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The overall aim of the FloodAdaptVN research project
is to address critical knowledge and capacity gaps in
rapidly urbanizing, flood-prone regions of Vietnam,
with a focus on Central Vietnam, to support local
authorities in developing effective disaster risk
reduction (DRR), risk transfer, and climate adaptation
strategies. FloodAdaptVN assesses current flood risk
patterns, associated impacts, and future risk scenarios
under changing climatic and socio-economic
conditions, while exploring the potential of risk
transfer mechanisms and ecosystem-based or hybrid
DRR and adaptation measures as complementary
approaches to conventional, predominantly structural
solutions, in order to advance risk-informed planning
and decision-making.
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Introduction

The 2020 flood event in Hué, Central Vietnam, ranks
among the most devastating in recent history,
highlighting the critical need for high-temporal
monitoring to improve flood risk management and
disaster response. Hué's topography is marked by a
complex interplay of mountainous regions, low-lying
plains, and an extensive lagoon system, making it
highly vulnerable to diverse flood dynamics. Situated
along the Huong River, where steep upstream
gradients transition into flat downstream areas, Hué
faces heightened risks of fluvial, pluvial, and coastal
flooding, particularly during extreme weather events.
The 2020 flood, driven by prolonged inundation
lasting several weeks due to consecutive typhoons
and tropical depressions, including Typhoons Molave
and Goni, caused extensive damage and severely
tested local disaster response capacities.

EO Analysis

This study leverages Earth Observation (EO) data
from Sentinel-1 (S1), ALOS PALSAR-2, Cosmo-
Skymed, and TerraSAR-X acquisitions to capture the
flood dynamics of the 2020 event. To improve flood
mapping accuracy, non-flooded areas with
confounding backscatter signatures-such as urban
settlements, steep slopes, and sandy regions-were
masked out during preprocessing. Threshold-based
change detection methods were applied to delineate
flood extents, revealing spatial and temporal flood
evolution. Drone imagery and in situ measurements
from the early flood period provided critical reference
for accuracy assessment.

Key EQO Results

« Sentinel-1 provided 31 scenes from August 2020
to January 2021, enabling high-temporal
monitoring and robust delineation of flood extent
dynamics (Fig. 1, Fig. 2).

« Cosmo-Skymed and TerraSAR-X offered high-
resolution details , critical for mapping localized
inundation patterns in urban and complex terrain
(Fig 3).

« ALOS PALSAR-2 (L-band) captured oversaturated
soils and vegetation-penetrating flood signals,
enhancing detection in vegetated and moisture-
retentive areas (Fig. 3).

Flood Hazard Modelling

The hydrological model encompasses the entire
catchment areas of the Huwong and B6 rivers, the Tam
Giang Lagoon, and extends into parts of the
neighboring Quang Tri Province. Using the HEC-HMS
model, we simulated catchment-scale rainfall-runoff
processes to derive discharge values, which were then
applied as boundary conditions for the HEC-RAS 2D
hydraulic model. This coupled approach enabled
high-resolution simulation of flood dynamics across
the lowland region of Huég, including urbanized and
lagoon-adjacent zones.

Key Modelling Focus:

» Historical Flood Events: The model was
calibrated and validated against three major floods
(1999, 2020 (Fig. 4, left), and 2022), capturing
spatial inundation patterns, peak flows, and
recession behavior.

* Future Scenarios: To assess climate resilience,
projections incorporated climate change
impacts (e.q., sea level rise, intensified rainfall)
and urban growth patterns (from land-use change
models). These scenarios simulate how altered
hydrology and expanding infrastructure may
exacerbate flood risks under extreme weather
conditions (Fig. 4, middle & right).

Integration with EQ Data:

Model outputs were cross-validated with SAR-derived
flood extents (from Sentinel-1, ALOS PALSAR-2, and
high-resolution X-band sensors) to refine inundation
depth estimates and improve predictive accuracy.

Applications & Outlook

This research demonstrates the effectiveness of
integrating multi-sensor EO data and hydrodynamic
modeling for disaster risk reduction, providing
scalable methodologies to address the increasing
frequency of extreme weather events. Notably, the
flood hazard maps, inundation depth models, and
EO-derived flood dynamics generated in this study
are currently being implemented in regional planning
and decision-making processes (flood risk mitigation
strategies, land-use planning, and emergency
response protocols) in Hué.
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Fig. 1: Sentinel-1 (S1)-derived flood dynamics in Hué from August 2020 to January 2021, capturing the prolonged 2020 flood event. Selected
scenes highlight key phases of inundation expansion, persistence, and recession, driven by consecutive typhoons (e.g., Molave, Goni) and
prolonged rainfall.
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Fig. 3: Multi-sensor SAR observations capturing the incremental impact of a minor storm on the prolonged 2020 flood event in Hué. (a) Cosmo-
Skymed (24.11.2020, left): High-resolution X-band imagery highlights localized flood expansion in urban and agricultural zones. (b) Sentinel-1
(27.11.2020, middle): C-band data with frequent revisit time tracks flood persistence and recession patterns across the lowland plains. (c) ALOS
PALSAR-2 (27.11,2020, right): L-band sensitivity reveals subsurface moisture and inundation in vegetated and lagoon-adjacent areas. The temporal
sequence illustrates how the storm exacerbated existing flood conditions, with complementary insights from each sensor.
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Exceptionally Large Flood - Lii ddc biét - RCP4.5 SSP2 2030

The exceptionally large flood is the type with peaks
rarely seen in the monitoring periods.

Lii d&c biét I6n 1a loai c6 dinh cao hiém thay

trong céc ky quan tréc.

Exceptionally Large Flood - Lii ddc biét - RCP8.5 SSP3 2050

The exceptionally large flood is the type with peaks
rarely seen in the monitoring periods.

Lii d&c biét I6n 1a loai c6 dinh cao hiém thay

trong céc ky quan tréc.

Exceptionally Large Flood - Lii ddc biét - 2020

The exceptionally large flood is the type with peaks
- P " N rarely seen in the monitoring periods.

= > s > < Lii d¥c biét I6n 13 loai ¢d dinh cao hiém thay
3 trong céc ky quan tréc.
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Fig. 4: Flood hazard model outputs depicting maximum inundation extent and depth for (a) the historical 2020 flood event (left), (b) a 2030
projection under the RCP4.5/SSP2 climate-urbanization scenario (moderate emissions and intermediate socio-economic development) (middle), and

(c) a 2050 projection under the RCP8.5/SSP3 scenario (high emissions and regional rivalry) (right).
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