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Figure 1. Location of Musa estuary and tidal stations

YTable 1. Location and Parameters of Tidal Stations
Coordinate (UTM)

Parameter Y X Station
Velocity and WSE 3364907 304158 Khor e Musa
Velocity and WSE 3370870 324908 Bandar Mahshahr

Velocity 3366083 315195 Bandar Imam Khomeini
Velocity 3364332 316113 Marymus
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Figure 2. Digital Elevation Model (DEM) of Musa estuary in the HEC-RAS2D Model
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Figure 4. Velocity Variation Graph at Imam Khomeini Station (a) Before Calibration (b) After Calibration
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Table 2. Comparison of Statistical Metrics during Calibration and Validation Stages

NSE RMSE MAE Evaluation Phase
0.86 0.11 0.87 Before Calibration
0.94 0.079 0.61 After Calibration
0.92 0.08 0.67 Verification

03 gdove el 0l 03ls QLIS swvse 35 5 wses 0 o giale Gollal 55 0L > Cs e Sl s (A) B (V) S s

L e s lin Gl i e ans 2 b Vs K 6 Kol S Sl S s S Ol 55k Sl
sdalin 0L e bl 55 (5 pins SLl e 55 wilas (35,55 53 G sVl Lol 3 Slualis glaesls
o 5 o3 S gleeslu 1 S0 Wl e alis ol el 4 S 15 0 (63558 Alas s oKl opl 45 Ll 514 ISE) s
53 e Slasls b win glaesls 55 Uat sy 5 OGl copizan AL 2laal 5 3L i 2ol slas s 8 S5 S s L

AL e Bl e 5 e S5 5 S n S



1.4 4
Observations = = = Simulations
12 4
)
E
Z
k<]
E dl A :
i [
z i n:l ] . | ! ! 1 i
"npe i [ | o] il ol 1 ot
W g il f= 1" 1 B\ i1 )" f i
W] o IRRTE IR | g A
Yo 1 1 0l N g 0 [ 1| £
| 1 | oy Y [} f
1 W' .‘l W | Ay
?‘a yooy !‘a VY vy v
15000 17000 19000 21000
Model Execution Time (min)
Figure 7. Graph of Flow Velocity Variations at Bandar Mahshahr Station
1.4
‘ ——Observations - — — Simulations
Q
g— L
> I n
£ [ 1|
: | S T
U A ’
: RN TS T I T P T
! i W :' i I‘I ! y n I
1 i ! 1 |
| W ! A | ol
I|,’|||'1,l||lI ! | "]l \ |
' \ [ \ VRN K W
i|fr LI 1 il \ |
| \ Wl L I 1 ‘ll i \ " ‘|
L v ! i .
13000 15000 17000 19000 21000
Model Execution Time (min)
Figure 8. Graph of Flow Velocity Variations at Marymus Station
1.6
14 | . ’:l | Observations = = = Simulations
] I
2] A nooh N “: Vo "
. 'I I " " lI ] n " ] \
—_ I I (R} L 'I 1! n i 1! h ’ A
< 14 | [Nl Voo ! ' 1 I h " \
E 1 o Mmoo N N noo 1 N N
= ¥ "o oy v ! | [N oo " ’
£ 084 ! o 10 v h [ I | 1 ooy " "
8 i {7, h i |',l o A R T R T
= oo I AL Bt eI AR A Iy llin [0 0 id 30
o TRl Y g1 ! A4 4 AR ! dIH 11
AR SRR A 'II,"ll'l' L YL AR
o [T IR TR SN R T
R ARE R ROyt ey
9000 11000 13000 15000 17000 19000 21000

Model Execution Time (min)
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Figure 13. Water surface elevation map (a
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Figure 14. Flow velocity distribution map during the ebb phase in Musa estuary (m/s)
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Figure 15. Flow velocity distribution map during the flood phase in Musa estuary (m/s)
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Figure 16. Flow velocity at the entrance of Musa estuary
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Evaluation of the HEC-RAS 2D Model's Capability in Two-Dimensional Simulation of Tidal
Flow Hydrodynamics (Case Study: Musa estuary)
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Abstract

The inherent complexity of tidal flows poses significant challenges for accurate analysis and prediction, necessitating the use of advanced analytical
and numerical models. In this study, the capability of the two-dimensional hydraulic model HEC-RAS 2D was evaluated for simulating the
hydrodynamics of tidal currents in the Musa Estuary, located in the northern Persian Gulf. The main objective was to assess the model’s accuracy in
reproducing the temporal and spatial patterns of flow velocity and water surface elevation in a highly complex estuarine system. For the simulation,
water level and flow velocity data were collected from four hydrodynamic stations over a 44-day period, covering two complete tidal cycles. The model
geometry was generated by integrating local hydrographic survey data with the 30 m Copernicus digital elevation model, and further processed in a
GIS environment with a horizontal resolution of 20 m. To enhance numerical stability and ensure better conformity of the mesh, the topological mesh-
generation system of the latest HEC-RAS 2025 version was used. After calibration, the model demonstrated high accuracy in reproducing tidal behavior,
with performance indices within an acceptable range (NSE = 0.94, RMSE = 0.079, MAE = 0.61). The depth and velocity distribution maps also showed
good agreement with the actual dynamics of the system. Overall, the findings indicate that HEC-RAS 2D, particularly when using the advanced features
of its latest release, can serve as a reliable and efficient tool for simulating hydrodynamic processes in tidal environments such as the Musa Estuary.
However, some limitations were identified in simulating flow velocity near the estuary entrance, which may be due to the incomplete representation of
external forcing effects.
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