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Abstract: A one-dimensional hydraulic HEC-RAS model was developed to forecast the change
in salinity in the tributaries of the Co Chien and Hau Rivers in Tra Vinh province, Vietnam. The
boundary data includes river discharge at Can Tho and My Thuan, water levels, and salinity at coastal
monitoring stations. Six monitoring stations along the Co Chien River and Hau River were selected
to study salinity changes. Four scenarios for the period 2020–2050 were selected, including SLR17,
SLR22, SLR26L, and SLR26H, corresponding to sea level rise (17, 22, and 26 cm) and upstream river
discharge decrease (in the ranges of 100–128% and 80–117% at Can Tho and My Thuan, respectively)
in the dry season based on new climate change scenarios in Vietnam and previous studies. The results
highlight that when the average discharge at Can Tho and My Thuan reduces, the salinity increases
more significantly than the impact of sea level rise. Salinity at the monitoring stations in Tra Vinh
province is projected to increase within the ranges of 4–21% and 3–29% along the Co Chien River and
Hau River, respectively. In addition, sea level rise is seen to affect the discharge distribution into the
Co Chien River. It suggests an urgent need to raise farmers’ awareness of climate change adaptation,
investment in production equipment, and appropriate regulation of riverbed mining and activities
upstream in the Mekong River.

Keywords: climate change; sea level rise; river discharge decrease; salinity; Vietnamese Mekong Delta

1. Introduction

The Vietnamese Mekong Delta (VMD) is widely recognized as one of the most vul-
nerable deltas to the impacts of climate change [1]. Decision No. 417/QD-TTg issued by
the Vietnamese prime minister in 2019 [2] underpinned the importance of evidence-ready
datasets and updated forecasts to support planning, as well as spatial organization and the
transformation of agricultural production models. In addition, a master plan for sustain-
able development to adapt to climate change is needed (Decision No. 287/QD-TTg of the
Vietnamese prime minister: approving the master plan for the Mekong Delta in the period
2021–2030, with a vision to 2050 [3]). These documents stipulated the improved data needs
for both the application of smart technologies in agricultural production and simultane-
ously adapting to climate change. This in turn will require the improved monitoring of
resources and environmental changes in the event of droughts and salinity variability due
to changes in both climate and sea level. This is because such forecasting and warning
systems for the early prediction of changes need to be developed.
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During the 2015–2016 dry season, salt water intruded more than 90 km inland and
caused severe crop damage in 11 of the 13 provinces (including 09 coastal provinces) within
the VMD [4–6]. An estimated two million people directly lost income from agricultural
production, while two million people also faced shortages in drinking water and domestic
water supplies due to drought and salinity intrusion. The Tra Vinh coastal area of the
VMD is located between two main tributaries of the Mekong River (the Co Chien River
and Hau River) [7]. The projected sea level rise by 2030 could impact over 24 thousand ha
of agricultural land [8] through salinity intrusion and significantly impact the local water
resources necessary for most sectors of life and production.

Moreover, upstream hydropower dam construction and operation could be affecting
the hydrological system of the Lower Mekong River Basin, especially in the VMD. The num-
ber of operational hydroelectric stations increased by 183% from 2000 to 2010; meanwhile,
the total water storage capacity has increased fourfold since the 1990s [9]. Hydropower
dams are most likely the main cause of the reported shrinking capacity of Tonle Sap Lake
in Cambodia where the minimum surface water area has been observed to be decreasing at
a rate of 7.33 km2/year [9].

Representative Concentration Pathways (RCPs) were described as consistent predic-
tive scenarios consisting of components of radiative forcing in the year 2100 that serve
as inputs for climate modeling [10]; in which, four climate change scenarios were based
on greenhouse gas emissions RCP2.6 (low emission), RCP4.5 (medium emission), RCP6.0
(high emission), and RCP8.5 (very high emission). According to [11], from 2016 onward,
the global sea level has tended to increase by approximately 0.34 cm per year. The recent
national report on climate change and sea level rise scenarios [12] issued by the Ministry of
Natural Resources and Environment of Vietnam (MONRE) presented that sea level was
projected to increase by 24, 23, and 28 cm under RCP2.6, RCP4.5, and RCP8.5, respectively,
by the year 2050 compared to the period 1986–2005. A study [13] showed that discharge
at a hydrological station upstream in the Mekong River in Cambodia (Figure 1a) tended
to change from −20% to +10% and a sea level rise of 35 cm leading to a decrease in river
discharge at Can Tho and My Thuan (Figure 1b) during the dry season in the period
2036–2065 compared to 2009–2011. Moreover, in recent years, the effects of climate change
have become more apparent, and in particular, the water source for agricultural production.
For example, the coastal areas in Cu Lao Dung district, Soc Trang province are gradually
shifting from sugarcane to shrimp farming to adapt to climate change [14]. Risk mapping
methods highlight that the effects of climate change reduce the area of rice cultivated
land by 39% (if floods persist) and 44% (if saline intrusion persists) [15]. An important
factor in agricultural production is meeting water demand. Therefore, solutions are pro-
posed to assess the problem of water excess and shortage through geospatial analysis and
mathematical modeling.

Mathematical modeling methods are typically applied to climate change research
and run simulations to forecast future phenomena through defined scenarios [16–20]. A
one-dimensional (1-D) hydraulic model is a mathematical model that simulates the flow
properties in a river network [21]. In many coastal areas of the world, the applications of 1-D
hydraulic models include flood impact assessment (in combination with mapping) [22–26],
analysis of sediment transport [27–29], water quality [30], and salinity [31–35]. Important
properties include river flow, water level, wet cross-sectional area, and roughness coef-
ficient. In addition, the tool of water quality analysis is also included in the simulation
of salinity intrusion [36,37]. Models have been developed based on sea level rise and
discharge changes in the Sebou River in Morocco [38], Shatt Al-Arab River in Iraq [39], and
Bahmanshir River in Iran [40]. Thus, 1-D hydraulic models were applied to the simulation
of salinity intrusion not only in the VMD, but also in various coastal areas with similar
scenario development methods. The difference is that the scenarios could depend on the
human activities in local and upstream areas.
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Figure 1. Location of the study area: (a) location of Tra Vinh province in the VMD, in which the
(b) river network and monitoring stations Tra Vinh and Cau Quan (underlined) were selected for
hydraulic calibration and validation; six stations including Lang The, Tra Vinh, Hung My, Duong
Duc, Cau Quan, and Tra Kha were selected for salinity calibration and validation; and other stations
are boundary stations.

In Vietnam, previous studies using the 1-D MIKE model as a salinity simulation tool
in the Mekong Delta have given acceptable accuracy [41–43]. A further study demon-
strated that a 1-D hydraulic analysis model (that is the Hydrologic Engineering Center’s
River Analysis System (HEC-RAS)) can provide informative estimates of water quality
responses to sea level rise scenarios for Ho Chi Minh City in Vietnam [44]. The advantage
of HEC-RAS is that it is free software, requires simple data input, exhibits an easy-to-use
interface [45,46], and can simulate salinity using the module of water quality analysis [47].
Other models applied HEC-RAS to tidal wave propagation and numerically modeled
salinity transport [48]. The 1-D hydraulic mathematical model is reliable in that a salinity
variation over time is performed at a specific location, but it requires more data and time to
perform [38,48]. The modeling tool is therefore useful for water managers and engineers
to make rough estimates of saline intrusion along the estuary axis even during extreme
events. Previous studies have developed hydraulic and salinity models in HEC-RAS to
evaluate the variables that govern both the flow and salinity within a river system with
highly reliable data [36,49]. It was indicated that the 1-D model HEC-RAS is qualified for
the simulation and prediction of saline intrusion. As such, this study aims to (i) develop a
1-D hydraulic model using HEC-RAS, and (ii) forecast the changes in salinity in Tra Vinh
province, a coastal province of the VMD, under the impacts of sea level rise and reduced
upstream flow volumes. Our results will aid local managers and policymakers in planning
salinity prevention via an increased understanding of salinity trends and the mechanisms
at work.

2. Materials and Methods
2.1. Boundary Conditions

Hydraulic and salinity data were collected from Tra Vinh provincial hydro-meteorolo-
gical stations in February 2020 at peak salinity conditions, including (1) boundary condi-
tions (hourly river discharge at Can Tho and My Thuan; and hourly water levels at coastal
stations including Vam Kenh, Binh Dai, An Thuan, Ben Trai, and Tran De) and (2) model
calibration data (hourly water level at Tra Vinh and Cau Quan, and hourly salinity at Lang
The, Tra Vinh, Hung My, Duong Duc, Cau Quan, and Tra Kha). The stations My Thuan,
Lang The, Tra Vinh, Hung My, and Ben Trai are located along the Co Chien River; the
stations Can Tho, Duong Duc, Cau Quan, Tra Kha, and Tran De are located on the Hau



Climate 2023, 11, 66 4 of 15

River; and the stations Vam Kenh, Binh Dai, and An Thuan are in the coastal area of Ben
Tre province (located on the Tien River and Ham Luong River) (Figure 1).

2.2. Hydraulic Simulation

The dispersion of salinity is influenced by the hydraulic regime and highly dependent
on estuary morphology. In the hydraulic module, HEC-RAS solves the following 1-D
continuity and momentum equations, known as the Saint-Venant equations [21,50–53].

∂A
∂t

+
∂(Au)

∂x
= 0 (1)

∂u
∂t

+ u·∂u
∂x

+ g· ∂ε

∂x
= −

(
P
A

)
·
(

τ

ρ

)
(2)

where x is river length (m); t is time (s); A is wet cross-section area (m2); u is flow velocity
(m/s); ε is water level (m); τ is shear stress of water; P is wet cross-section perimeter (m);
ρ is the specific weight of water (kg/m3); and g is gravity acceleration (m/s2). In addition,
discharge was calculated based on riverbed roughness, slope, and wet cross-section area
(the Manning equation).

Q = 1/n·A·R2/3·S1/2 (3)

where Q is river discharge (m3/s); R is hydraulic radius (m); S is riverbed slope; and n is
riverbed roughness.

2.3. Salinity Simulation

The water quality analysis module of the HEC-RAS model system was used to simulate
salinity. The salinity boundary conditions were observed hourly salinity at coastal monitor-
ing stations on the Tien River, Ham Luong River, Co Chien River, and Hau River. In order to
simulate the salinity propagation, salinity dispersion coefficients were required [36,54,55].
In the VMD, the dispersion coefficients of salinity were determined to be 500 m2/s at Can
Tho and My Thuan, and gradually increased at the estuaries (approximately 7500 m2/s)
found through calibration and validation methods.

2.4. Model Calibration and Validation

The most recent year (2020) was selected for the baseline scenario to compare with
2050; therefore, the water level and salinity data were calibrated for 2020 and then validated
for another year (2015). For hydraulic calibration and validation, Manning’s n coefficients
(the riverbed roughness) (Equation (3)) were adjusted so that the simulated and observed
water levels are approximately the same [22]. The Nash–Sutcliffe efficiency (NSE) (Equation
(4)) was used to test the reliability of the hydraulic models [13,42,56,57]. NSE of the Tra
Vinh and Cau Quan stations (Figure 1b) were calculated based on the comparison of
observed and simulated water levels for the years 2020 and 2015, respectively, to calibrate
and validate the hydraulic model. For salinity calibration and validation, the NSE and
correlation coefficients (R2) of 6 stations (Figure 1b) were used to calibrate and validate
the salinity [42,58] by adjusting the dispersion coefficients of each river section so that
the measured and simulated salinity values were equivalent. R2 was calculated using the
CORREL function for observed and simulated salinity values in Microsoft Excel software.
NSE and R2 close to 1 showed a high-reliability model [59].

NSE = 1 −
n

∑
t=1

(Simt − Obst)
2
/ n

∑
t=1

(
Obst − Obs

)2
(4)

where t is time; n is the total number of simulated time steps; Simt is simulated data at time
t; Obst is observed data at time t; and Obs is average observed data [60].



Climate 2023, 11, 66 5 of 15

2.5. Scenario Development

Future scenarios were developed based on the analysis of changes in upstream dis-
charge and water levels by referencing the latest official report by MONRE and previous
studies [12,13,42,61]. According to monitoring data, during the period 2015–2020, the
average hourly river discharge in the dry season at Can Tho and My Thuan decreased
by 417 m3/s and 426 m3/s, respectively. Furthermore, it was estimated that the average
hourly river discharge in the dry season at Can Tho and My Thuan will change by −128%
and −117% during the period 2020–2050, respectively (Table 1). A previous study indicated
that the average flow from Can Tho and My Thuan was projected to change from −80%
to −100% with a sea level rise of 35 cm in the dry season between periods 2009–2011 and
2036–2065 [13]. It can be estimated that the average sea level rise could be about 0.88 cm
per year (i.e., 26 cm between 2020 and 2050) in the VMD. In addition, the sea level in the
VMD was projected to increase from 22 cm to 26 cm in the 2050s compared to 2013 (i.e.,
0.59 to 0.74 cm per year) under the climate change scenarios RCP4.5 and RCP8.5 [42]. Other
studies suggest that the water level could increase by 0.55 cm per year [61,62]; therefore, it
is reasonable to assume that the sea level in 2050 could increase by approximately 17 cm
relative to 2020 levels. However, according to MONRE [12], sea level rise was projected to
range from 23 to 28 cm by 2050 compared to the baseline period (1986–2005) under RCP2.6,
RCP24.5, and RCP8.5. Thus, it is estimated that by mid-century, sea level rise would range
between 0.46 and 0.56 cm per year (between 14 and 17 cm in the period 2020–2050). In
this study, reliable scenarios were developed to assess the impacts of sea level rise and
upstream discharge reduction during the dry season, including sea level increases of 17, 22,
and 26 cm combined with discharge reduction ranging from 80% to 128% (Table 1).

Table 1. Scenarios of sea level rise and river discharge change in 2050 compared to base year 2020.

Scenarios Sea Level Rise
Average River Discharge Change

References
Can Tho My Thuan

SLR17 17 cm −128% (−2501 m3/s) −117% (−2557 m3/s) [12,42,61]
SLR22 22 cm −128% (−2501 m3/s) −117% (−2557 m3/s) [12,42,61]

SLR26L 26 cm −100% (−1123 m3/s) −80% (−1069 m3/s) [13,42]
SLR26H 26 cm −100% (−1123 m3/s) −83% (−1109 m3/s) [13,42]

Note: Discharge volumes from estuaries to the upstream were considered negative.

3. Results
3.1. Hydraulic Calibration and Validation

Manning’s roughness coefficient of the VMD was found in a range from 0.014 to 0.022
in the coastal area [63]. According to the hydraulic results, the roughness coefficient of the
river and canal system of Tra Vinh tended to increase gradually from the estuary to the
upstream, ranging from 0.014 to 0.021. There were two stations selected to calibrate and
validate the water level which were Tra Vinh and Cau Quan stations (Figure 1b). Calibration
and validation results under the comparison between observed and simulated water levels
at Tra Vinh and Cau Quan stations showed high reliability. In 2020, NSEs were 0.94 and
0.88 at Tra Vinh and Cau Quan stations, respectively (Figure 2a,b). In addition, NSEs in
2015 were estimated to be 0.99 and 0.92 at Tra Vinh and Cau Quan stations, respectively
(Figures 1b and 2c,d).
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Figure 2. Water level calibration in 2020 at (a) Tra Vinh station with NSE = 0.94 and (b) Cau Quan
station with NSE = 0.88, and validation in 2015 at (c) Tra Vinh station with NSE = 0.99 and (d) Cau
Quan station with NSE = 0.92. The mean sea level was 0 m, and water levels above and below the
mean sea level had positive and negative values, respectively.

3.2. Peak Salinity Delay

The delay of peak salinity is the time for the peak salinity to intrude inland where the
monitoring station records. Peak salinity moving from the estuary upstream has a delay
time based on distance [64]. For the Co Chien River, the delay time from the estuary to
Hung My, Tra Vinh, and Lang The stations was estimated to be 01, 24, and 25 h, respectively.
As for the Hau River, the delay time was 01, 31, and 30 h from the estuary to Tra Kha, Cau
Quan, and Duong Duc stations, respectively.

3.3. Salinity Calibration and Validation

The salinity data during the period of occurrence of the maximum value (that is
from 0:00 on 1 February 2020 to 23:00 on 20 February 2020) were selected to calculate the
reliability of the model. R2 at Hung My, Tra Vinh, Lang The, Tra Kha, Cau Quan, and
Duong Duc stations ranges from 0.86 to 0.92 in 2015, and from 0.80 to 0.96 in 2020 (Table 2).
The study focused on calibrating salinity for 2020 by adjusting the dispersion coefficients.
These coefficients probably had large errors if applied to 2015 (low NSE at Hung My and
Tra Kha). When considering NSE, two stations showed high reliability, which were Tra
Vinh station (NSEs were 0.73 and 0.81 in 2020 and 2015, respectively) and Cau Quan station
(NSEs were 0.73 and 0.53 in 2020 and 2015, respectively) (Table 2 and Figure 3).
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Table 2. Salinity calibration and validation.

Station
2020 (Calibration) 2015 (Validation)

R2 NSE R2 NSE

Lang The 0.80 0.62 0.88 0.56
Tra Vinh 0.86 0.73 0.92 0.81

Hung My 0.92 0.79 0.88 −0.30
Duong Duc 0.80 0.60 0.82 0.53
Cau Quan 0.87 0.73 0.86 0.53

Tra Kha 0.96 0.79 0.86 0.48
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3.4. Distribution of Average Discharge into the Co Chien River

At My Thuan, the discharge is divided into two tributaries, which are the Tien River
tributaries (including the total discharge of the Tien River and Ham Luong River) and
the Co Chien River tributary (Figure 1b). In this study, during February, the discharge
distribution ratio to the Co Chien River was 53% and 59% in 2015 and 2020, respectively.
When discharge at My Thuan changes under future scenarios (Table 1), the distribution
of the flow through the two tributaries also changes proportionally (Table 3). Discharge
distribution into the Co Chien River tends to increase in proportion to the increase in sea
level (from 69% to 86%).
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Table 3. Distribution ratios of river discharge from My Thuan to the Co Chien River under sea level
rise and upstream river discharge changes.

Scenario 2020 SLR17 SLR22 SLR26L SLR26H

Distribution ratio (%) 59 69 71 86 83

3.5. Salinity Changes under Future Scenarios
3.5.1. Impacts of Sea Level Rise under Climate Change Scenarios in Vietnam and Extreme
Decrease of Upstream River Discharge

Figure 4a highlights that the average change in salinity varies from +3% (+0.3 g/L)
to +28% (+1.0 g/L) under the impacts of a sea level rise of 17 cm and the reduction in
upstream river discharge (SLR17) (Table 4). The minimum change in salinity is −10%
(−1.1 g/L) at Hung My, and the maximum increase is +70% (+2.2 g/L) at Duong Duc. The
average salinity in the Co Chien River tends to increase between +8% (+0.7 g/L) and +21%
(+0.8 g/L) more than that of the Hau River despite the same changes in river discharge.
When the water level increases by 5 cm (SLR22) for both tributaries (from 17 cm to 22 cm),
there is no significant difference compared to the rise of 17 cm; however, the salinity at
the monitoring stations along the Tien River tends to decrease slightly (−1%). The lowest
drop at Hung My would be −11% (−1.2 g/L), and the largest increase in Duong Duc
would be +74% (+2.5 g/L) (Figure 4b). In a comparison of the four scenarios, it can be
seen that the salinity increases significantly when the upstream river discharge decreases
sharply (Figure 4).
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2050 compared to 2020. The average change is the average of the hourly changes in salinity, and the
maximum and minimum changes are the greatest and lowest values of the hourly changes in salinity
in the simulation period (from 0:00 on 1 February to 23:00 on 20 February), respectively.
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Table 4. Average salinity changes under future scenarios.

Station
Scenario

SLR17 SLR22 SLR26L SLR26H

Lang The +21% (+0.8 g/L) +20% (+0.8 g/L) +12% (+0.5 g/L) +13% (+0.5 g/L)
Tra Vinh +15% (+0.8 g/L) +14% (+0.8 g/L) +8% (+0.4 g/L) +9% (+0.5 g/L)

Hung My +8% (+0.7 g/L) +7% (+0.6 g/L) +4% (+0.4 g/L) +5% (+0.4 g/L)
Duong Duc +28% (+1.0 g/L) +29% (+1.1 g/L) +26% (+1.0 g/L) +26% (+1.0 g/L)
Cau Quan +14% (+0.9 g/L) +14% (+0.9 g/L) +13% (+0.8 g/L) +13% (+0.8 g/L)

Tra Kha +3% (+0.3 g/L) +3% (+0.3 g/L) +3% (+0.3 g/L) +3% (+0.3 g/L)

3.5.2. Impact of Extreme Sea Level Rise

The average changes in salinity vary from +3% (+0.3 g/L) to +26% (+1.0 g/L) under the
impacts of a sea level rise of 26 cm and a reduction in upstream river discharge (Figure 4c,d,
and Table 4). The minimum change in salinity is −16% (−1.6 g/L) at Hung My and the
maximum increase is +65% (+2.3 g/L) at Duong Duc. Salinity in the Co Chien tributary
tends to slightly increase (+1%) while it is almost unchanged in the Hau River tributary
when the discharge decreased (Figure 4c,d).

4. Discussion

According to the report by the Mekong River Commission, the discharge distribution
ratio from My Thuan to the Co Chien River was in the range of 31–56% from 1974 to
1993 [65,66]. In this study, in the years 2015 and 2020, the discharge distribution to the
Co Chien River tended to increase compared to the past period. This demonstrated the
future impact of sea level rise on the discharge distribution ratio from My Thuan to the Co
Chien River in the future (Table 3). The greater discharge could be a reason for the decrease
in salinity at Lang The, Tra Vinh, and Hung My stations along the Co Chien tributary
under the scenario of a sea level rise of 22 cm compared to 17 cm (Figures 1b and 4a,b).
However, this is only one of the reasons; the primary consequences we disregarded were
those caused by humans, such as the sinking of the deltaic system and modifications to river
cross-sections (due to, for instance, sand mining and lack of upstream sediments [9,67–73]).
As such, it is necessary to have appropriate policies regulating riverbed sand mining [74,75]
and the operation of upstream hydropower dams [76–79].

Scenarios were selected on the basis of previous studies and calculated from historical
data. SLR17 and SLR22 were two low sea level rise scenarios with a sharp decrease in
upstream river discharge. In contrast, SLR26L and SLR26H were two high sea level rise
scenarios with slight changes in river discharge (Table 2). This suggests that a decrease
in upstream discharge [80–85] is the main cause of the increase in salinity in the main
tributaries (the Co Chien River and Hau River). The decrease in discharge was assessed as a
result of reduced precipitation [81,85–87] together with the increase in irrigation demand in
the dry season [13,88] as well as the operation of upstream hydropower plants [9,61,69,89].

There were many solutions to adapt to salinity intrusion proposed or implemented for
the VMD. The appropriate solutions for Tra Vinh included (i) sluice gate systems for salinity
prevention (currently in operation) [90,91], (ii) changing crop structure to adapt to drought
and salinity (for example, salinity-/drought-resistant varieties) [7,76,92,93], (iii) reducing
the number of crops per year (from three crops/year to two or one crop yearly) [7,94,95],
desalination for domestic water use [96], (iv) monitoring, forecasting and early warning
of salinity intrusion [97,98], (v) climate-smart agriculture (rice-shrimp) [92,99,100], and
(vi) improving agro-fishery value chains [101–104]. However, despite the vast array of
strategies, there still remain implementation challenges, such as farmers’ low awareness,
lack of investment in production equipment [105], and the complicated socio-hydrological
factors in the region.

The developed model excluded changes in the riverbed geomorphology [80,85,106]
for all scenarios; therefore, the changes in salinity on the river systems in the study area
are only assessed according to the changes in the upper and lower boundary conditions
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for the dry season (i.e., sea level and upstream discharge volumes). Moreover, due to only
focusing on the main river system, anthropogenic impacts were overlooked. The model
used river network data and cross-sections of previous years to simulate the year 2020 and
future years. Since the model only focuses on Tra Vinh province, the discharge losses to
other areas, such as Can Tho and Ben Tre, were not included.

Within the scope of our study, some uncertainties and limitations exist. The river
network data in the same year were applied in the simulation for different years; however,
the errors were within the acceptable range. At some time points, the salinity at Hung
My and Tra Kha (Figure 4) decreased due to model errors; however, the average value at
all stations increased. The peak salinity value could not be predicted accurately because
it occurs at various times during the dry season (that is from January to April) [107,108];
moreover, hourly salinity fluctuates continuously, and the peak salinity value is transient
and changes immediately.

Further research could include the impacts of irrigation constructions and operations
(sluice gate systems for salinity prevention) and other human activities (sand mining,
landslide, and subsidence). Moreover, two-dimensional hydraulic models to assess salin-
ity intrusion and dispersal in different dimensions and hydrological models (including
temperature, rainfall, and evapotranspiration) should be developed.

5. Conclusions

In general, the applied 1-D hydraulic HEC-RAS model demonstrated reliable accuracy
through calibration and validation of water level and salinity in the coastal VMD. The
model focused on studying a small area (Tra Vinh province) with more up-to-date scenarios
of the world and of the VMD. The results highlight the important impacts of sea level
rise compounded with decreases in upstream river discharge volumes (greater impact) on
salinity intrusion in the dry season. These can inform the discussions of local managers and
policymakers involved in decision-making. In addition, the impacts of sea level rise on the
discharge distribution within the two tributaries were recognized as a natural environment
finding. Input data and future scenarios were based on the measurement and verification
data from previous studies. The model indicated a trend in future salinity; however, this
needs to be further studied based on many different factors and applied to various coastal
regions in the VMD.
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