Vertical 6 4
Source: Results of data analysis, 2023.
According to Figure 3 and Table 4, all of the challenges because motorbikes can navigate even
roads that served as tsunami evacuation routes in tight roads. The present roads in Padang City that
Padang City have a priority scale of 1 because they serve as tsunami evacuation routes are therefore

are influenced by road function type and road suitable for motorbikes.
length, allowing motorbikes to cross. The
infrastructure is good, and there are nearly no
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Fig 4 Monitoring of Road Traffic for Tsunami Disaster Evacuation for Pedestrian

Table 5. Monitoring of The Road and Priority Scale for Pedestrian

No Road Monitoring Priority Scale
Road’s Name Type Length (m) _Roaq Total Score 1 2 3
Direction
(towards the
beach)
1. Adinegoro Street Ring Road 9m Horizontal 9 v
2. Padang Sarai Street Local 5m Vertical 6 4
3. Teritis Street Local 5m Horizontal 5 v
4. Evakuasi Street Local 5m Vertical 6 v
5. Bungo Tanjuang Street Local 4m Vertical 6 4
6. Bhayangkara Street Local 5m Vertical 6 v
7. Lubuk Gading Permai 3 Street Local 4m Vertical 6 v
8. Anak Air Street Local 6m Vertical 6 v
9. Kampung Jambak Highway Local 6m Vertical 6 4
10. Pasia Nan Tigo Street Local 5m Horizontal 5 4
11. Ikua Koto Street Local 6m Vertical 6 4
12. Bronco Street Local 4m Vertical 6 4
13. Taruko 4 Local 4m Vertical 6 4
14. Kemayoran Street Local 5m Vertical 6 4
15. Kurau Highway Local 5m Vertical 6 v
16. Siteba Highway Local 6m Vertical 6 v
17. Lolong Karan Street Local 6m Vertical 6 v
18. Jhoni Anwar Street Collector 7m Vertical 8 v
19. Koto Marapak Street Local 6m Vertical 6 v
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20. Damar 1 Street Local
21. Olo Ladang Street Local
22. Bandar Purus Street Local
23 Prof Dr. Hamka Street Ring Road
24 Siti Nurbaya Street Local
25 Tanjung Priok Street Local
26 Samudra Street Collector
27 HOS Cokroaminoto Street Local
28 Robert Wolter Monginsidi Local
Street
29 Gereja Street Local
30 M. Yamin Street Local
31 Teuku Umar Street Local
32 Gadjah Mada Street Local
33 Penjernihan Street Local
34 S. Parman Street Ring Road
35 Raden Saleh Street Ring Road
36 Khatib Sulaiman Street Ring Road
37 Ampang Highway Ring Road
38 Ahmad Yani Street Local
39 Jendral Sudirman Street Collector
40 Sawahan Street Collector
41 Proklamasi Street Collector
42 Air Camar Street Collector
43 Padang-Painan Highway Ring Road
44 Bundo Kanduang Street Local
45 Karya Street Local

6m Vertical 6 v
6m Vertical 6 v
6m Horizontal 6 v
10m Horizontal 9 v
5m Vertical 6 v
6m Horizontal 5 v
8m Horizontal 7 v
6m Vertical 6 v
6m Vertical 6 v
5m Vertical 6 v
6m Vertical 6 v
6m Horizontal 6 v
6m Horizontal 6 4
5m Vertical 6 4
9m Horizontal 9 4
9m Vertical 10 v
10m Horizontal 9 4
10m Vertical 10 4
6m Vertical 6 v
8m Horizontal 7 v
8m Vertical 8 v
7m Vertical 8 v
7m Vertical 8 v
8m Horizontal 8 v
5m Vertical 6 v
5m Vertical 6 V4

Source: Results of data analysis, 2023.

Based on Figure 4 and Table 5, all of the roads
that served as tsunami evacuation routes in Padang
City have a priority scale of 1, indicating that all of
the identified tsunami evacuation routes are
suitable for pedestrian traffic. All of the roads can
be utilized by pedestrians to move away from the
coastline and towards the tsunami safe zone if the
physical condition and function of the roads are
maintained.

3.3 Discussion

Padang is one of the cities with a high level of
vulnerability to tsunamis [18], as it is located in a
plate subduction zone and thus has a high potential
for oceanic earthquakes, which increase the
probability of a tsunami [19]. The majority of
Padang's populations live in coastal areas [20], so
they require tsunami evacuation routes as a
measure against natural disasters.

The road network plays a significant role in
tsunami evacuation route planning [21]. The
primary function of the road network, from a
spatial perspective, is to connect one location to
another. Effective tsunami evacuation routes can
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be identified through spatial network analysis [22],
and the traffic of roads identified as tsunami
evacuation routes can be evaluated further.

The spatial network analysis was conducted
using a Geographic Information System (GIS)
capable of calculating and estimating tsunami
evacuation routes based on distance traveled [23].
Then, using the Open Route Services tool, which
is linked to the Google Maps server, distance
calculations and estimated travel time can identify
effective tsunami evacuation routes, making them
very useful for determining tsunami disaster
mitigation policies in coastal areas [24].

Monitoring the road traffic to the tsunami
evacuation route based on the types of
transportation  generally  utilized by the
community, namely: 1) four-wheeled vehicles
(cars), 2) two-wheeled vehicles (motorbikes), and
3) pedestrian facilities [25]. Then, the function of
the road [26], the length of the road [27], and the
position of the road to the coastline are used to
determine the priority route for road traffics in
tsunami evacuation.

The results of the study indicated that
transportation mode such as cars, have many
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challenges, with ring road and collector road
dominating the lanes with priority 1 for cars. This
is because length of ring road and collector roads
allows cars to cross when a tsunami warning is
issued [28].

This regulation also applies to motorbikes
because the weight and physical structure of
motorbikes are lighter and more compact than cars
[29], so that all tsunami evacuation routes in
Padang City can be accessed entirely by
motorbikes with a priority scale of 1.

Then, for pedestrian facilities, all identified
tsunami evacuation routes are accessible to
pedestrians with a priority scale of 1. In this
research, routes to be accessed by pedestrians and
vehicles are separated, i.e., road corridors are
divided for pedestrians and motorbike drivers.
Also considering the width of the current road[30],
to minimize overcrowding of vehicles and
population using the same route, so that every
vehicle and pedestrian may move through the
evacuation route without experiencing too much
inconvenience.

4. CONCLUSION

In Padang City, road traffic for tsunami
evacuation routes has different results for cars,
motorbikes, and pedestrians. There are still many
routes that have not become priority 1 for cars.
Considering population density and the importance
of mitigating or reducing fatalities, this is a
recommendation for local governments to manage
the road traffic. Priority 1 is assigned to the
conditions of all motorbikes and pedestrian paths.
The variable condition of road traffic has been
met, and motoribikes and pedestrian traffic is
sufficient to support road traffic for tsunami
evacuation. This research suggests to maintain and
improve the sidewalks, both for public facilities
and for tsunami evacuation.

Padang City will need to inform the public in
the future if there is a possibility of a tsunami
caused by road traffic. This is to facilitate the
mobility of self-evacuation, including whether or
not two or more opposing lanes may become one-
way lanes to a tsunami-safe location. The
experience of the serious earthquake disasters in
2009 and 2010 should serve as a lesson in how to
improve the efficient evacuation of population
independently as disaster resilience for the
community in Padang City.
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