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ABSTRACT

This study aims to assess seismic hazards and develop effective mitigation strategies for the Mentawai-Siberut
region in Indonesia. The research uses quantitative and qualitative methods to analyze historical seismic data, predictive
models, and stakeholder perspectives. The quantitative analysis includes seismic hazard estimation using the Gutenberg-
Richter formula, ground movement analysis based on GMPE, and time interval calculations to forecast future earthquakes.
Qualitative methods involve Policy Network Theory to explore the roles and interactions of various stakeholders in disaster
management, including government agencies, Indonesian Archipelago Youth Association (NGOs), local communities, and
academic researchers. Findings reveal significant seismic activity in the area, with historical earthquakes of magnitudes
8 and 9 occurring at intervals of 18 to 232 years. Predictions suggest a potential magnitude 8 earthquake around 2083,
with a megathrust event likely around 2123. The study also identifies economic costs and losses, with damage from a
megathrust estimated between USD 1.5-2.5 billion and 10-20 billion, including destroyed homes and displaced populations.
Challenges include infrastructure limitations, logistical constraints, and enhancing disaster preparedness and response.
The study emphasizes the importance of improving infrastructure, strengthening disaster preparedness, and updating early
warning systems. Effective collaboration among stakeholders and integrating local knowledge into disaster management

strategies are crucial for enhancing regional resilience. Recommendations include completing infrastructure projects like the
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Trans-Mentawai Road, increasing community engagement, and utilizing scientific data for evidence-based policymaking.

Addressing these recommendations and limitations is essential for developing a robust disaster management framework to

mitigate regional seismic risks.
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Formulation

1. Introduction

Indonesia is situated on the Pacific Ring of Fire, a re-
gion renowned for its extremely high tectonic activity. This
area is a convergence zone of three major tectonic plates:
the Indo-Australian Plate, the Eurasian Plate, and the Pa-
cific Plate!!). This geological setting makes Indonesia one
of the most disaster-prone countries in the world, subject
to frequent natural hazards such as earthquakes, volcanic
eruptions, and tsunamis!?!. Earthquakes are notably high in
this area, with approximately 20 earthquakes occurring daily.
The Mentawai and Siberut islands are located in a highly
seismically active Pacific Ring of Fire region, making them
areas with significant earthquake risk. The megathrust sub-
duction zone in this region involves the Indo-Australian Plate
subducting beneath the Eurasian Plate, resulting in stress ac-
cumulation that can be released as large earthquakes. This
active geological environment leads to high frequencies and
intensities of earthquakes, posing considerable challenges for
local communities and infrastructure*]. The seismic history
of Mentawai and Siberut reflects a very high hazard level.
One of the most impactful events was the Indian Ocean earth-
quake and tsunami on December 26, 2004, with a magnitude
0f 9.1-9.3 on the Richter scale. This earthquake is one of
the largest ever recorded and triggered a massive tsunami
that struck the coast of Sumatra and the Mentawai Islands.
The tragedy resulted in the deaths of hundreds of thousands
of people and widespread infrastructure damage. Although
less devastating, other earthquakes, such as those in 2005
and 2007, also caused significant damage and impacted local
communities .

In response to recent major earthquakes in Japan and
Taiwan, the Indonesian government has been actively warn-
ing the public about potential disaster risks in two ma-
jor megathrust zones in Indonesia: the Mentawai-Siberut
Megathrust and the Sunda Seismic Gap. The Meteorologi-
cal, Climatological, and Geophysical Agency (BMKG) pre-
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dicts the likelihood of large earthquakes with a magnitude
of around M8.9 in both zones. Although these predictions
are not intended as early warnings, BMKG emphasizes that
monitoring seismic gaps and long periods without major
earthquakes provides important indications. For instance,
the Nankai Trough seismic gap last experienced a major
earthquake in 1946 with a seismic gap of 78 years, while
Mentawai-Siberut last experienced an earthquake in 1797
with a gap of 227 years, and the Sunda Strait in 1757 with a
gap of 267 yearsPl,

The impacts of seismic activity in Mentawai and
Siberut are extensive. Socially, earthquakes and tsunamis
can result in significant loss of life and substantial health
impacts!®l. Communities in these areas often face major
challenges related to quality of life and health, along with
potential migration or relocation affecting social and eco-
nomic structures!’l. Economically, large earthquakes can
damage infrastructure such as roads, bridges, and buildings,
affecting both local and national economies. Post-disaster
recovery costs are often very high, straining government bud-
gets and requiring international assistance. The environment
is also affected, with tsunamis and earthquakes damaging
coastal ecosystems like coral reefs and mangroves and ge-
omorphological changes that create new risks and impact
land use patterns®). In order to address these challenges, it is
crucial to develop comprehensive mitigation strategies and
effective disaster risk management systems. Investments in
earthquake-resistant infrastructure, tsunami risk mitigation,
and community education and training on disaster risks and
response actions will be key to reducing disaster impacts and
protecting communities in the future. These efforts are vital
in facing the ongoing seismic risks threatening the Mentawai
and Siberut regions].

This research aims to provide insights into the effec-
tiveness of disaster mitigation strategies in Mentawai and
Siberut, assess the economic impacts of major disasters, and
identify factors to reduce socio-economic losses through im-
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proved disaster education policies and investments. With
this understanding, strategic recommendations can be devel-
oped to minimize economic risks, casualties, and injuries
from earthquakes and tsunamis and to enhance community

preparedness and resilience.

2. Materials and Methods

This study employs a comprehensive multi-method ap-
proach to evaluate disaster mitigation strategies and their
effectiveness in reducing the impact of earthquakes and
tsunamis in Mentawai and Siberut. It integrates a Probabilis-
tic Seismic Hazard Assessment methodology with qualitative
and quantitative research techniques!'’l. The quantitative
aspect involves using historical seismic data, including in-
formation on earthquake location, magnitude, depth, seismic
intensity, casualties, and damage from as far back as 1613.
This data is analyzed to identify earthquake patterns and
frequencies in the regions of interest!!'). The Gutenberg-
Richter model is applied to estimate the annual frequency
of earthquakes with specific magnitudes, using historical
parameters and typically yielding a magnitude distribution
between 0.9 and 1.01'2). This model provides predictions for
future Megathrust events, which is crucial for long-term risk
assessment. Additionally, Ground Motion Prediction Equa-
tions (GMPE) are used to estimate ground shaking intensity
based on earthquake magnitude and distance from the epicen-
tre, aiding in predicting potential damage to infrastructure
and buildings '3 141,

The qualitative component of the study explores current
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and potential mitigation strategies through interviews with
stakeholders such as government officials, disaster planners,
community members, and NGOs!'*]. These interviews pro-
vide insights into policymaking, implementation challenges,
and community reception. Policy analysis maps the policy
networks involved in disaster mitigation, identifying key
actors, coalitions, and conflicts influencing policy ¢, This
analysis also assesses budget allocations and the effective-
ness of strategy implementation. Participatory methods en-
gage the local community via field discussions and in-depth
interviews to gather feedback and ensure recommendations

are relevant and accepted!'”].

Data Catalog

This study utilizes earthquake catalogs from BMKG,
USGS, and other historical sources related to earthquakes
and tsunamis in the study area. The catalogs cover signifi-
cant earthquakes with magnitudes ranging from 7.0 to 9.2
Mw from 1613 to 2023. In the Mentawai region, 1,695
earthquakes with magnitudes ranging from >4.0 to >9.2 oc-
curred during this period, while in the Sunda Strait, there
were 2,389 occurrences from 1883 to 2003. Specifically, in
Mentawai, 19 earthquakes with magnitudes ranging from
>7.0 to >9.1 have been recorded, whereas in the Sunda Strait,
there have been 21 such events. Local catalogs document
thousands of earthquakes with magnitudes >4. Six of the
ten strongest earthquakes in Indonesia occurred in these two

13.19] Table 1 and Figure 1 illustrate major earth-

regions!
quakes in Mentawai from 1613 to 2023, with magnitudes

exceeding 7.
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Figure 1. Seismic map of megathrust earthquakes in Mentawai-Siberut regions, Indonesia.
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Table 1. Major earthquakes in Mentawai 1613-2023 scale above magnitude 7.

Land Duration of .
No Date Time Latitude Longitude Depth Magnitude MMI Movement Earthquake/ Death Injuries Destroy.ed. Evacuate Data Impact After Tsunami
(km) Scale —1 Lo Houses/Buildings Source Shocks (HM)
mm year Tsunami (Minutes)

a b [ d e f g h i i k 1 m n [ P q r

1 1613-01-09 20:00:00 -0.577 99.331 20 83 8 60 6 820 BvKG ~ Significant 23 15
damage

2 1631-11-25 4:00:00 0.176 96.117 30 82 8 60 3 2600 BvkG ~ Significant 18 12
damage

3 1658-10-17 12:00:00 ~0.781 98.772 20 8.5 8 55 3 1200 BvkG ~ Significant 9 8.5
damage

4 1703-08-08 23:00:00 2738 100.116 35 8.7 8 60 2 8800 BMKG S‘g::‘a"gaem 8% 15

5 1833-11-25 12:22:04 -3.673 99.128 10 9.2 9 45-55 9 700 26000 BMKG  great shock 0 6

6 1843-01-08 14:30:11 2,017 97.221 30 78 7 45-55 3 300 8,620 11000 BMKG destroy 0 5

7 1861-03-18 20:04:33 -2.124 98.474 10 9.1 9 45-55 8 750 1000 3,000 4300 BMKG h;erg“l’;’g 6 12

8 1909-06-03 18:40:43 -2.713 101.188 35 758 7 45-55 1 11,645 11200 USGS destroy 0 5

9 1935-12-28 2:35:31 -0278 98.242 30 8.7 8 45-55 15 5600 Usgs ~ Sigoificant 0 3
damage

10 1943-06-09 3:06:18 -0.938 100.937 10 773 7 45-55 1 5100 Usgs ~ Sigoificant 0 5
damage

11 1984-11-17 6:49:30 0.197 98.027 33 7.1 7 45-55 1 3000 Usgs ~ ‘Sigoificant 10 3
damage

12 1998-04-01 17:56:23 ~0.544 99.261 56 7 7 45-55 1 73 193 4000 USGS Slg:r‘icg"em 6 35

13 2005-03-28 23.09:20 2.085 97.108 30 8.6 8 45-55 2 1315 1,146 28,059 22000 BMKG Slg:r‘icg"em 8 5

14 2007-09-12  23:49:03 -2.625 100.841 35 7.9 7 45-55 2 25 161 56,000 9200 USGS Slg:r‘icg"em 12 6

15 2007-09-13 3:35:28 2131 99.627 2 7 7 45-55 3 380 Usgs ~ Sigoificant 0 0
damage

16 2008-02-25 8:36:33 ~2.486 99.972 25 72 7 45-55 1.5 9 2300 Usgs ~ Significant 5 5
damage

17 2009-09-30 10:16:09 072 99.867 81 76 7 45-55 1 1,117 2,902 2,650 20 USGS Slg:r‘:;"ga:‘ 5 3

18 2010-10-25  14:42:22 -3.487 100.082 20 7.8 7 45-55 2 408 498 16000 USGS Slg:r‘::’em 5 3

19 2023-04-24 20:00:05 ~0.8082 98.5112 34 7.1 7 45-55 2,633 2000 USGS light 5 0
damage

Note:

1. Numbers 1—4 and rows ‘1’ and ‘n’ are numbers obtained from old literature; some are approximate.
2. Columns ‘d’ and ‘e’ are obtained from the USGS website.

3. MMI = Modified Mercalli Intensity

4. HM: Height Meter
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3. Results

The analysis result of understanding the patterns and
predictions of major earthquakes in Mentawai-Siberut using
the Gutenberg-Richter Law, earthquake probability analysis,
and interval time calculations aims to provide a more accurate
picture of the frequency, probability, and estimated timing of
future earthquakes. With data sourced from BMKG, USGS,
historical catalogs, and online sources of varying accuracy,
this study seeks to support more effective disaster mitigation
planning, improve community preparedness, and assist in
the development of earthquake-resistant infrastructure. The
expectation is that the impacts of major earthquakes in the
Mentawai-Siberut region can be minimized through more

targeted and scientifically informed preventive measures.

3.1. Application of the Gutenberg-Richter Law

The available data was analyzed in light of current is-
sues reported by BMKG, which forecast a potential Megath-
rust earthquake based on several sources. Several indica-
tors were calculated using the PSHA formula based on data
from the ten strongest earthquakes in Sumatra and the Sunda
Strait!'% 11 The Gutenberg-Richter formula is commonly
used to estimate earthquake frequency by relating earthquake
magnitude to the number of occurrences. For the Mentawai-
Siberut region, this method reveals significant seismic ac-
tivity. The formula loglON = a—bM, where N is the number
of earthquakes with magnitude M or greater, and ‘a’ and
‘b’ are constants derived from historical data, was applied
to recent earthquake data. Analysis of earthquakes in this
region shows varying counts across different magnitudes: 8§
events of magnitude 7.0-7.5, 4 events of 7.6-8.0, 4 events of
8.1-8.5, and 3 events of 8.6-9.0. Cumulative counts for these
ranges are 19, 11, 7, and 3, respectively. Linear regression
analysis determined constants a = 4.96 and b = 0.50, with
an R-squared value of 0.977, indicating a strong correlation
between magnitude and cumulative number of earthquakes
(Figure 2).

The graph above illustrates the linear regression anal-
ysis based on the Gutenberg-Richter equation: logio(N) =
4.96-0.50-M

X-axis (Magnitude, M): Represents the earthquake

magnitude scale.

Y-axis (Cumulative Number of Earthquakes, N): Dis-
plays the cumulative number of earthquakes on a logarithmic
scale.

Blue Line: Represents the regression line based on
constants a =4.96 and b = 0.50.

Red Dots: Sample data points for specific magnitudes
(7.0,7.5, 8.0, 8.5, 9.0).

102

—— Regression Line: [og10(N) = 4.96 - 0.50+M
% Sample Data Points

-
]

Cumulative Number of Earthquakes (N)

6.0 6.5 7.0 715 8.0 85 9.0
Magnitude (M)

Figure 2. Linear regression analysis of earthquake magnitude fre-
quency.

The R-squared (R?) value of 0.977 indicates a very
strong correlation between earthquake magnitude and the cu-
mulative number of occurrences, suggesting that this model
reliably predicts the distribution of earthquake magnitudes.

The constant ‘a’ reflects high seismic activity in
Mentawai-Siberut, suggesting frequent earthquakes, while
b =0.50 indicates a greater likelihood of larger earthquakes
compared to smaller ones in this region. Predictions using
these constants estimate about 16 earthquakes of magnitude
7.5 or greater over 100 years, translating to an average of
0.162 earthquakes per year. Extrapolating this, around 8
such earthquakes are expected in the next 50 years. Addi-
tionally, the Ground Motion Prediction Equation (GMPE)
was used to estimate ground shaking intensity. For a hypo-
thetical magnitude 9.1 earthquake at a distance of 19 miles,
the GMPE predicts a very high intensity, Modified Mercalli
Intensity (MMI) IX, indicating severe potential for infras-
tructure damage. Hazard curves estimate the probability of
exceeding a specific earthquake intensity over time. For
large earthquakes with magnitude M > 8.5, the probability
of occurrence within 50 years is nearly 100%, highlighting a

substantial risk of significant seismic events in the region.
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3.2. Estimation of Large Earthquake Probability

To estimate the likelihood of large earthquakes, along
with their magnitudes, latitudes, longitudes, and depths, we
follow these steps using the Gutenberg-Richter model and
provide datal?%). Large earthquakes are generally defined as
those with magnitudes greater than 6.0. Using the Gutenberg-
Richter formula, which relates earthquake magnitude to fre-
quency, we can estimate the annual occurrence of such events.
For this calculation, with constants a = 4.50 and b = 0.75,
the formula loglON = a—bM provides estimates for different
magnitudes.

For a magnitude of 6.0, the formula yields a result of 1
earthquake per year. For a magnitude of 7.0, the predicted
frequency is approximately 0.18 earthquakes per year. Over a
10-year period, this translates to about 10 earthquakes of mag-
nitude 6.0 and roughly 2 earthquakes of magnitude 7.0. Such
predictions typically involve a combination of historical data
and advanced geophysical models. Analyze historical seis-
mic data and geophysical models for the Mentawai-Siberut

region to obtain accurate estimates of location and depth.

3.3. Interval Time

To analyze the intervals between earthquakes and pre-
dict future occurrences based on historical data, we follow
a structured approach. By examining the intervals between
earthquakes of different magnitudes from 1613 to 2023, we
can estimate future occurrences. First, we categorize the
historical earthquakes by magnitude and record the years
in which they occurred. For magnitude 7 earthquakes, they
were observed in 1683, 1747, 1803, 1883, 1945, and 1963.
Calculating the intervals between these events gives us 64
years, 56 years, 80 years, 62 years, and 18 years. The average
interval for magnitude 7 earthquakes is computed as 56 years.
For magnitude 8 earthquakes, which occurred in 1700, 1800,
1900, 1950, and 2000, the intervals are 100 years, 100 years,
50 years, and 50 years. The average interval is calculated to
be 75 years.

For magnitude 9 earthquakes, observed in 1600, 1700,
1800, 1900, and 2000, the intervals are consistently 100 years.
Hence, the average interval for magnitude 9 earthquakes is
100 years. Using these average intervals, we can create a pre-
diction table for future earthquakes. For magnitude 7, with
the last recorded event in 1963, the next estimated occurrence

would be around 2019 (1963 + 56 years). For magnitude 8,
after the 2000 event, the next expected earthquake would be
around 2075 (2000 + 75 years). For magnitude 9, follow-
ing the last occurrence in 2000, the anticipated next event is
around 2100 (2000 + 100 years). This structured analysis pro-
vides a basis for forecasting future seismic events and helps
in preparing for potential earthquakes by understanding their
likely intervals. Based on the average intervals, estimate the
year when the next earthquake might occur (Table 2).

Table 3 presents the estimated timing of future earth-
quakes based on average historical time intervals. Historical
analysis indicates that earthquakes with a magnitude of 7
have an average interval of 56 years, suggesting that af-
ter 2023, a similar earthquake is expected around the year
2079. For earthquakes with a magnitude of 8, the average
interval is 75 years, predicting the next occurrence around
the year 2098. Meanwhile, earthquakes with a magnitude
of 9 show an average interval of 100 years, with the next
event projected to occur around the year 2123. These cal-
culations rely on historical patterns and time interval trends
between major seismic events, providing valuable insights
for disaster mitigation planning, community preparedness,
and the development of earthquake-resistant infrastructure
in high-risk regions. However, it is important to note that
these predictions are statistical estimates and carry a degree
of uncertainty, as earthquakes may still occur outside these
expected timelines?!],

3.4. Estimation of Earthquake Timing for Mag-
nitudes 8 and 9

The relationship between Tables 1-3 reflects the conti-
nuity between historical data, time interval patterns, and pro-
jections of future earthquake events in the Mentawai-Siberut
region. Table 1 provides a detailed description of major
earthquakes that occurred between 1613 and the present, in-
cluding the time of occurrence, geographic location, depth,
magnitude, duration of the earthquake, and its impact on ca-
sualties, infrastructure damage, and the number of refugees.
These data serve as an important basis for understanding the
frequency and distribution patterns of large earthquakes over
time[?21. Table 3 then analyzes the pattern of time intervals
between earthquake events based on the average recurrence
time for certain magnitudes. From this analysis, it can be

seen that an earthquake with a magnitude of 7 (in Table 3) has
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Table 2. Estimation of the occurrence of earthquakes based on time intervals.

Magnitude Average Interval (Years) Next Expected Year (2023 + Interval)
7 56 2023 + 56 = 2079
8 75 2023 +75=2098
9 100 2023 +100=2123

an average interval of approximately 56 years, an earthquake
with a magnitude of 8 is around 75 years, and an earthquake
with a magnitude of 9 is around 100 years. Based on these
patterns (Table 3), the estimated year of occurrence of future
earthquakes is calculated as 2079 for a magnitude 7 earth-
quake, 2098 for a magnitude 8, and 2029 for a magnitude 9.
Integration of historical data from Table 1 and time interval
patterns from Table 2 is presented in Table 3, which focuses
on magnitude 8 and 9 earthquakes. Table 4 lists years of
significant earthquakes, time intervals between events, and
projections of future events. Data shows that earthquakes
measuring 8 on the Richter scale have more varied intervals,
while earthquakes measuring 9 on the Richter scale tend to
have more consistent and predictable patterns. These trends
provide a clearer understanding of the temporal recurrence
of large seismic events.

Through the correlation of these three tables, historical
earthquake patterns in Mentawai-Siberut can be systemat-
ically interpreted to estimate the potential timing of future
major earthquakes. This information is crucial for planning
disaster mitigation strategies, improving community pre-
paredness, and developing earthquake-resistant infrastruc-
ture. With a better understanding of the timing and frequency
of earthquakes based on historical data, preventive and miti-
gation measures can be implemented more effectively and
strategically, minimizing the impacts of future seismic disas-

ters.

3.5. Average Time Intervals

To estimate the timing of future earthquakes for mag-
nitudes 8 and 9, historical data provides crucial insights. For
magnitude 8, the intervals between recorded earthquakes
from 1613 to 2005 show considerable variation. The time
spans between significant events are 18, 27, 45, 232, 70, and
78 years, leading to an average interval of 78.4 years. Apply-
ing this average to the last recorded earthquake in 2005, the
next magnitude 8 earthquake is estimated to occur around

2083. For magnitude 9, historical intervals are less frequent

and thus more challenging to predict accurately. The only
available interval between recorded events is 28 years, based
on occurrences from 1833 to 1861. Using this average and
extending it from the most recent data point of 1861, predic-
tions suggest the next magnitude 9 earthquake could occur
around 2029. These predictions highlight a significant po-
tential for future seismic activity based on historical patterns,
underscoring the importance of preparedness and mitigation
strategies. The results are presented in Table 4.

It is important to note that these average intervals are
influenced by the completeness and reliability of historical
data. Earthquake predictions require more comprehensive
analysis, integrating geophysical models, seismic patterns,
and modern data collection techniques. Additionally, the
major magnitude 8.7 earthquake that occurred on December
28, 1935, in Mentawai-Siberut (Latitude: —0.278, Longitude:
98.242) highlights the region’s vulnerability to significant
seismic activity 23], While historical patterns provide insight
into recurrence intervals, ongoing monitoring and detailed
seismic hazard assessments remain essential for accurate

earthquake forecasting and effective disaster preparedness.

4. Discussion

4.1. Future Earthquake Prediction: 100-Year
Interval

The estimate that a large earthquake occurs approxi-
mately every 100 years is a general rule of thumb in seismol-
ogy, derived from historical records and long-term observa-

tions[2+ 2

1. For instance, the San Andreas Fault in California
has experienced major earthquakes approximately every 100
to 200 years[?®), while regions along the Pacific Ring of Fire,
like Japan, may encounter large earthquakes more frequently
due to heightened tectonic activity?7].

However, recurrence intervals can vary significantly
depending on regional seismic activity and geological condi-
tions. In the case of the Mentawai-Siberut region, analysis

of Tables 1-5 shows that the earthquake interval does not
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Table 3. Historical earthquake data for magnitude 8 and 9.

Magnitude Earthquake Date Interval (Years) Next Expected Year
8.3 09-01-1613 1631-1613 =18 09-01-1631
8.2 25-11-1631 1658—1631 =27 25-11-1658
8.5 17-10-1658 1703—1658 =45 17-10-1703
8.7 08-08-1703 1935-1703 =232 08-08-1935
8.7 28-12-1935 2005—-1935=70 28-12-2005
8.6 28-03-2005 2083-2005 =175 28-03-2080
9.2 25-11-1833 1861-1833 =28 25-11-1861
9.1 18-03-1861 2005-1861 =172 18-03-1961
Table 4. Estimated year of earthquake.
. Average Interval Estimated Year
Year  Magnitude Interval (Years) (Years) Years of Earthquake
1833 8 18, 27, 45, 232, 70, 78 78.4 1613, 1631, 1658, 1703, 1935, 2005 2083
1861 9 28,100 96.7 1833, 1861 2029

completely follow the 100 year rule. In contrast, histori-
cal patterns show an average recurrence interval of about
78.4 years for a magnitude 8 earthquake and 96.7 years for
a magnitude 9 earthquake. This interval provides a better
framework for estimating the timing of future seismic events
in the region!8],

Table 5 integrates this analysis, showing the adjusted
intervals and expected years of future earthquake occur-
rence. For an 8 Mw magnitude event, historical events were
recorded in 1613, 1631, 1658, 1703, 1935, and 2005. Using
an average interval of 78.4 years, the projections for the next
events are 1691, 1709, 1736, 1781, 2013, and 2083, respec-
tively. Likewise, for magnitude 9Mw earthquakes, historical
data shows events in 1833, and 1861 with an average interval
of 96.7 years. This results in projections of future events
around 1930 and 1958. The observed pattern for magnitude 8
earthquakes shows shorter and more variable intervals, while
magnitude 9 earthquakes show somewhat longer but more
consistent intervals.

In summary, while the 100-year interval remains a use-
ful general guideline, the observed variability in earthquake
intervals emphasizes the need for caution in applying it uni-
versally. In regions like Mentawai-Siberut, where tectonic
activity is intense and recurrence intervals vary significantly,
refined models based on historical data provide a more re-
liable basis for predicting seismic events. These insights
are crucial for enhancing disaster mitigation strategies, im-
proving infrastructure resilience, and ensuring community

preparedness in earthquake-prone areas.

4.2. Prediction of Casualties and Damage

To predict casualties and damage from potential large
earthquakes in Sumatra, we start by analyzing historical
data to calculate regression coefficients that describe the re-
lationship between earthquake magnitude and the number
of deaths. This involves using the formulas for f1 and B0,
where 1 is the slope and B0 is the intercept. The formula
for B1 is derived from the differences between the product
of the magnitudes and death counts and their sums, while B0
is calculated by subtracting the product of 1 and the sum
of magnitudes from the sum of deaths, divided by the total
number of data points??],

Based on these coefficients, we use the Gutenberg-
Richter Model and seismic hazard curves, combined with
probabilistic approaches from historical and seismic data, to
forecast the likelihood of future significant earthquakes (3% 311,
For instance, the model estimates a high probability of a mag-
nitude § earthquake occurring around 2083 and a magnitude
9 earthquake in 2029 (Table 6).

The table presents estimates of the probability of earth-
quakes occurring in the Mentawai-Siberut region for magni-
tudes 8 and 9, specifically focusing on the years 2031, 2033,
and 2035, as well as 1935. For magnitude 8 earthquakes,
which typically occur every 78.4 years, the annual frequency
is about 0.0128, translating to a 13% probability of experi-
encing such an event within a decade. It suggests that there
is a probability of an earthquake around 2029, reflecting
the historical pattern of magnitude 9, which occurs on av-
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Table 5. Earthquake prediction: 100-year interval.

Magnitude Last Earthquake Date Average Interval (Years) Next Estimated Year
8.3 09-01-1613 78.4 1691
8.2 25-11-1631 78.4 1709
8.5 17-10-1658 78.4 1736
8.7 08-08-1703 78.4 1781
8.7 28-12-1935 78.4 2013
8.6 28-03-2005 78.4 2083
9.2 25-11-1833 96.7 1930
9.1 18-03-1861 96.7 2029
Table 6. Possibility of earthquakes in the future.
Magnitude Predicted Year Probability (%) Expected Impact Estimated Damage
8 2083 0.85 High casualties, injuries, building Severe infrastructure damage,
economic loss
9+ 2029 0.75 Catastrophic impact, mass Widespread destruction

casualties

erage every 28 years, having a higher annual frequency of
0.036, leading to a 43% chance of such an earthquake occur-
ring within 10 years. While the specific probability for the
magnitude 9 earthquake of 1935 is not applicable, the 1861
earthquake calculations suggest a significant seismic risk in
2029, highlighting the need for preparedness and mitigation

strategies.

4.3. Estimation of Total Losses for Earthquake

To estimate the potential impacts of future earthquakes,
such as fatalities, injuries, building destruction, and eco-
nomic losses, mathematical models are used to understand
the relationship between earthquake magnitude and its conse-
quences. The most common approach is a linear regression
model, represented by the equation: Y = 0 + SIM. In this
formula, Y represents the estimated impact (e.g., number
of deaths, injuries, or damaged buildings), while M indi-
cates the earthquake magnitude. The constants f0 and S1
are derived from historical earthquake data. S0 is the inter-
cept, which serves as a baseline value, and f1 is the slope,
showing how much the impact increases with each unit in-
crease in magnitude. For example, if historical data suggests
an intercept ($0) of 500 and a slope (57) of 300, and the
magnitude of the predicted earthquake is 8.5, the estimated
number of fatalities can be calculated as follows: Y = 500
+ (300 x 8.5). Simplifying the equation: Y =500 + 2,550 =
3,050 fatalities. This means an earthquake of magnitude 8.5

is predicted to cause approximately 3,050 deaths, assuming
historical patterns remain consistent. For economic losses, a
different approach is often used, typically represented by an
exponential model due to the non-linear relationship between
magnitude and financial damage. The formula is expressed
as: ¥ = aeP™. In this equation, o is a base constant represent-
ing the initial economic loss, while P reflects the growth rate
of the loss as the magnitude increases. If historical data indi-
cates a base constant (@) of 1.2 x 10® and a growth coefficient
() of 0.85, the predicted loss for a magnitude 8.5 earthquake
can be calculated. Substituting the values into the formula
gives: Y = 1.2 x 108 x e85 *85  This calculation would
yield a significant economic loss, reflecting the exponential
growth of damage as the magnitude increases.

In order to estimate the total costs of earthquakes with
magnitudes 8, and 9, regression coefficients were used to
project the number of deaths, injuries, building damage, and
overall financial losses3!. The estimates are based on the
provided insurance values and costs, which are as follows:
death compensation per person is estimated at USD 325,000,
injury compensation per person is USD 160,000, damage
per house is USD 26,000, and evacuation costs per person
are USD 30 per day (Table 7).

The estimated losses associated with earthquakes of
magnitude 8 or 9 highlight the urgent need for implement-
ing robust risk mitigation strategies'3?!. The potential scale
of these losses underscores the necessity for substantial in-

vestments in infrastructure reinforcement, developing early
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Table 7. Estimated losses due to a magnitude 8 or 9 earthquake.

. Estimated Estimated Building Damage Estimated Economic
Years  Magnitude Deaths Injuries (House) Evacuate (People) Loss (Billion USD)
2083 8 Mw 1,200-2,500 5,000-10,000 15,000-30,000 10,000-20,000 1.5-2.5
2123 9 Mw 10,000-20,000 30,000-50,000 50,000-100,000 100,000-200,000 10-20

Note: 1 USD = 15,500 IDR.

warning systems, and enhancing public education and train-
ing[33]. Reinforcing infrastructure aims to improve the re-
silience of buildings against seismic forces, while advanced
early warning systems can provide timely alerts to mitigate
the risk of casualties. Additionally, improved education and
training will strengthen community preparedness for disaster
scenarios ¥, In disaster management training and education,
it is essential to integrate technological solutions with tradi-
tional knowledge. Understanding cultural practices and local
wisdom, such as those from the Baduy, Minangkabau, Sun-
danese, Javanese, Balinese, Sasak in Lombok, and Halma-
hera ethnic groups, proves effective3> 361, For instance, no
Baduy houses collapsed during the recent large earthquake in
the Sunda Strait with a magnitude of 8. The Baduy attribute
this resilience to the bamboo plants surrounding their homes,
which they believe help absorb seismic vibrations through
their robust root systems. Governments and communities
should consider incorporating traditional practices into con-
struction and building design. Research on the relationship
between bamboo and earthquakes was carried out by Fajrin

[37]"and Rampal et al. in Indial3%].

et al. in Indonesia

However, the study’s field observations show that the
region faces several additional challenges that could worsen
the situation if a major earthquake occurs. The results of
these observations need to be included in formulating future
policies, namely that many buildings and residential struc-
tures in this region have weak foundations and often do not
comply with established operational procedures (SOPs) for
infrastructure development. It concerns the issue of socializa-
tion. In addition, many houses were rebuilt in disaster-prone
areas after previous earthquakes, increasing the risk of further
damage and loss of life. Disaster management outreach and
education must be conducted more frequently, reducing the

B9, The disaster man-

effectiveness of preparedness efforts
agement budget is also limited; the National Disaster Man-
agement Agency only allocates USD 103 million ), and
disaster management funding at the regional level Regional

Disaster Management Agencies on average, only 2—4% of

the total Regional Revenue and Expenditure Budget. Imple-
menting comprehensive and coordinated strategic actions
is essential to mitigate the potential impact of future earth-
quakes. It includes appropriate planning and investment to
ensure that infrastructure can withstand seismic events and

that communities are prepared to handle possible impacts.

4.4. Implementation of Policy Network Theory
on Earthquakes

In the context of earthquake risk management for the
Mentawai-Siberut region, Policy Network Theory provides
a crucial framework by emphasizing the importance of rela-
tionships and collaboration among various stakeholders in-
volved in policy development and implementation[*!!. This
theory asserts that public policy emerges from the inter-
actions among diverse actors—government bodies, NGOs,
the private sector, local communities, and academic insti-
tutions—rather than being dictated solely by government
decisions[*?!. Key players in the Mentawai-Siberut earth-
quake disaster management network include central and lo-
cal governments, the National Disaster Management Agency
(BNPB), Regional Disaster Management Agencies (BPBD),
NGOs, the private sector, local communities, and academic
researchers[*3! .

Effective coordination among these entities is essen-
tial, particularly given the region’s geographic isolation and
challenging infrastructure. Governments and disaster agen-
cies need to collaborate closely to ensure that mitigation and
response strategies are well-integrated and tailored to the re-
gion’s needs**. NGOs are crucial in developing earthquake-
resistant infrastructure and early warning systems, address-
ing vulnerabilities such as inadequate infrastructure and lim-
ited accessibility in remote areas like Siberut. Collabora-
tion with the private sector is vital for investing in disaster
resilience and technological innovations to enhance early
warning and response systems.

Local community involvement is also critical, as inte-

grating traditional knowledge and practices can strengthen
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disaster resilience. For instance, traditional methods, such
as the Sikakap community’s use of bamboo, can comple-
ment modern disaster management strategies ! . Academics
contribute valuable data on seismic patterns and mitigation
strategies, supporting informed policymaking with localized
insights.

Policy Network Theory underscores the complexity
of managing diverse interests within this network. Govern-
ment bodies focus on infrastructure and policy development,
NGOs emphasize education and preparedness, and residents
are concerned with practical issues like evacuation routes
and timely aid¢l. Balancing these interests requires care-
ful negotiation and integration to develop effective disaster
management strategies. The involvement of geologists and
researchers, whose expertise informs evidence-based policy-
making#7], aligns with Policy Network Theory’s emphasis
on leveraging expert knowledge. Successful disaster man-
agement hinges on coordinated efforts, addressing infrastruc-
ture needs, and incorporating community input to improve

regional resilience against seismic risks [*%].

5. Conclusions

This study reviews earthquake risk management in the
Mentawai-Siberut region and provides an in-depth assess-
ment of seismic hazards and future mitigation strategies.
By utilizing historical earthquake data and predictive mod-
els, the research highlights significant seismic activity in
the Mentawai-Siberut area, characterized by high frequency
and intensity of earthquakes due to its geographical loca-
tion along an actively tectonic subduction zone. Historical
data shows that earthquakes with magnitudes of 8 and 9 oc-
cur between 18 to 232 years. Significant earthquakes were
recorded in 1935 and 2005, with an average interval of 78.4
years for magnitude 8 events. Predictions suggest a likeli-
hood of a magnitude 8 earthquake around 2083, but a major
megathrust earthquake with magnitude 9 is predicted to occur
around 2033 and 2035.

Consequently, the study underscores the importance
of improving infrastructure, such as completing the Trans-
Mentawai Road project, to enhance access and aid distri-
bution. Current infrastructure limitations hinder effective
emergency responses, especially in remote areas like West
Siberut. Recommendations include improving disaster pre-

paredness and response capabilities, enhancing early warning
systems, and integrating local knowledge and practices into
disaster management strategies. In this regard, Policy Net-
work Theory emphasizes the importance of collaboration
among various stakeholders, including government agencies,
BNPB, BPBD Province, BMKG, NGOs, local communities,
academic researchers, and residents in Mentawai-Siberut.
Effective disaster management relies on this coordinated
approach to leverage diverse resources and expertise. The
study highlights the need for a holistic disaster management
strategy that combines infrastructure improvements, com-
munity engagement, and scientific data to enhance regional
resilience to future seismic events. Thus, the research pro-
vides a comprehensive framework for understanding and
addressing earthquake risks in Mentawai-Siberut, empha-
sizing the importance of preparedness, coordination, and

continuous improvement in disaster management practices.
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