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Abstract

'This scoping review synthesizes the extensive literature on mapping high-resolution typhoon exposure and assessing household and housing
vulnerability in the Philippines. With approximately 20 typhoons passing through the Philippine Area of Responsibility annually—and seven
to eight making landfall—the country faces enormous challenges that demand localized and granular risk assessments. Early approaches
typically employed fixed-bufter techniques to delineate exposure; however, recent research has shifted toward dynamic, multi-hazard
models incorporating real-time meteorological data, numerical wind field and storm surge simulations, and advanced remote sensing
imagery. Concomitantly, vulnerability assessments have evolved from indicator-based composite indices to hybrid approaches that integrate
quantitative household survey data, qualitative participatory assessments, and, increasingly, agent-based and statistical modeling techniques.
'This review maps the evolution of these methodologies, examines the diverse data sources used (from official census and administrative records
to innovative social media and crowdsourced inputs), and highlights the implications of emerging trends such as climate change projections
and rapidly advancing geospatial technologies. In doing so, the paper identifies critical research gaps and outlines future directions aimed at
strengthening disaster risk management (DRM) and equitable community-level resilience planning.
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] vulnerability assessments have expanded beyond static
1. Introduction proxy indicators based on census data. They now
increasingly incorporate nuanced measures of housing
quality (including materials, occupancy rates, and

typhoons enter the Philippine Area of Responsibility construc:cion t}.’PeS)’ socio—economi‘c 'conditions, and
(PAR) each year, with an estimated seven to eight community resilience, as well as participatory methods
making landfall (Takagi & Esteban, 2016; Yumul et that ensure local knowledge is integrated into the
al., 2011). These cyclonic events bring high winds, assessment process.

devastating storm surges, and intense rainfall, all of
which inflict widespread damage to lives, infrastructure,
and economic systems (Cutter, 2016; Reghezza-Zitt &
Rufat, 2019). Historically, exposure and vulnerability
assessments in the Philippines focused on broad
national, regional, or provincial scales, masking
important variations at the community or local level.
Yet, as argued by Ignacio (2015) and Bankoft (2002),
only detailed, high-resolution analyses can properly
identify areas and populations at highest risk and
thereby inform targeted disaster risk management
(DRM) interventions.

'The Philippines is among the world’s most disaster-
prone countries. On average, approximately 20

The current scoping review aims to provide a
comprehensive synthesis of the existing literature
on high-resolution typhoon exposure mapping
and vulnerability assessments in the Philippines.
Specifically, it examines

*  how methodologies have evolved from
simplified fixed-buffer techniques
to sophisticated dynamic and
multi-hazard models;

* the integration of diverse data
sources ranging from official census
records and administrative data to
high-resolution satellite imagery,
LiDAR, and social media streams;

Recent technological and methodological
advancements—in particular, the integration of
advanced geospatial tools, numerical weather prediction
models, dynamic hazard simulation, and real-time
remote sensing—nhave greatly enhanced the capacity to
model typhoon hazards with a precision that matches
the spatial resolution of community-level data. In
parallel, as emphasized by Cutter (2003) and further
refined by Ignacio (2015) and Healey et al. (2022),

* the strengths and limitations of
current vulnerability indices that
incorporate both quantitative and
qualitative measures; and



56

* the emerging role of climate
change projections and advanced
computational techniques (e.g.,
artificial intelligence, machine
learning, and cloud-based geospatial
analyses) in refining risk assessments.

The review also extends its scope by drawing
comparisons with methods applied in East and
Southeast Asia and by considering global perspectives
that may offer lessons for further improvements in
Philippine DRM strategies (Acosta et al., 2016; Tran et
al., 2022b). By critically mapping these developments
and identifying research gaps, this review aims to
support policymakers, scientists, and practitioners in
their efforts to mitigate typhoon impacts and build
resilient communities.

2. Methodology

This scoping review follows a systematic framework
based on Arksey and O’Malley’s (2005) original
methodology, later refined by Levac, Colquhoun, and
O’Brien (2010) and Tricco et al. (2016). It provides
transparency in study identification, selection, data
extraction, and synthesis, resulting in reproducibility

and clarity.

2.1 Research Framework and Questions

An adapted PICO framework guides the review to
examine studies from both hazard (exposure) and
vulnerability perspectives.

Population: Communities, municipalities,
and barangays in the Philippines exposed to
typhoon hazards.

Intervention/Approach: Methods for high-resolution
exposure mapping (e.g., fixed buffers, dynamic wind
field modeling, storm surge simulation, rainfall-runoft
modeling, and integrated multi-hazard approaches)
and vulnerability assessments (e.g., composite indices,
qualitative participatory methods, statistical regression
analyses, and agent-based models).

Comparison: An evaluation of methodological
trends over time—highlighting the evolutionary shift
from static to dynamic approaches—and a comparison
between localized (Philippine) assessments and
methods applied in other cyclone-prone regions in
East and Southeast Asia.

Outcome: Identification of research gaps,
strengths, and limitations of current methodologies,

J. Andres F. Ignacio

with implications for improved DRM and
resilience planning.

The research questions are as follows:

1) How have exposure mapping
methodologies evolved from fixed-
buffer to dynamic, multi-hazard
modeling approaches?

2) How do current vulnerability
assessments integrate granular
housing and household data to show
local risk variations?

3) Wohat are the main data sources and
their relative strengths and limitations
in these assessments?

4) How can climate change projections
and emerging computational
techniques improve these methods
over time?

A clear diagrammatic representation of the PICO
schema (see Figure 1) shows the interplay between
population, intervention, comparison, and outcome.

2.2 Literature Search Strategy

A systematic search covering 2000 to 2024 was
conducted across multiple databases, including Scopus,
Web of Science, ScienceDirect, and Google Scholar.
The search strings combined Boolean operators and
key terms such as

s “typhoon,” “tropical cyclone,”
“exposure mapping,” “risk assessment;”

*  “Philippines,”“local level,” “barangay,”
“vulnerability,” “housing,” “household,”

« »
census;

*  “GIS,” “remote sensing,” “high
resolution,” “dynamic modeling;” and

*  “disaster risk reduction,” “disaster
preparedness,” “climate change
adaptation.”

'The search strategy was iterative, with keywords refined
upon initial review of relevant studies. Grey literature,
including government reports (e.g., Congress of the
Philippines, 2010; Delos Reyes et al., 2020) and
international policy documents (e.g., United Nations,

2015; UNDRR, 2015), was also systematically searched.
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2.3 Inclusion and Exclusion Criteria Exclusion criteria were as follows:

Studies were included if they met the following criteria: )
Y & * studies on hazards other than

*  published between 2000 and 2024 in typhoons (e.g., earthquakes, volcanic

peer-reviewed journals, conference eruptliodns).u}rllless}:hese'were explicitly
proceedings, or as grey literature on coupled with typhoon impacts;

typhoon exposure and/or vulnerability

in the Philippines;

* national or regional studies without a
sub-national breakdown;

* focused on granular, local-level
analysis (municipal or barangay/
community scale) rather than national
or regional assessments;

 articles not in English; and

*  papers without methodological details.

* used innovative methods (e.g., 2.4 Data Extraction and Charting
dynamic hazard modeling, remote
sensing integration, advanced
statistical/computational techniques)
or provided comprehensive composite

vulnerability indices; and *  Citation Details: Author(s), year, title,
publication source.

A standardized data extraction form was created to
record information from each study. The following
categories were captured:

* provided sufficient methodological
detail to allow for replication .
or synthesis.

Study Focus: Geographic area (e.g.,
specific municipalities, barangays, or
nationwide), hazard type (exposure

mapping, vulnerability assessment,
or both).

Population:
Municipalities and communities in the Philippines
and beyond exposed to tropical cyclone hazards

'

Intervention/Approach:

Methods for high-resolution exposure mapping

(e.g., fixed buffers, dynamic wind field modeling,

storm surge simulation, rainfall-runoff modeling,

and integrated multi-hazard approaches)
and for vulnerability assessments

(e.g., composite indices, qualitative participatory methods,
statistical regression analyses, and agent-based models)

|

Comparison:

An evaluation of methodological trends over time—
highlighting the evolutionary shift from static to dynamic approaches—
and a comparison between localized (Philippine) assessments
and methods applied in other cyclone-prone regions

in East and Southeast Asia

Outcome:
Identification of research gaps, strengths, and limitations
of current methodologies, with implications for
improved DRM and resilience planning

Figure 1: PICO Schema
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* Methodological Approach: Detailed
description of methods (fixed-
buffer, dynamic wind field or storm
surge modeling, rainfall-runoff
simulation, multi-hazard integration,
composite vulnerability indices,
qualitative methods, statistical and
agent-based modeling).

* Data Sources: Types of data used (e.g.,
census records from the Philippine
Statistics Authority, remote sensing
imagery, LIDAR, meteorological
records, administrative datasets, social
media, and crowdsourced data).

* Key Findings, Limitations, and
Recommendations: Major conclusions,
research gaps, and directions for
future research.

A total of 38 studies were included in this review, and
their data were entered into a spreadsheet' for cross-
study comparison and thematic synthesis.

2.5 Synthesis and Analysis

Data was synthesized by categorizing studies according
to themes:

* Methodological Evolution: From static,
fixed-buffer approaches (Ignacio,
2015; Weatherford & Gray, 1988)
to dynamic, multi-hazard modeling
(Acosta et al., 2016; Agar, 2023;
Takagi et al., 2017).

*  Vulnerability Assessment Methods:
Comparison of indicator-based
indices (Cutter et al., 2003; Healey et
al., 2022; Ignacio & Henry, 2013b)
with qualitative, participatory,
and statistical methods (DiCarlo
& Berglund, 2021; Gaillard &
Pangilinan, 2010).

*  Data Integration: Evaluation of various
data sources, including traditional
(official census, administrative) and
innovative (remote sensing, social
media, crowdsourcing) (Imran et al.,

2013; Lagmay et al., 2017).

! https://doi.org/10.5281/zenodo.15171386

J. Andres F. Ignacio

* Regional and Policy Context:
Philippine-specific approaches
compared with East and Southeast
Asia studies and implications for

DRM and policy (Delos Reyes et al.,
2020; Reghezza-Zitt & Rufat, 2019).

Both narrative synthesis and tabulation were used to
identify emerging trends and research gaps.

3. Results

The literature search yielded a wide range of studies
with different methodologies, data, and analytical
frameworks. The following sections present the key

findings organized by theme.

3.1 Typhoon Exposure Mapping

Typhoon exposure refers to the areas where populations,
assets, and infrastructure are at risk of being affected
by typhoon-related hazards such as high winds, storm
surges, and heavy rainfall. Mapping exposure is critical
tor planning and resource allocation.

3.1.1. Fixed-Buffer and Historical Track Analyses.
Earlier studies used historical typhoon track analyses
combined with fixed-buffer techniques to create
exposure zones. For example, Ignacio (2015) used
GIS-based mapping of historical tracks (Weatherford
& Gray, 1988) by “buffering” each storm’s path based
on predetermined wind speed or rainfall intensity
thresholds. While this provided quick estimates of the
affected area, it assumed static storm characteristics
regardless of individual variability in size, intensity, or
speed (Takagi & Esteban, 2016). Fixed buffers failed to
capture the spatial heterogeneity of typhoon impacts.

3.1.2. Dynamic Wind Field and Storm Surge
Modeling. Recent studies have shifted from static bufter
approaches to dynamic modeling. Several studies now
use numerical weather prediction models and empirical
relationships to construct time- and space-varying
wind fields (Agar, 2023). For instance, detailed wind
field simulations that account for local topography and
land use have better delineated exposure zones. Storm
surge modeling using hydrodynamic simulations—
integrating coastal bathymetry, tidal records, and
real-time meteorological forcing—has improved the
understanding of inundation risks, especially along
complex coastlines (Bloemendaal et al., 2019; Rodrigo
et al., 2018; Takagi et al., 2017). These dynamic
methods provide more accurate estimates of flood
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extent and wind damage patterns than fixed, one-size-

fits-all buffers.

3.1.3. Rainfall-Runaoff Models and Multi-Hazard
Integration. Another innovation has been the
integration of rainfall-runoff models with dynamic
hazard simulations. Advanced rainfall-runoft analysis
estimates flood inundation extent by considering local
land use, soil type, drainage density, and antecedent
moisture conditions (Chen et al., 2022). Several
researchers have combined dynamic wind field
modeling, surge modeling, and flood simulation to
produce composite multi-hazard exposure indices
(Acosta et al., 2016). These integrated approaches
capture the synergistic effects of wind, surge, and
precipitation, resulting in a more comprehensive risk
profile, especially for compound events where flooding
and wind damage occur together.

3.1.4. Comparative and Regional Perspectives. While
many of the studies focused on Philippine cases, recent
work has expanded comparative analysis to regional
approaches across East and Southeast Asia (see

Country/Region

National level; Regional (Luzon, Visayas,
Mindanao); Local (Metro Manila, Leyte,
Marinduque, Cebu, Tacloban, Iloilo, Davao, Bicol
Region); Coastal areas (Leyte Gulf, Eastern Samar,

Areas Covered

Table 1). Studies from neighboring countries highlight
similarities and differences in modeling practices,
emphasizing the need for local calibration and
standardized methods to enable broader comparative
assessments (Reghezza-Zitt & Rufat, 2019; Tran et al.,
2022a). These comparisons are useful for identifying
transferable methods and improving predictive
capabilities across different geographical contexts.

3.2 Methods for Vulnerability Assessment

While exposure mapping identifies areas and
assets at risk, vulnerability assessment shows how
susceptible populations and assets are to typhoon
impacts. Vulnerability is a complex concept resulting
from the interplay of socio-economic, physical, and
environmental factors.

3.2.1. Composite and Indicator-Based Approaches.
Early vulnerability studies used composite indices that
incorporated standardized socio-economic and housing
indicators. Researchers derived quantitative measures
from census data such as poverty rate, housing

Citations

Ignacio (2015); Healey et al.
(2022); Takagi & Esteban
(2016); Acosta et al. (2016);
Prasetyo et al. (2020);

Philippines Surigao, Palawan, Samar, Negros Occidental); Urban  Rodrigo et al. (2018);

areas (Manila, Cebu City, Davao City, Tacloban City, Lagmay et al. (2017); Morin
Iloilo City); Rural barangays in Marinduque, Samar, et al. (2016); Gray et al.
Leyte, Negros Occidental (2022)
Primarily Southeast Asia (Philippines, Vietnam,
Cambodia, Laos, Thailand, Myanmar, Indonesia,
Malaysia, Brunei, Timor-Leste, Singapore); also

Geographic Scope includes analysis relevant to other WNP/Asian areas

(Tran et al., 2022a)

(China [South, East, Hainan], Taiwan, Korea, Japan,

Tran et al. (2022a)

Bangladesh, India, Russia, Palau, Federated States
of Micronesia, Northern Mariana Islands, Guam,

Marshall Islands)

Primarily Southeast Asia (Philippines, Vietnam,
Laos, Thailand, Myanmar); also includes analysis

Geographic Scope relevant to other WNP/Asian areas (China [South,
(Tran et al., 2022b) southwestern coast, southeastern coast, Hainan, Tran et al. (2022b)
Fujian, Zhejiang, Guangxi, Guangdong, Hunan],
Taiwan, Japan) and the Mekong River Basin
Chen et al. (2022); Xu et al.
China Guangdong, Fujian, Hainan, Shanghai, Zhejiang (2024); Tran et al. (2022a,
2022b)
Japan Okinawa, Kyushu, Honshu, Shikoku Takagi & Esteban (2016);

Tran et al. (2022a, 2022b)

United States

Florida, Louisiana, Texas, North Carolina, Hawaii

Cutter (2003); Cutter et al.
(2003)

Table 1: Countries and regions covered by articles cited in this scoping review.
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construction quality, access to basic services, and
demographic characteristics (Cutter, 2003; Ignacio et
al., 2015). These composite indices provided a baseline
estimate of vulnerability at aggregated levels but
were sometimes limited by the coarseness of national
datasets and the subjective nature of indicator selection

and weighting (Healey et al., 2022).

3.2.2. Qualitative and Participatory Methods.
Recognizing the limitations of solely quantitative
indices, many researchers have integrated qualitative
methods into vulnerability assessments. Participatory
mapping, focus group discussions, and household
surveys provide local context and reveal subtleties of
community resilience that standard indicators may miss
(Gaillard & Pangilinan, 2010). These methods empower
locals by including indigenous knowledge and lived
experiences, complementing statistical models. This
participatory approach is important, especially when
dealing with informal settlements where official records
may be incomplete or outdated (Morin et al., 2016).

3.2.3. Advanced Statistical and Agent-Based
Modeling. Recent studies used statistical methods—
including regression analysis, principal component
analysis, and machine learning—to quantify
relationships between vulnerability factors and typhoon
impact (Gray et al., 2022; Prasetyo et al., 2020).
Agent-based models, though data- and resource-
intensive, simulate individual or household behavior
during typhoon events (DiCarlo & Berglund, 2021).
‘These models can capture dynamic interactions such
as evacuation behavior and post-disaster recovery,
providing a more realistic picture of social vulnerability.
For example, agent-based simulations have been used
to test the responsiveness of different communities
under varying warning scenarios, revealing critical
insights into adaptive capacities and social networks.

3.2.4. Spatial Disaggregation and Temporal
Trends. A challenge in vulnerability assessments is
the aggregation of data to administrative units (e.g.,
municipal or barangay/community levels), which can
hide intra-community variability. Several studies have
emphasized the importance of spatial disaggregation
for capturing sub-municipal differences in vulnerability
(Delos Reyes et al., 2020). Moreover, there is a need
to transform static vulnerability indices into dynamic
tools by incorporating longitudinal data from repeated
household surveys. Such approaches can capture rapid
socio-economic changes and population shifts that

affect vulnerability over time (Prasetyo et al., 2020).

J. Andres F. Ignacio

3.3 Data Sources and Integration

The quality and granularity of any exposure or
vulnerability assessment depend on the data used.
Recent advances in data collection and processing have
greatly improved the analytical landscape.

3.3.1. Official Census and Administrative Data. The
Philippine Statistics Authority (PSA) has decadal
census data that details population distribution, housing
characteristics, and socio-economic factors. These
datasets are essential for building vulnerability indices
(Healey et al., 2022; Ignacio & Henry, 2013a). However,
issues such as temporal lags between census intervals
and inconsistencies in local-level data reportage pose

challenges to their use (Delos Reyes et al., 2020).

3.3.2. Remote Sensing, LiDAR, and Satellite Imagery.
High-resolution satellite imagery and LiDAR have
transformed hazard mapping by providing detailed
information on land cover, elevation, and structural
damage. Studies using remote sensing have successfully
mapped flood inundation extent and coastal
topography, providing critical inputs for dynamic storm
surge and rainfall-runoff models (Lagmay et al., 2017,
Xu et al., 2024). Advanced image processing techniques
now allow even moderate-resolution satellites to be
“upscaled” using downscaling algorithms, as shown by

Sanmei Li et al. (2022) for 3D flood mapping.

3.3.3. Meteorological and Best-Track Data.
Meteorological observations—from traditional weather
stations to radar networks and best-track datasets
(e.g.,JTWC,JMA, IBTrACS)—are key to calibrating
dynamic models of typhoon behavior. Recent studies
have highlighted the discrepancies between different
best-track datasets and underscore the need for cross-
validation with high-resolution reanalysis products
(Barcikowska et al., 2012; Schreck et al., 2014).
'These discrepancies can affect the simulation of wind
fields and storm surges, and hence the accuracy of
exposure estimates.

3.3.4. Social Media, Crowdsourcing, and Citizen
Science. Complementing traditional datasets, emerging
sources such as social media (Twitter, Facebook) and
crowdsourced data provide real-time information
on typhoon impacts. Although these data are often
unstructured and require significant processing, studies
have shown that they can capture immediate post-
event damage and community sentiment (Imran et
al., 2013; Xie et al., 2018). Integrating these sources
into GIS-based platforms has shown promise for
developing agile early warning systems and community
engagement (De-Groot et al., 2022).
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3.4 Characteristics of the Reviewed Studies

The studies reviewed in this scoping exercise cover
a wide range of spatial and temporal scales and vary
in methodological complexity. Key characteristics are
as follows:

« Temporal Evolution: Earlier studies
(e.g., Ignacio, 2015) used static
methods for exposure assessment
while more recent studies incorporated
dynamic models that integrate real-
time and historical data (Agar, 2023;
Takagi et al., 2017).

*  Spatial Scale: While many studies
focused on local analysis at the
municipality or barangay level,
some extended to the national scale.
A few comparative studies also
examined methodological differences
between the Philippines and other
East and Southeast Asian countries
(Acosta et al., 2016; Reghezza-Zitt
& Rufat, 2019).

* Methodology: The literature
encompasses a wide range of
approaches, from deterministic
numerical to probabilistic and hybrid.
The integration of physical hazard
modeling and socio-economic
vulnerability is now being recognized
as critical for risk mapping.

»  Data Sources: There is a trend toward
data integration. Studies that combine
high-resolution remote sensing,
meteorological reanalysis, official
census data, and novel digital sources
(social media and citizen science)
produce more robust and context-
specific assessments.

*  Policy: A significant number of studies
link academic findings to policy. For
example, many reference national law
(Congress of the Philippines, 2010),
the Sendai Framework (UNDRR,
2015), and the Paris Agreement
(United Nations, 2015) in their
research on DRM and urban planning.

4. Discussion

'The literature review shows significant methodological
improvements in typhoon exposure and vulnerability
mapping in the Philippines. However, there are gaps
that have implications for future research and practical

DRM applications.

4.1 Methodological Advances and Limitations

Researchers have moved away from the simple fixed
buffer approaches of the past to complex, dynamic
models that capture the heterogeneity of typhoon
hazards. The use of high-resolution numerical weather
prediction, hydrodynamic storm surge models, and
rainfall-runoff simulations is a major methodological
leap forward (Agar, 2023; Takagi et al., 2017). These
models offer greater spatial detail and the ability to
simulate compound hazard events, which is important
given the multi-hazard nature of typhoon impacts.

Despite these advances, however, there are still
several limitations. One major challenge is data quality
and integration. For instance, while census data is
valuable, it often requires aggregation that may mask
sub-municipal variability in vulnerability (Delos Reyes
et al., 2020). Similarly, discrepancies among best-
track datasets raise questions about the calibration of
dynamic models (Barcikowska et al., 2012; Schreck
et al., 2014). The integration of social media and
crowdsourced data, although promising, is technically
challenging due to data bias, incompleteness, and the
need for advanced analytics.

Another limitation is the static nature of many
vulnerability assessments. Most composite indices are
derived from decadal census data and may not reflect
rapid socio-economic changes or emerging informal
settlement patterns (Cutter, 2003; Prasetyo et al., 2020).
Updating these indices with dynamic, longitudinal data
and participatory assessment is necessary to capture
the changing nature of vulnerability. Few studies
also incorporate climate change projections into
exposure and vulnerability models, despite widespread
recognition that global warming will change typhoon
intensity, frequency, and track (Knutson et al., 2015;
Tran et al., 2022b).

4.2 Integration into Disaster Risk Management
and Policy

Bridging the “research-to-practice” gap has been a
challenge for years in disaster risk management. High-
resolution exposure and vulnerability maps can improve
targeted interventions by informing land use planning,
building code development, evacuation strategies, and



62

resource allocation (Cutter, 2016; Reghezza-Zitt
& Rufat, 2019). However, this can only be done if
scientific knowledge is translated into policy.

The Philippine Disaster Risk Reduction and
Management Act of 2010 requires robust hazard
assessment to be integrated into local and national
decision-making. However, current analyses often
tall short of this requirement due to technical
limitations, data interoperability issues, and a lack of
local stakeholder involvement. Several studies have
shown the potential of web-based GIS platforms
to disseminate near-real-time hazard maps to local
government units (Delos Reyes et al., 2020; Lagmay
et al.,2017), but adoption is still limited. Comparative
research that benchmarks Philippine methodologies
with those of other East and Southeast Asian countries
can provide valuable lessons on best practices and the
standardization of analytical frameworks.

4.3 Climate Change Projections and Advanced
Technologies

One of the biggest research frontiers is in the
integration of climate change projections into
exposure and vulnerability assessments. Downscaling
global models (e.g., CMIP6) and coupling these
with high-resolution dynamic models can provide
insights on how future climate may change typhoon
behavior (Knutson et al., 2015; Tran et al., 2022b).
For example, recent studies suggest that although the
overall number of typhoons may decrease in a warming
world, the probability of strong and damaging landfalls
may increase significantly (Bhatia et al., 2018). This
duality requires models that not only project storm
frequency but also account for changes in intensity
and surge potential.

In addition, advanced computational techniques—
particularly those involving artificial intelligence (AI)
and machine learning—are emerging as powerful tools
for processing heterogeneous datasets. These methods
can automatically detect patterns in satellite data,
predict hazard evolution from real-time meteorological
inputs, and even validate complex models (Magee et
al., 2021). Cloud-based geospatial platforms can also
overcome data-sharing obstacles between institutions
and local government units and make research findings
more practical.

4.4 Ethical Considerations and
Community Participation

'The increasing granularity of exposure and vulnerability
assessments raises serious ethical issues regarding data
privacy, ownership, and the potential stigmatization

J. Andres F. Ignacio

of vulnerable communities. Detailed spatial maps that
identify “high-risk” areas can be detrimental if not
handled carefully. Researchers must work closely with
local communities, government agencies, and other
stakeholders to ensure that data are collected, stored,
and disseminated responsibly (Morin et al., 2016;
Yonson et al., 2018).

Furthermore, incorporating community-based
participatory approaches in the research process is
not only methodologically sound—it also fosters local
ownership and makes the outcomes more relevant.
Participatory mapping exercises and household surveys
can provide critical data that scientifically enhance
vulnerability assessments and empower communities
to take proactive measures in disaster preparedness
and risk mitigation (Gaillard & Pangilinan, 2010).
Transparent data governance and ethical review
protocols should be integrated into future studies to
prevent misuse and respect the privacy and rights of
individuals in vulnerable areas.

5. Future Research Directions

Based on the literature review, several key areas in which
future research may address the current limitations
and expand the applicability of high-resolution risk

assessments emerge.

51 Improving Dynamic Exposure Metrics

Typhoon-Specific Buffering Approaches. Research should
focus on developing dynamic buffering techniques that
respond to individual storm characteristics, such as
varying wind speed distributions, asymmetrical wind
fields, and differences in forward speed, using high-
resolution numerical weather models (Agar, 2023;
Takagi & Esteban, 2016). For example, combining
IBTrACS wind intensity data with dynamic storm
surge models can yield a more accurate weighting for
exposure analysis.

Multi-Hazard Integration. Future work should
continue to refine integrated models that capture the
synergistic effects of wind, surge, and rainfall. Coupling
rainfall-runoff models with dynamic wind and surge
simulations, while incorporating local land use and
topographic data, will improve the overall accuracy of

exposure maps (Acosta et al., 2016; Chen et al., 2022).

5.2 Enhancing Vulnerability Indicators

Longitudinal and High-Resolution Data: Research needs
to go beyond decadal census data and incorporate
repeated household surveys and real-time socio-
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economic indicators. This will allow vulnerability
assessments to capture temporal dynamics and reflect
rapid socio-economic changes (Gray et al., 2022;
Prasetyo et al., 2020).

Quantitative-Qualitative Hybrid Models. Future
vulnerability frameworks should combine quantitative
indices with qualitative participatory data. Mixed-
method approaches can address the limitations of static
indicators by capturing local perceptions and adaptive
capacities, especially in informal settlements (Gaillard

& Pangilinan, 2010).

5.3 Climate Change Projections

Downscaling Global Climate Models. Integrating
downscaled CMIP6 or ECMWFEF model outputs
with dynamic hazard and vulnerability models is
crucial. Future studies should explore methods that
combine climate model projections with real-time
meteorological data assimilation to forecast long-
term changes in typhoon exposure and vulnerability
(Knutson et al., 2015; Tran et al., 2022b).

Scenario-Based Risk Projections. Researchers should
develop scenario-based assessments that consider
various socio-economic pathways (e.g., SSPs) together
with climate projections. This will help show how
different development trajectories interact with future
typhoon hazards and guide adaptive policies.

5.4 Advanced Technologies

AI and Machine Learning. The use of Al-driven
algorithms for processing large volumes of remote
sensing data and social media streams should be
turther explored. Machine learning models can aid
in automatic feature extraction, pattern recognition in
hazard evolution, and the refinement of vulnerability
indices using non-traditional data sources (Bhatia et

al., 2018; Magee et al., 2021).

Cloud-Based and Open Source GIS Platforms.
Investment in user-friendly, cloud-based geospatial
platforms will ensure that data is accessible and
refined hazard maps and vulnerability indices reach
decision-makers at local government levels. Such
platforms should enable real-time updates and
community participation.

5.5 Policy Integration and
Community Engagement

Research-to-Practice Gap. Future research must involve
stakeholder collaboration throughout the research
cycle. Workshops, stakeholder consultations, and

participatory mapping sessions should be part of the
study to ensure outcomes are directly applicable to

DRM planning and policymaking.

Data Governance. Ethical protocols for data
collection and management in disaster risk research
must be in place. Researchers should work with local
governments to develop data-sharing agreements
to protect sensitive data and ensure equitable
risk reduction.

6. Conclusion and Final Thoughts

This scoping review looked into the methods and
approaches for mapping high-resolution typhoon
exposure and household and housing vulnerability
in the Philippines and beyond. It uncovered a very
dynamic field that has moved from fixed buffer
approaches to integrated multi-hazard frameworks.

Specifically, this review highlighted the following:

6.1 Methodological Development

Advancements in exposure modeling—from static,
fixed buffer methods to dynamic models that
integrate numerical weather prediction, hydrodynamic
simulations, and rainfall-runoff processes—have
greatly improved the spatial resolution of hazard
maps (Agar, 2023; Takagi et al., 2017). In parallel,
vulnerability assessments have moved from relying
solely on composite indices (Cutter et al., 2003; Healey
et al., 2022; Ignacio et al., 2015) to incorporating
participatory methods, longitudinal surveys, and
agent-based models (Gaillard & Pangilinan, 2010;
Morin et al., 2016).

6.2 Data Integration

The integration of various data sources—official
census data, remote sensing imagery, LIDAR products,
traditional and best-track meteorological data, and
social media and crowdsourced information—has
allowed a more detailed understanding of typhoon
hazards. However, data discrepancies and the challenge
of disaggregating data to capture intra-municipal
variability remain a major concern (Delos Reyes et al.,

2020; Imran et al., 2013).

6.3 Policy Relevance and Practical Application

High-resolution hazard and vulnerability maps can
inform DRM strategies from local evacuation planning
to national urban policy improvements. The alignment
of academic findings with policy frameworks such as the
Philippine Disaster Risk Reduction and Management
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Act 0f 2010, Sendai Framework (UNDRR, 2015), and
Paris Agreement (United Nations, 2015) shows that
research must be translated into practice (Reghezza-
Zitt & Rufat, 2019).

6.4 Future Research and Issues

Despite the progress, there are still several challenges
to be addressed. These include the need to update
vulnerability metrics through dynamic real-time
data, integrate robust climate change projections into
exposure models, and apply advanced computational
techniques such as artificial intelligence in managing
big data. Equally important is the requirement to
ensure that ethical considerations and community
engagement will be at the heart of all future studies.

In a time of rapid climate change and
urbanization, the need for comprehensive and
granular risk assessment has never been more urgent.
Bridging the gap between scientific methodologies
and policy requires interdisciplinary collaboration
among meteorologists, geographers, data scientists,
policymakers, and community stakeholders. This review
argues that by adopting innovative approaches and
integrating data, future research can not only improve
the accuracy of hazard and vulnerability assessments
but also contribute to more resilient and prepared
communities in the Philippines and similar settings
across the globe.

In the end, as typhoons evolve under changing
climate conditions, the discipline of research,
technological integration, and community involvement
will be key to effective disaster risk management.
The findings of this review are meant to be a solid
foundation for future research and highlight areas
where more theoretical and methodological innovation
is needed.
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