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Abstract

Developing user-friendly applications bridges the gap between models and target users, aiding in more efficient
learning and optimizing workflow. In this study, we contribute to bridging this gap in the tsunami modelling com-
munity by developing two offline, free standalone applications: the Input and Output FUNMAP apps. These tools are
built on the open-source Fully Nonlinear Boussinesq Wave Model - Total Variation Diminishing version (FUNWAVE-
TVD), a well-established and extensively validated model. The Input app assists in setting up simulation input files
and running the FUNWAVE executable, while issuing visual warnings to help prevent errors. The Output app processes
simulation results to generate wave height and current maps, as well as virtual gauge plots, with export options
compatible with GIS and vector editing platforms. We tested the apps using sample cases from FUNWAVE-TVD

and applied them to simulate tsunami hazards in Manila Bay, Philippines, under a hypothetical Mw 8.8 earthquake
scenario along the southern Manila Trench. The results show that the presence of the submarine canyon at the bay
entrance, along with the complex coastlines of Luzon, Lubang, and Mindoro Islands, influences the arrival of multiple
waves in Manila Bay. The highest waves were observed at the bay entrance headlands and southern coasts, with high
current velocities expected along the entire coastline. This case study demonstrates the effectiveness of the FUNMAP
apps in generating tsunami simulation maps and plots.

Keywords Standalone Tsunami modelling apps, FUNWAVE apps, FUNMAR, Tsunami model apps, Manila Bay tsunami,
Manila Trench tsunami

Introduction

Open access to models and applications can attract a
broader range of users, and a user-friendly interface fur-
ther enhances accessibility and adoption. In the tsunami
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Liu 1998; Wang et al 2011), while Delft Dashboard sup-
ports Delft3D (Lesser et al 2004), XBeach (Roelvink et al
2009, 2018), and WAVEWATCH III (Tolman et al 2009).
All of these models (COMCOT, MOST, and Delft3D) can
simulate tsunami propagation based on non-linear shal-
low water equations. To our knowledge, no open-source
platform currently exists for tsunami models that has an
option to use Boussinesq equations, particularly one that
can be downloaded and used offline.

Here, we introduce two user-friendly, offline desktop
applications based on the FUNWAVE-TVD model-a fully
nonlinear Boussinesq wave model with Total Variation
Diminishing (TVD) capabilities. FUNWAVE is a phase-
resolving, time-stepping Boussinesq model initially
developed by Kirby et al (1998), building on the work of
Wei et al (1995). The Boussinesq model (nonlinear dis-
persive wave model) can consider the dispersion effects
during tsunami propagation and simulate the bores or
soliton fissions (Watanabe et al 2022). In the case of soli-
tary waves over the uniform sloping beach, the Bouss-
inesq model gives a better representation of the wave
evolution before the breaking point than the nonlinear
shallow water equation (Liang et al 2013). The FUN-
WAVE-TVD is the Total Variation Diminishing (TVD)
version of FUNWAVE developed by (Shi et al 2012) and
it was developed based on a complete set of fully nonlin-
ear Boussinesq equations with vertical vorticity correc-
tion (Shi et al 2012). In FUNWAVE-TVD, the generation
of sea surface displacement can be initiated by import-
ing pre-configured files, using a wavemaker, simulating
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meteotsunamis, modelling vessel conditions, and includ-
ing the effects of sediment transport.

The aim of this paper is to make learning and using the
FUNWAVE model more accessible, especially for those
new to tsunami modelling. By simplifying the process
through the development of applications with graphical
user interfaces, users can focus more on the analytical
aspects of their research. We demonstrate the functional-
ity of the two applications we have developed by assess-
ing tsunami hazards in Manila Bay, Philippines, in
response to a potential rupture of the southern segment
of the Manila Trench.

Standalone applications

We selected the FUNWAVE-TVD model, specifically
the version 4.6, as the basis for our applications due to
its publicly available code and examples on GitHub, as
well as support from an active online user community.
We named our applications “FUNMAP” to clearly associ-
ate them with the FUNWAVE model and highlight their
roles in modelling tsunamis and creating maps (Figs. 1
and 2). We developed the apps using MATLAB App
Designer and packaged them with the Application Com-
piler, producing versions compatible with both Windows
and macOS. Although the apps were developed using a
licensed version of MATLAB, they do not require MAT-
LAB to run. The apps can be executed using the free
MATLAB Runtime, which is included in the installation
packages we provide. For users with access to MATLAB,
an alternative installer is available that integrates the
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Fig. 1 The interface of the Input FUNMAP app. The enlarged version of this is shown in Supplementary Figure S1
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Fig. 2 The interface of the Output FUNMAP app, used for processing the output files generated from the tsunami simulation. Shown are
the interfaces of the (a) Wave Height Map tab, (b) Gauge Record tab, and (c) Velocity Map tab. The enlarged versions of each panel are shown

in Supplementary Figures S2 to S4

FUNMARP apps as in-app features within the software. A
brief overview of each app is presented in the following
subsections, with more detailed descriptions available in
the user manual.

Input FUNMAP app

This app is for preparing the necessary files for tsunami
simulations (Fig. 1). It also includes an option to create
and run the executable program directly on the local
desktop. The interface of the app is organised into three
columns: the first two columns are dedicated to setting
up input parameters and feature three tabs - ‘Input; ‘Ini-
tial Condition; and ‘Expected Output’. The third column
displays previews of the generated files: log report, input.
txt, and Makefile.

The ‘Input’ tab configures the main parameters, while
the ‘Initial Condition’ tab sets up tsunami initiation,
with options including imported U-V-Z files, internal
wavemaker, meteotsunami/landslide, or vessel. An addi-
tional option allows for including sediment effects. The
‘Expected Output’ tab provides a checklist of outputs the
user want the model to generate.

To enhance accessibility, default values are preset in
the text boxes, and tooltips are provided for additional
context. When generating the input.txt file, the app
checks for missing files or values, as well as unchanged

non-zero defaults that may lead to errors, and lists
them in the log report. In the app interface, such issues
are highlighted by changing the font colour to red.
Minor issues are automatically resolved-for example,
swapping colourbar limits when necessary-and these
adjustments are also recorded in the log report.

Output FUNMAP app

This app is designed to generate figures and animations
from the output files of tsunami simulations. It consists
of three main tabs, each functioning independently
(Fig. 2). The first tab creates wave height maps, the sec-
ond plots virtual gauge records, and the third generates
velocity maps. Output maps can be saved as raster files
(.jpg,-png), georeferenced raster files (.tif), or animation
files ((mp4). Gauge plots can be exported as raster files
(.jpg,-png), vector files (.pdf,.eps), or as text files con-
taining gauge records and raw velocity data.

We tested the functionality of the FUNMAP apps
using selected sample cases from FUNWAVE ver-
sion 4.6. A side-by-side comparison between the maps
generated by the app and the sample maps included
in FUNWAVE is presented in the final section of the
FUNMAP User Manual. Additionally, we evaluated the
usability of the FUNMAP apps through a case study
conducted in Manila Bay, Philippines.
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Tsunami modelling: the Manila Bay case study

The aim of our case study is to model tsunami propa-
gation toward Manila Bay, Philippines, generated by a
hypothetical Mw 8.8 rupture of the southern segment
of the Manila Trench, and to provide an initial tsu-
nami hazard assessment. Manila Bay is selected as the
study area because, to date, no focused tsunami haz-
ard assessments have been conducted for this region
in relation to a rupture along the Manila Trench (i.e.,
originating from an earthquake source). Previous stud-
ies have primarily focused on neighbouring countries
and coastlines facing the South China Sea (e.g., Wu
2012; Nguyen et al 2014; Sun and Niu 2025). A previous
tsunami hazard assessment has been conducted for the
South China Sea, with Manila Bay included as one of
the study areas; however, the study considered poten-
tial volcanic meteotsunamis as the source (Verolino
et al 2025b). Assessing tsunami hazard in Manila Bay
is particularly important due to its densely populated
coastline (WorldPop 2024), primarily because the capi-
tal city is located in this area and because the Port of
Manila-the largest and busiest in the Philippines-is sit-
uated here (Fig. 3).

(@)

18°N

South China Sea

16°N

14°N

B 120°E 122

Page 4 of 11

Manila Bay morphology

Manila Bay, situated on the west coast of Luzon Island in
the Philippines, opens into the South China Sea (Fig. 3).
Its ~20-km-wide entrance is divided into two channels by
Corregidor Island. The bay slopes southwest at an angle
of 3° toward its mouth, reaching a maximum depth of
80 m. Beyond the entrance lies a submarine canyon strik-
ing nearly east—west (strike length: ~60 km, maximum
width: ~30 km), with its shallow tip oriented toward the
bay’s mouth. The presence of the canyon causes the water
depth to drop to ~1.5 km within a short distance from
the coast. South of the canyon is the shallow Verde Island
Passage, bordered by Luzon Island, Lubang Island, and
Mindoro Island. These morphological descriptions are
based on 50-m resolution bathymetry, interpolated and
analysed using the most recent dataset from the National
Mapping and Resource Information Authority (NAM-
RIA) of the Philippines.

Manila trench tectonics

The nearest tsunamigenic source to Manila Bay is the
north—south striking, 10 — 50°E-dipping Manila Trench.
It is formed by the convergence of the Philippine Sea
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Fig. 3 (a) Location map of Manila Bay. The extent of the grid layer used in the modelling is shown on the inset map. The thicker line on the Manila
Trench marks the extent of the tsunami source for this study. Circles - Mw 7.0 to 7.6 earthquakes between 1900 and 2006 (source: USGS 2024). The
December 2024 Mw 5.0 and 5.7 earthquakes are also included in the map (source: PHIVOLCS 2024). The labels indicating the exact magnitude
and date of occurrence for each event are shown in Supplementary Figure S5. (b) Close-up view of the complex coastline and bathymetry

in the study area. A submarine canyon points towards Manila Bay. DotS - virtual gauge stations. Star - location of Manila, the capital city. The

basemaps for (@) and (b) are ESRI maps available for use in QGIS
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Plate and the Eurasian Plate, where the South China
Sea is being subducted (Armada et al 2020). The Manila
Trench has a slip rate between 50-90 mm/year and a
coupling ratio of 0.4 (Bautista et al 2001; Hsu et al 2012,
2016). Since the 1560s, no earthquakes with moment
magnitudes exceeding Mw 7.8 have been recorded along
the Manila Trench (Megawati et al 2009; USGS 2024).
However, historical and seismic records indicate that it
generated earthquakes with magnitudes ranging from
Mw 7.0 to 7.6 between 1900 and 2006. Although of lower
magnitudes, it is noteworthy that the Manila Trench
generated two earthquake clusters in December 2024
(ranging from Mw 4.6 to 5.7), attributed to different seg-
ments of the trench due to differences in their faulting
mechanisms (PHIVOLCS 2024). Although these records
suggest that the Manila trench has not generated larger
than Mw 7.8 earthquakes, past geodetic and tsunami-
genic studies suggested the possibility of earthquakes
occurrence exceeding Mw 9.0 (Megawati et al 2009; Wu
and Huang 2009; Nguyen et al 2014; Qiu et al 2019). This
potential is further supported by the convergence of his-
torical and sedimentological evidence (Yu et al 2009;
Ramos et al 2012; Sun et al 2013; Lu et al 2019). How-
ever, it is important to acknowledge that distinguishing
between storm and tsunami deposits remains a signifi-
cant challenge at this stage.

Tsunami modelling setup

Early studies of tsunami hazards due to the Manila
Trench assumed a full-length rupture of the fault (e.g.,
Megawati et al 2009; Wu and Huang 2009; Nguyen et al
2014). However, more recent studies suggest that piece-
wise rupture is more likely due to variations in fault prop-
erties and the presence of bathymetric asperities (Hsu
et al 2012; Li et al 2016). Consequently, Li et al (2016) and
Qiu et al (2019) proposed dividing the fault into three
segments to more accurately represent its structural
characteristics. In this study, we focused on the possibil-
ity of a rupture in the southern segment of the Manila
Trench, as this segment is closest to our study site at
Manila Bay.

Based on the rupture area of the southern segment, it
can generate a maximum earthquake magnitude of Mw
8.8, as calculated using the earthquake scaling laws of
Papazachos et al (2004) and Blaser et al (2010). Using the
seismic moment formula (Keiiti 1966), we calculated an
average slip of 10.3 m. To determine the heterogenous
slip distribution across the fault plane of the southern
Manila Trench segment, we adopted the configuration
corresponding to the worst-case scenario for a Mw 8.8
event in Manila Bay, as identified in the probabilistic
tsunami hazard assessment for Southeast Asian coun-
tries bordering the South China Sea by Tan et al (2023).
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The slip distributions in that study are generated using
the RupGen model developed by Mai and Beroza (2000,
2002). These parameters, along with the fault proper-
ties of the Manila Trench defined by Hsu et al (2012),
were used as inputs to generate the surface deformation
using Okada (1985) model that assumes elastic half-
space deformation. The computed seafloor deformation
is assumed to be instantaneously and vertically trans-
ferred to the sea surface, and is therefore used as the ini-
tial condition (i.e., the tsunami at t = 0) in our tsunami
simulations.

The FUNWAVE-TVD model is used for the tsunami
modelling. The primary input file required to initiate the
model is prepared using the Input FUNMARP application.
Bathymetric data are provided at a 500 m resolution,
interpolated from the 2024 GEBCO grid (GEBCO Com-
pilation Group 2024) and supplemented with water depth
points from NAMRIA, Philippines. The NAMRIA data
were incorporated to enhance the quality of the inter-
polation, particularly in shallow regions where GEBCO
data points are sparse within the study area. Although
we initially created a 50-meter resolution bathymetric
grid to capture the detailed morphology of Manila Bay,
we opted to use a resampled grid with a 500-meter reso-
lution for this study. This decision was made because we
are using only a single numerical grid layer for our simu-
lation, as this work serves as a preliminary assessment of
tsunami hazards in Manila Bay. The 500-meter resolu-
tion is sufficient to capture large-scale features that could
significantly influence tsunami behaviour in the region-
specifically, the submarine canyon, as well as the shape
and orientation of Luzon, Lubang and Mindoro Islands
(Fig. 3a).

Although FUNWAVE-TVD is primarily a Boussin-
esq-type model, we used its linear shallow water equa-
tion function in our modelling. This is because the
water depth within Manila Bay (<80 m) is considerably
smaller than the extent of the earthquake rupture area (~
500 km x 150 km), making dispersion effects negligible.
To quantify the relevance of dispersion effects in our tsu-
nami model, we applied the dispersion time (r) formula
introduced by Glimsdal et al (2013), which is defined as:

2
_4ndL
= —&

where /g is the water depth at the source, L is the dis-
tance from the source to the shoreline, and 4 is the width
of the tsunami source. Dispersion effects are considered
negligible when 7 < 0.01. In the case of Manila Bay, the
average depth at the source is approximately 2.5 km, the
estimated source width is ~150 km, and the distance
to the shoreline, specifically to the Port of Manila, is ~
55 km. Substituting these values into the formula yields
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T 2 0.00041, indicating that dispersion effects in our
study are negligible. This aligns with the conclusion of
Glimsdal et al (2013) stating that dispersion is not needed
for tsunami propagation in the near-field when dealing
with large earthquake scenarios. Hence, the use of the
linear shallow water equation is sufficient for this study.

We did not select a wave model to use in this study
solely based on its primary governing equations. Instead,
FUNWAVE-TVD was chosen due to its open-source
availability and comprehensive documentation which
are both important factors in our aim to develop a user-
friendly application based on pre-existing models. We
initially considered using its Boussinesq capabilities,
however, our preliminary analysis confirmed that for
the Manila Bay scenario, characterised by a near-field
tsunami source and shallow water depths, the use of
the linear shallow water equations is more appropriate.
The primary goal in this study is to identify which areas
within the bay are most likely to be impacted by tsunami
waves, rather than to resolve fine-scale wave dynamics
or inundation behaviour. If the study aimed to capture
detailed wave height variations near the coast or perform
inundation modelling, then the use of nonlinear shallow
water equations or Boussinesq-type models would be
more appropriate for this study.

The numerical grid we used covers the entire South
China Sea. This broad domain helps minimize the influ-
ence of wave reflections at the boundaries on the tsunami
results within Manila Bay. Additionally, a 100 km-thick
sponge layer was implemented at the grid boundaries to
absorb outgoing waves and reduce artificial reflections
(Fig. 3a).

A spherical grid was applied, with a spatial resolu-
tion of 0.0045 arc degrees. We employed a second-order
spatial discretization scheme. The default values for the
Courant-Friedrichs-Lewy (CFL) number and the Froude
cap—0.5 and 0.3, respectively - are used. The total simula-
tion time was set to 14 h to ensure that all relevant tsu-
nami waves entering Manila Bay were captured.

To gain a general understanding of the tsunami wave-
forms entering Manila Bay, we placed a virtual gauge
station at the shallowing tip of the submarine canyon,
at a depth of 100 m (Fig. 3b). This location was selected
because the shallowing portion of the canyon is where
tsunami waves are expected to arrive first, as demon-
strated in studies by Iglesias et al (2014) and Linthon and
Koshimura (2019) on the influence of submarine canyons
on coastal wave propagation. We also added three gauges
at a water depth of 20 m near the coastline of Port of
Manila, and in the populated areas of Cavite and Bataan
provinces (Fig. 3b). The placement of the gauges was also
based on our preliminary simulation results, which indi-
cate that these points (i.e., the gauge locations) lie along
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coastlines expected to experience the highest tsunami
heights. The choice of 20 m, rather than the more com-
monly used 10-meter depth, was intentional because the
input bathymetry used in this study has a resolution of
500 m, making the coastline detail less refined. Setting
up the gauge stations at the 10-meter depth would cause
issues in areas like Port of Manila, where the 10-meter
depth contour is in close proximity to the coastline. To
ensure more conservative and stable results, we placed
the gauges at the 20-meter depth.

Modelling results and discussions

A magnitude 8.8 earthquake originating from the south-
ern Manila Trench would generate multiple tsuna-
mis propagating toward Manila Bay. At the instant of
the earthquake (time = 0), the virtual gauge at 100 m
depth near the bay entrance recorded a 5 m wave height
(labelled ‘1’ in Fig. 4a). The wave then subsides, reach-
ing a minimum of —0.9 m at the 20-minute mark, before
rising above mean sea level (msl) at 27 min. This sec-
ond positive wave peaks at 0.9 m at 31 min (labelled ‘2’
in Fig. 4a). The wave subsequently drops below msl for
the next hour, before rising again at the 1.8-hour mark.
This third wave reaches a peak of 1 m at 2.05 h (labelled
‘3’ in Fig. 4a). Wave activity at the bay entrance continues
to fluctuate over the remaining hours of the simulation;
however, the maximum heights only reach approximately
0.6 m, occurring at the 4.1-hour and 9.7-hours marks.

By examining the tsunami simulation snapshots
(Fig. 4b-d), we identified the mechanisms responsible
for the formation of three distinct wave series within
the first two hours. The snapshots also highlight two key
roles played by the submarine canyon-located along the
continental slope that separates the deeper waters from
the shallower continental shelf-in the propagation of tsu-
nami waves. For tsunamis originating in deeper waters,
the canyon acts as a funnel, channelling and accelerating
wave energy toward the bay, as its shallow tip is pointed
directly toward the bay entrance. In contrast, for tsuna-
mis already in the continental shelf, the canyon restricts
wave propagation toward the open sea and instead redi-
rects the waves into Manila Bay. The animation showing
the simulation snapshots is provided in the Supplemental
Data section of this paper (Felix 2025).

The first wave at t = 0 is generated by the instantane-
ous seafloor uplift during the earthquake. Its propaga-
tion show how the submarine canyon funnels the wave
toward the bay. The tsunami wave front conforms to
the shape of the canyon’s tip, as shown in the simulation
snapshot at 20 min (Fig. 4b), where the colour gradient
of the high wave curves concavely around the pointed
tip of the canyon. This behaviour is consistent with the
findings of Iglesias et al (2014), based on simulations of
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Fig. 4 (a) Tsunami waveform recorded at the virtual gauge station at the mouth of Manila Bay. (b-d) Snapshots of sea surface displacement
at 20 min, 55 min, and 2 h after the earthquake

hypothetical tsunami scenarios using synthetic bathyme-
try, as well as real bathymetric data from the Blanes Can-
yon in the Western Mediterranean Sea.

The second series of waves entering the bay results
from a combination of reflected and refracted waves
along the shallow western coast of Luzon Island-par-
ticularly at the headlands of Manila Bay-along with
waves funneled through the canyon from deeper waters
(Fig. 4c).

The third series of high waves primarily originates from
refracted and reflected waves in the southwestern region-
between Luzon, Mindoro, and Lubang Islands-which
propagate through the Verde Island Passage. The nearly
east—west strike of the canyon, combined with the north-
west orientation of the elongated Lubang Island, forms
an almost L-shaped barrier that restricts shallow-water
pathways. This configuration redirects tsunamis travel-
ling through the Verde Island Passage toward Manila
Bay, rather than allowing them to disperse into the South
China Sea (Fig. 4d).

We analysed how these multiple propagated waves are
recorded by nearshore gauge stations located at a depth
of 20 m: at the northern headland (Bataan Station), the

119.5 121.5

southeastern coast within the bay (Cavite Station), and
Port of Manila in the inner eastern section (Fig. 5). All
gauge records at this depth indicate that the earthquake

——— Bataan (North Headland)
- Cavite (Southeast)
—— Port of Manila (East)
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Fig. 5 Gauge records at 20 m water depth over the 14-hour
simulation. The highest waves occurred almost instantaneously
with the earthquake. Multiple waves following the initial peak are
recorded throughout the simulation
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rupture caused an instantaneous, or nearly instantane-
ous, sea surface uplift. In addition, multiple waves con-
tinued to be recorded for several hours following the
earthquake. In all three gauge records, the first wave was
the highest observed during the entire simulation, with
recorded heights of 6.3 m, 3.8 m, and 2.8 m for Bataan,
Cavite, and Port of Manila, respectively.

Assuming a 1 m threshold for relevant tsunamis, other
notable arrival times include the 19-minute mark, the
2-hour mark, and the 4-hour-and-5-minute mark (Fig. 5).
For the gauges within the bay (Cavite and Port of Manila),
the second-highest peak occurred at the 19-minute mark,
with wave heights of 1.3 m at Cavite and 2.2 m at Port of
Manila. At the 2-hour mark, all three stations recorded
peak heights ranging from 1.0 to 1.2 m. At the 4-hour-
and-5-minute mark, Cavite and Port of Manila again
recorded peak heights between 1.1 and 1.2 m. These
gauge records support the earlier analysis, indicating that
multiple waves propagated into Manila Bay and contrib-
uted to sustained wave amplification within the bay.

The maximum wave height map shows that the high-
est impacts are concentrated at the bay’s entrance head-
lands and along the northeast-striking southern coast of
Manila Bay, within the provinces of Bataan and Cavite
(Fig. 6). While these areas experience the highest wave
heights, other parts of the Manila Bay coastline are also
exposed to elevated wave conditions. In addition to the
incoming waves from outside the bay, the high wave
amplitudes observed within Manila Bay can be attrib-
uted to constructive interference between reflected
and refracted waves trapped inside the bay. Although
destructive interference may also occur, reducing wave
energy in certain areas, the overall results suggest that
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constructive interference dominates, leading to consist-
ently high wave heights throughout the bay. In terms of
maximum current velocity, the entire coastline of Manila
Bay is exposed to extremely high values. According to
the study by Lynett et al (2014), the current velocities
observed in this study fall within the range capable of
causing extreme damage to maritime assets.

The maximum wave height maps presented in this
paper should be interpreted as minimum estimates of
the expected maximum wave height, given that we used
a coarse-resolution grid in our modelling. Using a finer
grid resolution in the modelling would likely result in
higher wave height estimates. This interpretation is based
on a previous study, which showed that using a coarse-
resolution grid substantially underestimates maximum
wave heights compared to models with 10-50 m reso-
lution Felix et al (2024). Regarding wave arrival time,
the results presented in this paper should be treated as
rough estimates. Felix et al (2024) have shown no con-
sistent trend in arrival times when comparing models
using coarse and fine grid resolutions. Therefore, whilst
the timing may not be definitive, the results still provide a
general indication of the wave arrival times.

Preliminary assessments of tsunami hazards are often
conducted using coarse-resolution grids (e.g., Hei-
darzadeh et al 2025; Tsukanova et al 2025; Verolino
et al 2025a). In this study, we have adopted a similar
approach, using a coarse resolution of 500 m. Whilst
such a resolution may not capture nearshore dynamics
as accurately as models with finer grids in shallow areas
(Felix et al 2024), our findings remain relevant. This is
because the large-scale features (Corregidor Island,
Lubang Island, and the submarine canyon) that are key
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Fig. 6 Maps of (@) maximum wave height and (b) maximum current velocities in Manila Bay over a 14-hour simulation period. The provinces
of Bataan and Cavite experience the highest wave heights and current velocities. Dots - gauge stations
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factors influencing tsunami behaviour in this region are
well represented at this resolution. Corregidor Island,
located at the centre of the mouth of Manila Bay, has
dimensions approximately 1 to 4 times larger than the
500-meter grid size. Lubang Island and its neighbour-
ing smaller islands, situated southwest of the Manila
Bay, range from 8 to 20 times larger than the grid reso-
lution. The submarine canyon outside the bay is even
more prominent, with dimensions roughly 60 to 120
times larger than the grid size. These proportions con-
firm that the coarse grid is sufficient to capture the
main features influencing the tsunami behaviour in our
study area.

Although the main feature of FUNWAVE-TVD is
its implementation of the Boussinesq equations, we
opted to use its linear shallow water equation function
in this study as it is sufficient to demonstrate the gen-
eral tsunami impact in the region. Adopting the use of
a Boussinesq-type model in combination with a coarse
grid resolution may introduce unnecessary noise in the
simulated wave peaks, as the model attempts to resolve
dispersive effects that are not significant at this scale or
aligned with the goals of this study. Overall, the findings
of this study provide a useful basis for identifying specific
regions within Manila Bay where nested, higher-reso-
lution grids could be applied in future work to support
more detailed tsunami impact assessments.

The main takeaway from this initial assessment of
tsunami hazard in Manila Bay is that the highest wave
occurs almost instantaneously during the earthquake. In
the scenario presented in this study, tsunami warnings
for communities around Manila Bay should remain active
even after the initial and largest wave has passed, and
should be maintained for at least two hours. This is due
to the continued arrival of subsequent waves. Although
smaller, these subsequent waves still pose a hazard, par-
ticularly when combined with wave interference effects
occurring within the bay. Throughout the entire simula-
tion duration, we showed that the most impacted areas
are the headlands of the bay and, within the bay itself, the
southeastern coastline.

Additional work is needed to better quantify the tsu-
nami hazard in Manila Bay resulting from a rupture of
the southern segment of the Manila Trench. The analy-
ses presented in this study have not previously been con-
ducted in this region with this level of detail. Our work
identifies the key factors influencing tsunami behaviour
in the bay and highlights the locations most affected, rep-
resenting a step forward in understanding the hazard.
We hope that this study will support and encourage fur-
ther in-depth research into the tsunami hazard in Manila
Bay and its potential impact on communities along the
coastline.
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Conclusions

We developed free, offline standalone applications by
leveraging the open-source nature of the FUNWAVE-
TVD model and successfully applied them in a pre-
liminary assessment of tsunami hazard in Manila Bay.
These apps bridge the gap between the tsunami model
and researchers by simplifying the learning process
and making the tool accessible to a broader, multidis-
ciplinary audience. They enhance workflow efficiency
and reduce the time required for model setup, allowing
researchers to focus more on post-modelling tasks such
as data analysis and manuscript preparation.
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