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Abstract. The Vietnamese Mekong Delta (VMD) is frequently affected by seasonal floods, especially with
An Giang Province being one of the most vulnerable regions. In the context of climate change and human
activities, such as dam construction and dyke development, the flood regime in this area is rapidly and
unpredictably changing. These alterations have exacerbated challenges in agriculture, water
management, and local livelihoods, yet reliable long-term flood maps and early-warning tools remain
limited. This study used Sentinel-1 satellite imagery on the Google Earth Engine (GEE) platform to
monitor and evaluate flood dynamics in An Giang from 2015 to 2024. The results show that flooding still
occurred in low-lying areas without closed-dike protection, though the overall flooded extent slightly
decreased during 2015-2024. However, the annual patterns showed considerable variability: while 2017-
2018 recorded extensive flooding with peak inundation exceeding 30,000 ha, 2019-2020 experienced
minimal flood extent. This sharp contrast highlights the increasing irregularity of the flood regime in An
Giang. This study created a long-term remote sensing dataset for An Giang by using Sentinel-1 and GEE,
providing a scientific basis for flood monitoring, agricultural adaptation, and advancing remote sensing

applications in deltaic flood monitoring.
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1 Introduction

The Vietnamese Mekong Delta (VMD) is the largest in
Vietnam and ranks third globally in terms of area,
covering approximately 40,000 km?2. This region is
Vietnam’s most important agricultural production
centre, contributing nearly 50% of the country’s total rice
production, 60% of aquaculture output, and over 70% of
fruit production. Notably, over 90% of Vietnam’s rice
exports originate from the VMD [1], highlighting its
pivotal role in regional food security and the country’s
agricultural export economy.

An Giang Province is one of the most prominent

provinces in the VMD, located in the upstream region

DOI: 10.26459 /hueunijns.v134i1S5-1.7934

and bordering Cambodia. With an area of
approximately 3,537 km? and a population exceeding
24 million people, An Giang is the most densely
populated province in the region [2]. The province
features a complex hydrological system, encompassing
both main branches of the Mekong River: the Tien River
and the Hau River. This strategic location regularly
subjects An Giang to seasonal flooding from upstream
areas, solidifying its role as a significant agricultural
centre.  The

approximately 3.9 million tons of rice annually and

production province  produces

ranks first nationally in per capita rice production [3].

Historically, the low-lying topography of An Giang has

facilitated seasonal flooding, which provides numerous
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benefits, including sediment deposition and natural
fishery resources, thereby supporting both agricultural
and aquaculture production. The province also
functions as a central flood retention area, alleviating
flood pressure on downstream provinces. However,
these characteristics also make An Giang one of the most
vulnerable areas to hydrological and climatic variations.
As an upstream province, An Giang faces more severe
flood impacts than downstream provinces. Before the
construction of closed-dike systems, 60-70% of the
province’s agricultural land was flooded annually (with
depths of 1-2.5 m), leading to significant crop losses and
disruptions to transportation, infrastructure, schools,
and local livelihoods [4].

In recent decades, flood cycles and intensities in
the VMD have undergone significant changes, with An
Giang experiencing notable shifts in flood frequency,
timing, and depth [5]. One primary factor contributing
to this is the development of hydroelectric dams in the
upper Mekong River basin. As of 2020, more than 13
large hydroelectric dams have been constructed along
the Mekong River’s mainstem, primarily in China and
Laos [6, 7]. These dams regulate water flow, significantly
reducing the volume of water reaching the VMD during
the rainy season while increasing flow during the dry
season, thereby disrupting the natural hydrological
patterns of the VMD [8]. Additionally, the flood control
infrastructure, including the closed-dike system in An
Giang designed to support three consecutive rice crops,
has led to substantial changes in the region’s flood
regimes. Since 2000, nearly 329 km of dikes have been
constructed to retain internal water and prevent external
water intrusion, aiming to increase production cycles
and protect residents’” property [4]. However, this dike
system has reduced natural floodplain areas and
diminished flood storage capacity, thereby altering
flood propagation patterns across the region [9]. Climate
change has further exacerbated flood impacts in the
VMD. Shifts in the rainfall distribution patterns indicate
a decrease in the number of rainy days, whereas the
frequency and intensity of extreme rainfall events have

increased. This trend is especially pronounced during
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the rainy season, with more days recording rainfall
exceeding 10 mm and 20 mm [10]. These changes affect
agricultural production and the ecological services
provided by flooding, such as reducing salinity
intrusion in the downstream region, regenerating

fishery resources, and restoring groundwater balance.

Continuous flood monitoring and surveillance
are essential in the context of increasingly complex and
unpredictable flood patterns, resulting from climate
change and human activities. Traditional methods,
which rely on data from observation stations, are often
limited in spatial coverage, lack real-time updates, and
struggle to respond promptly to large-scale flood events
[11]. Therefore, remote sensing technology is becoming
increasingly utilised for flood monitoring because of its
ability to provide remote observations, broad regional
coverage, continuous data collection, and cost-
effectiveness. Synthetic Aperture Radar (SAR) sensors
from Sentinel-1 satellites, developed by the European
Space Agency (ESA), can collect data through clouds
and fog, and can operate both day and night. This makes
them particularly useful during flood seasons in the
VMD, when persistent cloud cover and rainy weather
conditions are common [12]. With short revisit intervals
(every 6 days), high resolution, and free access via the
Google Earth Engine, Sentinel-1 data facilitates efficient
data collection, integration, and automated processing
workflows [11]. When combined with automatic
thresholding algorithms such as the Otsu algorithm,
Sentinel-1 imagery can effectively distinguish between
flooded and non-flooded areas, particularly flat areas
like An Giang [13].

Recent advances in remote sensing technology
have made large-scale monitoring of surface water and
flood feasible and effective. Various satellite products,
including Landsat, Sentinel-1, Sentinel-2, and MODIS,
can be used for flood monitoring. In the early stages,
studies primarily relied on MODIS data, particularly
MODIS time series, to monitor changes in annual flood
extent in the VMD over five flood seasons (2000-2004)
[14]. These studies also analysed flood dynamics in the
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VMD over a more extended period (2000-2013) and
assessed the impacts of hydraulic works on flood
regimes [15]. Additionally, Sentinel-1 SAR data have
also been extensively applied in numerous studies for
flood detection, benefiting from its ability to observe
through clouds and its frequent revisit time of every 6
days. At the global scale, several studies have
demonstrated that Sentinel-1 time series can effectively
track inundation, even in temporarily flooded
vegetation, thereby enhancing flood detection over time
[16]. In disaster response, the Otsu thresholding method,
implemented on GEE, has been effectively used to
produce rapid flood maps for major flood events such
as the 2018 Kerala flood [17]. More recently, Misra et al.
[18] applied a deep learning model to ten years of
Sentinel-1 data to create a global flood map, analysing
vulnerable regions such as Ethiopia and Kenya during
2014-2024. In Bangladesh, Uddin et al. [19] developed
an operational workflow for rapid flood mapping in
2017, achieving an overall accuracy of 964% by
combining Sentinel-1 with land cover information from
Landsat-8.

In Vietnam, Sentinel-1 has been increasingly
applied to different purposes. In the VMD, Lam et al.
[20] utilised a Sentinel-1 time series combined with
machine learning models (CNN, MLP, RF) to classify
flood and flood-prone areas, highlighting the potential
of SAR data for large delta regions. In central Vietnam, a
study in Hoa Vang (Da Nang) mapped the peak flood
extent in 2022 on the GEE platform and assessed its
impact on agricultural land [21]. In the lower Con River
basin, a thresholding approach using VV backscatter
values (23 to =12 dB) was applied to 28 Sentinel-1A
scenes to detect rapid flood dynamics [22]. For urban
areas, a flood risk assessment framework utilising
Sentinel-1 on GEE was developed for Thai Nguyen City
[23]. In addition, a study on Tropical Storm Talas (2017)
demonstrated that Sentinel-1, combined with the Otsu
method, can effectively map flood extent and estimate
rice damage under extreme weather conditions [24]. In
An Giang, Tran et al. [13] applied a Sentinel-1 time series
combined with dynamic Otsu thresholding to map
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surface water, achieving high accuracy (R? = 0.97 for
rivers; R?=0.88 in paddy fields; RMSE ~1-4%). Nguyen
et al. [25] employed Sentinel-1A to map inundation
depth across the province, while Afifi and Magdy [26]
utilised the Global Flood Mapper on GEE with Sentinel-

1 data to enable rapid flood monitoring in the region.

Although these studies confirm the effectiveness
of Sentinel-1 for flood monitoring, especially in tropical
climate regions and often in cloudy areas, such as the
VMD, most of them are event-based or localised, and
have yet to provide a long-term, multi-year assessment.
To address these gaps, this study utilises Sentinel-1
Synthetic Aperture Radar, developed by the European
Space Agency, which can collect data through clouds
and fog, operating day and night. This capability is
particularly useful under cloudy and prolonged rainy
weather conditions during flood seasons in the VMD
[12] with short revisit time (6 days), spatial resolution
of 20 x 22 m, and pixel spacing of 10 x 10 m [27]. The
free availability of Sentinel-1 data on the Google Earth
Engine facilitates easy collection, integration, and
automated processing workflows [11]. When combined
with automatic thresholding algorithms, such as the
Otsu algorithm, Sentinel-1 imagery
differentiates between flooded and non-flooded areas,

accurately

particularly in flat areas as seen in An Giang [13].

With the above-mentioned capacities, the

continuous data collection process is ensured
throughout the 6-month rainy season. In the context of
declining floods and their impacts on socio-economic
activities in An Giang, this study aims to achieve two
primary objectives: (1) identify trends in flood extent
changes and (2) analyse the spatio-temporal dynamics

of flooding in An Giang Province.

2 Study area

An Giang Province is situated in the upper part of the
VMD in southern Vietnam (Fig. 1). The province shares
a border with Cambodia to the northwest, marked by a
boundary line that extends over 100 kilometres. It
borders Dong Thap Province to the east, Can Tho to the
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southeast, and Kien Giang to the southwest [28]. With a
total area of approximately 3,537 km?, An Giang
accounts for nearly 9% of the total area of the VMD
region [29]. The province is the most densely populated
area in the VMD and ranks eighth nationally, with over
24 million inhabitants [30]. An Giang plays a crucial role
in the hydrological structure and flood regulation of the
entire downstream VMD area, acting as the main entry
point for floods from the upstream Mekong River
through Cambodia and as a flood retention region for
downstream provinces [31]. This strategic position
makes it the most significantly affected by changes in the
flood regime of the Mekong River. The province has also
implemented flood control measures with great
strength, incduding building dike systems and
modifying farming models to adapt to changing flood

patterns.
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Fig. 1. Location of An Giang Province

The VMD region, including An Giang
Province, has a tropical monsoon climate near the
equator with two distinct seasons: the dry season
(December—April) and the rainy season (May—
November) [32]. The average annual rainfall ranges
from 1,400 to 2,400 mm, with the majority falling
during the rainy season, accounting for more than
90% of the total annual precipitation [33, 34].
Owing to its low-lying deltaic terrain (with an
average elevation ranging from 0.5 to 2 m), An
Giang is prone to flooding, particularly during
peak flood months from September to November.

The terrain slopes gently from north to south and
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southeast to west, creating favourable conditions
for flood flows from the upstream Mekong River
[35]. An Giang's river and canal system is
exceptionally dense, serving as a water source for
daily life, agricultural production, and a natural
flood drainage channel. Owing to its low terrain
characteristics, dense hydrological system, and
concentrated rainfall during the flood season, An
Giang has become one of the most flood-affected

localities in the VMD region.

The flood season in An Giang typically
begins in July, with peak floods usually occurring
from September to November, with an average
flood depth ranging from 0.5 to 2.5 m, depending
on the terrain and regional irrigation system.
However, in recent years, reflecting the combined
impact of upstream hydroelectric projects and
flood-control infrastructure, floods in An Giang
have tended to arrive later, with lower water levels
These

alterations have reduced the role of natural flood

and shorter inundation periods [36].

regulation  while  simultaneously  affecting
agricultural production and local aquatic
resources.

The development of the dike system in An
Giang was primarily aimed at flood control and
facilitating the transition from a double rice crop
model to a triple rice crop model, increasing the
area under this model from less than 20% in 2000 to
80% in 2018 [37], thus increasing rice production.
However, this triple rice crop model has several
negative consequences, including reduced natural
flood storage capacity, soil degradation due to
annual sediment loss, and a decline in biodiversity,
particularly the loss of natural aquatic resources
associated with the flood season [38]. These
changes in the hydrological system, flood control
system, and cropping seasons require widespread

monitoring that is both up-to-date and objective.
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3 Materials and methods

3.1 Materials

This study used the Sentinel-1 satellite image
dataset, which was collected directly from the GEE
platform. The Sentinel-1 satellite images belong to
the Ground Range Detected (GRD) dataset
provided by the ESA. Sentinel-1 is a synthetic
aperture radar satellite system that uses the C band,
allowing image acquisition in all weather and
lighting conditions. This feature is especially
suitable for areas with tropical weather conditions,
such as the VMD, where the rainy season lasts for

six consecutive months.

The Sentinel-1 GRD satellite image data is
corrected for terrain and radiation. The satellite
scan mode is Interferometric Wide Swath (IW),
with a pixel spacing of 10 x 10 m and a ground
resolution of 20 x 22 m, and a revisit period of six
days [27]. In this study, we used the VH (Vertical
transmit — Horizontal receive) polarisation channel,
which is highly sensitive to water and effective for
flood detection than the VV polarisation channel in
lowland agriculture areas [13]. The data we
collected spanned from 2015 to 2024, encompassing

both the dry and rainy seasons.

Sentinel-1 satellite images collected from
GEE library have already undergone basic
preprocessing steps, including thermal noise
removal, radiometric calibration to convert data
into backscatter coefficients (sigma nought, dB
unit), and terrain correction via the SRTM digital
elevation model [39]. Additional processing steps
specific to this study are described in the
methodology section. Owing to the large data size
and processing limitations of GEE, we divided the
entire area into district-level administrative units
for processing and analysis. In this regard, Sentinel-
1 data were processed independently for each
district, generating monthly flood maps from 2015
to 2024. After processing, the flood maps were
downloaded and merged by using ArcGIS
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software to create a composite map showing the
extent of flooding across the entire An Giang

Province.

3.2 Methodology

This study follows a series of steps for detecting
and analysing floods, as shown in Fig. 2: (i)
defining the study area and collecting Sentinel-1
satellite data, (ii) preprocessing the radar images,
(iii) reducing speckle noise via the Refined Lee
filter, (iv) applying the dynamic Otsu thresholding
method to separate flooded and non-flooded areas,
(v) creating flood maps by comparing dry and
flood season images, and (vi) calculating the
flooded areas. These steps were implemented on
the GEE platform.

Water/non-
Dy season (Jan- Pre- Otsu
— s — — 1 water —
Jun) imayes

procussing thresholding cdlassification
—
V.‘;mtvrncl—l Floed detection
SAR image
Flood season Pre- Otsu

Water/non-
L 3 . - . = water —
(Jul-Dec) imagges processing thresholding classification

Fig. 2. Flood detection via the Sentinel-1 workflow

Step 1: Collecting Sentinel-1 satellite image
data. The study area is An Giang Province, chosen
for its frequent seasonal flooding and clear
evidence of flood reduction. Sentinel-1 GRD radar
imagery was retrieved from the COPERNICUS/S1-
GRD data catalogue. The images were filtered
according to date to represent the dry season
(January-May) and the flood season (June—
December) from 2015 to 2024. Only VH

polarisation images were used.

Step 2: Image preprocessing. The Sentinel-1
GRD images from the GEE were preprocessed by
ESA, which

radiometric calibration, and terrain correction [39].

included edge noise removal,

In addition, to filter speckle noise, the VH images

were converted from decibels (dB) to a natural scale

(OLinear) according to formula (1).
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1%

Filtering speckle noise via the refined Lee

M

O-Linear

filter: SAR data is often affected by speckle noise
[40]. To address this, the Refine Lee filter was
applied, which uses multiple gradient-oriented
kernels and calculates the local variance to adjust
the smoothing coefficient. This approach helps

reduce noise while preserving edge details [41].

Step 3: Dynamic Otsu thresholding. After
filtering noise, each Sentinel-1 image from the
acquisition dates was classified into water and non-
water classes by using the
thresholding algorithm. The Otsu

dynamic Otsu
threshold
determines an optimal threshold value t by
analysing the image histogram and minimising the
intra-class variance between two categories (water
and non-water) [13]. The algorithm is applied

according to formula (2)
o’ (t) =P, ()., (1) +P,, ()., 1) 0y

where ¢ is the optimal threshold; Po and Puo are the

water and non-water class probabilities,

respectively; o2, and o7, are the respective
variances of each class. With threshold ¢, the
flooded area is defined as pixels with values greater
than the threshold in the dry season and less than

the threshold in the rainy season.

Step 4: Flood detection. Flood detection was
performed by comparing the water/non-water
classification results between the dry and flood
seasons. This step aims to distinguish permanent
water bodies (e.g., rivers and lakes) from seasonally
flooded areas that appear only during the flood
season. A pixel was classified as flooded if the
backscatter value was higher than the threshold in
the dry season (non-water) but dropped below the
threshold in the flood season (water). A pixel was
classified as non-flooded if it remained above the
threshold in both the dry and flood seasons.
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Step 5: Calculating the flooded area. The flooded
areas were represented as binary masks. Each flood
mask was multiplied by the pixel area layer to
estimate the flood extent in square meters, which

was then converted to hectares.

The Otsu thresholding algorithm was
employed to automatically separate water and
Sentinel-1 VH
backscatter histograms. The method is fully

non-water classes from the
automatic, as the optimal threshold is computed by
minimising the within-class variance of two
distributions without requiring any user-defined
parameters. Nevertheless, the final threshold value
is indirectly influenced by several choices in the
processing pipeline. Specifically, the histogram
depends on the input image composites (dry- and
flood-season means), the spatial extent over which
the histogram is calculated (here, the entire An
Giang Province), the spatial resolution of analysis
(30 m), and the application of speckle filtering
(Refined Lee). Although Otsu itself is parameter-
free, the selection of input data and pre-processing
settings function as hyperparameters, which can

affect the final threshold outcome.

4 Results

4.1 Spatial distribution of seasonal flooding in
An Giang

Fig. 3 illustrates the seasonal variations in flood
extent in An Giang Province, showing the timing of
when the flood starts, peaks, and recedes by
considering the mean monthly values from 2015 to
2024. For instance, in July, flooding began to occur
in relatively low-flooded areas (flooded areas
constitute more than 3% of the study area). The
flooded area increased rapidly in August and
September, reaching approximately 10% and 15%
of the area of An Giang, respectively. October
marked the peak flood period, with the highest
average flooded area exceeding 24% of the total

area. During November—December, floods began
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to recede but remained at high levels (20% and 16%
of the study area were flooded), demonstrating
prolonged water retention capacity in low-

lying areas.

During the early flood months (July and
August), the flooded area remained limited and
scattered, mainly concentrated in low-lying areas
near borders, such as the An Phu, Tinh Bien, and
Tri Ton districts. These areas have low topography
and are near border gates, typically experiencing
early impacts from the upstream flood wave from

the Mekong River and the overflow from the

Cambodian floodplains. During the flood peak
period (September to November), the flooded area
expanded significantly, particularly in the central
and western parts of the province, including Chau
Phu, Thoai Son, and Tri Ton. In contrast, areas such
as Cho Moi, Long Xuyen, and parts of Chau Thanh,
which are protected by closed-dike systems, had
minimal flooding on the maps. This intra-seasonal
analysis demonstrates that flood peaks were
temporally concentrated in October, while both
topographic conditions and the presence of dike

systems strongly influenced spatial inundation

patterns.
\ \ &
- \§
A %
i ANy w8
el S
b RN
% %‘ .g"“ &
N % QN %
“ > N
July August September October
100,000
90,000
80,000
70,000
=
= 60,000
& 50,000
5 40,000
'§30,000
= 20,000
10,000
o
Jul Aug Sep Oct Nov Dec
November December Months
- Flooded area
01020 40 60 8 100 120
- Kilometers

Fig. 3. Monthly spatial distribution and flood extent in An Giang Province during rainy season (July-December),
averaged from 2015 to 2024

42  Monthly flood dynamics from 2015 to 2024

The heatmap displaying monthly flood area
variations in An Giang Province from 2015 to 2024
(Fig. 4) reveals significant fluctuations in flood
timing, intensity, and annual trends. Years such as
2018 and 2022 recorded the largest flooded areas in

the series, with peak values reaching 31% of the
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province’s area in September 2018 and 28% in
October 2022. These indicate that major floods can
still occur in An Giang, despite the general decline
in floods in the VMD. In contrast, 2020 and 2021
with flooded
accounting for only 8% of the total area in
September 2021 and 16% in October 2020.

had minimal flooding, areas
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Flood arrival and recession timing also
altered significantly (Fig. 3). In some years (e.g.,
2017 and 2018), floods arrived early, with extensive
inundation beginning as early as August (14% of
the area in 2017 and 17% in 2018). Moreover, from
2022 to 2024, flooding extended in December, with

flooded areas exceeding 21% of the total area. These
patterns demonstrate increasingly unpredictable,
fragmented, and temporally uneven flood regimes,
with some years experiencing exceptionally high
flood peaks, followed immediately by years with

limited inundation.

2015 11,400 16,469 33,169 44,083
100,000
2016 10,007 19,053 26,122 67,299
2017 4 10,211 50,535 66,892 94,806
80,000
2018 1 10,740 108,463 96,999
g
2019 10,051 28,823 87, 76,680 ®
o 60,000 ®
S‘! -
2020 10,105 26,972 56,117 g
8
2021 9,949 15,558 68,234 =
I 40,000
2022 11,646 19,801 100,387
20234 10,287 41,348 84,749
20,000
2024 1 12,958 33,769 86,903
]ully Al..llg Sep Nov Dec o

Month

Fig. 4. Monthly flooded area (ha) in An Giang Province from 2015 to 2024 based on Sentinel-1 imagery. The colours
indicate flood intensity, with darker shades representing higher inundation levels

4.3 Interannual flood trends and long-term
changes

Fig. 5 presents the inter-annual variations in flood
extent, showing the mean annual value during the
flood season from 2015 to 2024. This analysis
aggregates flood extent across the entire flood
season of each year to provide the long-term flood
dynamics. The figure contrasts years of extreme
flooding (e.g., 2017-2018) with years of minimal
flooding (e.g., 2015 and 2019-2020), revealing a
decadal-scale declining trend. The trend analysis
indicates a slight decreasing tendency in the

flooded area over time.

134

From 2016 to 2018, the average annual flood
area reached high values, particularly in 2018, with
peaks approaching 11% of the area. From 2019 to
2021, the flood area declined markedly, with 2020
reaching the lowest level in the entire series (3% of
the area). Despite the declining trend, the period
from 2022 to 2024 showed a slight recovery in flood
areas, with average levels ranging from 7 to 10%.
This reflects that natural flooding has not entirely
disappeared, and low-lying inland areas (such as
Tri Ton, Chau Phu, and Tinh Bien) continue to
serve as flood buffer zones. Overall, the findings
indicate that while the flood extent in An Giang is
gradually declining, substantial variability remains

a key feature of the flood regime.
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Fig. 5. Interannual flood extent and spatial distribution in An Giang from 2015 to 2024. The trendline shows a slight
decreasing tendency in the average flooded area over the study period.

5 Discussion

5.1 Driver of intra-seasonal flood distribution

The intra-seasonal patterns illustrated in Fig. 3
show that floods in An Giang typically start in July,
peak in October, and recede by December, with
marked contrasts in spatial extent across districts.
Low-lying border districts, such as Tri Ton, Tinh
Bien, and An Phu, consistently experience early
and deep inundation. In contrast, dike-protected
areas in Cho Moi, Long Xuyen, and parts of Chau
Thanh remain largely unaffected. These spatial
differences are consistent with the combined
topography  and

influence  of hydraulic
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infrastructure, particularly rice-based protection
dikes.

The expansion of high-dike rings for
triple-cropping isolates seasonal floodwaters from
protected rice compartments, thereby reducing
flooded areas and limiting sediment delivery to
rice fields. In contrast, adjacent low-dike or
unprotected areas remain flood-prone, with
sediment deposition in high-dike fields averaging
less than 0.2 kg/m? per year, compared with 1.5-2.0

kg/m? per year in non-dike or low-dike areas [42].

Field sampling across An Giang further
documented significant differences in soil
properties between high-dike and low-dike
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systems, reflecting the geomorphic and agronomic
imprint of flood exclusion (soil organic carbon
(SOC) content in high-dike fields is 20-40% lower
than in low-dike fields) [43]. Beyond soil impacts,
sustaining an adequate flood pulse is critical for
fish recruitment and functional diversity. Any
attenuation or temporal shifts in the flood pulse
can depress fisheries and erode ecosystem
functions in the lower VMD, particularly in

An Giang [44].

Furthermore, the exclusion of floods from
high-dike had broader

implications for rice production. Kontgis et al. [45]

areas may have
demonstrated that climate change and reduced
seasonal flooding jointly decrease rice productivity
in the VMD, underlining the importance of natural
flood pulses in maintaining agricultural output.
Altogether, these findings emphasise that the
spatial distribution of seasonal flooding in An
Giang reflects not only natural geomorphological
settings but also the ecological and agronomic

consequences of extensive dike development.

5.2  Factors interannual flood

dynamics

controlling

The substantial inter-annual changes—very high
floods in 2017-2018 versus minimal floods in 2019—
2020—align with an intensifying basin-scale
hydropower dams regulation signal. Long-term
hydrological analyses have shown that
mainstream reservoirs have collectively reduced
flood pulses and their frequency at downstream
gauges [46], with the influence of dams on the
Mekong’s flood pulse becoming more pronounced,
particularly after 2010 [47]. Meanwhile, sediment
trapping upstream has reduced sediment delivery
to the VMD by approximately 74%, reinforcing
morphological adjustments that, in turn, affect

flood hydrodynamics [48].

The ecological and agricultural

consequences of this altered flood regime are
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substantial. Mainstream hydropower dams
suppress the amplitude of seasonal pulses,
diminish nutrient and sediment replenishment,
and disrupt fish recruitment cycles, thereby
negatively affecting both fisheries and agriculture
in the Lower Mekong Basin [49]. Recent basin-wide
assessments further demonstrated that the rapid
expansion of dams has fundamentally reshaped
river regimes, amplifying extreme droughts and
floods, and creating increasingly unpredictable

flood timing [50].

Collectively, these findings provide a
broader context for the flood patterns observed in
An Giang between 2015 and 2024 (Fig. 4). The
alternation between exceptionally high and low
floods highlights that flood dynamics are no longer
solely driven by natural hydrological variability
but are increasingly

between

shaped by

complex

interactions upstream  regulation,
sediment reduction, and climate variability. This
unpredictability poses significant challenges for
water management and agricultural planning in

the VMD.

53 Long-term flood regime changes and
implications
Fig. 5 shows a weak but discernible downward
trend in seasonal flood extent over the past ten
years from 2015 to 2024. However, in some
exceptional years, such as 2017 and 2018, extensive
floods still occurred, with flooded areas reaching
11% of the province’s total area. Meanwhile, we
analysed precipitation data in An Giang from 2015
to 2024, collected from the CHIRPS dataset (a long-
term quasi-global gridded product at 0.05°
resolution, provided by UCSB/CHG) and accessed
via GEE. We found that rainfall over these 10 years
experienced a declining trend. Notably, the rainfall
in the year with the most significant flood, 2018,
was the lowest. This inconsistency between
indicates that local

flooding and rainfall
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precipitation in An Giang was not necessarily the
primary driver of flooding in this area. Instead, the
cumulative effects of upstream flow regulation and
extensive flood-control works may have modified
water-level responses and tidal propagation across
the deltaic plain [46, 51]. Notably, the modest
recovery since 2022 indicates that natural flooding
rather is now

has not disappeared, but

concentrated in the remaining unprotected
lowlands, such as Tri Ton, Chau Phu, and Tinh
Bien. These areas serve as natural flood retention
zones, storing seasonal floodwaters and sustaining

local wetland ecosystems.

Maintaining such flood retention capacity
has become a central theme in recent strategies.
While high-dike systems have enabled agricultural
intensification, they also reduce the spatial extent
of natural floods. Modelling studies demonstrated
that rice-based protection dikes substantially alter
floodwater dynamics and redistribute flooded
delta [52].

ecosystem service assessments highlighted the

pressure across the Conversely,
potential of nature-based flood management
strategies to reconcile food production with long-
term resilience, ensuring the continued provision
nutrient

of services such as deposition,

groundwater  recharge, and  biodiversity
conservation [53]. These insights underscore that
sustaining even limited zones of natural flooding
is essential for

balancing agricultural and

ecological objectives in the VMD.

6 Limitation

This study did not include an independent
accuracy assessment of the generated flood maps.
Instead, the methodology we applied —Sentinel-1
SAR VH time-series analysis combined with
thresholding —followed  the
approach of Tran et al. [13]. Their study developed

dynamic  Otsu

and tested this approach by deriving water masks

from Sentinel-1 and comparing them with

DOI: 10.26459 /hueunijns.v134i1S5-1.7934

Their

demonstrated strong consistency, with coefficients

Sentinel-2  reference  data. results
of determination above 0.9 for river environments
and around 0.88 for paddy fields, alongside root
mean square errors of only 1-4% in water

proportion estimates.

By applying this established methodology to
An Giang Province, we obtained results that are
consistent with the seasonal flood dynamics
described
documented that floods in the Mekong Delta
typically peak in the September—October period
[48, 54, 55]. Tran et al. [13] demonstrated that the

Sentinel-1 Otsu approach achieves high accuracy

in previous studies, which have

when validated against Sentinel-2, particularly
during the flood peak period from August to
November. In our analysis, the most significant
flood extents also occurred in this period (e.g.,
~31% in 2018 and ~28% in 2022), which supports
the reliability of our maps despite the absence of a
dedicated accuracy assessment. In our future
work, we plan to collect independent ground-truth
datasets (e.g., in-situ observations and high-
resolution optical classifications) to validate flood
extent maps in An Giang directly and further

substantiate the accuracy levels of this approach.

7 Conclusions

This study employed Sentinel-1 imagery on the
GEE platform to examine flood dynamics in An
Giang from 2015 to 2024. The results reveal that
while seasonal floods persist, their overall extent
has slightly declined over the past ten years, with
large year-to-year variability. The most significant
floods in An Giang were recorded in 2018 (31% of
the area) and 2022 (28%), in contrast to minimal
flooding in 2020 (3%), highlighting the unstable
nature of the current flood regime. Low-lying areas
without-dykes protection, such as Tri Ton, Tinh
and Chau Phu,

Bien, remained prone to
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concentrated flooding and continued to function as

key flood retention zones.

These results provide an overview of the
in the flood

providing a scientific basis to support adaptive

unpredictable change regime,
water management and land-use planning in An
Giang in particular, and in the VMD in general,
under the effect of climate change and agricultural
activities. In addition, this study demonstrates the
effectiveness of Sentinel-1 data on the GEE
platform in reliably capturing both seasonal

dynamics and long-term changes of flooding.
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