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ABSTRACT: The rapid urbanization of rural areas often leads to the construction of medium to high-rise build-
ings without adequate knowledge of ground suitability, posing significant risks to structural safety and long-term
development. This study addresses this critical issue by developing a Comprehensive Ground Suitability Index (CGSI)
framework tailored for rural municipalities. Using Geographic Information Systems (GIS) and the Analytic Hierarchy
Process (AHP), the CGSI integrates geophysical, geo-environmental, and geohazard parameters to systematically
evaluate land suitability for construction. Data were collected from government agencies, previous studies, and field
surveys focusing on the Municipality of Odiongan, Romblon. Parameters such as bearing capacity, soil type, slope, flood
height, and liquefaction susceptibility were prioritized using AHP, ensuring consistency in decision-making. GIS tools
were utilized to overlay weighted parameters, producing maps that categorize areas into suitability levels. Results reveal
that Barangays Poctoy and Amatong are highly suitable for construction, while the Poblacion area exhibits marginal
suitability due to high flood and liquefaction risks. The CGSI framework provides a structured, replicable approach
to integrating multicriteria decision-making into urban planning, offering valuable insights for safe and sustainable
development. This study underscores the urgency of combining GIS and AHP to address land-use challenges in rapidly
urbanizing rural areas. The framework equips local governments with the tools to refine land use policies, mitigate
hazards, and promote resilient urban development. Future research can enhance the CGSI by incorporating additional
datasets and advanced modelling techniques to improve its applicability and precision.

KEYWORDS: AHP; geophysical; geo-environmental; geohazard; GIS; land use planning; rural development; suitability
assessment; urbanization

1 Introduction
Urbanization is a global phenomenon that has led to profound transformations in urban and rural

landscapes. The rapid growth of urban areas often extends into rural regions, driven by population expansion
and economic development. In the Philippines, urbanization in rural areas presents unique challenges due to
the country’s geographic and geologic characteristics, including its location along the Pacific Ring of Fire and
its exposure to frequent typhoons, earthquakes, and other natural hazards [1–3]. Rapid urbanization, coupled
with these vulnerabilities, underscores the need for a systematic assessment of ground suitability to optimize
building construction and minimize risks [4–6]. Despite these hazards, rural municipalities are increasingly
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experiencing urban expansion, often without a structured approach to ground suitability assessment. These
challenges necessitate a comprehensive understanding of ground suitability to support safe and sustainable
urban development.

The need for sustainable urban planning is particularly pressing in rural areas where the impacts of
natural disasters are compounded by fragile ecosystems and limited infrastructure [7–9]. Practical ground
suitability assessments have proven instrumental in reducing vulnerabilities and promoting resilience.
Countries such as Japan, the United States, and New Zealand have pioneered advanced methodologies
for assessing ground suitability in multi-hazard environments. In Japan, GIS-based hazard mapping has
been extensively utilized to mitigate earthquake and landslide risks, resulting in comprehensive land-
use plans prioritizing safety and resilience [10,11]. Similarly, the United States employs GIS and AHP for
floodplain management, integrating high-resolution hydrological data with urban planning strategies to
reduce vulnerability to flooding [12,13]. New Zealand’s approach incorporates seismic risk assessments
and liquefaction susceptibility analysis into its urban planning framework, ensuring the stability of critical
infrastructure in earthquake-prone regions [14]. These studies highlight the effectiveness of integrating
spatial data and multicriteria decision-making tools to address complex urban development challenges.

The construction of medium to high-rise buildings in rural areas necessitates a thorough evaluation
of ground conditions to ensure stability and resilience [15]. However, current urban management strategies
in the Philippines lack a systematic, multi-hazard approach to ground suitability assessment. Traditional
evaluations often rely on localized geotechnical studies and static datasets, which do not fully capture
the complex interactions between geophysical, geo-environmental, and geohazard factors. For instance,
hazard assessments are often conducted separately without integrating flood [16–18], landslides [19,20],
and liquefaction [5] risks into a unified framework. This fragmented approach limits planners’ ability to
identify safe and sustainable construction zones, increasing the risk of structural failures and environmental
degradation. Therefore, there is a need for an integrated, spatially explicit framework that systematically
evaluates land suitability for urban development in hazard-prone rural areas.

Urban management in the Philippines also faces significant gaps in incorporating multi-hazard
assessments into planning processes. Many rural and peri-urban municipalities lack comprehensive hazard
susceptibility maps, particularly for flooding [21–23], landslides, and liquefaction. Climate change, defor-
estation, and poor land-use practices further exacerbate these risks, yet existing planning frameworks do not
adequately integrate these factors. Landslides, similarly driven by slope instability and soil erosion, pose crit-
ical risks, particularly in rural regions where land-use planning often overlooks geohazard assessments [19].
Similarly, the impact of seismic activity on liquefaction-prone areas remains underexplored, with limited
integration of geophysical and seismic data into land-use planning. Addressing these gaps requires a robust,
GIS-based framework that consolidates spatial hazard assessments with urban planning methodologies,
ensuring a more comprehensive and data-driven approach to rural urbanization [24,25].

Efforts in other countries demonstrate the potential of advanced methodologies to bridge these gaps.
In other countries, GIS-based models have been applied to assess volcanic, flood, and landslide risks,
producing hazard maps that inform zoning regulations and disaster preparedness measures [24,26–28].
Similarly, researchers have utilized AHP and GIS to evaluate ground suitability for urban expansion in flood-
prone areas, emphasizing the need for community-centric disaster risk reduction strategies [16,29,30]. These
examples underscore the importance of adopting integrated approaches to ground suitability assessments in
hazard-prone regions.

Ground suitability analysis critically evaluates a site’s physical, environmental, and hazard-related
characteristics to determine its capacity to support building structures safely and sustainably [31,32]. It begins
with collecting spatial data on variables such as soil stability, topography, land use, hydrology, and hazard
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vulnerability, which are then integrated into GIS for analysis. Techniques like Multicriteria Decision Analysis
(MCDA) are employed to weigh and rank these variables, enabling planners to evaluate competing land-
use options objectively. GIS-MCDA provides a robust framework by combining spatial data visualization
with decision-making tools, enhancing the precision and relevance of suitability assessments [30,33]. This
approach ensures that urban development aligns with long-term sustainability goals by addressing risks like
flooding, landslides, and resource constraints while optimizing land use for infrastructure, housing, and
other needs. Studies have demonstrated the effectiveness of these methods in generating high-resolution
suitability maps guiding urban planners in making informed, resilient, and sustainable decisions.

Recent advancements in GIS and MCDA tools, such as the multicriteria decision analysis, have
significantly enhanced ground suitability analyses. GIS enables the integration and visualization of diverse
spatial datasets, including soil composition, topography, hydrology, and land use, providing a robust platform
for comprehensive spatial analysis [34–36]. AHP, on the other hand, allows for the systematic prioritization
of factors influencing ground suitability, ensuring balanced and data-driven decision-making [37–39].

In addition, techniques such as Inverse Distance Weighting (IDW) interpolation have improved the
precision of soil and geohazard mapping, facilitating the creation of high-resolution, location-specific
datasets. Studies have demonstrated the potential of these methods to inform construction planning and
mitigate risks associated with unstable ground conditions [40,41]. For example, a study in Turkey utilized
IDW and AHP to develop detailed geohazard maps for earthquake and landslide-prone areas, enabling
safer infrastructure planning and reducing disaster impacts [42]. Similarly, in Bangladesh, GIS-based flood
hazard mapping has been instrumental in guiding agricultural land use and infrastructure development in
floodplain regions [43,44].

Extending urban development into rural areas in the Philippines highlights several pressing issues.
These include limited access to accurate geospatial data, inadequate integration of multi-hazard analyses in
planning, and the lack of institutional capacity to adopt advanced technologies. Rural areas, often character-
ized by fragile ecosystems and limited infrastructure, are particularly vulnerable to the compounded impacts
of natural hazards [45]. For instance, the absence of effective slope management and flood control measures
in many rural municipalities has increased disaster risks, undermining the sustainability of urban expan-
sion [46,47]. Moreover, the growing demand for multi-story structures in rural municipalities like Odiongan,
Romblon, necessitates a localized yet scalable approach to ground suitability assessments. Addressing these
challenges requires the integration of state-of-the-art geospatial technologies and community-driven urban
planning to ensure both safety and sustainability in rapidly developing areas.

Developing a Comprehensive Ground Suitability Index (CGSI) offers a pathway to address these
challenges. By integrating GIS and AHP, the CGSI framework facilitates the systematic evaluation of
geophysical, geo-environmental, and geohazard parameters, providing a holistic approach to risk-informed
urban planning. This study focuses on Odiongan, Romblon, a municipality undergoing rapid urbanization,
to illustrate the applicability of the CGSI in identifying suitable sites for building construction. The CGSI aims
to support policymakers and planners in promoting resilient and sustainable development by addressing gaps
in current methodologies and incorporating dynamic spatial analyses. Aligned with global frameworks such
as the Sendai Framework for Disaster Risk Reduction, the CGSI underscores the importance of resilience in
urban planning. This approach mitigates risks associated with natural hazards and enhances the sustainability
and livability of urban expansions into rural areas. The findings from this study provide valuable insights for
other disaster-prone regions, offering a replicable model for integrating advanced technologies into urban
resilience strategies.
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2 Methodology

2.1 Study Area
The study was conducted in the town proper of Odiongan, Romblon, as shown in Fig. 1, a municipality

in the central Philippines. Odiongan has diverse topographical features, including coastal plains, rolling hills,
and elevated terrains [48]. This region’s susceptibility to natural hazards, such as typhoons, landslides, and
flooding, coupled with its ongoing urban expansion, necessitates a detailed assessment of ground suitability.
Municipality of Odiongan, classified as a 1st class municipality in 2025 [49], was selected as the study area due
to its strategic significance as a rapidly urbanizing region experiencing substantial developmental pressures.
The study area spans both rural and peri-urban regions, providing a comprehensive landscape for evaluating
the effectiveness of the CGSI framework in diverse conditions [47,50].

Figure 1: The study area focuses on the town proper of Odiongan, emphasizing areas under rapid urban development
and proximity to river networks, crucial for the ground suitability assessment

2.2 Concept of Making the CGSI
The CGSI framework integrates GIS and the AHP to evaluate and prioritize land parcels for urban

development systematically. This concept relies on merging geospatial data with decision-making tools to
assess the interplay of geophysical stability, environmental factors, and hazard vulnerabilities [31,51]. This
structured approach ensures comprehensive and replicable ground suitability assessments adaptable to other
regions with similar challenges. A conceptual representation of the CGSI framework is illustrated in Fig. 2,
which visualizes the relationship between the geophysical, geo-environmental, and geohazard parameters
and their integration into the comprehensive ground suitability index. This figure highlights the intersection
of these parameters and their combined influence on suitability evaluations.
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Figure 2: The proposed concept of the CGSI framework that integrates geophysical, geo-environmental, and geohazard
parameters using GIS tools, providing a structured approach for sustainable and hazard-resilient urban development
planning

2.3 Identification of Parameters
Developing a comprehensive ground suitability framework relies heavily on accurate and detailed data

from multiple credible sources. This study obtained key datasets from local government units, national
agencies, and prior research studies. Local government offices provided essential data on land use plans,
zoning regulations, and demographic profiles, while agencies contributed critical geospatial information,
including digital elevation models, hazard maps, and geological surveys. Furthermore, the parameters
considered in this study were selected based on relevant data and an extensive literature review, ensuring
the inclusion of factors most pertinent to geophysical stability, environmental sustainability, and hazard
resilience. These parameters, derived from accessible datasets, were instrumental in structuring the GIS
framework for this research.

Given that data availability varies across parameters, this study prioritized the most recent and reliable
datasets. Geophysical parameters (e.g., soil type, bearing capacity) are relatively stable over time and were
used as-is. In contrast, geo-environmental and geohazard parameters (e.g., land use, flood height) are subject
to change due to urbanization and climate-related factors, necessitating the use of the latest government
records and validated hazard assessments. The impact of interannual variation was mitigated by selecting
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datasets that align with current urban planning conditions. However, since data collection remains limited
in rural areas, the CGSI framework is designed to be adaptable, allowing updates as newer datasets become
available. Future research should integrate remote sensing and continuous monitoring to improve temporal
consistency and ensure a more dynamic assessment of ground suitability.

2.3.1 Geophysical
The geophysical parameters are crucial for understanding the physical properties of the ground, which

directly impact its stability and structural capacity to support buildings. By assessing factors like subsurface
conditions and soil characteristics, geophysical analysis ensures that foundations are designed to withstand
structural loads and minimize risks of settlement or failure [52,53]. These evaluations contribute to safe and
efficient urban development, aligning construction practices with the ground’s inherent physical capabilities.

2.3.2 Geo-Environmental
Geo-environmental parameters focus on the interaction between land and environmental features, con-

sidering terrain configuration and land-use patterns. These parameters help identify areas where sustainable
urban development can occur while minimizing environmental degradation [54,55]. By analyzing these
environmental interactions, the study supports ecosystem preservation and ensures that urban expansion is
in harmony with natural surroundings, promoting long-term sustainability.

2.3.3 Geohazard
Geohazard parameters identify and assess risks associated with natural and anthropogenic hazards,

such as landslides, earthquakes, and floods, which can compromise the safety of urban development.
Understanding these hazards allows planners to design mitigation measures and implement disaster-resilient
strategies [56]. Integrating hazard analysis into the ground suitability framework ensures infrastructure
protection and enhances community resilience against potential disasters.

2.4 Evaluation Using AHP
The parameters were evaluated using the AHP to systematically determine the relative importance of

each parameter in assessing ground suitability. Experts from geotechnical engineering, urban planning, and
local government units participated in pairwise comparisons, offering critical insights into the significance
of various criteria. Surveys were distributed online and in printed forms to gather expert judgments. The out-
puts of AHP informed a comprehensive ground suitability assessment, ensuring data-driven prioritization
of factors [57].

The decision-making process was structured into a hierarchy, which included the primary goal (ground
suitability), criteria (geophysical, geo-environmental, and geohazard), and alternatives (specific parameters
under each criterion). A pairwise comparison matrix was constructed to evaluate the relative importance of
each criterion. Each comparison was scored on a nine-point intensity scale, with weights normalized to a
scale of 1 to 5. The matrix was processed using eigenvalues to derive parameter weights, as described in Eq. (1):

C = {C j ∣ j = 1, 2, . . . , n} (1)
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The pairwise comparison matrix A (Eq. (2)) was represented as:

A =

⎡⎢⎢⎢⎢⎢⎢⎢⎣

a11 a12 . . . a1n
a21 a22 . . . a2n
. . . . . . . . . . . .
an1 an2 . . . ann

⎤⎥⎥⎥⎥⎥⎥⎥⎦

, where ai j =
ωi

ω j
, ai i = 1 (2)

The normalized weights were calculated for each parameter by dividing individual values in the matrix
columns by their respective totals. The normalized principal eigenvector (w) representing the weights was
derived by averaging the normalized rows. The consistency of the judgments was ensured by calculating the
largest eigenvalue (ymax) as indicated in Eq. (3):

Aω = γmax ω (3)

The Consistency Index (CI) was computed as (Eq. (4)):

CI = γmax − n
n − 1

(4)

The Consistency Ratio (CR) was then determined using the Formula (5):

CR = CI
RI

(5)

where RI is the random index based on the size of the matrix. A CR value below 0.1 indicated acceptable
consistency; otherwise, the matrix was revised.

2.5 Development of the CGSI Map
The CGSI map was developed through a weighted linear combination (WLC) approach in GIS.

Parameter maps were created using tools such as QGIS and ArcGIS. For instance, slope maps were derived
from DEMs, and flood height maps were based on hydrological data. Normalization was applied to parameter
values to create a consistent scale, enabling integration into a composite map. The final suitability score was
calculated using the Formula (6):

S =
n
∑
i=1
(ωi ⋅ xi) (6)

where S is the suitability score, wi is the weight of parameters i, and xi is the normalized parameters
value [31]. The resulting scores were classified as “Highly Suitable”, “Moderately Suitable”, and “Not Suitable”.
Validation of the CGSI map was achieved through field surveys, expert reviews, and comparisons with
historical data. Adjustments based on validation feedback enhanced the reliability of the CGSI framework.
The CGSI methodology provides a robust, data-driven approach to assessing ground suitability for urban
development. It ensures that urban planning decisions in hazard-prone areas like the Municipality of Odi-
ongan, Romblon, are grounded in comprehensive spatial and analytical insights, contributing to sustainable
and resilient development.

3 Results
The study results align with the conceptual framework, focusing on data analysis, evaluation, and assess-

ment of parameters using the AHP and developing the CSGI Map. The results highlight the integration of
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geophysical, geo-environmental, and geohazard parameters, offering valuable insights for local governments
and stakeholders to identify suitable areas for building construction.

3.1 Data Analysis for Identified Parameters
The parameters were categorized into three main groups—geophysical, geo-environmental, and

geohazard—based on their relevance to assessing ground suitability. The decision hierarchy in this study
was structured into three distinct levels (Fig. 3). At the top level was the primary goal of developing a
comprehensive ground suitability map. The second level consisted of the three main criteria—geophysical,
geo-environmental, and geohazard parameters—representing the key factors influencing ground suitability.
The third level included specific indicators under each criterion, such as bearing capacity, soil type, slope,
liquefaction hazard, and flood height. This hierarchical structure provided a clear framework for organizing
and analyzing the relationships among the various factors, ensuring that the study’s objectives were system-
atically addressed. Table 1 summarizes the parameters, data types, sources, and acquisition duration. The
parameters were selected from the literature reviews, datasets, past studies, and expert consultations.

Figure 3: The diagram illustrates the hierarchical categorization of ground suitability criteria into geophysical,
geo-environmental, and geohazard groups, each encompassing specific parameters critical for comprehensive ground
suitability evaluation

Table 1: Summary of geophysical, geo-environmental, and geohazard parameters, including data types, acquisition years,
and references from government agencies and prior studies

References Parameters Data type Duration/
Year

References

Geophysical parameters
[53] Bearing

capacity
Spreadsheet 2023 Department of Public Works

and Highways (DPWH) and
Municipal Engineering

Office (MEO) of Odiongan
[58] Soil type Shapefile 2011 Geoportal Ph (https://www.

geoportal.gov.ph/ (accessed
on 1 January 2025))

(Continued)

https://www.geoportal.gov.ph/
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Table 1 (continued)

References Parameters Data type Duration/
Year

References

[53] Soil texture Spreadsheet 2023 Department of Public Works
and Highways (DPWH) and

Municipal Engineering
Office (MEO) of Odiongan

Geo-environmental parameters
[35,47,58] Land Use/Land

Cover
Shapefile 2020 Geoportal Ph (https://www.

geoportal.gov.ph/ (accessed
on 1 January 2025))

[35,58,59] Slope Interferometric Synthetic
Aperture Radar Digital
Terrain Model (IFSAR

DTM)

2013 Department of Environment
and Natural

Resources—National
Mapping and Resource
Information Authority

(DENR-NAMRIA)
[35,58,59] Elevation IFSAR DTM 2013 DENR-NAMRIA

[35,36,58,59] Distance to
river

Shapefile 2015 DENR-NAMRIA

Geohazard parameters
[59] Liquefaction Shapefile Department of Science and

Technology—Philippine
Institute of Volcanology and

Seismology
(DOST-PHILVOLCS)

[58] Landslide Shapefile 2021 DENR—Mines and
Geoscience Bureau (MGB)

[35,58] Earthquake
history

Spreadsheet 2018 DOST-PHILVOLCS

[35,60] Flood height Shapefile 2022 DENR-MGB and previous
study [56]

Data were sourced from the most recent and available government databases and studies. Due to
limitations in rural areas, some datasets are from different years based on availability. However, key param-
eters exhibit minimal short-term changes, ensuring their relevance for assessing ground suitability. Future
updates incorporating real-time hazard monitoring and climate projections are recommended for improved
accuracy. Spatial analysis was conducted using GIS tools, with spatial maps developed at a resolution
1:100,000 to enhance precision and visualization. The study focused on areas with comprehensive data
availability, particularly the town proper, ensuring a detailed assessment of geophysical, geo-environmental,
and geohazard factors.

Advanced GIS techniques were employed for data processing and analysis. The Inverse Distance
Weighted (IDW) interpolation method created continuous surfaces for geophysical parameters such as soil

https://www.geoportal.gov.ph/
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texture and bearing capacity. Slope and elevation data were derived from IfSAR DTM using slope analysis
tools in QGIS. River proximity was analyzed through network-based distance calculations, providing
detailed insights into hydrological risks. Additionally, thematic layers such as land use and hazard suscep-
tibility maps were generated and integrated through weighted overlay analysis, ensuring a comprehensive
spatial assessment. This methodological approach enabled the precise delineation of suitability levels across
the study area, facilitating a robust understanding of spatial patterns and interactions between geophysical,
geo-environmental, and geohazard parameters. Fig. 4 shows the resulting maps of all the parameters
per criteria.

Figure 4: Mapping results of ground suitability parameters: (a–c) geophysical (soil bearing capacity, soil type, soil
texture), (d–g) geo-environmental (land use/land cover, slope, elevation, distance to river), and (h–k) geohazard
(liquefaction, earthquake history, landslide susceptibility, flood height)
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3.1.1 Geophysical Parameters
The geophysical parameters analyzed in this study include soil-bearing capacity, soil type, and soil

texture, which are crucial in assessing the ground’s structural stability and load-bearing capacity. The soil
bearing capacity map (Fig. 4a), derived from data at depths of 3.0 to 4.5 m, categorizes the area into five levels:
0–100, 100–200, 200–300, 300–400, and >400 kPa. In the town proper, the bearing capacity ranges from 100
to 300 kPa, making it suitable for light to moderate structures, while parts of barangay Poctoy, Batiano, and
Amatong show values of 300–400 kPa, indicating higher suitability for heavier structures. The soil type map
(Fig. 4b) highlights five categories—hydrosol, complex, clay, sandy loam, and clay loam. Clay loam, which
predominates in the outer areas, provides higher structural stability, whereas the Población primarily consists
of hydrosol, posing challenges for construction due to its high water-retaining properties. Lastly, the soil
texture map (Fig. 4c) integrates data from depths of 3.0 and 4.5 m, illustrating a transition from medium-
dense at shallower depths to dense or very dense at greater depths. However, while the original dataset
contained more variations, the interpolation process resulted in the representation of only two dominant
soil types. These geophysical parameters collectively provide critical insights into the structural viability of
different areas within the study region. These geophysical parameters collectively provide critical insights
into the structural viability of different areas within the study region.

3.1.2 Geo-Environmental Parameters
Geo-environmental parameters, including land use/land cover, slope, elevation, and proximity to river

networks, provide critical insights into environmental conditions and topographical challenges. The land
use map (Fig. 4d) classifies the study area into nine categories: built-up areas, annual crops, grasslands,
and mangrove forests. The Población is primarily a built-up area that supports urban development, while
the surrounding areas are predominantly agricultural or shrubland. The slope map (Fig. 4e) categorizes the
terrain into five levels, ranging from 0%–8% (level) to >50% (mountainous). The Población features mostly
flat terrains, making it ideal for construction, whereas steeper slopes in outer barangays require stabilization
measures to mitigate risks. Elevation (Fig. 4f) levels vary from ≤3 to >82 m, with low-lying areas like the
Poblacion more prone to flooding and storm surges. In contrast, higher elevations pose slope management
challenges but are less vulnerable to water-related hazards. As shown in Fig. 4g, proximity to rivers,
categorized into five levels, highlights areas within 0–300 m, such as the Población and nearby barangays,
which face heightened flooding risks and require robust drainage systems to reduce potential hazards.

3.1.3 Geohazard Parameters
Geohazard parameters, encompassing liquefaction hazard, landslide susceptibility, historical earth-

quake magnitudes, and flood height, provide essential insights for disaster-resilient planning. The
liquefaction hazard map (Fig. 4h) highlights high-risk areas, particularly in the Población and nearby
barangays such as Budiong and Batiano, necessitating specialized foundation designs to mitigate potential
impacts. Historical earthquake magnitudes (Fig. 4i) range from minor to major, with coastal areas near
the Población exhibiting higher magnitudes, emphasizing the need for earthquake-resistant construction.
Landslide susceptibility (Fig. 4j) increases with slope steepness; central areas show low susceptibility, while
hilly barangays exhibit moderate to high risks, requiring slope stabilization measures. Flood height levels
(Fig. 4k), categorized into five ranges, reveal that the Población experiences depths exceeding 2.0 m. At the
same time, adjacent barangays also face substantial flood risks, underscoring the importance of elevated
construction or the incorporation of flood-resilient design strategies.
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3.2 AHP Analysis
The evaluation and assessment of ground suitability parameters were systematically conducted using

the AHP, a widely recognized MCDA tool. This method enabled the researchers to objectively determine
each parameter’s relative importance, ensuring transparency and accuracy in prioritization. The weight
determination process was enriched by the contributions of ten (10) experts from various fields, including
construction engineering, structural engineering, geotechnical engineering, and GIS. Their diverse expertise
ensured that all critical aspects of ground suitability were comprehensively addressed, increasing the
reliability and depth of the analysis.

To quantify the relative importance of each parameter, feature weights were assigned using the AHP
framework. Parameters were standardized on a scale of 1 to 5, with 1 indicating the least priority and 5
indicating the highest. For instance, in geophysical parameters, clay loam soil type and high bearing capacity
(>400 kPa) were assigned the highest weights due to their critical role in ensuring structural stability.
Similarly, in geo-environmental parameters, built-up areas and slopes between 0%–8% were given the
highest weights for their favourable construction conditions. In geohazard parameters, low landslide risk and
minimal flood height (0–0.5 m) received the highest weights, emphasizing their importance in maintaining
safety. Table 2 provides a detailed breakdown of the standardized weights assigned to each parameter.

Table 2: Parameters, feature classes, and standardized weights for geophysical, geo-environmental, and geohazard
factors used in the ground suitability analysis

Parameters Feature class Standardized weight
Geophysical

Soil type

Clay loam 5
Sandy loam 4

Clay 3
Complex 2
Hydrosol 1

Bearing capacity

>400 5
300–400 4
200–300 3
100–200 2

0–100 1

Soil texture

Very dense 5
Dense 4

Medium dense 3
Loose 2

Very loose 1
Geo-environmental

Distance to river

>400 5
300–400 4
200–300 3
100–200 2

0–100 1

(Continued)
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Table 2 (continued)

Parameters Feature class Standardized weight

Land use/Land cover

Built–up 5
Shrubs 5

Open/Barren 4
Grassland 3

Annual crop 2
Perennial crop 2

Mangrove forest 1
Fishpond 1

Inland water 1

Slope

0%–8% 5
8%–18% 4

18%–30% 3
30%–50% 2
>50% 1

Elevation

>82 5
44–82 4
20–44 3
3–20 2
<3 1

Geohazard

Liquefaction Not prone 5
Prone 3

Landslide
Low 5

Moderate 3
High 1

Earthquake history

Minor 5
Light moderate 4

Moderate 3
Strong 2
Major 1

Flood height

0–0.5 5
0.5–1.0 4
1.0–1.5 3
1.5–2.0 2
>2.0 1

The reliability of the AHP results was ensured through the calculation of the CR, a critical metric for
evaluating the coherence of pairwise comparisons. Ouma et al. (2014) [57] recommended that judgments
were inconsistent if the CR exceeded 0.10. When the CR was above this threshold, the process required
reiteration until an acceptable value was achieved. However, achieving a CR below 0.10 posed challenges,
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as the pairwise comparison process often needed to be sent back to respondents for reevaluation. This is a
common issue in AHP studies, as inconsistencies in comparison matrices are frequently observed [61] in
cases where direct interaction with respondents was impractical—particularly in online surveys with anony-
mous participants—alternative methods were utilized. Based on the approach by Yadav et al. (2013) [62], a
geometric adjustment method was implemented using MATLAB. This method autonomously adjusted the
comparison matrix to ensure a CR within the acceptable range while maintaining the integrity of individual
preferences. This adjustment process enhanced the reliability and accuracy of the AHP analysis and ensured
consistent responses in the comparison matrices.

The AHP analysis, shown in Fig. 5, provided critical insights into the relative importance of parameters
for ground suitability. Among the geophysical parameters, bearing capacity emerged as the most significant
factor (weight = 0.35) due to its direct influence on the structural stability of buildings (Fig. 5a). Within the
geo-environmental parameters, land use/land cover (weight = 0.32) and slope (weight = 0.28) were identified
as the most critical for ensuring environmental sustainability and construction feasibility (Fig. 5b). For the
geohazard parameters, flood height (weight = 0.34) and landslide susceptibility (weight = 0.30) were deemed
the most influential indicators for maintaining safety and resilience (Fig. 5c).

Figure 5: Percentage weights derived from AHP analysis for (a) geophysical parameters, (b) geo-environmental
parameters, and (c) geohazard parameters, highlighting the prioritization of factors influencing ground suitability

3.3 Comprehensive Ground Suitability Index (CGSI) Map
The Comprehensive Ground Suitability Index (CGSI) map provides a comprehensive overview of

the study area’s suitability for development, integrating geophysical, geo-environmental, and geohazard
parameters. Each parameter was meticulously weighted and overlaid using the Raster Calculator tool in
QGIS, resulting in distinct index maps for each criterion, as shown in Fig. 6.

The Geophysical Index Map (Fig. 6a) illustrates the suitability of the area based on geophysical
characteristics, including soil bearing capacity, soil type, and soil texture. The Poblacion area, the economic
hub of the municipality, is classified as marginally suitable, primarily due to its moderate bearing capacity and
soil density. On the other hand, areas such as Poctoy, Batiano, Amatong, and Mayha are classified as suitable,
benefiting from higher soil density and favourable soil types. These characteristics significantly enhance their
suitability for structural development, making these locations ideal for future construction projects requiring
higher load-bearing capacities.

The Geo-environmental Index Map (Fig. 6b) highlights the suitability of areas based on slope, elevation,
land use/land cover, and proximity to river networks. Using expert-assigned weights, the study categorized
suitability into five levels, ranging from not suitable (red) to highly suitable (green). Barangays such as
Poctoy, Ligaya, Budiong, Bangon, Tulay, and Mayha generally exhibit moderate to low suitability, attributed
to steep slopes and proximity to water networks. However, portions of these barangays, particularly those
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with favourable elevation and land use classifications, demonstrate suitability for construction. Integrating
these factors ensures that areas with less environmental vulnerability are identified as prime zones for
sustainable development.

Figure 6: Composite maps showcasing (a) geophysical, (b) geo-environmental, and (c) geohazard parameters,
illustrating varying levels of suitability across the Municipality of Odiongan for building construction

The Geohazard Index Map (Fig. 6c) integrates parameters such as liquefaction susceptibility, earthquake
history, landslide risk, and flood height. The Poblacion area is notably classified as marginally suitable to not
suitable due to its high susceptibility to liquefaction and flood hazards. This area’s low-lying nature makes it
prone to flooding, especially during typhoons, while its susceptibility to liquefaction poses significant risks
to structural stability. Although the Poblacion area exhibits low landslide risk due to its gentle slope, the
presence of other hazards underscores the need for resilient building designs. Conversely, areas farther inland
with fewer hazards, such as higher elevations away from flood-prone zones, exhibit more excellent suitability
for development.

The Comprehensive Ground Suitability Map provides a comprehensive visualization of the integrated
assessment of geophysical, geo-environmental, and geohazard parameters for building construction in Odi-
ongan, Romblon. Fig. 7 showcases the suitability levels across the municipality, categorized into five classes:
highly suitable (green), suitable (light green), moderately suitable (yellow), marginally suitable (orange), and
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not suitable (red). The map aims to guide stakeholders in identifying appropriate areas for infrastructure
development, balancing structural stability, environmental sustainability, and hazard resilience.

Figure 7: Comprehensive Ground Suitability Index (CGSI) map of the Municipality of Odiongan, Romblon, Philip-
pines, integrating geophysical, geo-environmental, and geohazard parameters to illustrate varying levels of suitability
for building construction

The map was generated by integrating geophysical, geo-environmental, and geohazard parameters with
equal weights, deviating from the expert-assigned weights used in prior analyses. This approach assumes that
all three parameter groups hold equal importance in determining ground suitability, creating an unbiased
final map by averaging the contributions of each parameter. This equal-weight methodology ensures a
straightforward depiction of suitability levels without prioritizing any specific criterion.

The results indicate that parts of the Poblacion area exhibit a range of suitability levels, from “not
suitable” (red) to “suitable” (light green). This variability reflects the area’s susceptibility to hazards, particu-
larly liquefaction and flooding, combined with moderate geophysical and geo-environmental characteristics.
Similarly, parts of Barangays Batiano, Poctoy, Budiong, Bangon, Tulay, and Mayha predominantly show
“marginally suitable” to “suitable” classifications, highlighting the moderate compatibility of these areas for
construction. On the other hand, portions of Barangays Amatong and Poctoy demonstrate higher suitability,
with zones classified as “suitable” to “highly suitable,” making them ideal candidates for future developments.

Utilizing this integrated map, the CGSI map provides a critical tool for local government and urban
planning decision-makers. It highlights areas requiring strategic considerations to mitigate risks, particularly
in hazard-prone zones, and identifies highly suitable locations for cost-efficient and sustainable construction.
This map emphasizes balancing structural, environmental, and safety considerations in developing resilient
and functional urban areas.
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4 Discussion
This study developed a Comprehensive Ground Suitability Index (CGSI) for the Municipality of

Odiongan, focusing primarily on the town proper (Poblacion) and surrounding barangays. The CGSI
framework integrates geophysical, geo-environmental, and geohazard parameters using a GIS-based MCDA.
Central to the methodology is the AHP, which allowed for the structured evaluation of multiple criteria.
The results highlight the CGSI’s potential as a robust tool for guiding rural municipalities in urban
development planning.

GIS was instrumental in visualizing and analyzing spatially referenced data, enabling the overlay of
geophysical, geo-environmental, and geohazard parameters. AHP complemented GIS by providing a sys-
tematic framework for prioritizing these parameters based on expert judgments. AHP’s ability to incorporate
diverse data types and check for consistency in pairwise comparisons further enhanced the reliability of the
analysis [63]. This is particularly relevant given the common challenges of achieving a consistency ratio (CR)
below the acceptable threshold of 0.1 [57]. This study employed a geometric adjustment technique coded in
MATLAB to address inconsistencies in expert judgments, following the methodology outlined by Yadav et al.
(2013) [62]. This adjustment ensured that the CR met the acceptable threshold without significantly altering
individual preferences. The robustness of this approach underscores the suitability of AHP for complex
decision-making processes in rural settings, where data quality and expert availability may vary.

The CGSI results reveal varying levels of ground suitability across the municipality, categorized into five
levels: highly suitable, suitable, moderately suitable, marginally suitable, and not suitable. The geophysical
index highlights areas with high bearing capacity and dense soil types, particularly in Poctoy, Batiano,
and Amatong, as highly suitable for construction. Conversely, areas with hydrosol-dominated soils, such
as the Poblacion, were classified as marginally suitable due to challenges in water retention and load-
bearing capacity. The geo-environmental index identified land use, slope, and proximity to river networks
as critical factors influencing suitability. Built-up areas in the Poblacion demonstrated moderate suitability,
while agricultural zones and regions with higher slopes required additional stabilization measures. The
geohazard index, which included flood height, liquefaction, and landslide susceptibility, underscored the
vulnerability of the low-lying regions in the Poblacion to hazards like flooding and liquefaction. These
findings align with the Sendai Framework’s emphasis on disaster risk reduction in urban planning [64]. The
final CGSI map synthesized these indices, providing a comprehensive overview of ground suitability for
building construction. The map revealed that the Poblacion ranges from not suitable to marginally suitable
due to its high vulnerability to geohazards. In contrast, parts of Poctoy and Amatong were classified as highly
suitable, highlighting their potential for safe and cost-effective development.

The CGSI offers significant value for rural municipalities like Odiongan, where urban development
pressures intersect with environmental and hazard constraints. The CGSI provides a holistic assessment
framework that supports sustainable land use planning by integrating geophysical, geo-environmental, and
geohazard parameters. This is particularly crucial for areas transitioning from rural to urban settings, where
unplanned development can exacerbate vulnerability to hazards.

The utility of the CGSI extends beyond its immediate application in Odiongan. Similar frameworks have
been successfully implemented in healthcare facility siting [47,65,66] and road construction projects [67],
demonstrating the versatility of GIS-AHP methodologies. These studies highlight the importance of prior-
itizing factors based on their relative significance and ensuring the consistency of judgments through tools
like CR checks. For instance, Ahmed et al. (2023) [68] emphasized AHP’s flexibility in adapting to different
contexts, making it a valuable tool for addressing the unique challenges of rural urbanization.
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While the CGSI provides a comprehensive assessment, its reliance on available data introduces lim-
itations. The study utilized datasets from various government sources spanning different years, as these
were the most recent and accessible data available for the study area. The impact of interannual variation is
expected to be minimal for parameters such as soil type, land use, and topography, which change gradually
over time. However, factors such as flood heights and seismic history may vary significantly based on
extreme events and changing climatic conditions. Given these constraints, future research should explore
integrating real-time hazard monitoring and updated datasets to refine the accuracy of the CGSI framework.
Key parameters such as seismic history and groundwater levels were not included due to data constraints,
but they could significantly improve the accuracy of the index. Seismic history is crucial for assessing
long-term earthquake risks, while groundwater levels influence soil stability and construction feasibility.
Future research should prioritize incorporating these parameters through improved data acquisition and
collaboration with relevant agencies. Parameters such as hydrology, urban heat island effects, and land
subsidence could also be integrated to refine the CGSI framework further. Future studies should explore
integrating advanced techniques, such as machine learning algorithms (e.g., Support Vector Machines
and Multilayer Perceptrons), to complement traditional MCDA methods [68]. Additionally, long-term
monitoring data and comparisons with alternative land suitability models should be considered to enhance
the CGSI’s accuracy and stability. While this study validated the CGSI through field surveys and expert
assessments, integrating real-time geospatial monitoring and historical comparisons would allow for a more
dynamic evaluation of its predictive capabilities. Comparative analyses with methods such as fuzzy-AHP or
statistical regression models could further establish the robustness of the CGSI framework. Future research
should prioritize these validation approaches to refine the model and ensure its long-term applicability in
urban planning and hazard mitigation.

Moreover, the equal-weight approach used in generating the final CGSI map does not account for
the varying importance of parameters, as determined by the expert panel. AHP-derived weights were used
to prioritize parameters within each criterion, ensuring that the most influential factors were reflected in
the individual index maps. However, in generating the final CGSI map, an equal-weight approach was
applied across the three main criteria—geophysical, geo-environmental, and geohazard—resulting in a
balanced yet simplified representation. Future work could refine this approach by integrating AHP weights
at the final overlay stage to reflect better the relative importance of each criterion in determining overall
ground suitability. While this approach simplifies the analysis, it may not fully capture the nuanced trade-
offs between geophysical, geo-environmental, and geohazard factors. Future iterations of the CGSI could
incorporate weighted overlays based on AHP-derived weights to enhance the map’s accuracy and relevance.

The development of the CGSI for Odiongan demonstrates the feasibility and utility of GIS-AHP
methodologies for rural-urban development. By providing a detailed, multi-layered analysis of ground suit-
ability, the CGSI empowers local governments to make informed decisions that balance safety, sustainability,
and economic feasibility. As urbanization reshapes rural landscapes, tools like the CGSI will be increasingly
critical in guiding resilient and inclusive development strategies.

While this study focuses on Odiongan, the CGSI framework has the potential for broader applicability in
other rural municipalities experiencing rapid urbanization. The methodology can be adapted to account for
regional differences in geophysical, geo-environmental, and geohazard conditions by modifying parameter
weights and incorporating localized datasets. Future research should validate the CGSI model in diverse
locations, including municipalities with varying climate conditions, soil compositions, and hazard exposure
levels. Comparative studies using alternative land suitability assessment techniques (e.g., fuzzy logic, machine
learning-based MCDA) could further assess the framework’s adaptability and robustness. Implementing the
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CGSI in multiple case studies would refine the model and enhance its effectiveness as a standardized tool for
rural-urban development planning.

5 Conclusion
This study successfully developed a Comprehensive Ground Suitability Index (CGSI) framework

tailored for rural municipalities, utilizing Geographic Information Systems (GIS) and the Analytic Hierarchy
Process (AHP). The CGSI framework integrates geophysical, geo-environmental, and geohazard parameters
to assess and map ground suitability for building construction systematically. By incorporating spatial data
analysis and expert-driven weighting, the framework provides a structured approach to evaluate the interplay
of stability, environmental factors, and hazard risks. The results emphasize the CGSI framework’s ability to
identify areas suitable for construction, with Barangays Poctoy and Amatong emerging as highly suitable.
In contrast, the Poblacion area exhibited marginal suitability due to flood and liquefaction risks. AHP
was critical in ensuring consistent and reliable weight allocation, with adjustments addressing inconsis-
tencies in expert pairwise comparisons. This systematic approach underpins the framework’s robustness
and replicability.

The CGSI framework offers a scalable and adaptable methodology for integrating multicriteria decision-
making into urban planning and development. It provides a practical tool for local governments and urban
planners to refine land use policies, prioritize safe site selection, and address hazard vulnerabilities. This
study serves as a foundation for future framework enhancements, such as integrating additional datasets
or advanced modelling techniques, to improve its applicability and precision further. By focusing on the
development and application of the CGSI, this research contributes to creating a scientifically grounded and
practical decision-support tool for sustainable and resilient urban growth in rural municipalities.
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