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Village,

This research examines the integration of disaster mitigation into spatial planning in
Indonesia, specifically focusing on the earthquake vulnerability of Kajai in Pasaman
Barat Regency. The study aims to refine spatial planning strategies to enhance resilience
and inform government policies, ultimately reducing disaster impacts and promoting
sustainable recovery in high-risk areas. In Kajai, both primary data from field
observations and secondary data from regional spatial plans were employed. The Ground
Motion Prediction Equations (GMPE) method was utilized alongside GIS for spatial
analysis, assessing earthquake hazards to improve disaster resilience. GMPE was
selected due to the presence of the active Semangko fault and complex local geological
conditions, which significantly affect ground motion in the area. The earthquake hazard
map categorizes areas into five vulnerability typologies, with area distribution as follows:
Stable zone (8,636.78 ha), Typology A (1,761.89 ha), Typology B (702.11 ha), Typology
C (71.46 ha), and Typology D (16.42 ha). The most vulnerable zone, Typology D, is
concentrated in the hamlets Lubuak Sariak and Tanjung Beruang. Despite being
designated as an agricultural zone in the spatial development plan, Kajai lacks protected
zones for earthquake-hazard areas, underscoring the need for integrating seismic risk into

spatial planning to ensure community safety.

1. INTRODUCTION

In disaster-hazard countries like Indonesia, spatial planning
is inherently a crucial disaster mitigation strategy aimed at
reducing disaster risk through land-use regulations.
Identifying zones susceptible to seismic shaking ensures that
high-risk developments are avoided. In addition to risk
reduction, spatial planning facilitates recovery, protects the
environment, promotes sustainable living, and supports
evacuation efforts [1].

Indonesia, situated between multiple tectonic plates, is
highly prone to earthquakes and volcanic eruptions [2, 3]. For
prediction and for reducing vulnerability against future
earthquake disasters, it is important to understand the factors
that cause geographic patterns [4]. The National Board for
Disaster Management (BNPB) recorded 2,168 disasters from
January to August 2022, reflecting an increase of 1,805
disasters in the same period of 2021. Among these were
landslides, earthquakes [5], forest fires, floods, tidal waves,
and abrasion [6].

West Sumatra, a province highly susceptible to seismic
hazards, is traversed by the Semangko Fault—part of the Great
Sumatra Fault Zone—recognized as one of the most active
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strike-slip fault systems in the world [7, 8]. This fault zone
runs parallel to the Sunda Trench and plays a critical role in
accommodating oblique convergence between the Indo-
Australian and Eurasian plates [9]. A significant seismic event
occurred on March 8, 1977, known as the Pasaman earthquake,
which registered a magnitude of 6.1, with its epicenter at 0.5°N
and 100.04°E, and a depth of 19.5 kilometers. In Sinurat Sub-
district, the quake severely damaged 737 houses, a market,
seven schools, eight mosques, and three government buildings,
while in Talu Sub-district, 245 houses, three schools, and eight
mosques were similarly affected [10]. Decades later, on
January 25, 2022, another powerful earthquake with a
magnitude of 6.2 struck Pasaman Barat Regency, also situated
along this fault system. The event resulted in widespread
destruction—damaging infrastructure, collapsing roads, and
disrupting essential public services. The extent of the impact
highlights the pressing need to reassess regional spatial
planning strategies to strengthen disaster resilience. The
following images illustrate the damage in Kajai, Pasaman
Barat, caused by the 2022 earthquake (Figure 1).

To address these recurring disasters, integrating disaster
mitigation into spatial planning is essential. Land-use control
is one of the fundamental mechanisms in reducing disaster risk
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by restricting development in high-risk zones, as mandated in
the Minister of Public Works Regulation No. 22 of 2007 [11].
Research has shown that effective zoning policies significantly
reduce disaster-related damages. Additionally, implementing
and enforcing building codes that require earthquake-resistant
design, such as the Indonesian National Standard [12], is
crucial in minimizing structural failures. Studies indicate that
adherence to seismic design standards can reduce earthquake-
induced fatalities by up to 60 percent.

Figure 1. Photos of the damage caused by the earthquake in
Kajai

Currently, the earthquake hazard map for West Sumatra is
on a small scale (1:650,000), limiting its effectiveness. This
map categorizes areas into five vulnerability zones comprising
approximately 30 percent of the total area, including Kajai
Village, where significant damage occurred. The Regulation
of the Minister of Public Works No. 21 of 2007 emphasizes
the need for a more detailed, large-scale earthquake hazard
map [11]. Such maps are critical for precise evaluations,
particularly in severely affected areas like Kajai.

Ground Motion Prediction Equations (GMPE) is applicable
to different types of seismic areas as they account for local
geological conditions and fault characteristics influencing
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earthquake intensity. In Pasaman Barat, GMPE is particularly
relevant due to the presence of the Semangko fault and
multiple active seismic sources. The application of GMPE
allows for more accurate estimations of seismic hazards,
aiding in the development of resilient spatial planning
strategies [13]. However, other methods, such as Probabilistic
Seismic Hazard Analysis (PSHA) and Deterministic Seismic
Hazard Analysis (DSHA), are also widely used in seismic
hazard mapping. PSHA considers uncertainties in earthquake
occurrence and ground motion, providing probabilistic
estimates of seismic risk over a given time period [14].
Meanwhile, DSHA focuses on worst-case earthquake
scenarios by analyzing the largest possible earthquakes that
could affect a region. Comparing these methods, GMPE is
beneficial for rapid hazard estimation and practical
applications in urban planning, while PSHA offers a
comprehensive risk assessment framework for long-term
disaster preparedness [9, 15].

This study aims to evaluate the spatial patterns in Nagari
Kajai concerning the earthquake vulnerability map. The
findings are expected to inform government policies, enabling
more effective refinement of current spatial planning strategies
in high-risk areas. Ultimately, through land-use regulations,
building code enforcement, the resilience of disaster-hazard
regions, mitigating long-term impacts, and ensuring
sustainable recovery.

2. METHODOLOGY
2.1 Study area

The research was carried out in Kajai Village, Talamau
District, Pasaman Barat Regency. The word Kajai is the name
of the traditional local village, which has a total area of
11,184.45 hectares and is bordered by several other villages,
namely, to the north is Talu village, south is Aua Kuning
village, west is Lingkuang Aua village, and to the east is
Bangun Purba village.

B, HERE,
miihtpe Goographics, and the GIS User Communtty

Figure 2. Research location map
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This village consists of eight hamlets, namely Tanjung
Beruang, Rimbo Batu, Kampung Alang, Limpato, Mudiak
Simpang, Timbo Abu, Lubuak Sariak, and Pasa Lamo. The
geography and local culture of Kajai itself have a diverse
landscape and community structure, which makes it a
significant part of the Talamau Mountains (Figure 2).

2.2 Research instruments

This study integrated both primary (field observations) and
secondary data (spatial planning documents) for
comprehensive analysis. The primary data were obtained
through documentation, observations, and visits to the field
after the earthquake in Nagari Kajai (Table 1). The collection
of building damage coordinate data after an earthquake is
crucial for assessing structural impacts and planning recovery
efforts, while 2D geoelectrical surveys provide subsurface
resistivity profiles to analyze soil stability and detect potential
hazards such as liquefaction-prone areas [16]. To ensure the
accuracy and reliability of the collected data, a rigorous quality
control process should be implemented, including cross-
validation with satellite imagery [17], GPS accuracy checks,
and standardized field data collection protocols [18]. Similarly,
2D geoelectrical surveys must undergo thorough data filtering,
inversion analysis, and calibration against borehole data to
minimize errors and improve interpretation accuracy [10].
Combining these methods with strict quality control enables a
comprehensive evaluation of both surface and subsurface
conditions, supporting effective disaster mitigation and urban
planning [19].

The collection of secondary data in the form of spatial
planning documents involves obtaining official records from
government agencies, such as regional planning departments,
land use authorities, and disaster management offices [20].
This process includes verifying document authenticity,
ensuring data completeness, and standardizing formats for
compatibility with GIS applications [21]. To ensure quality
control in spatial planning data for Pasaman Barat Regency,
cross-validation with satellite imagery and field surveys
should be conducted, alongside consistency checks with
national and regional regulations [17, 22]. Implementing these
quality control measures enhances data reliability and supports
effective land use planning and disaster risk mitigation [23,
24].

2.3 Data analysis

In this study, spatial analysis was conducted using a
geospatial approach through a Geospatial Information System
(GIS), specifically employing the overlay intersect method to
integrate multiple spatial parameters. This method allows for
precise spatial data intersection by combining geology, slope,
seismicity and geological structure layers to generate a
comprehensive hazard assessment map. The analysis was
performed using a weighted overlay approach, where each
parameter was assigned a weight based on its relative
influence, following a structured ability assessment
framework [17, 25, 26]. This approach ensures a systematic
evaluation of spatial relationships, enhancing the accuracy of
hazard and risk assessments in the study area [27].

Table 1. Matrix of types, data sources and research outputs

Data Data Type Source Output
Building damage coordinates Observation Building damage zoning
Geological conditions of earthquakes Observation Field conditions include morphology and faults
Primary Digital Elevation Model Inageoportal Slope Map
L Observation 2D Geoelectric .
Seismicity . Peak ground acceleration
Crosssection profile
. . Regional Development
Regional Spatial Pattern Plans Pasaman : . st
Secondary Barat Regency for 2011-2030 Planning Agency of Pasaman Spatial Map of Kajai Village
Barat Regency
Administrative Map of Kajai Village Inageoportal (BIG) Website Administrative Border Map of Kajai Village
Table 2. Parameters for earthquake hazard using GPME
No. Parameter Information Ability Assessment  Weight Score
Geology (Physical Andesit, granite, dlorglg, mgtamorph, b]rax volcanic, agglomerate, 1 3
Properties and braksi s§d1men, conglomerate .
1 . . Sandstone, rough tufa, siltstone, arkose, greywacke, limestone 2 3 6
Engineering of .
Rocks) Sand, silt, mudstone, napalm, fine tufa, shale 3 9
Clay, sludge, organic clay, peat 4 12
Flat - Ramp (0-7%) 1 3
Slooping - Steep (7-30%) 2 6
2 Slope Steep - Very steep (30-140%) 3 3 9
Rugged (>140%) 4 12
MMI a Richter
LILIILIV,V >0.05¢ <5 1 5
0.05-0.15

3 Seismicity VLVII . 5-6 2 s 10
VI 0‘15;0‘30 6-6.5 3 15
IX, X, XLXII >030¢g >6.5 4 20
Away from fault zones 1 4
4 Geological Structure Close to fault zones ( 100 — 1000 m dari zona sesar) 2 4 8
In the fault zone (< 100 m of fault zones ) 4 16
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2.3.1 Earthquakes hazard based on Ground Motion Prediction
Equations (GMPE)

The investigation of earthquake hazard in Kajai Village was
conducted using the method known as Ground Motion
Prediction Equations (GMPE). The following are the GMPE
parameters used in this study (Table 2).

The peak ground acceleration (PGA) score of a given
location is determined through a conversion calculation of
earthquake parameters that are acquired using an
accelerograph instrument [13, 14, 28, 29]. Here is the formula
used:

log10(4)=cl+c2M+c3log10(R)+c4R+c5Z+e. (1)

where,

A Ground motion parameter measured, such as
peak ground acceleration (PGA), spectral
acceleration (SA), or other ground motion

parameters.

M Earthquake magnitude (usually for moment
magnitude).

R Distance between the measurement location

and the earthquake source (can be the epicentral
distance or distance to the surface projection of
the source).
Z An additional parameter related to geological
conditions or the depth of the earthquake
Coefficients determined through empirical data
analysis, which may vary depending on the type
of earthquake or region.
€ The random error component that captures
variability not explained by the model

CI1-C5

As a modification of GMPE, Formula (1) performs a
parameter conversion calculation to produce the PGA value of
earthquake disaster vulnerability [28]. The intersect overlay
method is employed for spatial analysis (Figure 3).

Overlay is a map overlapping technique that generates new
spatial data from multiple spatial data inputs. The overlay
results are classified into five categories with rankings and
weights according to Table 2, producing scores to determine
the earthquake vulnerability classes in Kajai 3, 4, 6, 30].
Earthquake vulnerability areas are classified based on risk
levels, considering geological data and stability assessments.
These areas are categorized into five types:

Type Stable — Located far from fault zones with strong rock
formations that absorb seismic energy, reducing damage even
during strong earthquakes (MMI VIII) [8, 31].

Type A — Vulnerability arises from multiple factors, such
as high-intensity earthquakes (MMI VIII) and medium-
strength rock formations, leading to significant damage,
especially to simple structures [2, 28].

Type B — High vulnerability due to weak rock formations
combined with high-intensity earthquakes or proximity to a
fault zone, causing severe damage, especially to concrete
buildings [14, 32, 33].

Type C — Extremely vulnerable due to multiple weakening
factors, such as steep slopes, weak rock, and exposure to
tsunamis, leading to widespread destruction [17].

Type D — Located near fault lines and epicentres, with high-
intensity earthquakes and tsunami risk [6]. Weak rock
formations and steep slopes further increase damage potential
[24]. The most hazardous area, exposed to strong earthquakes,
destructive fault zones, and severe tsunamis. Soft rock
formations and steep terrain make it highly unstable, leading
to catastrophic damage [7]. This classification aids in risk
assessment and disaster mitigation planning.

2.3.2 Evaluation of spatial pattern plans using earthquake
hazard

After knowing about the types of earthquake disaster-
hazard typology areas, the next step is to determine the spatial
pattern in the earthquake area based on the regulation of the
Minister of Public Works 22 Year 2007 [11]. Below explains
the use of spatial in earthquake-hazard areas (Table 3).

The process of creating an earthquake hazard map involves
identifying risk zones, collecting and validating earthquake-
related geospatial data, selecting an appropriate model,
running simulations, analyzing results, and creating a spatial
pattern map. The map is validated with historical data,
evaluated for consistency, and then published to relevant
stakeholders. The research flow chart is shown in Figure 4.

INPUT

OUTPUT

-

IDENTITY
FEATURE

Figure 3. Intersect overlay process

Table 3. Spatial planning instructions based on earthquake typology

Typologies A

a. It has the potential to be developed into a cultivation area and various supporting

Determination of spatial patterns b.
and spatial structures

infrastructures.

For urban areas, the types of activities that can be developed are housing, places of worship,
education, defense and security, trade and offices, industry and tourism.

c. For rural areas, the types of activities that can be developed are housing, places of worship,
education, village centers, agriculture, fisheries, plantations, forestry, mining, and tourism.

Typologies B

a. It has the potential to be developed into a cultivation area and various supporting
infrastructures by considering natural characteristics.

Determination of spatial patterns b.
and spatial structures

For urban areas, the types of activities that can be developed are housing, places of worship,
education, defense and security, trade and offices, industry and tourism.

c. For rural areas, the types of activities that can be developed are housing, places of worship,
education, village centers, agriculture, fisheries, plantations, limited production forests and tourism.




Typologies C

a.

It has the potential to be developed into a cultivation area and various supporting

infrastructures by considering natural characteristics.

Determination of spatial patterns
and spatial structures

For urban areas, the types of activities that can be developed are housing, places of worship,
education, defense and security, trade and offices, industry and tourism.
For rural areas, the types of activities that can be developed are housing, places of worship,

education, village centers, agriculture, fisheries, plantations, and tourism.

Typologies D

a.
Determination of spatial patterns
and spatial structures

It has the potential to be developed into a cultivation area and various supporting
infrastructures provided that the infrastructure is earthquake-resistant.
Activities are not allowed to be developed considering the level of vulnerability due to

dangerous earthquakes.
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Figure 4. Research flow chart

3. RESULTS AND DISCUSSION

3.1 Earthquakes hazard in Kajai Village, Pasaman Barat
Regency

A disaster-hazard area is characterized by geological,
topographical, geographical, and technological conditions that,
over a specific period, limit its capacity to prevent, mitigate,
or prepare for hazards, thereby reducing its ability to respond
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effectively to potential disasters [34-36]. The geological map
below illustrates key vulnerability factors in Kajai Nagari,
including slope stability, fault lines, and seismic activity,
which are critical in assessing earthquake risk and guiding
disaster mitigation strategies [30].

The earthquake hazard in West Sumatra, particularly in
Pasaman Barat, is significantly high due to the active
Sumatran Fault system, which passes through regions like
Kajai. This dextral strike-slip fault, spanning approximately



1,900 km along the Bukit Barisan Mountains, is formed by the
oblique convergence of the Indo-Australian and Eurasian
plates, generating substantial tectonic stress [5, 27, 37].
Comprising 20 major segments, the fault extends from
Lampung to Banda Aceh, with its northern continuation
reaching the Andaman Sea and Burma [38]. The fault system
not only triggers frequent seismic activity but also contributes
to geomorphological changes, evident in the formation of hills,
lakes, and landslide-hazard zones [39]. Given its high
seismicity, the region remains vulnerable to major earthquakes
and associated hazards, emphasizing the need for continuous
monitoring and disaster mitigation efforts [7, 8, 10]. More
details are shown in Figure 5.

The geological analysis reveals that Kajai Village is

602400 602800 603200 603600

604000

predominantly dominated by pyroclastic materials, covering
35.05% of the total area, while deposits of chunks, crags,
pebbles, sand, and clay account for only 0.53%. This
composition suggests a high susceptibility to geohazards,
particularly landslides and seismic amplification, due to the
unconsolidated nature of pyroclastic deposits [40].
Geographically, Kajai is situated at an elevation of
approximately 450 meters above sea level with significant
topographical variation influenced by its position between
Mount Talamau and surrounding crater-like hills. The area's
slope ranges from flat (0-7%) to slightly steep (7-30%), steep
(30-140%), and very steep (>140%), which further contributes
to its geomorphological instability and potential for mass
movement events [41].
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Figure 5. The straightness of the two active faults of the Kajai fault, forming a NW-SE trending graben, which can be seen
from the results of the 2D geophysical survey interpretation

Identifying and mapping geological features, such as faults
and volcanic deposits, is crucial for understanding the Earth's
dynamic processes and assessing natural hazards like
earthquakes and volcanic activity near Kajai area. By
analyzing surface conditions and subsurface structures, this
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research can pinpoint fault lines and volcanic layers, which are
essential for predicting and mitigating the impacts of these
potential hazards. Additionally, understanding
geomorphological changes, such as shifts in river courses or
the formation of new landforms, provides insights into the



long-term effects of geological activity on the landscape. The
Kajai area's geological conditions are often defined by
morphology related to unstable quaternary volcanic deposits,
which are followed by active fault systems. Because of this,
the Kajai region and the surrounding area are vulnerable to
shallow earthquakes as well as related catastrophes like
landslides and debris flows. Regarding the texture and genetic
makeup of the landscape, the Kajai region includes the
Ancient Crater Plain of Talu, Upper Volcano Slopes, Middle
Volcano Slopes, Lower Volcano Slopes, Denuded Volcano
Hill, Denudacial Hill, Isolated Hill, and Barely Lifted Plain.
These features exhibit metamorphic and metasedimentary
rock units of Carboniferous age, as well as volcanic
sedimentary rocks (Volcaniclastic and Pyroclastics) of
Tertiary to Quartery period. The morphology of Talamau
Mountain's lower volcanic slope was the subject of two
geoelectric surveys on the valley lineament. The results

parallel Nicols|

revealed the shades of two typical faults with dip azimuths
facing one another. By forming a NW-SE trending valley
morphology that diverts the B. Talu River's direction and
becomes a place of deposition of the youngest volcanic
Talamau deposits (Upper part of reddish line), which consist
of volcanic breccia with a resistivity value of 320 Qm to
10,000 Qm, these two indications show the beginning of the
development of a younger graben morphology than the age of
the volcanic Talamau, which is interpreted as being nearly the
same direction as the active fault. Figure 5 shows the results
of measurements using geoelectricity on the kajai fault.

In general, the rocks in the Talamau area are composed of
various rock formations, including sedimentary, volcanic, and
intrusive rocks. As the lava flows crossed by a fault, layers of
volcanic breccia, coarse to fine tuff, and volcanic deposits
from Talamau mountain. Figure 6 is an example of a rock
sample in Nagari Kajai from a field survey.

crossed Nicols

Figure 6. Parallel and crossed Nicols on thin section samples of a fresh matrix from Volcanic Breccia showing the product of
magmatic corrosion (resorption, dissolution)

99°51'30°E

BYETNE

120N

N

meters

[y IS
0 500.000 2.000 3.000 4.000

Legend
—i—- Fault Line

@ Earthquake Epicenter
Earthquake Hazard Classification

P20'N

H [ stable
Typology A
Typology B
Typology C

- Typology D

0"§a0N

0°620N

N R li=

YHETUE

Figure 7. Earthquakes hazard in Kajai Village



The surface observations revealed fresh volcanic deposits
with coarse sand to gravel grain sizes. On a microscopic scale,
plagioclase phenocrysts with polysynthetic twinning,
compositional zoning, and a little alteration to secondary
feldspar are seen in the petrography of the volcanic breccia
matrix. Feldspar minerals that reveal an embayment texture
are thought to be the product of magmatic corrosion
(resorption, dissolution) brought on by a change in
environments. Based on the results of field measurements and
secondary data processing, an earthquake hazard map in
Nagari Kajai was produced as shown in the image below
(Figure 7).

Typology A can be identified by its composition of
sedimentary layers, including sandstone, coarse tuff, batu
lanau, arkose, greywacke, and limestone, which are located on
7-30% sloping terrains (slightly steep). This typology
corresponds to an carthquake classification of Modified
Mercalli Intensity (MMI) scale VIII and is situated at a
considerable distance from the fault zone. Meanwhile,
Typology D consists of sedimentary layers such as mudstone,
clay, organic clay, and peat, positioned on steep to very steep
slopes (30%—140%). This category experiences earthquake
magnitudes of IX—XII and is located in close proximity to a
fault zone, typically within a 100—1,000-meter range. The
following we present a tabulation of the distribution of
earthquake hazards for each jorong in Nagari Kajai (Table 4).

According to the earthquake hazard classification using the
Ground Motion Prediction Equations (GMPE) method, the
most vulnerable area, classified as Typology D, is in Jorong
Lubuak Sariak, covering 10.94 hectares, followed by Jorong

Tanjuang Beruang with 5.48 hectares. Areas classified as
Typology C, indicating moderate vulnerability, include Jorong
Pasa Lamo (27.50 hectares), Rimbo Batu (17.60 hectares), and
Jorong Tanjuang Beruang (26.16 hectares). The GPME
method provides a probabilistic approach by incorporating
site-specific ground motion parameters, making it more
reliable for assessing seismic hazards [13, 38]. In contrast,
deterministic seismic hazard analysis (DSHA) methods, such
as those applied in previous studies [9, 42, 43], may
underestimate hazard levels by not fully accounting for
regional ground motion variability. The probabilistic approach
used in this study aligns with recent advancements in seismic
hazard assessment, ensuring a more comprehensive evaluation
of earthquake risk in Nagari Kajai. Furthermore, integrating
GMPE with geospatial analysis, as suggested by studies [25,
44, 45], enhances the accuracy of hazard mapping compared
to traditional empirical models. Given the conversion of
designated shelter areas into settlements in the Talamau
District, these findings highlight the urgency of revising
spatial planning policies to mitigate earthquake risks
effectively.

The results of the earthquake-prone mapping above were
validated using the coordinates of the building damage that
occurred in Kajai Nagari. The survey results stated that as
many as 2,932 houses were damaged by the earthquake that
occurred. A total of 28 housing units were missing, 589 houses
were severely damaged, 1,228 houses were moderately
damaged, 1,013 houses were lightly damaged, and 74 were not
damaged. Here we present some photos of the survey results
(Figure 8).

Table 4. Proportion of area based on earthquake hazard in Kajai Village, Pasaman Barat Regency

Classification Earthquakes Hazard (Hectares)

Hamlets Stable Type A Type B Type C Type D
Kampung Alang 32.93 15.33 9.28 0.00 0.00
Limpato 1405.08 207.56 5.49 0.00 0.00
Lubuk Sariak 2065.90 410.92 227.46 0.20 10.94
Mudiak Simpang 307.38 4.88 0.00 0.00 0.00
Pasa Lamo 852.45 158.37 27.83 27.50 0.00
Rimbo Batu 1125.68 127.53 75.17 17.60 0.00
Tanjung Beruang 1952.78 763.35 353.19 26.16 5.48
Timbo Abu 710.36 0.00 0.00 0.00 0.00
Total Area 8636.78 1761.89 702.11 71.46 16.42

Source: Data analysis, 2024

Figure 8. The condition of the building was severely
damaged by the earthquake in Kajai

The majority of the very heavy damage zone, which
comprises buildings with severe damage, is located in Pasa
Lamo hamlet and Rimbo Batu hamlet. Due to the closeness of

the area to the seismic zone, the consequences are significantly
severe. The area identified as the destroyed zone,
characterized by structural damage to buildings, is located in
Timbo Abu Hamlet. This area is located to the northwest of
the epicenter of the initial earthquake, which recorded a
magnitude of 5.2.

Building damage maps serve as a fundamental basis for
assessing earthquake hazard maps, as they provide crucial data
on structural vulnerability and ground motion effects. These
maps help identify high-risk areas by correlating observed
damage patterns with geological and seismic parameters,
allowing for more accurate hazard zoning and mitigation
planning [17]. The integration of post-earthquake damage
assessments with seismic hazard models enhances the
reliability of earthquake risk predictions and informs land-use
policies to reduce future losses [46-49]. Figure 9 presents a
map of the damage to buildings caused by the earthquake in
Nagari Kajai.
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3.2 Development and regional spatial pattern in Kajai
Village, Pasaman Barat Regency

The general spatial pattern plans in the specific district or
city serve to implement the provincial spatial pattern plans into
regional development policies and strategies. This is
consistent with the function and role of the district or city in
the broader provincial development plan. Following this, the
operational and structural spatial pattern plans outline this
regional development strategy [26].

Multiple spatial areas are classified according to the
regional spatial map of Pasaman Barat Regency: river borders,
protected forest areas, nature reserves, limited production
forests, horticultural areas, plantation areas, wetland
agricultural areas, and dryland agricultural areas (Figure 10).

The illustration demonstrates the following land uses and
areas classified as such: river border (154.06 ha), protected
forest area (2923.61 ha), wild areas (79.22 ha), settlements

(147.35 ha), limited production forest (1500.12 ha),
horticultural area (1450.25 ha), plantation areas (1377.63 ha),
agricultural wetland areas (1825.5 ha), and agricultural dry
land areas (1727.03 ha), as described in Table 5.

Table 5. The development of the regional spatial pattern in

Kajai Village
No. Spatial Arrangements Area (ha)

1 Protect Forest Zone 2923.61
2 Wild Areas 79.22

3 River Boundary 154.06
4 Forest with limited production 1500.12
5 Horticultural area 1450.25
6 Plantation Area 1377.63
7 Agricultural Wetland Area 1825.05
8 Agricultural Dry Land Area 1727.03
9 Settlements 147.35

Source: Regional Spatial Planning of Pasaman Barat Regency for 2011-2031

Table 6. Evaluation of spatial suitability in earthquake hazard areas

Earthquekes Hazard Class Spatial Planning Area

Compatibility

Compatible According to Conditional Not Compatible

Settlements
Wild Areas
Forest with limited
production
Region of Horticulture
Stable Protect Forest Zone
Plantation Area
Agricultural Wetland Area
Agricultural Field on Bare
Ground
River Boundary
Settlements
River Boundary
Forest with limited
production
Region of Horticulture
Protect Forest Zone
Plantation Area
Agricultural Wetland Area
Agricultural Field on Bare
Ground
Settlements
River Boundary
Forest with limited
production
Region of Horticulture
Protect Forest Zone
Plantation Area
Agricultural Wetland Area
Agricultural Field on Bare
Ground
Settlements
Agricultural Wetland Area
Agricultural Field on Bare
Ground
River Boundary
Region of Horticulture
Agricultural Field on Bare
Ground
River Boundary

Typology A

Typology B

Typology C

Typology D

< < |

2L 2 2 2222 2
2 2 22 2

2 k2 2 22 2

\/

Source: Data analysis, 2024

Spatial development planning in Nagari Kajai, as outlined
in the Pasaman Barat Regency Spatial Plan for 2012-2032,
designates this region as an agricultural zone with local
protections. The settlement plan encompasses 147.35 hectares,

distributed evenly across the hamlets of Nagari Kajai.
However, West Pasaman Regency has yet to incorporate a
protected area for earthquake-hazard zones with significant
potential in Nagari Kajai. This is highlighted by the numerous



transverse faults surrounding the slopes of Mount Talamau
and the presence of sediment layers that exhibit weak
structures and are prone to weathering [5, 14, 23, 35, 50].

3.3 Evaluation of spatial pattern plans using earthquake
hazard in Kajai Village, Pasaman Barat Regency

A comprehensive and sustainable assessment of spatial
planning is essential for effective earthquake disaster
mitigation [19]. Implementing appropriate strategies within
spatial planning can significantly reduce earthquake risks and
impacts, protect communities, and enhance regional resilience
to disasters [32, 35]. In this context, evaluating Nagari Kajai's
spatial planning with a focus on earthquake-prone aspects is
central to this study. As shown in Table 5, identified
earthquake hazards were classified into categories of building
damage in Kajai Village, leading to a spatial planning
evaluation that assessed the suitability of land use in the area
[27, 51, 52]. This comprehensive approach ensures that the
planning process effectively addresses the unique challenges
posed by seismic risks and enhances disaster preparedness at
the local level [16]. Table 6 shows the results of the assessment
based on the earthquake vulnerability class and the Kajai
spatial plan.

The assessment reveals that all areas within disaster-hazard
zones are categorized based on the principle that spatial pattern
planning should avoid earthquake-hazard regions [20].
Consequently, the conditional category emphasizes the need
to consider specific conditions and regulations to ensure safety
from earthquake disasters [23]. Conversely, the non-
conformity category highlights that certain spatial planning
activities are prohibited in these areas due to the potential for
significant losses and casualties [53]. In Kajai Village,
Talamau District, Pasaman Barat Regency, the suitability of
spatial patterns in relation to earthquake hazard areas is
currently under evaluation [41, 54]. Notably, one area that
does not comply with its designated use is a residential zone
situated in a high-risk earthquake zone, which poses a
considerable threat to life and property [55]. Additionally,
residential zones adjacent to agricultural wetlands are
classified as Type D, indicating a high vulnerability to seismic
activity and a risk of severe to moderate damage [40].

Identification earthquake
characteristic with GPME

Determination of

=

earthquake hazard
area

T
1
A4

Typology of Earthquake Areas:

Stable Type
Spatial Plan 1. TypeA
Evaluation -t 2. TypeB
3. TypeC
: 4. Type D
1
1
A4
[ Strategic Direction for the Utilization of Nagari Kajai }

Figure 11. Flow chart of the spatial planning guidelines for
the Nagari Kajai earthquake area

After the assessment process of existing conditions for land
use prone to earthquake disasters in Nagari Kajai, a strategic
area was determined according to the Spatial Planning Law in
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Indonesia. The determination of this strategic area is the
operational basis for the implementation of space utilization
and space utilization control in Nagari Kajai. Figure 11
presents the operational steps for the spatial guidelines for the
earthquake area in Nagari Kajai.

4. CONCLUSIONS

The integration of Ground Motion Prediction Equations
(GMPE) with Geographic Information Systems (GIS) in this
study represents an innovative approach to mapping and
analyzing earthquake hazard zones in Pasaman Barat Regency.
By quantifying seismic vulnerability through typological
classifications (Stable, A-D), the findings offer a scientific
basis for revising spatial planning regulations. The study
reveals significant mismatches between current land-use
designations and hazard-prone zones, particularly residential
and agricultural areas within Typology C and D zones. These
insights directly inform spatial planning policy by identifying
areas requiring development restrictions or retrofitting
standards. Furthermore, the GMPE-GIS framework allows for
replicable application in other high-risk regions, supporting
proactive disaster mitigation. Policymakers are urged to
integrate these hazard assessments into local spatial plans to
enhance resilience and reduce seismic risks in rural
settlements.
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