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ABSTRACT

Rip currents are a significant threat to swimmers worldwide, responsible for numerous drowning incidents each

year. In Vietnam, Bai Dai Beach in Cam Ranh Bay, Khanh Hoa Province, has experienced an increase in drowning events

due to rip currents in recent years. To address this issue, a comprehensive study was conducted based on developing

a depth-averaged 2D hydrodynamic model to simulate rip currents in the Bai Dai-Cam Ranh coast. The HYDIST-2D

numerical model was applied to simulate the rip current evolution in space and time for the study area. The results showed

that the HYDIST-2D numerical model can accurately predict the location, magnitude, and microstructure of rip currents,

including rip current speed, width, and length. The simulation results revealed that the rip current speed is greater during

the low tide phase, with an average speed of 0.5 m s−1, while during high tide, the rip current speed is lower, around

0.1–0.8 m s−1. The width and length of the rip current also vary with the tide phase, with a wider and longer rip current

observed during the low tide phase. The results also showed that the rip current speed and microstructure are influenced by
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the wave features, tide current, and bathymetry of the study area. The present study provides valuable insights into the

dynamics of rip currents in the Bai Dai-Cam Ranh coast. The findings can be used to support the management of bathing

activities and provide early warnings for potential risks associated with rip currents.

Keywords: HYDIST Model; Swimmers; Rip; Hydrodynamic Factors; Breaking Waves

1. Introduction

Rip currents are considered a natural phenomenon that

occurs when waves break [1, 2], creating an increase in water

depth and driving water towards the sea [3–5]. The forma-

tion of rip currents is influenced by various factors, includ-

ing bathymetry [6, 7], wave height and direction, tide, and

beach and bathymetry shape [8, 9]. Rip currents form as wa-

ter tends to flow alongshore from regions of high waves to

regions of lower waves where currents converge to form a

seaward flowing rip [7, 9]. According to when waves break,

they form an increase in water depth. The water depth can

change along a shoreline depending on the height of breaking

waves [4, 9]. Rip currents can also be influenced by the pres-

ence of bathymetric features, such as sand bars or reefs [10, 11].

In addition, rip currents are frequently found at a sand bar

or reef, or a hard structure such as a rocky outcrop, jetty,

or pier [11, 12]. These bathymetric features result in varia-

tions in wave breaking and setup leading to channelized rip

currents [13, 14]. Rip currents are a significant threat to swim-

mers along swimming beaches worldwide, responsible for

numerous drownings each year [12, 13]. The current speed of

seaward rip currents has been recorded at 0.8 m s−1 [14] and

even up to 2.0 m s−1 [15]. Globally, there are more than thou-

sands of drownings each year due to rip currents [12, 16, 17]. A

study conducted by the United States LifesavingAssociation

(USLA) reports that more than 80% of the 37,000 beach

rescues each year are due to rip currents [13, 18–20]. There has

been an increase in the number of associated drowning fa-

talities in recent years [12, 21]. These strong and narrow chan-

nels of fast-moving water flow towards the sea from swim-

ming beaches [15, 16], often forming in swimming beaches

with varying wave energy dissipation and water depth [17, 18].

In recent decades, related studies have strongly enhanced

the understanding of the dynamics of rip currents [15, 17, 19, 22].

Recognized as one of the major causes of drowning among

swimmers around the world, many studies on rip currents

have been carried out from laboratory experiments such as

reproducing laboratory-scale rip currents on a barred beach

by Fang et al. [10]; experimental investigation of bed morphol-

ogy in the lee of porous submerged breakwaters by Klonaris

et al. [17]; and an experimental study of rip channel flow by

Drønen et al. [23]. Field surveys to study rip currents have

also been conducted, such as the Southeast Coastal Ocean

Observing Regional Association (SECOORA) in partnership

with the National Oceanic and Atmospheric Administration

(NOAA), which used cameras to observe rip currents from

wave breaking and then spot rip currents. Murray, Cartwright

and Tomlinson [24, 25] used video-imaging to find the tran-

sient rip currents on the Gold Coast open beaches. Recently,

hydrodynamic model-based approaches to the study of rip

currents have been widely exploited in many regions around

the world [26–28]. For instance, Hong et al. [26] conducted a

numerical simulation on the rip currents interlaced with mul-

tichannel sandbars. Xu et al. [27] applied the fully nonlinear

mild-slope equation model to simulate the rip current around

multiple submerged breakwaters. Wang et al. [28] simulated

the rip currents in arc-shaped coastlines based on the numer-

ical model. In Vietnam, Nguyen, Ngo and Tran [29] used the

Mike hydraulic model to simulate the rip currents in the Nha

Trang Coast area. A study on the possibility of rip currents

appearing around the Quy Nhon swimming beaches in Binh

Dinh province was conducted by Nguyen and Dang [30]. A

rip current simulation on some swimming beaches in the

Quang Nam coastal area was also employed by Cong et

al. [31]. Nguyen, Ngo and Tran [29] conducted a study on the

current rip evolution in the Nha Trang Coast Zone belong-

ing to Khanh Hoa province and reported that rip currents

appear at Khanh Hoa beaches during the Northeast monsoon

and during storms and active tropical depressions. Recently,

Ngo and Nguyen [15] applied the Mike21 to simulate the rip

current around the Cam Ranh Bay belonging to the Khanh

Hoa Coastal area of Vietnam.

This study aims to simulate rip currents at the Bai Dai

swimming beaches in Cam Ranh Bay, Vietnam, utilizing

the HYDIST-2D numerical model. The study’s findings are
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expected to provide valuable insights into the formation and

dynamics of rip currents at the beach, which can inform the

management of bathing activities and enable early warnings

for potential risks associated with rip currents.

2. Materials and Methods

2.1. HYDISTModel Description

HYDIST is a two-dimensional numerical model de-

veloped by Nguyen Thi Bay’s research group in 2004 and

continually improved to date. This is a two-dimensional hy-

drodynamic model that can simulate two-dimensional flow,

bed load transport, and bed morphology changes, among oth-

ers. In particular, the HYDIST-RC module was developed

to calculate coastal currents (rip currents) under the com-

bined effects of tides, waves, and wind [32, 33]. The HYDIST

model consists of four main modules: the hydraulic module

(HYDIST-HD), the sediment transport module (HYDIST-

ST), the riverbank erosion module (HYDIST-RF), and the

bathymetry evolution module (HYDIST-BG). The hydraulic

calculation module (HYDIST-HD) was developed to simu-

late river and coastal flow under the influence of flooding,

tides, and wind [32, 33]. In the current study, the module for

simulating 2D flow those changes with space and time has

been applied to simulate rip currents at Bai Dai. In calcu-

lating the location and intensity of rip currents in coastal

areas, the wave field is a crucial factor and an indispensable

input for the HYDIST-RC model. The input wave field to

the HYDIST-RC model is the wave radiation stress. Firstly,

the SWAN model will be used to simulate the wave field.

Then, the calculated results of the wave field will be applied

to calculate the wave characteristics (height, direction, and

period), and they will be used as the input wave data for the

HYDIST-RC module to calculate the wave radiation stress.

The 2D hydrodynamic equations describing the flow have

been integrated with depth.

The continuity equation has the following form:

∂ζ

∂t
+

∂ |(h+ ζ)u|
∂x

+
∂ |(h+ ζ)v|

∂y
= 0 (1)

Where: u and v are the flow velocity components in the x-

and y-directions (m s−1), respectively; h is the average water

depth (m) and ζ is the water level fluctuation (m).

The momentum equations in the x and y directions have

the following form:

∂u
∂t + u∂u

∂x + v∂u
y
− fv =

−g∂ζ
∂x +

τSx,wind−τSx,w

ρ(h+ζ)

−τbx,c+τbx,w

ρ(h+ζ) + A∇2u

(2)

∂v
∂t + u∂v

∂x + v∂v
∂y + fu =

−g∂ζ
∂y +

τSy,wind−τSy,w

ρ(h+ζ)

−τby,c+τby,w

ρ(h+ζ) + A∇2v

(3)

Where A is the horizontal turbulent viscosity coefficient (m2

s−1); f = 2 Ω sin ϕ; f is the Coriolis parameter (1 s−1); Ω is

the Earth’s rotation speed; τbx, c and  τby, c are bottom stress

due to flow (N m−2); τbx, w and τby, w are bottom stress due

to wave (N m−2); τSx, wind and τSy, wind are water surface

tangential stress due to wind (N m−2); τSx, w and τSy, w are

water surface tangential stress due to wave (N m−2).

Accordingly, the wind exerts stress on the water sur-

face represented by the friction velocity. The wind speed

on the sea surface is often represented by the height index

measuring the wind speed in meters from the water surface

level. The surface stress due to wind τSx, τSy is determined

by the following empirical formula:

(τSx,wind, τSy,wind) = ρaCd

√
W2

x +W2
y (Wx,Wy) (4)

In which: ρa is the density of air above sea level (kg m
−3); Cd

is the wind friction coefficient; Cd = (0.75 + 0.067 |W|).10−3.

W = (Wx, Wy) is the wind speed at 10 m above sea level (m

s−1).

The change in water surface level and flow under the

influence of waves can be described as the horizontal trans-

port of wave energy (x, y). The speed of this transport is

equivalent to the force exerted on the water surface as the

wave propagates, and these forces, when acting on a volume

of water, can result in a net force that is not zero. At a certain

limit, when these forces are not balanced by the pressure

force, they will act as a force causing flow. The modeling of

the flow changes caused by waves is based on the concept of

radiation stress (Sxx, Sxy, Syy) proposed by Longuet-Higgins

and Stewart [34]. The tangential stress on the water surface

caused by the waves is calculated using the Equations (5)

and (6):
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τSx,w =
∂Sxx
∂x

+
∂Sxy
∂y

(5)

τSy,w =
∂Syy
∂y

+
∂Sxy
∂x

(6)

Radiation stresses (Sxx, Syy, Sxy) are a surface force

that represents the transport of wave energy across a surface.

The first index in the notation of radiation stress indicates

the direction of energy transport, and the second index repre-

sents the component of the energy being transported, with

units of N m−1. The formula for calculating radiation stress

is determined by the Equations (7), (8), and (9).

Sxx = E

((
kh

sinh2kh
+

1

2

)
cos2θ +

kh

sinh2kh

)
(7)

Syy = E

((
kh

sinh2kh
+

1

2

)
sin2θ +

kh

sinh2kh

)
(8)

Sxy = Syx = E

((
kh

sinh2kh
+

1

2

)
sinθcosθ

)
(9)

Where: θ is the incident wave angle; E is wave energy (E =

1/8 ρgH2); H is wave height (m), k is wave number; h is the

water depth value at the calculated location (m).

The relationship between angular frequency and wave

number is defined by Equation (10)

σ = 2π/T (10)

In the formula (10), σ is calculated by Equation (11)

σ2 = gktanhkh (11)

2.2. Input Data Setup for HYDIST Model Sim-

ulation

The Bai Dai Beach, a popular destination in Cam Ranh

Bay, Vietnam (Figure 1), has experienced an increase in

drowning events due to rip currents. To address this issue, a

comprehensive study is conducted to evaluate the rip current

generations at the Bai Dai Beach. Bathymetric data was

collected from the Nha Trang Institute of Oceanography in

digital form and then used with Surfer 13 software to inter-

polate the depth values within the study domain (Figure 1).

A quadrilateral grid with a grid spacing of 2 m × 2 m was

interpolated to clearly show the wave and flow regimes in

the Bai Dai coastal area and to meet the requirements for

simulating the rip current in detail.

Figure 1. Map of the study area and bathymetric map of Bai Dai Beach Zone.

The water level fluctuation amplitudes were obtained

from the global tidal oscillation model with corrections for

amplitude and phase of oscillations at the study area as illus-

trated by Figure 2.
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Figure 2. Input water level data for simulating the hydrodynamic processes at Bai Dai Beach Zone.

For the input data for wave height and wave direction

simulation, in the large domain, the wave field is calculated

from the re-analyzed wind field data of the East Sea area from

the global wave prediction model. For the small domain, the

input data for wave height and wave direction simulation are

the calculation results extracted from the large domain as

illustrated in Figure 3.

For the input wind data for the simulation model, the

spatially and temporally varying wind field was collected

from the NOAA reanalysis wind field. The collected wind

data was processed and presented as Figure 4.

In addition, other main hydrodynamic parameters are

set up for the HYDIST model simulation and are presented

in Table 1.

Figure 3. Input wave height and direction for simulating the hydrodynamic processes at the study area.
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Figure 4. Input wind speed for simulating the hydrodynamic processes at the study area.

Table 1. Summarizing the key input parameters for the HYDIST model simulation.

Parameters Values Notes

Δt 0.25 s Time step for simulating the HYDIST model

T 4.0 hours Total time of model simulation run

u, v 0 Set initial conditions with no flow

A 0.002 m2 s−1 Horizontal turbulent viscosity coefficient

n 0.03125 Manning’s coefficient

η 0 m Initial water level

3. Results and Discussion

3.1. Model Calibration and Validation

The HYDIST model performance was calibrated and

validated based on the field measurements of waves and cur-

rents measured in Ninh Thuan Coast from 23:00 on January

6, 2013, to 9:00 on January 12, 2013, with a time step (Δt)

of 1 hour. Through the calibration procedure, the simulation

model reaches good results in terms of correlation coefficient

(R2) and NASH index. Specifically, the calibration results in

the stage from 23:00 on January 6, 2013, to 9:00 on January

12, 2013 (Northeast monsoon) through the measured and

calculated wave height values with the R2 reaching 0.85 and

the NASH up to 0.84 are illustrated in Figure 5 while the

measured and calculated wave period values with an average

relative error of 5.28% are shown in Figure 6.

For the validation procedure, the simulation model

also recorded good results in terms of R2 and NASH in-

dex. Specifically, the validation results in the stage from

11:00 on July 1, 2013, to 11:00 on July 7, 2013 (Southwest

monsoon) through the measured and calculated wave height

values with the R2 reaching 0.82 and the NASH = 0.75 are

illustrated in Figure 7 while the measured and calculated

wave period values with an average relative error of 5.46%

are presented in Figure 8.

From the results obtained through calibration and vali-

dation procedures, it can be affirmed that the selected model

parameters are suitable for applying to simulate rip current

evolution in space and time for Bai Dai Beach zone as the

research objective has set out.
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Figure 5. Comparison of the simulated model and measured data wave height during the stage from 06 to 12-Jan-2013 (Northeast

monsoon) with R2 = 0.85 and NASH = 0.84.

Figure 6. Comparison of the simulated model and measured data wave period during the stage from 06 to 12-Jan-2013(Northeast

monsoon).
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Figure 7. Comparison of the simulated model and measured data wave height during the stage from 06 to 12-Jan-2013 (Southwest

monsoon) with R2 = 0.82 and NASH = 0.75.

Figure 8. Comparison of the simulated model and measured data wave period during the stage from 06 to 12-Jan-2013(Southwest

monsoon).
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3.2. Simulation Results of the Spatial and Tem-

poral Evolution of Rip CurrentsAcross the

Study Area

To examine the variation of rip currents according to

tides, the model simulated rip currents at Bai Dai during the

Northeast monsoon season under tidal fluctuations in the

study area. The results of the assessment of the impact of

tides on rip currents were shown at the high and low tide

slopes to clearly demonstrate the impact of tidal currents on

the intensity and microstructure of rip currents at Bai Dai

Beach zone. The results of calculating the rip current evo-

lution between high and low tides are shown in 3 areas as

illustrated from Figures 10 to 15. At area I (Figure 9): This

area has the presence of two rip currents, the positions of

these two rip currents are the same between high tide and

low tide phases. In terms of magnitude, when the tide height

is low, the rip current speed is larger than that of the high tide

phase, about 0.1–0.2 m s−1. For the rip current in the North

of area I, the head of the rip current extends out to the sea

and the rip current speed is significantly larger than that of

the high tide phase, which proves that there is a resonance of

the tidal flow into the intensity of the rip current and this is

one of the reasons why it is more dangerous for beachgoers

than the high tide phase.

Figure 9. Simulation results of rip current at Bai Dai Beach (area I) during high tide and low tide phases in the Northeast monsoon

season.

In area II (Figure 10): This area has the presence of

two rip currents with the rip current speed greater when the

tide is low, specifically, at the beginning of the rip current

at high tide phase, the rip current speed is approximately

0.3 m s−1, but at the same location at low tide phase the rip

current speed is up to 0.5 m s−1, the width of the rip current

is narrower by about 2–5 m and longer than the rip current

at high tide phase around 5–10 m.

Figure 10. Simulation results of rip current at Bai Dai Beach (area II) during high tide and low tide phases in the Northeast monsoon

season.
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In area III (Figure 11): Area III records two rip cur-

rents; at low tide phase, these are two rip currents that are

quite long and the rip current speed is about 2 times larger

than at high tide phase. At the same time, both rip currents

are directed straight towards the sea. When the tide recedes,

both rip currents are wider and longer than the high tide

phase and the rip current reaches a large value along the

entire length of the rip current. In general, when the tide

rises, the danger level of these two rip currents for swim-

mers is only at an average level, but when the tide recedes,

the danger level of the rip currents for swimmers reaches a

high-risk level.

Figure 11. Simulation results of rip current at Bai Dai Beach (area III) during high tide and low tide phases in the Northeast monsoon

season.

In area IV (Figure 12): The simulation results show

that 2 rip currents appear; their locations are the same when

the tide is high and low. In terms of rip current velocity and

microscopic (width and length) of the rip current, there are

similar differences as in area III. When the tide is high, the

danger level of these 2 rip currents is only at an average level,

but when the tide is low, the danger level of the rip current

for swimmers is assessed as high.

Figure 12. Simulation results of rip current at Bai Dai Beach (area IV) during high tide and low tide phases in the Northeast monsoon

season.

In area V (Figure 13): In this area, a rip current appears

with the position of the rip current’s foot differing between

the rising tide and the ebb tide. When the tide recedes, the rip

current’s foot moves about 5.0 m seaward compared to the

rising tide. The rip current’s velocity at ebb tide is about 0.8 m

s−1. This implies that there are potential risks for swimmers.

Meanwhile, during the rising tide, the rip current’s velocity is

only about 0.4 m s−1 (the risk of drowning for swimmers is

moderate). In terms of the width and length of the rip current,

during low tide, the rip current is about 5.0–7.0 m wider than

during the rising tide and the recorded length of the rip current

is about 5.0–8.0 m longer than during the rising tide.
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Figure 13. Simulation results of rip current at Bai Dai Beach (area V) during high tide and low tide phases in the Northeast monsoon

season.

In area VI (Figure 14): In this area, 3 rip currents ap-

pear; the difference in shape and size of these 3 rip currents

between the high and low tide phases is similar to that of

area V. Regarding the location of appearance, at low tide,

the position of the rip current foot is shifted out to sea about

4.0–8.0 m, the width and length of the rip current are also

larger than at high tide. Regarding the rip current velocity,

at low tide, the rip current has a velocity of about 0.6–0.7 m

s−1 while at high tide, the rip current velocity is only about

0.4–0.5 m s−1.

Figure 14. Simulation results of rip current at Bai Dai Beach (area VI) during high tide and low tide phases in the Northeast monsoon

season.

4. Conclusions

The present study is conducted to develop a two-

dimensional hydrodynamic model simulating rip currents

in the Bai Dai-Cam Ranh coast of Khanh Hoa Province,

Vietnam. The HYDIST-2D numerical model was applied to

simulate the rip current evolution in space and time for the

study area. The results showed that the model can accurately

predict the location, magnitude, and microstructure of rip

currents, including rip current speed, width and length.

The simulation results revealed that the rip current

speed is greater during the low tide phase, with an aver-

age speed of 0.1–0.2 m s−1, while during high tide, the rip

current speed is lower, around 0.05–0.1 m s−1. The width

and length of the rip current also vary with the tide phase,

with a wider and longer rip current observed during the low

tide phase. The results also showed that the rip current speed

and microstructure are influenced by the bathymetry of the

study area.

The present study provides valuable insights into the

dynamics of rip currents in the Bai Dai-Cam Ranh coast and

can be used to support the management of bathing activi-

ties and provide early warnings for potential risks associated

with rip currents. The model can also be applied to other
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coastal areas with similar hydrodynamic conditions, making

it a useful tool for coastal zone management and planning.

The findings of this study contribute to the existing

literature on rip currents and their impact on drowning risks.

The study highlights the importance of considering the hy-

drodynamic conditions of the study area when developing

models to simulate rip currents. The results also demonstrate

the potential of the HYDIST-2D model in predicting rip cur-

rent evolution and can be used as a basis for further research

on this topic.

Future studies should aim to improve the model by in-

corporating three-dimensional hydrodynamic processes and

applying it to other coastal areas with different hydrodynamic

conditions.

In conclusion, the present study demonstrates the po-

tential of the HYDIST-2D model in simulating rip currents

in the Bai Dai-Cam Ranh coast of Khanh Hoa Province, Viet-

nam. The results provide valuable insights into the dynamics

of rip currents and can be used to support the management

of bathing activities and provide early warnings for potential

risks associated with rip currents. The study contributes to

the existing literature on rip currents and their impact on

coastal erosion and drowning risks and highlights the im-

portance of considering the hydrodynamic conditions of the

study area when developing models to simulate rip currents.
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