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Summary. This study aims to map potential tsunami areas, evacuation routes and gathering points
in Sikka District, East Nusa Tenggara Indonesia. Mapping is carried out using geographic information
systems through a tsunami vulnerability analysis approach. The vulnerability approach is conducted
using some criteria including land elevation, slope, land use, distance from the coastline, and distance
from rivers. Population factors are also used to determine the level of tsunami risk. Overall, the
coastal areas of Sikka District are potentially at risk of tsunami. The level of potential is very high in
the northern coastal areas of Magepanda Regency, West Alok District, Alok District, East Alok Dis-
trict, Kangae District, Kewapante District, Waigete District, Talibura District and some small islands
in the north of Sikka District, namely Pemana Island, Big Island, and Babi Island. Areas with high
vulnerability are mostly found on the north coast and a small part on the south coast. These areas with
a very high and high level of risk are still relatively small, which is about 6% of the total area of Sikka
District. However, these potential areas are in a dense residential area, therefore tsunami mitigation
has been developed in the form of comprehensive evacuation routes and gathering points to reduce
the negative impact of tsunamis. The earthquake event used as a reference is with a magnitude of 7.3
on the Richter scale at a depth of 114 km north of Sikka District.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The Indonesian archipelago is highly prone to
earthquakes and tsunamis. Being densely populated,
the Indonesian archipelago has more persons ex-
posed to such geophysical hazards than any other
country in the world (Dhellemmes et al., 2021; Hall
et al., 2022). Some major geophysical disasters have
occurred in the region including the 2004 Indian
Ocean ecarthquake and tsunami that killed over
165,000 people of Indonesia, making it one of the
deadliest socio-natural disasters in the 21% century
(Hall et al., 2022; BNPB, 2012).

To minimize the impact of tsunamis on the
community, a number of studies have been con-
ducted to investigate and develop tsunami mitiga-
tion models for some regions in Indonesia. Areas
covered in the studies include Banda Aceh
(Agussaini et al., 2022; Nurhayaty et al., 2015),
Palu Bay (Imran et al., 2020), Pangandaran beach-
West Java (Faiqoh et al., 2013), Padang city-West
Sumatera (Imamura et al., 2012), Manacarra beach-
West Sulawesi (Baeda, et al., 2015), and Labuan
Bajo-East Nusa Tenggara (Wibowo, 2022). Such
studies have provided the society including the

government with more obvious tsunami mitigation
concept and better mitigation strategies to minimize
the negative effects of potential tsunami hazards in
the future.

Sikka District, which is a part of the East Nusa
Tenggara Province, is an area with a fairly high level
of tsunami risk because this area is close to the sub-
duction zone of the Australian and Eurasian tectonic
plates and is influenced by active faults along the
Flores Island (Fauzy, 2006; Sengaji and Nababan,
2009). Sengaji and Nababan (2009) have made tsu-
nami level map in Sikka region but the authors have
not investigated in details the tsunami disaster miti-
gation efforts, namely the process of seeking various
preventive measures to minimize the negative im-
pact of the tsunami disaster. Hence, the purpose of
the present work is to map the level of potential
Tsunami disaster and map evacuation routes and
gathering points of potential Tsunami areas in Sikka
District. The map will be made by applying the re-
mote sensing systems and geographic information,
which was previously used to map the tsunami po-
tential map in Kupang Regency, East Nusa Tenggara
(Rumaal et al., 2018).
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METHOD

Database Building

Extensive data processing is carried out by col-
lecting data from various sources which are then
processed to obtain each parameter, namely Digital
Elevation Model (DEM) data producing slope maps,
elevation, distance from rivers and Landsat 8 image
data (Band 4, 3, 2, & 8) for land cover maps, and
coastline data producing distance maps from the
coastline. Meanwhile, the preparation of evacuation
route maps and gathering points uses Sikka District
Road Network data and local building data. Areas at
risk of tsunami impact can also be identified through
population density at each monitoring location (Jul-
karnaen 2008; Sinaga et al., 2011).

Scoring and Weighting of Potential Levels

The rating and weighting system for each pa-
rameter corresponds to the influence exerted on the
tsunami disaster, the greater the effect, the greater
the weight, and vice versa, the smaller the influence,
the smaller the weight (Papathoma et al., 2003;
Irfani, 2002).

Spatial analysis is used for the determination of
tsunami potential using the CBM method, both to
classify and to overlay each parameter obtained. All
parameters used will be in a grid format consisting
of a set of cells. Each cell has a certain value, the
magnitude of which depends on the magnitude of
each parameter. In determining the level of vulnera-
bility, calculations are also carried out by assigning
scores and weights to each parameter. The score is
multiplied by the weight used in each parameter.
The value of each class is based on the following
formula (Muzaki et al., 2009):

N=3% BixSi (1)
where:

N= Total value weight

Bi = Weight on each criterion

Si = Score on each criterion

I =i parameter

Furthermore, it is grouped based on its value in-
to five classes (zones) namely very high potential,
high, intermediate, low and very low potential. The
interval of each class is obtained from the number of
maximum value multiplications of each weight and
score minus the number of minimum value multipli-
cations which are then divided by the number of pa-
rameters used. Mathematically, the interval of tsu-
nami vulnerability level classes is formulated as fol-
lows (Muzaki et al., 2009):

Hose width class (L) _ Z (Bi x Si) max — (Bi x Si)min (

2)

n

where:
L = Hose grade width
n = Number of classes
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Data Interpretation

Data interpretation is carried out qualitatively
and quantitatively by separating each vulnerability
map, namely for vulnerability according to land
cover map, slope, altitude, distance from coastline,
and distance from rivers. The impact of tsunami in-
security in terms of population density is interpreted
in a similar way (Eddy, 2006; Muck, 2008).

RESULTS AND DISCUSSION

Map of the Study Area

Sikka District is located between 8°22' to 8°50'
south latitude and 121°55'40" to 122°41'30" east longi-
tude. Administratively, the boundaries of Sikka District
are north of the Flores Sea, south of the Sawu Sea and
the west is bordered by Ende District and east of East
Flores District. Sikka District consists of 21 sub-districts
covering 13 villages, and has an area of 7,552.91 km?
consisting of 1,731.90 km? of land area and 5,821 km?
of sea area. The study area is presented in Fig. 1.

Slope

Slope is an important parameter in determining
tsunami potential, the steeper a landmass, the higher
the lower the rise (Sambah and Miura, 2014). In this
study, the slope weighed 20%. The slope is derived
from elevation using the Surface analyst function on
the analyst's spatial menu. The slope map is visualized
in Fig. 2.

The areas of the slope mapping results of Sikka
District are depicted in Table 1.

Table 1

Potential Slope Area of Sikka District Elevation

No Potential Level Class Area (km?)
1 Very Low > 40% 4.745
2 Low 15 - 40% 672.6
3 Intermediate 6-15% 675.87
4 | Tall 2-6% 220.83
5 Very High 0-2% 79.199

The elevation classification is divided into 5
classes, namely very high class (< 10m), high class
(10 - 25 m), medium (25 - 50m), low (50 - 150m),
and very low (>150m). Fig. 3 shows the elevation
map while the area of elevation classes in Sikka Dis-
trict is presented in Table 2.

Table 2

Area of elevation potential of Sikka District

No | Potential Level Class Area (km?)
1 Very Low >150 m 1389.3
2 | Low 50-150 m 126.46
3 | Intermediate 25-50m 74.33
4 | Tall 10-25m 76.07
5 | Very High >10 m 20.21




H.L.Sianturi et al. | ANAS Transactions, Earth Sciences 2 /2024, 57-67; DOI: 10.33677/ggianas20240200126

e, o

LY

Stape Legend:
; SLOPE MAP :
. c-1% 6-15% [ Y L
- A SIKKA REGENCY, EAST NUSA TENGGARA | = | L
Fig. 2. Map of slope research area
_ T i o

!
£

f

[e———

Es i ELEVATION MAP
“m #w-som 0 seem
——— RN i e o L SIKKA REGENCY. EAST NUSA TENGGARA

Fig. 3. The Elevation map of research area

59



H.L.Sianturi et al. /| ANAS Transactions, Earth Sciences 2 /2024, 57-67; DOI: 10.33677/ggianas20240200126

Land use

Based on data obtained from data processing,
land use including forests, community gardens,
fields, dry land, settlements, and noise in the form of
clouds, is visualized and can be seen in Fig. 4. From
Fig. 4, the area of each land use in Sikka District is
calculated and depicted in Table 3.

Table 3
Land cover area of Sikka District
No | Types of Land Use P(Iit:\rlléilal (Akrrre;)

1 | Forest Very Low 369.5
2 | Citizen Gardens

(rice fields and other | Low 4254

types of farming)
3 | Garden Intermediate 436.2
4 | Dry Land Tall 330.2
5 | Village Very High 117.4
6 | Cloud Very Low 8.77

Distance from Coastline

The settlement of residents in Sikka District is
directly adjacent to the sea. Therefore, in this study,
the distance parameter from the coastline was one of
the important factors in the analysis (Faiqoh, et al.,
2013). The distance map is processed from the
coastline (Fig. 5). Based on the potential class area,
the distance from the coastline in Sikka District has
been calculated and presented in Table 4.

Distance from the River

Tsunamis that enter the river flow will cause
great damage, when the tsunami passes through a nar-
row area such as a river, there will be an increase in
speed and an increase in water mass because the flow
of the same water mass must travel a narrow distance
at the same time (Pratiwi, 2017). The results of map-
ping the distance from the river can be seen in Fig. 6
with corresponding areas shown in Table 5.

Table 4

Distance from the coastline of Sikka District

No Distance Potential Level | Area (km?)
1 0-500m |Very Low 102.37
2 500 - 1000 m | Low 78.65
3 | 1000-1500 m | Intermediate 70.74
4 | 1500-3000 m | Tall 184.98
5 >3000m [Very High 1233.34
Table 5

Area Distance from river Sikka Regency

No Distance Potential Level Area (km?)
1 0-100m | Very Low 102.37
2 100-200m | Low 78.65
3 200 - 300 m | Intermediate 70.74
4 300 -500 m | Tall 184.98
5 > 500 m Very High 1233.34
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Analysis of Regional Potential

for Tsunami Disaster

Analysis of tsunami potential levels is carried
out using the overlay method of all parameters con-
tained in the potential level analysis matrix. The
classification of tsunami potential levels in Sikka
District consists of 5 categories, namely very high,
high, medium, low, very low. The map of the poten-
tial level of Sikka District is shown in Fig. 7.

Areas with very low (R5) and low (R4) tsunami
disaster potential, namely most of the southern part of
the area dominated by highlands with elevation condi-
tions (topography) of 50 m to 1668 m include Nita Dis-
trict, south of Magepanda Regency, south of Waigete
Regency, south of Waiblama District, south of Tali-
bura, Hewakloang District, south of Kange District,
south of District Nelle, Mego District, Mapitra District,
Doreng District, Bola District, Lera District, Paga Dis-
trict. A map of the northern part of Sikka district with
potential levels can be seen in Fig. 8.

Very high potential dominates the northern
coastal area of Sikka district. This is supported by
the state of elevation (topography) of coastal areas
ranging from 0 m — 25 m with a slope of 0 — 6%.
Areas that have a very large impact supported by
population density are the northern coastal areas of
Magepanda district, Palueisland, west Alok regency,
Alok regency, east Alok regency, Kangae regency,
Kewapante district, Waigete regency, Talibura re-
gency and on the northern small island of Sikka dis-
trict. Based on the calculation of tsunami potential
maps, each category has an area (Table 6).

Table 6
Extent of tsunami potential in Sikka District
No Potential Potential Area Percentage
Classes Level (km?) &
1 R5 Very Low 11.76 1%
2 R4 Low 85.70 5%
3 R3 Intermediate | 237.27 14%
4 R2 High 1336.72 79%
5 R1 Very High 20.76 1%
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Areas with high (R2) and very high (R1) vulner-
ability to tsunami disasters are areas with the greatest
potential for damage, both in terms of physical dam-
age to the environment and casualties. Environmental
damage and loss of life are included in the category of
direct damage. Direct damage is defined as fiscal
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damage or loss that can be quantified in quantity, e.g.
casualties, damage to buildings, plantation land, and
agricultural land (Pramana, 2015; Primary, 2017).
This area has the characteristics of low land elevation
(topography), gentle slopes, land use in the form of
plantations, rice fields, settlements, distance from the
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coastline is relatively close, and the presence of large
rivers that empty into the sea.

Areas with low (R4) and very low (RS) vulner-
ability categories are areas that are safe from being
hit by tsunami waves. This area has the characteris-
tics of high land elevation (topography), steep
slopes, land use in the form of forests and settle-
ments that are not too dense, and the distance from
the coastline and rivers is relatively far.

Disaster Mitigation

To reduce the impact received by tsunami haz-
ards in coastal areas, efforts to reduce the vulnera-

bility of tsunami disasters in Sikka District are one
of them through efforts by making maps of evacua-
tion routes and gathering points so that they can
help the community in dealing with tsunami disas-
ters (Cutter, et al., 2008; Di Mauro, et al., 2013;
Syamsidik, et al., 2021). In terms of reducing fa-
talities from the impact of the tsunami disaster,
here is a map of the evacuation routes of Sikka Dis-
trict as shown in Fig. 9 and maps of evacuation
routes and gathering points of the northern coastal
area of Sikka District as presented in Fig. 10.

Table 7
Location of Tsunami Disaster Evacuation Points
Number Name Elevation

1 Catholic College of Philosophy 217m

2 SMPK Hewerbura Watublapi 455m

3 Hewokloang Village Office 437m

4 Umagera Village Office 185m

5 Nelle District Office 138m

6 Scalabrinian monastery 102 m

7 Convent of the sisters of Mercedaria Solm 52m

8 Korean Sister 279m

9 Church of St. Gabriel Ladubewa 97m

10 St. John's Chapel Blidit Stasi Bath 142 m

11 Santissima Runut Catholic Church 412 m

12 Church of St. Catholic John the Baptist 401 m

13 Capela Hubin Tekaiku 340m

14 Holy Cross Parish Church Kloangrotat 551 m

15 Sacred Heart of Jesus Catholic Church 170m

16 St. Arnold Jansen Catholic Church 131 m

17 St. Catholic Church of Mary Immaculata Habi 58m

19 Napungete Dam 246m
; f
g g
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Fig. 9. Map of evacuation routes and gathering points in the northern part of Sikka District
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Fig.10. Map of evacuation routes and gathering points of Sikka District

Figs 9 and 10 illustrate evacuation routes and
gathering points in Sikka District where the above
mentioned data is obtained from spatial data, namely
road networks and government facilities, religious
facilities, and educational facilities. The evacuation
route is a rescue route specifically designed by con-
necting the entire area to a safe area as a Gathering
Point for residents or communities in the area. Evacu-
ation routes serve to direct residents from the threat of
danger to a safer place in the event of a disaster. The
evacuation routes above include all roads that are in
areas with high levels of vulnerability to safer areas or
areas with very low levels of vulnerability. The gath-
ering point between them is summarized in Table 7.

Table 7 is dominated by safe evacuation places
or points and among them there are 3 temporary
evacuation sites, namely the Convent of the sisters
of Mercedaria Solm with an altitude of 52 m above
sea level, the Catholic Church of St. Mary Immaku-
lata Habi with an altitude of 58 m above sea level,
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HNPUMEHEHUWE JUCTAHIIMOHHOI'O 30HAUPOBAHUA U TEOT'PAOUYECKUX NTHOOPMAIIMOHHBIX CH-
CTEM (GIS) JJISI KAPTUPOBAHMSI IOTEHIIUAJIA IIYHAMHU B PAMOHE CHKKA,
BOCTOYHAS HYCA TEHITAPA

Cuantypu X.JI., Tanecu6 Ix.J1., Joyk A.K., Baeryp I.U., Bapcuro A.
Kadgheopa ¢uszuxu, paxyremem nayxu u unocenepuu, Ynusepcumem Hyca Yenoana, Hnoonesus
Jin. Adisucipto - Penfui, Kupang 85001 NTT, Hnoonesus: hlsianturi@staf.undana.ac.id

Pe3ztome. VlnioHe3NICKIIA apXuTieNar O4eHb MOJBEPIKCH 3EMIICTPSCCHUSAM U IyHaMH. JlaHHOE WCCIeOBaHHE HAIPABJICHO Ha
KapTUPOBAHUE TOTCHIMATBHBIX 30H PHCKa I[yHAMH, MapIIpyTOB 3BaKyallud U MecT cOopa B paiione Cukka, Boctounas Hyca-
Tenrapa, Munounesus. KapTupoBaHue BBINOIHSETCS ¢ HCHONB30BaHUEM reorpaduueckux HHGOPMAIMOHHBIX CUCTEM C IPUMEHEHHEM
MOJIX0/1a aHAJIM3a YSI3BUMOCTHU K LlyHaMH. DTOT aHaJIM3 IPOBOAUTCS HA OCHOBE HECKOJIBKHUX KPUTEPHEB, BKIIOYasi BBICOTY HaJ ypOB-
HEM MOpS$1, HAKJIOH MECTHOCTH, UCTIOJIb30BaHUE 3€MEb, PACCTOSIHUE 10 MOOEPEKbS M pacCTOSHHE 0 peK. Takxke yuduThIBatoTCs (ak-
TOPBI HACEJIEHHOCTH TS OTpeNeNICHHsT YPOBHS pHCKa yHaMH. B menom, mpuOpexHbie 30HbI paifoHa CHKKa MOTEHIIMAIBHO ITOABEP-
JKEHBI PUCKY I[yHAMH. YPOBEHB 3TOTO PUCKa OYEHb BBICOK B CECBEPHBIX MPUOPEKHBIX 30HAX pailoHa Mamkenanna, 3anagHeli AJIOK,
Anoxk, Bocrounsrit Aok, Kanras, Kesanante, Yaiirere, Tanu0Oyia, a Takke Ha HEKOTOPBIX MEIKUX OCTPOBaxX K CEBEpy OT paiioHa
Cuxkka, Takux Kak octpoB [lemana, bonbioit ocTpoB u octpoB babu. 30HBI ¢ BEICOKOH YSI3BHMOCTHIO B OCHOBHOM PAcIOJIOKEHBI Ha
CEBEPHOM MOOEPEKbE M YACTUYHO HA FOIKHOM MOOEPEKbe. DTH 30HBI C OYCHH BBICOKHM M BHICOKUM YPOBHEM PHCKA COCTABIIAIOT BCE-
ro okoJsio 6% ot obwel miomanu paiiona Cukka. OQHAKO MOTEHIHUATbHBIE PUCKOBBIC 30HBI HAXOAATCS B IJIOTHO3ACEICHHBIX paio-
HaX, IO3TOMY UISl CHIDKCHHUSI HETAaTUBHOTO BO3JACHCTBUS LlyHaMH pa3paboTaHbl KOMIUIEKCHBIE MAapIIPYThl 3BAaKyallll U MecTa cOopa.
B kxauecTBe 3TaqOHHOTO COOBITHS OBUIO BBIOPAHO 3eMIICTPSICCHHE MarHUTYoH 7.3 mo mkaie Puxtepa Ha rimyoune 114 kM K ceBepy
ot paiiona Cukka.

Knrouesvie cnosa: Illomenyuan yynamu, OUCMaHyuoHHOe 30HOUPOBAHUE, CMALYeHUe NOCAeICmEUll, 2eocpaghuieckas ungopma-
yuonnas cucmema, pauon Cukka
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SIKKA RAYONU, SORQi NUSA-TENQARADA POTENSIAL SUNAMI RiSK ZONALARININ
XORITOLONDIRILMOSi UCUN MOSAFODON ZONDLAMA VO
COGRAFI INFORMASIYA SISTEMLORININ (CiS) TOTBiQi

Sianturi H.L., Tanesib J.L., Luk A.K., Blegur D.I., Varsito A. ]
Fizika kafedrasi, Elm vo Miihondislik fakiiltasi, Nusa Cendana Universiteti, Indoneziya
Jin. Adisucipto - Penfui, Kupang 85001 NTT, Indoneziya: hlsianturi@staf.undana.ac.id

Xiilasa. Indoneziya arxipelaqi zolzolalora vo sunamilora qarsi olduqca hossasdir. Bu tadgiqat, Indoneziyanin Sorqi Nusa-Tenqa-
radaki Sikka rayonunda potensial sunami risk zonalari, toxliys marsrutlart vo toplanma mokanlarinin xaritalondirmasina yonalib.
Xoritolondirma sunami tohliikasina qarsi hassasliq analizins asaslanan cografi informasiya sistemlarinin istifadasi ilo hoyata kegirilir.
Bu analiz deniz saviyyasinden yiiksaklik, erazi meyli, torpaqdan istifads, sahilo vo gaylara olan masafs kimi bir nec¢a kriteriyaya
osaslamr. Homginin ohalinin sixlig1 faktoru da nozoro almir ki, sunami risk soviyyesi miioyyen edilsin. Umumiyyatlo, Sikka ray-
onunun sahil zonalar1 potensial olaraq sunami tohliikasine moruz qalir. Bu risk soviyyasi Madjepanda, Qoarbi Alok, Alok, Sarqi Alok,
Kangae, Kevapante, Uaygete, Talibula rayonlarinin simal sahil zonalarinda, homginin Sikka rayonunun simalinda yerlogon Peman
adasi, Boyiik ada vo Babi adas1 kimi bazi kigik adalarda ¢ox yiiksokdir. Yiiksok hossasliga malik zonalar asason simal sahillorindo vo
qismen conub sahillorinds yerlosir. Bu ¢ox yiiksok va yiiksok risk saviyyasine malik zonalar Sikka rayonunun iimumi sahesinin comi
6%-ni taskil edir. Bununla bels, potensial risk zonalar1 shalinin six yasadig1 arazilerdes yerlosir, buna gére de sunaminin manfi tosirini
azaltmaq ticiin kompleks toxliys marsrutlar1 vo toplanma mokanlar1 hazirlanmigdir. Etalon hadiss kimi Sikka rayonunun simalinda
114 km darinlikda, 7.3 bal giiciinds Rixter skalasi {izra zalzalo secilmisdir.

Acar sozlor: sunami potensiali, distansion zondlama, tasirlarin azaldilmasi, cografi malumat sistemi, Sikka rayonu
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