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ABSTRACT

This study examines the changes in land cover and three water quality indicators
(chlorophyll-a, colored dissolved organic matter, turbidity) using Sentinel-2 imagery
in the Ban Chat hydropower area in Northern Vietnam during the period of 2016–
2024. To assess the potential impact of flood flows into the Ban Chat reservoir, key
information is extracted from remote sensing data, which is the Vietnam climate
change scenarios published in 2020, and the SWAT hydrological model is also
utilized. The obtained results indicate that: (1) there is a relationship among land
cover, chlorophyll-a, colored dissolved organic matter, and turbidity in the study
area; (2) the impacts of climate change on flood flow into the Ban Chat reservoir
depict complex fluctuations and differed significantly depending on the simulated
time and climate change scenarios. The SWAT hydrological model of the flood flow
change calculation results show an increasing trend during most periods.

Keywords remote sensing · land cover · water quality indicator · climate change scenario · flood
flow · reservoir

1 Introduction

Climate change has caused extreme weather events, with increased natural disasters. Globally,
the trend has become more severe, prevalent, and irregular, making it increasingly difficult to
ensure sustainable water resource management (Ostfeld et al. [2012]). Climate change and human
interference impact the hydrology of small watersheds, as well as a substantial alteration of river
flows, especially the overland flows (4/5 decrease) and the base flows (2/3 decrease), which would
consequently result in important implications for terrestrial ecosystems and human well-being.
Runoff in most tropical zones has increased due to extreme rainfall frequencies (Santos et al. [2014];
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Yang et al. [2019]; Zhai et al. [2020]). Climate change in Vietnam is becoming more and more
serious, directly affecting surface flows for 108 river basins consisting of 3,450 rivers and streams
with a length of 10 km or more (Ministry of Natural Resources and Environment (MONRE) [2020]).
In recent years, Vietnam’s surface flows have been increasingly changing abnormally with droughts
and floods occurring more and more severely (Ministry of Natural Resources and Environment
(MONRE) [2020]). In this context, it is necessary to predict the extent of flow changes in the future
when climate change occurs in different scenarios as well as the resilience of river basins to improve
their ability to adapt to climate change and limit vulnerabilities caused by climate change. Land
cover, 03 reservoir water indicators (chlorophyll content (Chl_a), colored dissolved organic matter
(CDOM), and Turbidity (Turb)) are important keys in river basin research. The classification of
remote sensing image types allows one to determine the land cover object changes (Franklin and
Wulder [2002]; Alvarez et al. [2003]; Jensen [2005]; Hung et al. [2016]; Datta [2018]; Hung et al.
[2021]; Thao et al. [2024]) proposed three main groups of remote sensing image classifications,
including pixel-wise classification, subpixel-wise classification, and object-based classification. Lu
and Weng (2007), Li et al. (2014), and Hung et al. (2021a) developed new methods for this purpose
(Lu and Weng [2007]; Li et al. [2014]; Hung et al. [2021]).

Application of remote sensing technology in water quality assessment has been widely applied
widely, based on the relationship between the optical properties of water and water quality parame-
ters such as Chl_a, total suspended matter (TSS), Turb, Secchi depth and CDOM can be measured
using remote sensing techniques (Bukata et al. [1981]; Vertucci and Likens [1989]; Gitelson [1992];
Jensen [2000]; Kallio et al. [2001]; Dekker et al. [2001]; Giardino et al. [2007]; Olmanson et al.
[2008]; Hunter et al. [2010]). The Sentinel-2 remote sensing imagery is suitable for estimating
Chl_a, CDOM in water bodies and tracking the spatial and temporal dynamics in the lakes (Euro-
pean Space Agency (ESA) [2015]; Du et al. [2016]; Kutser et al. [2016]; Ave and Alikas [2018];
Katlane et al. [2020]; Pahlevan et al. [2020]; Aranha et al. [2022]).

Recently, remote sensing data can become a solution for TSS/ Turb monitoring with large area
observation and fast data accumulation. Nowadays, with the availability of Sentinel-2 with high
spatial resolution (up to 10 meters) and high revisit time (up to 5 days), it will be easier to observe
TSS/Turb concentration (Bioresita et al. [2018]). The concentration and distribution of TSS/Turb
can be observed through Sentinel-2 satellite imagery using visible channels. The visible bands
are used to determine TSS/Turb by regression analysis of band ratio. The distribution patterns of
TSS/Turb detected using remote sensing employ algorithms capable of transforming pixel values
into estimates of TSS/Turb concentration (Katlane et al. [2020]; Nguyen et al. [2020]; Mukhtar et al.
[2021]; Riza et al. [2024]). Besides, to estimate concentrations of chlorophyll a and cyanobacteria as
well as turbidity from MERIS sensor onboard ENVISAT satellite using semi-empirical bio-optical
models (Potes et al. [2011]; Potes et al. [2012]), applied for Sentinel-2 imagery (Potes et al. [2018]).

The study by Västilä et al. [2010] and Van et al. [2012] studied the flows of the Mekong River
basin; the other study by Ty et al. [2012] studied the flows of the Srepok River Basin while Nam
et al. [2012] studied the flows of Thu Bon River Basin, etc. These studies mainly focused on
analyzing flow variations among inter-year or inter-season to supply input data for hydraulic models
by using numerical analyses. Other studies have focused on assessing the impact of land cover
changes on the river basin flows (Nhu and Son [2009]; Trang [2009]; Hanh [2010]). At the same
time, rain–runoff models have been deployed to simulate land cover changes by using precipitation
scenarios of different basins (Trang [2009]). In several recent decades, remote sensing technology
has proved to be a very useful tool in managing water resources, by providing essential data for
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hydrological simulation models (Rango [1994] and Pietroniro and Prowse [2002]). This technology
can provide multi-time and high–frequency data that is crucial in addressing the problems of data
density, frequency, and quality that can limit hydrological models’ accuracy (Sheffield et al. [2018]).
Remote sensing data can reveal crucial information about rainfall, land cover, evapotranspiration,
and topographic numerical analysis, which is an important input for hydrological flow modeling
(Pietroniro and Prowse [2002]). It can also be used to accurately estimate and identify flood zones
and water depths, making it an important tool for modern flood management (Smith [1997]; Wang
[2015]). This direction is necessary for studying the method by combining remote sensing data and
numerical models to simulate flood flows into key reservoirs (Jasrotia et al. [2002]).

2 Materials and Methods

2.1 Study Area

The study was conducted in the Ban Chat reservoir located in Lai Chau province, northern Vietnam,
as shown in Figure 1. The basin spans between coordinates 15°01’36” to 15°50’30" N and
107°31’03” to 108°03’38” E, covering a surface area of 2,190 km2. The reservoir is part of the
Nam Mu River basin, spanning approximately 181 km from Phong Tho district, with an elevation
of 700 m in the Northwest–Southeast direction. The basin has total annual flows of 4.144 billion
m3/year, with an average flow rate of 80l/s, and a flow modulus of 2% during the flood season. The
flow slope is small, and the average flow rate is 50 l/s.

The topography of the basin is mountainous, characterized by mountain ranges of 1,500 m high.
The soils are mainly red and yellowish. The average annual rainfall in the basin catchment is 2,105
mm/year. There are two distinct seasons, a dry season from October to March followed by a rainy
season from May to September. The dry season receives approximately 20–25% of the total annual
rainfall (Hung [2021]).

3



Computational Modeling of Climate Change Impacts on Flood Inflows Using Remote Sensing and SWAT

Figure 1: Map of the study area.

2.2 Input Data

Sentinel-2 Multispectral Imager’s (MSI) data in Single Look Complex (SLC) format at level 1 were
utilized for monitoring land cover in the years 2016, and 2024 as well as Chl_a, CDOM, and Turb
during the period of 2016-2024. Sentinel-2 images used in this study were downloaded from the
website of The United States Geological Survey (USGS): https://earthexplorer.usgs.gov.
Of the total 13 channels of Sentinel-2 images collected, 10 image bands (band 2, 3, 4, 5, 6, 7, 8,
8A, 11, and 12) were selected for inclusion in the classification; bands 1, 9 and 10 were used for
atmospheric correction (Tuan et al. [2022]). Note that the estimated Sentinel-2 remote sensing data
for each year was generated by combining all Sentinel-2 images acquired for that specific year. For
example, the estimated Sentinel-2 data for 2016 was generated by combining all Sentinel-2 images
from 1st January 2016 to 31st December 2016. Besides, using the average value from analyzing
field samples during 12 months of the year 2023 as a correlation to calculate the Chl_a, CDOM,
and Turb contents in water.

Note that the estimated Sentinel-2 remote sensing data for each year was generated by combining
all Sentinel-2 images acquired for that specific year. For example, the estimated Sentinel-2 data for
2016 was generated by combining all Sentinel-2 images from 1st January 2016 to 31st December
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2016. Besides, using the average value from analyzing field samples from 2023, the correlation was
used to calculate the Chl_a, CDOM, and Turb contents in the water.

ASTER data (Kääb [2002]) from the US Geological Survey was obtained using the digital elevation
model (DEM), and topographic maps were also collected (scale of 1:50,000). Meteorological and
hydrological data of the same period were concurrently collected.

In the year of 2020, the Ministry of Natural Resources and Environment updated climate change and
sea level rise scenarios based on data sources, specific climate conditions of Vietnam, and products
of climate models. The study applies two scenarios of RCP8.5 (the high scenario) and RCP4.5 (the
medium scenario) to the study area based on climate change and sea level rise scenarios for Vietnam
built corresponding to greenhouse gas emission scenarios (RCP), according to the new approach of
the IPCC. Specifically: (1) According to RCP4.5, the average annual temperature nationwide at the
beginning of the century (2020 - 2035) will commonly increase from 0.6 to 0.8oC, by the middle
of the century. century (2046 – 2065) has a level increase by 1.3-1.7oC, by the end of the century
(2080 - 2099) there will be an increase of 1.9-2.4oC; Annual rainfall at the beginning of the century
tends to increase in most of the country, commonly by 5-10%, in the middle of the century it will
increase by 5-15%, and by the end of the century it will have a distribution similar to the middle
of the century. ; (2) For RCP8.5, the average annual temperature at the beginning of the century
will generally increase by 0.8-1.1oC, and by the middle of the century there will be an increase of
1.8-2.3

oC , by the end of the century there will be an increase of 3.3-4.0oC; Annual rainfall has an
increasing trend similar to the RCP4.5 scenario, notably by the end of the century the maximum
increase could be over 20% in the study area (Ministry of Natural Resources and Environment
(MONRE) [2020]).

2.3 Methodology

2.3.1 Standardized DEM ASTER

The DEM ASTER data (Kääb [2002]) with a resolution of thirty (30) meters needed to be corrected
for missing information, such as hidden points, and depressions, and then regions with negative or
equal values were removed. Thereafter, the resultant data was projected onto the Vietnam coordinate
system (VN2000) and then superimposed onto the shape of the Nam Mu River basin. Finally, the
data was converted into Grid format, which was compatible with computational usage in the SWAT
model.

2.3.2 Land Cover Mapping

Samples were extracted using the Stratified Random Sampling method – SRS(Eq), which randomly
selected a certain number of samples for each land cover object. Cochran’s formula (Cochran
[1977]) was used on the cloud computing platform, plus Google Earth Engine (GEE), to rectify
the initial sample point size. The land cover classification was performed using the random forest
(RF) method (Gíslason et al. [2006]; Thao and Sengchanh [2022]). For RF classification in this
study, land cover objects, namely: forestland, cropland, wetland, residential land, other land, traffic
system, borders and boundaries were all provided in the GEE environment. To assess the reliability
of the land cover classification, the Kappa Khat error matrix method (Congalton [1991]) was used,
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classification samples and random checkpoints were identified on Google Earth and generated
in ArcGIS software. These samples with land sizes of 1 hectare, were converted into KML file
format and loaded into Google Earth for visual image analysis. The land cover properties were then
assigned to the checkpoints, and the number of these checkpoints was verified against topographic
mapping data. The checking process of data reliability was conducted for the study area, using a
specific number of sampling points, for each result.

The basin study area was divided into different land cover object types, covering the entire research
area. The approach for classification depended on the natural conditions, specific to each country.
For instance, in Vietnam, a classification system is applied based on land cover objects, as per the
land use status map classification system. This system clusters land cover based on specific purposes,
such as the forest layers and vegetation soil layers. Vietnam currently utilizes the classification
regulations, as defined in Circular No. 27/2018/TT–BTNMT, dated 14th December 2018, Ministry
of Natural Resources and Environment. The Circular guidelines focus on statistics, land inventory,
and land use status mapping (Ministry of Natural Resources and Environment (MONRE) [2018]),
and also, refer to the guideline in Intergovernmental Panel on Climate Change (IPCC) [2003].

2.3.3 Estimating Chl_a, CDOM, and Turb

To exact Chl_a, CDOM, and Turb in this study, multispectral data from Sentinel-2 were utilized to
evaluate the water quality in specific zones, influencing the habitat of various species. The analysis
was conducted using the GEE platform and a Machine Learning (ML) model (Hasan et al. [2021];
Kwong et al. [2022]).

Sentinel-2 SLC data were used to exact CDOM. Zhu et al. (2014) tested many algorithms with
lake data from around the world and showed good performance of the green-to-red ratio globally.
The green-to-red band ratio has demonstrated the best performance in retrieving lake CDOM
from remote sensing (Brezonik et al. [2005]; Kutser et al. [2005]; Zhu et al. [2014]; Brezonik
et al. [2015]). Therefore, the study has used the band 3 to band 4 ratios for estimating CDOM
concentration from Sentinel-2 imagery (Kallio [1999]; Kutser et al. [2015]) with the formula is as
follows:

CDOM = 537× e
−2.93×

(
DN560nm
DN665nm

)
(S2-L1C; Unit: mg/l) (1)

The product of Sentinel-2 at Level-2A is an orthoimage Bottom-Of-Atmosphere (BOA) corrected
reflectance product. Sentinel-2 at Level-2A was processed by the steps of classification and an
atmospheric correction of Top-Of-Atmosphere (TOA) from Level-1 orthoimage products. Then,
Sentinel 2 at level 2A was provided information of surface reflectance in 12 spectral channels from
central wavelength. The product Maximum Chlorophyll Index (MCI) was extracted from the level
2A images which is an indicator of the amount of chlorophyll content in water mass and thus a
useful tool in the monitoring of algae blooms of inland waters. The bands selected for MCI index
were the 442,5 nm, 560 nm, and 620 nm (Gower et al. [2008]). In addition, Potes et al. (2011, 2012,
2018) presented the methods to exact Chl_a and Turb with the formula as follows:

Chla = 4.23×
(

DN560nm

DN442.5nm

)3.94

(S2-L2A; Unit: mg/m3) (2)
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Turb = 8.93×
(

DN560nm

DN442.5nm

)
− 6.39 (S2-L2A; Unit: NTU)) (3)

2.3.4 SWAT Model Processing

The SWAT hydrological model was chosen for this study, due to its capacity to forecast and
analyze the impacts of land cover changes on water resources – both in large and complex basins –
over extended periods. The model comprises a major module that simulates runoff from rainfall
and physical characteristics, coupled with a GIS interface that facilitates iterative computations
with remote sensing data (Serrao et al. [2022]; Basu et al. [2022]). To simulate and forecast
flows into the Ban Chat reservoir, various input data such as topography, land cover, roughness,
hydro–meteorologic, and soil data were utilized. All the input data was processed in the required
software formats before using for the calibrated model.

3 Results

3.1 LULC Monitoring

In the GEE platform, the RF algorithm was used for land cover objects’ classification. Imagery
bands of the study area and training area data (training data) are imported through the “raster”
package. Based on the reliability assessment method, it was necessary to identify high-resolution
image areas on Google Earth. Testing was conducted for the entire study area with a total of 238
sampling points for 2016, and 231 sampling points for 2024. The classification results achieved
high values of reliability (Kappa coefficient values) as shown in Table 1.

Table 1: Results of reliability assessment for Sentinel-2 image classification.

Nº Year Validation Kappa
1 Year 2016 79.20
2 Year 2024 82.51

Based on the Sentinel-2 image classification results, the land cover status map was developed to
show the five thematic objects (forestland, cropland, wetland, residential land, and other land) which
covered the entire research area is shown in Figure 2 (a, b).
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Figure 2: Illustration of the land cover map for the Ban Chat hydropower area, Northern Vietnam from Sentinel-2
imagery.

3.2 Land Cover Changes

Overlapping, separation, and establishment of land cover categories’ changes, Table 2 shows the
landcover status and change for the Cat Ba biosphere reserve for the period 2016–2024.

Table 2: Result calculation of land cover status and changes for the Ban Chat hydropower area.

Nº Category 2016 (ha) 2024 (ha) The changes from 2016 to 2024 (ha)
1 Forestland 142,149.58 150,865.97 8,716.39
2 Cropland 23,925.28 14,913.04 -9,012.24
3 Grassland 4,936.20 4,265.78 -670.42
4 Wetland 1,164.69 1,166.99 2.30
5 Residential land 6,789.17 7,752.94 963.77
6 Other land 102.67 102.87 0.20

Total 179,067.59 179,067.59 0.00

3.3 Three Water Quality Indicators

In the Ban Chat reservoir, Sentinel-2 remote sensing data in Single Look Complex (SLC) format at
level 1 was utilized during the period of 2016 - 2024 for monitoring CDOM concentration as shown
in Figure 3, it showed that the average value of CDOM con centration for the five years ranged from
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0.17 mg/l to 83.67 mg/l. In which, CDOM value as ranged from 0.17 mg/l and reached a peak of
83.67 mg/l in the year 2016; ranged from 0.83 mg/l and reached a peak of 43.13 mg/l in the year
2018; ranged from 3.14 mg/l and reached a peak of 32.42 mg/l in the year 2020; ranged from 2.37
mg/l and reached a peak of 79.58 mg/l in the year 2022; ranged from 2.09 mg/l and reached a peak
of 44.66 mg/l in the year 2024.

Figure 3: Illustration of CDOM concentration in the Ban Chat reservoir (Unit: mg/l).

In addition, Chl_a concentration was monitored from 2016 to 2024 using Sentinel-2 Level-2A data,
shown in Figure 4. The average values of Chl_a concentration for these years ranged from 0.05
mg/m3 to 24.79 mg/m3, with peak values observed in different years.

Figure 4: Illustration of Chl_a concentration in the Ban Chat reservoir (Unit: mg/m3).

Furethermore, Sentinel-2 remote sensing data format at at Level-2A was utilized during the period
of 2016 to 2024 for monitoring Turb concentration as shown in Figure 5, it showed that the average
values of Turb concentration for the five years ranged from 0.05 NTU to 10.57 NTU. In which, the
Turb value ranged from 0.48 NTU and reached a peak of 10.57 NTU in the year 2016; ranged from
0.67 NTU and reached a peak of 8.88 NTU in the year 2018; ranged from 0.18 NTU and reached a
peak of 6.46 NTU in the year 2020; ranged from 0.05 NTU and reached a peak of 10.13 NTU in the
year 2022; ranged from 0.44 NTU and reached a peak of 8.71 NTU in the year 2024.
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Figure 5: Illustration of Turb concentration in the Ban Chat reservoir (Unit: NTU).

3.4 Flood Flow Simulations into the Ban Chat Reservoir Under Local Climate Change Scenarios

After obtaining the complex input data set required for the SWAT model, the water flow at Ta Gia
station on Nam Mu River was re-simulated. The flow calibration and verification process in using
historical data series of 1981 – 1984 and 1986 – 1987, were carried out at Ta Gia hydrological
station. In which, the data of flow rates playing a significant role in evaluating and calibrating the
SWAT model. With the optimal parameter set, the SWAT model was run during the calibration
phase, and a comparison was made between the actual measured flow data, versus the simulated
flow. In this study, the flow simulation process improved, with the NSI index increasing to 0,818,
the PBIA being 8,6%, and the resultant correlation coefficient R2 was 0,834. By using the parameter
data set that was derived from the calibration process, the NSI index was 0,82, the PBIAS was 9,3%,
and the resultant correlation coefficient was 0,83 (Table 3).

Based on the determined parameter set, the forecasting of flood flows and patterns into the Ban
Chat reservoir was duly conducted.

Figure 6: Monthly mean flow changes (l/s) under climate change scenarios compared to base flow scenarios
(1986–2005).
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Table 3: Flow simulation results: evaluation of calibration and verification periods.

Process Period R2 NSE PBIAS
Calibration 1981–1984 0.834 0.818 8.60

Testing 1986–1987 0.830 0.820 9.30

For flood flow simulations into the Ban Chat reservoir under local climate change scenarios, the
change in flow rate within the Nam Mu River basin was simulated based on the actual measured
daily average flows at the Ta Gia hydrological station, rainfall data from 5 stations (Pha Din, Sa Pa,
Tam Duong, Mu Cang Chai, and Than Uyen); temperature data was obtained from 3 stations (Sin
Ho, Tam Duong, and Than Uyen) within the basin and parapet area; rainfall data was duly extracted
from the remote sensing imagery. By the typical annual flooding season of the Nam Mu River basin
runs from April to September. Therefore, to simulate flood flows, it was crucial to assess the flow
variations for each month, during the annual flooding season. The flood flow assessment results for
the Ban Chat reservoir model simulations were done by using the already designated Vietnam local
climate change scenarios (MONRE 2020), as follows:

3.4.1 Model Simulation Scenario of RCP 4.5

From 2020 to 2035, SWAT model simulation results showed that the average flow in flood season
into the Ban Chat reservoir increased by 17,1%, compared to the baseline scenario of 1986–2005.
The highest increase occurred during May with 25,1%; while the lowest rate was depicted during
August, giving an increase of 11,7%.

From 2046 through 2065, statistical simulation results from the model showed that the average flows
in flooding into the reservoir increased by 20,9%, compared to the baseline scenario of 1986–2005.
The highest increase was depicted in May with 29,7 %; while the lowest spike of 14,6% was
experienced in August.

Additionally, from 2080 to 2099, SWAT model results showed that the flooding season flows
increased more than the above two periods for the same RCP 4.5 scenario. Consequently, the
average flows during the flooding season increased by 26,1% compared to the base scenario, while
May and June depicted the highest increase in flow rates, with 35,7% and 36%, respectively. The
lowest increase in flooding was depicted in April, giving a percentage of just 18,7%.

3.4.2 Model Simulation Scenario of RCP 8.5

From 2020 to 2035, the SWAT model simulation results clearly showed that the average flows in
the flood seasons, into the Ban Chat reservoir tended to decrease by 0,5%, compared to the baseline
scenario. The significant decrease was depicted in April with 2,9%; while the lowest (0,3%) was
experienced in June. However, the month of May demonstrated an upward trend of 2,8

In addition, for the simulation period of 2046–2065, the calibrated model results showed that the
average flows in flooding into the Ban Chat reservoir increased by 12,9%; compared to the baseline
scenario of 1986 – 2005. Also, the greatest increase was during May, depicting a value of 19,6%.
Consequently, the lowest growth rate was during August, giving the value of 8,6%.

Furthermore, the period of 2080–2099 provided model simulation results that showed flood spiked
with an increased rate of 45,7%, compared to the baseline scenario. Consequently, the month of
April gave the largest increase of 65,7%, while June depicted a 60,2% increase. The month of
August depicted the lowest increase of just 33,4%.
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Figure 7: Monthly mean flow changes (l/s) under climate change scenarios compared to base flow scenarios
(1986–2005).

4 Discussion

The remote sensing images show that forestland, grassland, cropland, wetland, residential land,
and other land usages, have different spectral characteristics (Yu et al. 2017). In this study, five
land cover categories proposed are focused on and applied to the Ban Chat reservoir area. Remote
sensing data are used to estimate the land cover and to identify the characteristics of land cover
objects based on the afforestation efforts in Vietnam as well as three water quality indicators in the
study area.

The classification process revealed that grassland and forestland were easily confused due to their
similar spectral characteristics. At the same time, residential and vacant land were classified as
"other" land types, as noted by Yifan et al. [2018]. The reliability assessment (Table 1) indicated
that the confusion between grassland and forestland was due to their intermixing in certain areas,
resulting in spectral similarity. Additionally, the presence of mixed populations with vegetation
made classification more challenging, as this source of error is difficult to avoid even with manual
interpretation. In some cases, these errors may be acceptable, even with traditional classification
methods. In the study area, most of the land cover objects did not change much, only the increased
change of forestland area (8.716,39 ha) which was replaced by the decreased change in grass and
bushes (9.012,24 ha). This is consistent with the afforestation strategy in Vietnam.

The red areas on the water maps (Figures 3 and 4) show that some indicators exceed the threshold.
Although there were instances where water and air quality indicators exceeded permissible limits,
the average values for each year confirmed that indices such as Chl_a, CDOM, and Turb in the study
area were within the prescribed limit thresholds. Therefore, after a comparison of water quality
indicators with Carlson and Simpson [1996] and Ministry of Natural Resources and Environment
(MONRE) [2022]. The three water quality indicators were consistent with the results of the
conservation progress of Ban Chat reservoir in Vietnam. There are similarities in the change trends
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of Chl_a, CDOM, and Turb in the study area. The results showed that the Ban Chat hydropower area
in Northern Vietnam is being effectively preserved, showing no signs of significant degradation.

This dataset served as an important input parameter for running the SWAT hydrological model,
and is a valuable tool for estimating river flow, as evidenced by the effectiveness of satellite-based
measurements and highly accurate sensors, as noted by Wu et al. [2017].

Climate change has a significant impact on water resources in vulnerable international river basins,
particularly concerning upstream runoff variability Brekke et al. 2007; Yang et al. 2019). To assess
the impact of climate change on flood flow during the period from 2020 to 2035, 2045 to 2065, and
2080 to 2099, two scenarios were chosen: high emission RCP 8.5 and average emission RCP 4.5.
The results of the flood flow change calculations showed an increasing trend during most periods.
The period of 2080 to 2099 (RCP 8.5 scenario) had the highest increase in flood season flow at
45,7%, compared to the baseline scenario, while the lowest increase was observed from 2045 to
2065 (RCP 8.5 scenario) at a rate of 12,9%. However, during the period 2020 to 2035 if applied
the RCP 8.5 scenario, the flood season flow tended to decrease by 0,5%, compared to the baseline
scenario. Therefore, the impact of climate change on flood flows to Ban Chat reservoir exhibited
significant variation during the flood season across different periods, as depicted by the climate
change scenarios of Vietnam by the Ministry of Natural Resources and Environment (MONRE)
[2020].
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