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Summary This document presents the findings of a National Tsunami Hazard Assessment
for Indonesia. The assessment was supported by the Indonesian National
Disaster Management Agency (BNPB) and the Australian Agency for International
Development (AusAID) through the Australia-Indonesia Facility for Disaster
Reduction (AIFDR). It represents Indonesia’s most advanced and rigorous
assessmentof tsunamihazard and was developed as a collaborative effort between
Indonesian and Australian scientists representing Institut Teknologi Bandung
(ITB), the Indonesian Institute of Science (LIPI), the Agency for the Assessment
and Application of Technology (BPPT), the Geological Agency, the Meteorology,
Climatology and Geophysics Agency (BMKG), the Tsunami and Disaster Mitigation
Research Centre at Syiah Kuala University (TDMRC) and Geoscience Australia (GA).
The tsunami hazard maps are based on a probabilistic tsunami hazard assessment
methodology, which allows the chance of tsunami of different heights to be
estimated.

The series of maps produced will allow BNPB and BPBDs to:

m Rank the tsunami potential for each district in Indonesia and prioritise
communities for further tsunami mitigation activities and detailed hazard and
risk assessments;

m Assess the tsunami potential for each district to plan tsunami mitigation
activities;

m Understand the chance of a tsunami reaching the coastline that would trigger
a “tsunami warning with an orange level” (tsunami height between 0.5 - 3.0 m)
or “major tsunami warning with a red level” (tsunami height over 3.0 m) from the
Indonesian Tsunami Early Warning System (InaTEWS);

m Understand the maximum tsunami height over different return periods; and

m Determine the earthquake fault lines that may have an impact on each district.

The key findings from the tsunami hazard assessment are:

m The regions with the highest chance of experiencing a major tsunami warning
(tsunami over 3 m) in any one year are Lampung Barat, the Mentawai Islands
and Nias. This is followed by the south coast of Java, the south-west coast of
Sumatra and some parts of Bali and Nusa Tenggara Barat, which all have a
2-10% chance.

m Thereisagreaterthan 10% chance that somewhere in Indonesia will experience
amajor tsunami warning (tsunamiover 3 m) in any one year. This would warrant
a “major tsunami warning with a red level” according to the InaTEWS scale;

m Formostregionsofindonesiathereisagreaterthan 10% chance of experiencing
a tsunami warning (tsunami between 0.5 - 3.0 m) in any one year. This would
warrant a “tsunami warning with an orange level” according to the InaTEWS
scale;

m The locations with the highest chance (> 10%) of experiencing an orange
warning are the west coast of Sumatra, south coast of Java, Nusa Tenggara
Barat and Nusa Tenggara Timur. The locations with a lesser chance (2-10%)
are most locations in eastern Indonesia, including Sulawesi, north Papua and
Maluku; and

m Regions with low tsunami hazard are the north coast of Java, east coast of
Sumatra, the west and south coasts of Kalimantan and the south coast of
Papua.

1 Interestingly, the central-west coast of Sumatra has a lower chance of experiencing a major tsunami warning, which is due in part to the
presence of the Mentawai Islands that act as a barrier to tsunami propagation and also cause less water to be displaced during large
earthquakes on this section of the Sumatra Subduction Zone.

p. 4
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Results

These findings highlight that the west coast of Sumatra, south coast of Java and
Nusa Tenggara Barat and Timur have the highest tsunami hazard in Indonesia.
However many parts of eastern Indonesia, including the north coast of Papua,
Sulawesi, Maluku and North Maluku have a high tsunami hazard and have the
potential to experience large and devastating tsunami. These regions in eastern
Indonesia have received less attention and tsunami models are not included
in the INaTEWS system, but the findings from this study show that the tsunami
hazard here is high and warrants further work.

This assessment aims to quantify the tsunami hazard at the coast for Indonesia.
This hazard is expressed as maps showing the chance of exceeding a tsunami
height at the coast in a given year, which in the results above is in relation to
the tsunami heights that are used for different warning levels from InaTEWS. An
alternative way of expressing the chance of a tsunami is through return period
maps. These maps show the minimum tsunami height that is expected to be
experienced during a given time interval (e.g. 100, 500, 2500 years). These maps
show the areas in Indonesia that are most likely to have a tsunami that would
trigger a tsunami warning, and they also show the tsunami exceedence height
for a given return period to understand how high the tsunami may be at a given
location.

The maps show:

m Chance of experiencing a tsunami greater than 0.5 m in a given year, which
would trigger a “tsunami warning - orange level”;

Chance of experiencing a tsunami greater than 3 m in a given year, which
would trigger a “major tsunami warning - red level”;

Tsunami height at the coast expected over a 100-year return period;

Tsunami height at the coast expected over a 500-year return period;

Tsunami height at the coast expected over a 2500-year return period; and
The provincial capital cities that are most likely to experience an inundating
tsunami.

From these maps the following conclusions can be made:

m The west coast of Sumatra, south coast of Java and Nusa Tenggara Barat have
the highest tsunami hazard for a 100-year return period and would expect
tsunami with a height between 5-10 m over this time period. Eastern Indonesia
has a slightly lower tsunami hazard and can expect to have tsunami with
heights between 2-3 m over a 100-year period;

m At the 500-year return period some districts in Sumatra have a higher hazard
than other areas, including the Mentawai Islands. The south coast of Java has a
higher tsunami hazard than Nusa Tenggara Barat for a 500-year return period.
Parts of Eastern Indonesia, such as North Papua, north-west coast of Sulawesi,
North Maluku and South Maluku, have equivalent tsunami hazard to the south
coast of Java for this return period.

m The difference in tsunami hazard patterns between different return periods
reflect the increasing contribution from earthquake sources that have lower
frequency of occurrence in the short term (100 years), but over longer time
periods they can cause large tsunami, particularly in eastern Indonesia.

m The provincial capital cities most likely to experience tsunami are (in order
of highest to lowest) Denpasar, Jayapura, Bengkulu, Ternate, Manado, Banda
Aceh, Manokwari, Padang, Ambon and Mataram.

p.5
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Scope

Methodology

This assessment considers the tsunami hazard posed to Indonesia from
tsunami generated by local earthquakes in the Indonesia region, and by distant
earthquakes in the Indian Ocean and the Pacific Ocean. The focus on earthquake
generated tsunami is justified since over 85% of tsunami recorded in Indonesia
have been generated by submarine earthquakes. This assessment does not
consider tsunami generated by submarine landslides, volcanoes or asteroids. It
should be noted that tsunami caused by these sources have been responsible
for considerable loss of life in the past, including the 1883 Krakatau eruption. In
addition, earthquakes may trigger submarine landslides leading to locally larger
tsunami. Future studies should develop a more complete methodology to include
non-earthquake tsunami sources.

It is important to note the tsunami hazard maps are defined at the coastline and
cannot be used to directly infer inundation extents, run-ups, damage or other
onshore phenomena. To estimate onshore impacts detailed tsunami inundation
simulations must be conducted. These simulations require detailed topography
in the region of interest

Probabilistic tsunami hazard assessments (PTHA) are analogous to probabilistic
seismic hazard assessment (PSHA) which is the global standard for defining ground
shaking levels for building codes and carrying out earthquake risk assessments.
The PTHA method can be summarised as:

1. Determine the earthquake source zones (fault lines) to be included in the
study;

2. For each earthquake fault, determine the characteristics (e.g. maximum
magnitude, geometry etc.) of the earthquakes that could occur on the fault
and the probability of such earthquakes;

3. Simulate all possible earthquakes for each fault and the resulting tsunami. For
each coastal location calculate the tsunami waveheight that would result from
the tsunami generated by each earthquake;

4. Combine these results to relate the maximum tsunami amplitude at the coast
with a probability that they might occur.

The characteristics of each fault were determined using the highest quality
data available to the assessment team. This included historical catalogues of
earthquakes and tsunami, physical laws on earthquake size, assessments made
during the 2010 revision of Indonesia’s seismic hazard map, and expert scientific
judgement by the assessment team.

Numerical computations were performed to simulate the propagation of tsunami
waves from the earthquake fault to the coast. In total, 100,000 synthetic tsunami
were simulated and included in the assessment from a total of thirty earthquake
faults. Twenty one faults were from around Indonesia and nine were from regional
and distant sources in the Indian and Pacific Oceans (see Figures 1 & 2). Results of
the simulations were used to estimate the maximum tsunami waveheight at each
coastal location around Indonesia for each earthquake. This information is then
used to calculate the tsunami hazard for each district.



Limitations

p.14

It must be reiterated that this assessment does not provide information on
whatwill happen to the tsunamionceit travels onshore, including estimating
maximum run-up, inundation extent, damage or other onshore phenomena.
To understand the onshore impacts detailed tsunamiinundation simulations
must be conducted that use high-resolution bathymetry and topography
data. This type of simulation can be carried out using tsunami inundation
modelling software.

Tsunami simulations are very sensitive to a number of input parameters.
These include: the quality and resolution of the nearshore bathymetry, the
geometry of the earthquake fault sources, and the earthquake recurrence
information. The best available data was used for this assessment, however
it must be noted that in general, these parameters are better constrained in
western Indonesia (west of Bali) than in eastern Indonesia. Itisrecommended
that future work involve trying to better constrain the geometry of fault
sources in East Indonesia and to improve models of earthquake recurrence.
There are numerous studies currently underway by Indonesia’s earth science
research community and as new data is made available the national tsunami
hazard assessment should be updated to include this new data. Although
estimates of maximum earthquake magnitude used in this study are
conservative, lessons from recent tsunami such as the 2011 Tohoku, Japan,
tsunami which was larger than expected will also need to be incorporated
in future assessments. This will ensure that the national tsunami hazard is
based on the best available science information.
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Figure 1. Location of local faults that were used in the PTHA. The colour
shows the dip (measured from horizontal) of the fault. High dip angles mean
a steep, near vertical fault. Low dip angles mean shallow sloping faults.
Typically, the shallower the dip, the larger the potential tsunami.
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Figure 2. Location of regional and distant fault sources used in the PTHA. The
colour of the fault is the angle of the fault dip (see Figure 1 for explanation).



Conclusions
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A National Tsunami Hazard Assessment has been completed for Indonesia.
The key findings of this assessment are:

At short return periods the west coast of Sumatra, south coast of Java and
Nusa Tenggara Barat have the highest tsunami hazard and can expect
tsunami with a height between 5-10 m at least once every 100 years.
Eastern Indonesia has a slightly lower tsunami hazard and can expect to
have tsunami with heights between 2-3 m over a 100-year period.

At longer return periods of 500 years parts of Sumatra, including the
Mentawai Islands, have the highest tsunami hazard. For this return period
there is also very high hazard for southern Java, Bali, Nusa Tenggara,
north cost of Papua, northern Sulawesi and Maluku.

The provincial capital cities most likely to experience tsunamiare (in order
of highest to lowest) Denpasar, Jayapura, Bengkulu, Ternate, Manado,
Banda Aceh, Manokwari, Padang, Ambon and Mataram.

The regions with the highest chance of experiencing a major tsunami
warning (tsunami over 3 m) in any one year are Lampung Barat, the
Mentawai Islands and Nias. This is followed by the south coast of Java, the
south-west coast of Sumatra and some parts of Bali and Nusa Tenggara
Barat, which all have a 2-10% chance.

There is a greater than 10% chance that somewhere in Indonesia will
experience a major tsunami warning (tsunami over 3 m) in any one year.
This would warrant a “major tsunami warning with a red level” according
to the InaTEWS scale;

For most regions of Indonesia there is a greater than 10% chance of
experiencing a tsunami warning (tsunami between 0.5 — 3.0 m) in any
one year. This would warrant a “tsunami warning with an orange level”
according to the InaTEWS scale;

The locations with the highest chance of experiencing (> 10%) an orange
warning are the west coast of Sumatra, south coast of Java, Nusa Tenggara
Barat and Nusa Tenggara Timur. The locations with a lesser chance (2-
10%) are most locations in eastern Indonesia, including Sulawesi, north
Papua and Maluku; and

Regions with low tsunami hazard are the north coast of Java, east coast
of Sumatra, the west and south coasts of Kalimantan and the south coast
of Papua.



Key definitions

InaTEWS: Indonesian Tsunami Early Warning System, operated by BMKG.
http://inatews.bmkg.go.id

Major tsunami warning (Awas) with red level: Warning issued from the
InaTEWS system for regions that can expect a tsunami greater than 3.0 m
high at the coast. Province, district and city governments are expected to
immediately guide their communities for full evacuation.

Tsunami warning (Siaga) with orange level: Warning issued from the
InaTEWS system for regions that can expect a tsunami between 0.5 -3.0 m
high at the coast. Province, district and city governments are expected to
immediately guide their communities for evacuation.

Tsunami height at the coast: This assessment is based on tsunami height
at the coast. This is defined as the maximum height of the tsunami above
mean sea level. Tsunami height is modelled to approximately 200 m water
depth and then a scaling relationship (Greens Law) is used to estimate
tsunami height at the coast. Actual run-up heights reached by tsunami on
land may be higher than tsunami height at the coast.

Run-up height: Maximum height above mean sea level that a tsunami

reaches on land. May be higher than tsunami height at the coast. Note that
the results of this study cannot be used to directly infer run-up heights.
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Appendix One:

Ranking of district by chance of experiencing a “major tsunami” (>3m).

This table shows the chance (%) that each district will experience a major tsunami
warning (tsunami > 3 m) in any given year. This can be used to identify the districts
most likely to have a major tsunami. Columns 4-6 show the expected tsunami
height over 100, 500 and 2,500 year return periods.

1 LAMPUNG BARAT LAMPUNG 7.3% 6.9 15.8 37.1
2 KEPULAUAN SUMATERA BARAT 6.9% 7.5 20.6 423
MENTAWAI
3 NIAS SUMATERA UTARA 5.8% 6.4 1.7 23.7
4 BENGKULU UTARA | BENGKULU 5.2% 57 14.4 329
5 GARUT JAWA BARAT 4.9% 6.3 11.5 30.8
6 CIANJUR JAWA BARAT 4.7% 6.2 11.5 30.0
7 NIAS SELATAN SUMATERA UTARA 4.1% 57 15.9 33.0
8 GUNUNG KIDUL DAERAH ISTIMEWA YOGYAKARTA | 4.1% 6.1 1.1 32.1
9 CIAMIS JAWA BARAT 3.8% 6.0 11.6 28.2
10 PURWOREJO JAWA TENGAH 3.8% 6.0 10.9 303
1 TASIKMALAYA JAWA BARAT 3.7% 6.0 1.7 294
12 WONOGIRI JAWA TENGAH 3.5% 5.8 10.8 335
13 KAB. BLITAR JAWATIMUR 3.5% 6.0 10.9 28.1
14 PANDEGLANG BANTEN 3.4% 6.3 1.7 26.7
15 SIMEULUE NANGGROE ACEH DARUSSALAM | 3.4% 55 11.9 243
16 KAUR BENGKULU 3.3% 59 13.0 30.8
17 SUKABUMI JAWA BARAT 3.3% 5.8 10.6 28.0
18 KEBUMEN JAWATENGAH 3.3% 5.6 10.9 316
19 SUMBAWA BARAT NUSA TENGGARA BARAT 3.2% 6.4 12.0 283
20 TRENGGALEK JAWATIMUR 3.2% 5.8 10.7 28.6
21 TANGGAMUS LAMPUNG 3.2% 4.1 1.5 309
22 SUMBAWA NUSA TENGGARA BARAT 3.1% 6.1 12.0 29.2
23 CILACAP JAWA TENGAH 3.1% 54 10.6 29.1
24 KULON PROGO DAERAH ISTIMEWA YOGYAKARTA | 3.0% 4.9 9.9 28.6
25 ACEH SINGKIL NANGGROE ACEH DARUSSALAM | 2.8% 4.9 9.2 19.9
26 BADUNG BALI 2.7% 5.1 9.7 23.8
27 LEBAK BANTEN 2.7% 55 9.9 25.5
28 SUMBA BARAT NUSA TENGGARA TIMUR 2.7% 53 10.4 244
29 KLUNGKUNG BALI 2.6% 52 11.4 31.1
30 SELUMA BENGKULU 2.6% 4.8 10.7 25.1
31 KAB. MALANG JAWATIMUR 2.5% 4.7 9.1 25.8
32 PACITAN JAWATIMUR 2.5% 4.7 10.1 29.2
33 LOMBOKTENGAH NUSA TENGGARA BARAT 2.4% 4.7 9.7 24.5
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34 BANTUL DAERAH ISTIMEWA YOGYAKARTA | 2.1% 4.2 9.5 28.3
35 JEMBER JAWATIMUR 2.1% 4.4 9.2 259
36 BANYUWANGI JAWATIMUR 2.0% 4.3 9.8 27.8
37 BENGKULU SELATAN | BENGKULU 2.0% 4.7 10.4 24.2
38 TULUNGAGUNG JAWATIMUR 1.9% 4.2 9.3 264
39 DOMPU NUSA TENGGARA BARAT 1.7% 3.9 83 18.6
40 BIAK NUMFOR PAPUA 1.6% 4.1 10.6 18.7
41 KOTA JAYAPURA PAPUA 1.6% 4.2 10.0 17.6
42 SUPIORI PAPUA 1.6% 4.1 10.1 18.1
43 ACEH JAYA NANGGROE ACEH DARUSSALAM 1.6% 4.0 14.3 31.7
44 ACEH BARAT NANGGROE ACEH DARUSSALAM 1.5% 4.1 13.7 30.2
45 BENGKULU BENGKULU 1.5% 4.0 9.3 216
46 SUMBATIMUR NUSA TENGGARA TIMUR 1.5% 3.8 83 18.9
47 SARMI PAPUA 1.5% 3.8 9.6 16.4
48 TIMORTENGAH NUSA TENGGARA TIMUR 1.5% 3.8 8.8 16.1
SELATAN
49 BELU NUSATENGGARATIMUR 1.5% 3.8 8.2 14.4
50 KUPANG NUSA TENGGARA TIMUR 1.4% 3.6 7.7 15.2
51 KUPANG NUSA TENGGARA TIMUR 1.4% 3.6 7.7 15.2
52 DENPASAR BALI 1.4% 4.0 8.6 22.7
53 JAYAPURA PAPUA 1.4% 35 10.2 18.2
54 LOMBOK BARAT NUSA TENGGARA BARAT 1.3% 4.5 9.3 25.1
55 LUMAJANG JAWATIMUR 1.3% 34 7.5 254
56 LOMBOKTIMUR NUSA TENGGARA BARAT 1.3% 3.1 6.7 18.3
57 ROTE NDA NUSA TENGGARA TIMUR 1.2% 33 7.3 14.4
58 BIMA NUSA TENGGARA BARAT 1.2% 3.1 7.0 16.6
59 BIMA NUSA TENGGARA BARAT 1.2% 3.1 7.0 16.6
60 NAGAN RAYA NANGGROE ACEH DARUSSALAM 1.2% 35 12.7 28.6
61 MUKOMUKO BENGKULU 1.2% 33 7.9 16.7
62 HALMAHERA BARAT | MALUKU UTARA 1.2% 34 12.2 24.6
63 KOTA BITUNG SULAWESI UTARA 1.1% 3.2 10.8 215
64 HALMAHERA UTARA | MALUKU UTARA 1.1% 3.2 9.4 17.3
65 TABANAN BALI 1.0% 3.0 77 223
66 GIANYAR BALI 1.0% 3.0 7.2 243
67 WAROPEN PAPUA 1.0% 3.1 8.0 13.7
68 KOTATIDORE MALUKU UTARA 1.0% 3.0 11.9 249
KEPULAUAN
69 KOTA TERNATE MALUKU UTARA 1.0% 3.0 12.3 25.5
70 ACEH BESAR NANGGROE ACEH DARUSSALAM 1.0% 29 16.7 40.5
71 MANOKWARI IRIAN JAYA BARAT 1.0% 29 7.6 13.0
72 KEPULAUAN SULAWESI UTARA 1.0% 29 9.9 17.9
SANGIHE
73 MINAHASA UTARA | SULAWESI UTARA 1.0% 29 9.0 17.0
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74 KEPULAUAN SULAWESI UTARA 0.9% 2.8 9.3 18.7
TALAUD
75 SIKKA NUSA TENGGARA TIMUR 0.9% 2.8 6.5 10.9
76 SORONG IRIAN JAYA BARAT 0.9% 29 7.6 13.7
77 KOTA MANADO SULAWESI UTARA 0.9% 2.7 7.5 123
78 YAPEN WAROPEN PAPUA 0.9% 2.7 6.9 1.3
79 BUOL SULAWESI TENGAH 0.9% 2.7 6.7 10.4
80 BANDA ACEH NANGGROE ACEH DARUSSALAM | 0.9% 23 14.8 36.8
81 MINAHASA SULAWESI UTARA 0.8% 2.7 7.1 12.0
SELATAN
82 ACEH SELATAN NANGGROE ACEH DARUSSALAM | 0.8% 25 6.7 14.9
83 ACEH BARAT DAYA | NANGGROE ACEH DARUSSALAM | 0.8% 23 7.9 19.1
84 MINAHASA SULAWESI UTARA 0.8% 25 7.6 13.9
85 MANDAILING NATAL | SUMATERA UTARA 0.8% 24 6.3 15.0
86 HALMAHERATIMUR | MALUKU UTARA 0.8% 25 6.8 12.2
87 KARANG ASEM BALI 0.7% 25 6.4 18.0
88 ENDE NUSA TENGGARA TIMUR 0.7% 25 5.0 9.9
89 GORONTALO GORONTALO 0.7% 24 6.0 9.6
920 GORONTALO GORONTALO 0.7% 24 6.0 9.6
91 PADANG SUMATERA BARAT 0.7% 24 6.1 1.7
92 SABANG NANGGROE ACEH DARUSSALAM | 0.7% 2.0 9.8 21.8
93 NGADA NUSA TENGGARA TIMUR 0.7% 24 5.1 10.0
94 TOLI-TOLI SULAWESI TENGAH 0.7% 24 57 9.5
95 MANGGARAI NUSA TENGGARA TIMUR 0.6% 24 55 1.7
96 PESISIR SELATAN SUMATERA BARAT 0.6% 23 6.0 12.3
97 LAMPUNG SELATAN | LAMPUNG 0.6% 2.2 6.3 16.1
98 FLORES TIMUR NUSA TENGGARA TIMUR 0.6% 2.3 5.1 9.7
929 PADANG PARIAMAN | SUMATERA BARAT 0.6% 2.2 6.1 12.2
100 JEMBRANA BALI 0.6% 2.3 6.5 19.3
101 AGAM SUMATERA BARAT 0.6% 1.9 6.1 13.0
102 MALUKU MALUKU 0.6% 2.3 4.6 8.4
TENGGARA BARAT
103 PASAMAN BARAT SUMATERA BARAT 0.6% 1.9 6.1 13.8
104 BURU MALUKU 0.5% 2.3 52 10.6
105 MANGGARAI BARAT | NUSATENGGARATIMUR 0.5% 23 5.8 14.8
106 BOLAANG SULAWESI UTARA 0.5% 2.1 55 9.7
MENGONDOW
107 KOTA BANDAR LAMPUNG 0.5% 22 6.2 15.3
LAMPUNG
108 KONAWE SULAWESITENGGARA 0.5% 1.9 58 10.9
109 SERANG BANTEN 0.5% 1.7 4.5 12.6
110 AMBON MALUKU 0.5% 1.9 57 11.7
111 KOTA SORONG IRIAN JAYA BARAT 0.5% 25 5.1 10.2
112 TAPANULI SELATAN | SUMATERA UTARA 0.5% 1.9 4.6 10.3
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113 PARIAMAN SUMATERA BARAT 0.5% 1.9 54 9.9
114 HALMAHERA MALUKU UTARA 0.5% 2.0 4.2 8.2
TENGAH
115 LEMBATA NUSA TENGGARA TIMUR 0.4% 2.3 4.1 9.1
116 MATARAM NUSA TENGGARA BARAT 0.4% 2.1 4.6 12.9
117 PIDIE NANGGROE ACEH DARUSSALAM | 0.4% 13 6.4 13.0
118 SORONG SELATAN IRIAN JAYA BARAT 0.4% 2.1 43 8.9
119 HALMAHERA MALUKU 0.4% 1.9 53 11.0
SELATAN
120 RAJA AMPAT IRIAN JAYA BARAT 0.4% 25 6.4 11.6
121 KOTA SIBOLGA SUMATERA UTARA 0.4% 1.7 44 9.6
122 BIREUEN NANGGROE ACEH DARUSSALAM | 0.4% 13 57 12.4
123 TAPANULITENGAH | SUMATERA UTARA 0.4% 1.7 4.2 9.3
124 MALUKU TENGAH MALUKU 0.4% 1.9 4.2 8.8
125 MALUKU TENGAH MALUKU 0.4% 1.9 4.2 8.8
126 MALUKU TENGAH MALUKU 0.4% 1.9 4.2 8.8
127 KEPULAUAN SULA MALUKU UTARA 0.4% 1.8 4.3 8.1
128 ACEH UTARA NANGGROE ACEH DARUSSALAM | 0.4% 1.0 4.9 10.4
129 ALOR NUSA TENGGARA TIMUR 0.4% 2.1 3.7 8.7
130 LHOKSEUMAWE NANGGROE ACEH DARUSSALAM | 0.3% 1.0 4.7 9.8
131 TELUKWONDAMA | IRIAN JAYA BARAT 0.3% 1.8 35 7.2
132 MUNA SULAWESITENGGARA 0.3% 1.8 34 7.5
133 BANGGAI SULAWESI TENGAH 0.3% 1.5 35 7.2
KEPULAUAN
134 BULELENG BALI 0.3% 1.0 34 8.1
135 MAJENE SULAWESI BARAT 0.3% 1.2 34 7.4
136 CILEGON BANTEN 0.3% 1.2 3.6 10.2
137 MAMUJU SULAWESI BARAT 0.2% 1.6 3.2 7.2
138 KONAWE SELATAN | SULAWESI TENGGARA 0.2% 1.5 3.2 6.9
139 BANGGAI SULAWESITENGAH 0.2% 13 3.2 6.5
140 PALU SULAWESITENGAH 0.2% 1.7 3.0 5.9
141 BOALEMO GORONTALO 0.2% 1.0 3.1 7.0
142 BONE BOLANGO GORONTALO 0.2% 1.1 3.1 7.1
143 DONGGALA SULAWESITENGAH 0.2% 1.7 3.0 6.0
144 MAMUJU UTARA SULAWESI BARAT 0.2% 1.6 3.0 6.1
145 TIMORTENGAH NUSA TENGGARA TIMUR 0.2% 1.8 29 7.9
UTARA
146 KOTA KENDARI SULAWESITENGGARA 0.2% 14 29 6.5
147 MOROWALI SULAWESI TENGAH 0.2% 13 2.8 57
148 NUNUKAN KALIMANTAN TIMUR 0.2% 15 2.8 6.7
149 ACEHTIMUR NANGGROE ACEH DARUSSALAM | 0.2% 0.5 2.6 6.1
150 BULUNGAN KALIMANTAN TIMUR 0.2% 15 2.7 6.4
151 WAKATOBI SULAWESI TENGGARA 0.2% 1.6 2.8 5.0
152 MALUKU MALUKU 0.2% 1.1 2.7 43
TENGGARA
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153 NABIRE PAPUA 0.1% 1.5 27 52
154 BUTON SULAWESITENGGARA 0.1% 13 25 4.6
155 BERAU KALIMANTAN TIMUR 0.1% 15 2.5 52
156 TARAKAN KALIMANTAN TIMUR 0.1% 13 24 55
157 FAK-FAK IRIAN JAYA BARAT 0.1% 14 24 4.5
158 POLMAS SULAWESI BARAT 0.1% 1.0 2.3 4.0
159 LAMPUNG TIMUR LAMPUNG 0.1% 0.7 1.5 55
160 KUTAITIMUR KALIMANTAN TIMUR 0.1% 15 2.3 4.1
161 PAHUWATO GORONTALO 0.1% 0.8 2.2 4.1
162 PINRANG SULAWESI SELATAN 0.1% 1.0 2.2 4.0
163 KAIMANA IRIAN JAYA BARAT 0.1% 0.9 1.9 3.1
164 TOJO UNA-UNA SULAWESITENGAH 0.1% 0.7 2.0 37
165 KUTAI KALIMANTAN TIMUR 0.1% 1.1 1.9 3.8
166 POSO SULAWESI TENGAH 0.1% 0.7 2.1 3.6
167 BARRU SULAWESI SELATAN 0.1% 0.8 2.0 33
168 BANTAENG SULAWESI SELATAN <0.1% 0.7 1.7 3.2
169 SITUBONDO JAWA TIMUR <0.1% 0.6 1.7 3.1
170 JENEPONTO SULAWESI SELATAN <0.1% 0.7 1.8 3.1
171 LANGKAT SUMATERA UTARA <0.1% 0.2 13 3.1
172 PARIGI MOUTONG SULAWESI TENGAH <0.1% 0.6 1.8 29
173 PARE-PARE SULAWESI SELATAN <0.1% 0.8 2.0 3.2
174 SERUYAN KALIMANTAN TENGAH <0.1% 0.4 1.1 23
175 BOMBANA SULAWESITENGGARA <0.1% 0.8 1.7 2.7
176 TANGERANG BANTEN <0.1% 0.2 0.7 2.6
177 TANGERANG BANTEN <0.1% 0.2 0.7 2.6
178 JAKARTA UTARA DKI JAKARTA <0.1% 0.1 0.3 0.8
179 KEPULAUAN SERIBU | DKI JAKARTA <0.1% 0.2 0.4 14
180 TANJUNG JABUNGT | JAMBI <0.1% 0.0 0.0 0.0
181 BEKASI JAWA BARAT <0.1% 0.1 0.2 0.8
182 CIREBON JAWA BARAT <0.1% 0.0 0.0 0.0
183 INDRAMAYU JAWA BARAT <0.1% 0.0 0.1 0.2
184 KARAWANG JAWA BARAT <0.1% 0.1 0.2 0.6
185 KOTA CIREBON JAWA BARAT <0.1% 0.0 0.0 0.0
186 SUBANG JAWA BARAT <0.1% 0.0 0.1 0.4
187 BATANG JAWA TENGAH <0.1% 0.0 0.0 0.0
188 BREBES JAWA TENGAH <0.1% 0.0 0.0 0.0
189 DEMAK JAWA TENGAH <0.1% 0.0 0.0 0.0
190 JEPARA JAWA TENGAH <0.1% 0.0 0.0 0.1
191 KENDAL JAWA TENGAH <0.1% 0.0 0.0 0.0
192 PATI JAWA TENGAH <0.1% 0.0 0.1 0.2
193 PEKALONGAN JAWA TENGAH <0.1% 0.0 0.0 0.0
194 PEKALONGAN JAWATENGAH <0.1% 0.0 0.0 0.0
195 PEMALANG JAWA TENGAH <0.1% 0.0 0.0 0.0
196 REMBANG JAWATENGAH <0.1% 0.0 0.1 0.2
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197 SEMARANG JAWATENGAH <0.1% 0.0 0.0 0.0
198 SEMARANG JAWA TENGAH <0.1% 0.0 0.0 0.0
199 TEGAL JAWATENGAH <0.1% 0.0 0.0 0.0
200 TEGAL JAWA TENGAH <0.1% 0.0 0.0 0.0
201 BANGKALAN JAWATIMUR <0.1% 0.2 0.4 0.9
202 GRESIK JAWATIMUR <0.1% 0.1 0.3 0.5
203 KAB. PASURUAN JAWATIMUR <0.1% 0.1 0.4 0.9
204 KAB. PROBOLINGGO | JAWATIMUR <0.1% 0.2 0.5 1.1
205 KOTA PASURUAN JAWATIMUR <0.1% 0.1 0.4 0.8
206 KOTA JAWATIMUR <0.1% 0.1 0.4 0.7
PROBOLINGGO
207 LAMONGAN JAWATIMUR <0.1% 0.1 0.2 0.4
208 PAMEKASAN JAWATIMUR <0.1% 0.2 0.5 1.1
209 SAMPANG JAWATIMUR <0.1% 0.2 0.4 1.1
210 SIDOARJO JAWA TIMUR <0.1% 0.1 0.4 0.8
211 SUMENEP JAWATIMUR <0.1% 0.4 1.1 1.9
212 SURABAYA JAWATIMUR <0.1% 0.1 0.4 0.8
213 TUBAN JAWA TIMUR <0.1% 0.1 0.1 0.3
214 BENGKAYANG KALIMANTAN BARAT <0.1% 0.0 0.1 0.1
215 KETAPANG KALIMANTAN BARAT <0.1% 0.0 0.0 0.0
216 KOTA SINGKAWANG | KALIMANTAN BARAT <0.1% 0.0 0.1 0.1
217 PONTIANAK KALIMANTAN BARAT <0.1% 0.0 0.0 0.1
218 SAMBAS KALIMANTAN BARAT <0.1% 0.1 0.1 0.3
219 BANJAR KALIMANTAN SELATAN <0.1% 0.2 0.6 1.1
220 BARITO KUALA KALIMANTAN SELATAN <0.1% 0.2 0.6 1.1
221 KOTA BARU KALIMANTAN SELATAN <0.1% 0.4 0.9 1.1
222 TANAH BUMBU KALIMANTAN SELATAN <0.1% 0.3 0.6 1.1
223 TANAH LAUT KALIMANTAN SELATAN <0.1% 0.3 0.9 15
224 KAPUAS KALIMANTAN TENGAH <0.1% 0.2 0.6 1.1
225 KATINGAN KALIMANTAN TENGAH <0.1% 0.1 0.2 0.4
226 KOTAWARINGIN KALIMANTAN TENGAH <0.1% 0.0 0.0 0.0
BARAT
227 KOTAWARINGIN KALIMANTAN TENGAH <0.1% 0.1 0.2 0.4
TIMUR
228 PULANG PISAU KALIMANTAN TENGAH <0.1% 0.1 0.2 0.4
229 SUKAMARA KALIMANTAN TENGAH <0.1% 0.0 0.0 0.0
230 BALIKPAPAN KALIMANTAN TIMUR <0.1% 0.8 13 2.0
231 BONTANG KALIMANTAN TIMUR <0.1% 1.1 1.9 2.8
232 PASIR KALIMANTAN TIMUR <0.1% 0.5 1.1 1.6
233 PENAJAM PASER UT | KALIMANTAN TIMUR <0.1% 0.6 1.1 1.6
234 BANGKA KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
235 BANGKA BARAT KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
236 BANGKA SELATAN KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
237 BANGKA TENGAH KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
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238 BELITUNG KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
239 BELITUNG TIMUR KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
240 PANGKAL PINANG KEPULAUAN BANGKA BELITUNG <0.1% 0.0 0.0 0.0
241 KEPULAUAN RIAU KEPULAUAN RIAU <0.1% 0.0 0.0 0.1
242 KOTA BATAM KEPULAUAN RIAU <0.1% 0.0 0.0 0.1
243 LINGGA KEPULAUAN RIAU <0.1% 0.0 0.0 0.1
244 NATUNA KEPULAUAN RIAU <0.1% 0.1 0.2 0.4
245 TULANGBAWANG LAMPUNG <0.1% 0.2 0.4 1.5
246 KEPULAUAN ARU MALUKU <0.1% 0.5 1.2 1.8
247 ACEH TAMIANG NANGGROE ACEH DARUSSALAM | <0.1% 0.2 1.0 2.0
248 ASMAT PAPUA <0.1% 0.1 0.1 0.2
249 MAPPI PAPUA <0.1% 0.1 0.1 0.1
250 MERAUKE PAPUA <0.1% 0.0 0.1 0.1
251 MIMIKA PAPUA <0.1% 0.2 0.5 1.0
252 BONE SULAWESI SELATAN <0.1% 0.6 14 2.1
253 BULUKUMBA SULAWESI SELATAN <0.1% 0.7 1.7 2.5
254 LUwu SULAWESI SELATAN <0.1% 0.3 0.6 13
255 LUWU TIMUR SULAWESI SELATAN <0.1% 0.2 0.5 1.2
256 LUWU UTARA SULAWESI SELATAN <0.1% 0.2 0.5 13
257 MAROS SULAWESI SELATAN <0.1% 0.6 13 1.8
258 PALOPO SULAWESI SELATAN <0.1% 0.2 0.5 1.1
259 PANGKAJENE SULAWESI SELATAN <0.1% 0.6 1.6 24
KEPULAUAN
260 SELAYAR SULAWESI SELATAN <0.1% 0.6 15 2.8
261 SINJAI SULAWESI SELATAN <0.1% 0.7 1.6 24
262 TAKALAR SULAWESI SELATAN <0.1% 0.6 1.6 2.6
263 UJUNG PANDANG SULAWESI SELATAN <0.1% 0.6 1.1 1.9
264 WAJO SULAWESI SELATAN <0.1% 0.3 0.6 13
265 KOLAKA SULAWESITENGGARA <0.1% 0.4 1.0 1.6
266 KOLAKA UTARA SULAWESITENGGARA <0.1% 0.3 0.6 14
267 BANYU ASIN SUMATERA SELATAN <0.1% 0.0 0.0 0.0
268 OGAN KOMERING SUMATERA SELATAN <0.1% 0.2 0.4 15
ILIR
269 ASAHAN SUMATERA UTARA <0.1% 0.1 0.4 1.1
270 DELI SERDANG SUMATERA UTARA <0.1% 0.2 1.0 2.1
271 DELI SERDANG SUMATERA UTARA <0.1% 0.2 1.0 2.1
272 KOTA MEDAN SUMATERA UTARA <0.1% 0.2 1.1 2.1
273 LABUHAN BATU SUMATERA UTARA <0.1% 0.0 0.1 0.2
196 REMBANG JAWA TENGAH <0.1% 0.0 0.1 0.2
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