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11. Summary of the new findings of the thesis:

The thesis focuses on assessing the interaction of hydrodynamic factors,
including tides, waves, and storm surges, along the western coast of the Gulf of
Tonkin, and their combined impact with river discharge on coastal flooding in Thanh
Hoa Province. Regarding the methodology, the study utilizes the SUWAT numerical
model to simulate tidal dynamics, storm surges, ocean waves, and flooding processes,
while employing statistical analysis techniques for data processing and interpretation.

The main results achieved by the thesis include:

(1) The study identified the patterns and quantified the nonlinear interaction
processes among tides, storm surges, and waves along the western coast of the Gulf of
Tonkin under the impact of typhoons ranging from Beaufort scale 9 to 17 (super
typhoons). The results indicate that nonlinear interactions are directly proportional to
storm intensity. Specifically, compared to the mean tide phase, storm surges are higher
when landfall occurs during low tide and lower during high tide. The discrepancy
between peak storm surges at low and high tides relative to the mean tide phase
increases progressively with storm intensity. Using a track similar to Typhoon Doksuri
(September 2017) at super typhoon intensity, the maximum surge difference between
landfall at low tide and mean tide is approximately 0.33 m (8.1%) at Hon La, near the
landfall center. In contrast to storm surges, the significant wave height is greater when



the storm makes landfall during high tide. The maximum difference in the significant
wave height exhibits a similar trend to storm surge, both increasing with storm
intensity. At Hon La, the maximum significant wave height for landfall during high
tide increases by approximately 0.46 m (13.3%) compared to the mean tide phase.
Notably, waves significantly enhance the peak storm surge, contributing an additional
1.4 m (32.7%) compared to cases excluding wave effects during low tide; conversely,
storm surges also increase the significant wave height by 0.95 m (24.4%) compared to
cases without surge considerations during the high tide phase.

(2) The extent of coastal flooding in Thanh Hoa Province is governed by the
river-sea interaction process. By quantifying the combined effects of tides, storm
surges, storm-induced waves, and river discharge for Typhoon Doksuri (September
2017), the study highlights significant fluctuations in flooding severity across various
scenarios. Specifically, when the typhoon makes landfall during the high tide phase,
the total flooded area reaches 28.3 km?, an increase of more than 28% compared to the
low tide phase (22.1 km?). If the impact of waves is incorporated, the flooded area
expands to 30.5 km2 (a 7.8% increase relative to the case without wave effects).
Notably, when river discharge is integrated, the flooded area reaches 38.4 km? (a
35.7% increase relative to the case without river discharge effects).

(3) The assessment of coastal flooding risks for Thanh Hoa under climate
change scenarios indicates that, compared to the current climate period, the future
periods (2051 and 2110) will see an increased frequency of intense storms (category
12 and above on the Beaufort scale), along with a southward shift in storm tracks. The
flooded area is projected to increase in proportion to storm intensity in both periods.
Notably, the existing sea dyke system, which is currently capable of withstanding
storms below category 12, will lose its protective capacity against such intensities in
the future due to mean sea level rise. In the absence of infrastructure upgrades,
category 15 storm landfall scenarios in 2050 and 2110 would result in 48.6% and
66.0% of the coastal mainland from Hau Loc to Sam Son being inundated,
respectively, as the total water level exceeds the dyke crest elevation.

New points of the thesis:

(1) The study identified and quantified the nonlinear interactions among tides,
storm surges, and waves along the western coast of the Gulf of Tonkin under typhoon
conditions ranging from category 9 storms to category 17 super typhoons on the
Beaufort scale. The results show that nonlinear interactions are directly proportional to
storm intensity.

(2) The thesis has overcome the limitations of previous studies by applying a
spatially varying roughness coefficient field, constructed from high-resolution Land
Use/Land Cover (LULC) data. This improvement helps to more realistically simulate
the coastal flooding phenomenon under the impact of the river-sea interaction process.

(3) The study has quantified the combined influence of hydrodynamic factors
(tides, storm surges, waves, and river discharge) on the coastal flooding phenomenon
in Thanh Hoa province through the case of Typhoon Doksuri (2017). Simultaneously,



the thesis has assessed the risk of flooding in the present and future (years 2050, 2110)
under the impact of climate change scenarios and sea-level rise.

Scientific and practical significance of the thesis:

Researching the interaction between tides, waves, and storm surges and the
resulting coastal flooding has scientific significance in evaluating the causes,
mechanisms, and quantifying the role of each factor in surge height, wave height, and
the extent and depth of coastal flooding. The research results of the thesis have further
clarified the influence of the interaction between marine dynamic factors on wave
height and the magnitude of storm surges in the western coastal area of the Gulf of
Tonkin with various landfalling storm levels. The flooding mechanism and the
contribution of each component to flooding in coastal Thanh Hoa have been quantified
for a real storm situation, and the coastal flood risk has been assessed for strong/super
typhoon landfalls in the context of sea-level rise due to climate change in the region.

One of the dangerous consequences of storms is the rising sea level causing
coastal flooding; therefore, understanding the causes, mechanisms, and quantifying the
role of each impacting factor, as well as assessing flood risks in the context of climate
change and sea-level rise, is very meaningful for the planning and response to coastal
flooding in Thanh Hoa province.

12. Further research directions:

Future studies should integrate additional hydraulic, urban hydrological, and
wave overtopping models to more accurately assess flood risks for areas located
behind sea dykes. Implementing coastal flood risk assessments in high-risk coastal
areas to inform planning and disaster response is essential. In this regard, adaptation
measures for the sea dyke system (upgrading, reinforcing dykes, or non-structural
solutions) must be proactively incorporated into the risk assessment framework.
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