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Development of a Three-Dimensional, Semi-Implicit
Hydrodynamic Model with Wetting-and-Drying Scheme

oA - Ak 2
Kyung-Sun Lee*, Kyeong Park*, and Jeong-Hwan Oh*

B B :Princeton Ocean Model(POM)OIA] X328 vk o2 2H3}31d mode splitting® A|ASIL &
Zi e 78S =% 33H semi-implicit 2E-S FH3AY. 588249 e AU o453
A%, 2ln FARRE d4bgae] Suiiale SR Al wEd ol IHFERr} oplE
= FAARAL AAS B & tme stepE AT ¢ = semi-implicit 2 S RS =HI 33
semi-implicit 228} FEAIT AL H&-L BRIE) 5k oA 33k F=ell AE3 AP semi-implicit &
do] poM} 7 AFE F o1} pPOMET) oF 448 A% wi2A F3Eo] FE AN 58S BAFAT
mode splitting 71%& AHEShs POMY] f< Zvhs ZMolA B noisert F FRA7EA] Hofs]o] B4
3 AHE & WA, semi-implicit £d ATE B 2 time stepd APl Bt 209} F 2 B
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4% A% semi-implicit o] 2y Avle] A5 #=H 24 ¢ 2Fe| 2v) B A IS & AQEAct

HASO 37 F9ed, vy, 209 A€ 718, mode splitting 71*H

Abstract [ ] Princeton Ocean Model (POM) is modified to construct a three-dimensional, semi-implicit hydro-
dynamic model with a wetting-and-drying scheme. The model employs semi-implicit treatment of the barotropic
pressure gradient terms and the vertical mixing terms in the momentum equations, and the velocity divergence
term in the vertically-integrated continuity equation. Such treatment removes the external mode and thus the
mode splitting scheme in POM, allowing the semi-implicit model to use a larger time step. Applied to
hypothetical systems, both the semi-implicit model and POM give nearly the same results. The semi-implicit
model, however, runs approximately 4.4 times faster than POM showing its improved computational efficiency.
Applied to a hypothetical system with intertidal flats, POM employing the mode splitting scheme produces
noises at the intertidal flats, that propagate into the main channel resulting in unstable current velocities. Despite
its larger time step, the semi-implicit model gives stable current velocities both at the intertidal flats and main
channel. The semi-implicit model when applied to Kyeonggi Bay gives a good reproduction of the observed tides
and tidal currents throughout the modeling domain, demonstrating its prototype applicability.

Keywords : three-dimensional hydrodynamic model, semi-implicit scheme, wetting-and-drying scheme,
mode splitting scheme
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100 km

Fig. 1. A hypothetical three-dimensional rectangular channel
without intertidal flats. The semi-implicit model and

POM are compared for surface elevation and current
velocity at three locations (A, B and C), and for mass
concentration at three locations (X): @=location of

mass release (20 km downriver from the closed end).
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Fig. 2. Comparison between the semi-implicit model (—) and
POM ( X) for surface elevation in the channel without
intertidal flats at three locations A, B and C in Fig. 1.
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Fig. 3. Comparison between the semi-implicit model (—) and
POM (X) for along-channel velocity in the channel
without intertidal flats at three locations A, B and C in
Fig. 1.
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Fig. 4. Comparison between the semi-implicit model (—) and
POM (X) for mass concentration in the channel with-
out intertidal flats at 10 km (a), 20 km (b) and 30 km
(c) downriver from the release point.
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Fig. 5. A hypothetical three-dimensional channel with intertidal
flats in x-y plane (a) and in x-z plane (b). The semi-
implicit model and POM are compared for surface ele-
vation and current velocity at four locations (A, B, C
and D).
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Fig. 6. Comparison between the semi-implicit model (a) and
POM (b) for surface elevation in the channel with
intertidal flats at four locations A (—), B (), C (<)
and D (»¢) in Fig. 5.
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Fig. 7. Same as Fig. 6 except for along-channel velocity.
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Fig. 8. Grid structure for Kyeong-Ki Bay showing 37 tidal sta-
tions (X ), 4 time-series stations for surface elevation (I,
S, T and P), and 2 time-series stations for current veloc-
ity (PC1 and PC2). Shaded areas are intertidal flats.
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