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CMS-Wave Demonstrations
to Louisiana (Levees & Muddy coast)

Lihwa Lin, ERDC CHL
Lihwa.Lin@usace.army.mil

http://oceanworld.tamu.edu/resources/
oceanography-book/coastalerosion.htm
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1. Definition of Wave Run-up & Setup

• Wave Run-up:  maximum vertical 
extent of wave uprush on a beach 
or structure above the still-water 
level (SWL)

• Wave Setup: rise of mean water 
level above the SWL caused by 
wave breaking on a beach or 
structure

Definitions:
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2. Wave Run-up Formulas
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3. Advantages of CMS-Wave Run-up

• Computationally efficient – users can 
specify structures and areas for 
wave run-up calculations 

• Essential for calculation of coast 
erosion, barrier island breaching, 
wave overtopping, and coastal 
flooding during storms

• CMS-Wave calculates wave run-up 
and setup to determine the maximum 
water level (surge + tide + wave run-
up + wave setup)

• Can be coupled with CMS-Flow 
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4. Ahrens and Titus Run-up
Experiments (1981)

• 275 Laboratory experiments (in 1.2 m x 4.6 m wave tank)

• Irregular wave run-up on plane, smooth slopes

• 6 different slopes: 1:1 (steep), 2:3, 1:2, 2:5, 1:3, and
1:4 (moderate)

• 8 different water levels: 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 
0.75, 0.8 m

• A wide range of incident spectra (varying spectral width)
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Input Wave Parameters & Run-up 
Measurements

• Incident wave parameters: Hs, Tp, Qp (wave group parameter)

Qp ,   (Goda, 1970)

• Wave run-up data: R2 (total run-up by 2% exceedance) and
RM (average elevation of total run-ups)

h

R
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Ahrens and Titus Run-up Data
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Relationship between Qp & JONSWAP γ

( 3) 3
2

γ −
= + or 2 (γ =Qp* Qp* 3) 3− + ( 1)γ ≥
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Relationship between Qp & JONSWAP
Examples 1 & 2

γ

JONSWAP
Hs = 2.55 m
Tp = 8 sec

Qp = 2.02
Qp*= 2

γ = 1

JONSWAP
Hs = 1.76 m
Tp = 6 sec

Qp = 3.17
Qp*= 3.15

γ = 3.3

Prototype scale
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Relationship between Qp & JONSWAP
Examples 3 & 4

JONSWAP
Hs = 0.04 m
Tp = 1 sec

Qp = 2.06
Qp*= 2

γ = 1

JONSWAP
Hs = 0.05 m
Tp = 1 sec

Qp = 3.18
Qp*= 3.15

γ = 3.3

Laboratory scale

γ
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CMS-Wave Calculated Runup R2
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5. Mase and Iwagaki Experiments
(1984)

• 120 Laboratory experiments (in 0.5 m x 27 m wave tank)

• Irregular wave run-up on plane, smooth slopes

• 4 different slopes: 1:5 (moderate), 1:10, 1:20, and 1:30 (mild)

• 2 water levels (flat bottom section): 0.45 m for 1/5, 1/10
and 1/20 slope; 0.43 m for 1/30 slope

• Incident spectra (varying wave energy): 
Pierson-Moskowitz type
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CMS-Wave Calculated Run-up R2

0.911:5 - 1:30

0.721:4

0.791:3

0.882:5

0.901:2

0.862:3

0.741:1

Correlation 
CoefficientSlope
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6. Example CMS-Wave Run-up & 
Overtopping

Run-up Overtopping
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7. Example Idealized Single-Breakwater
CMS Grid

850 m

1,000 m

Breakwater length = 50 m,
width = 5 m, elevation = 1 m MSL



Coastal Inlets Research Program ERDC Coastal and Hydraulics LaboratoryNo. 17 of 28 Slides

Calc. Wave Fields after 10-day Simulation
Incident Wave: 1-m, 8-sec, 0-deg

NO wave run-up 
NO wave overtopping

Wave run-up 
Wave overtopping

CMS-Wave &
CMS-Flow
Steering interval
= 4 hr

50 m
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Calc. Morphology: 30-day Animation
with Wave Diffraction & Overtopping

CMS
Steering Interval
= 4 hr

Grain Size
= 0.18 mm

Hydro time step
= 0.25 sec

Transport and
morphology
calc time step
= 9 sec
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8. Goda Wave Transmission
Experiments (2000)
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9. Hughes Wave-Overtopping Levee
Experiments (2008)

27 experiments:
Prototype-to-
model length
scale = 25:1

Design condition:
3 surge elevations
(0.29, 0.81, 1.3 m
above levee crest)

3 sig. wave heights
(0.9, 1.8, 2.7 m)

3 peak wave periods
(6, 10, 14 sec)
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CMS Grid (Prototype)

Model domain: 50 m x 1000 m (10 x 152 cells);
a constant 5-m spacing along y axis & variable 0.5 - 20-m spacing along x axis

Simulation duration = 5 hrs, Wave input interval= 0.5 hr, Hydro time step = 0.05 sec
CMS-Wave bottom friction cf = 0.005
CMS-Flow Manning’s n = 0.05 for levee and n = 0.025 elsewhere

11.57 m
1 m

3.57 m
3.86 m

4.38 m

4.87 mSurge levels

2 m
Backwater level

3 m Levee top width

1000 m

50 m
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Measured & Calculated Overtopping Rate

2.812.982.8414.42.311.3

2.572.541.3R127

2.76 2.932.676.12.301.3

2.572.551.3R121

0.920.850.7013.72.480.29

0.280.260.29R109

0.390.380.386.10.820.29

0.280.270.29R128

CMS-WaveCMS-FlowMeasured

Overtopping rate (m2/sec)Wave peak 
period (sec)

Wave 
height (m)

Surge 
level (m)

Case
number
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R113: Surge level = 0.81 m (3 ft)
Hs = 0.88 m, Tp = 10.1 sec

1

2

3

4

5

ERDC/CHL TR-08-10
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Calculated Wave Overtopping R127
Surge level =1.3 m, Hs =2.3 m, Tp =14 sec

Animation by SMS
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10. Louisiana Coast Wave Simulation

Wave-Current Information System
Coastal Studies Institute (CSI)
Louisiana State University
(Image by Earth Scan Laboratory,
CSI)

CSI 3 – fine silt cohesive sediment
CSI 5 – fine quartz sand

Refs: 
Sheremet, A. and Stone, G.W. 2003. Wave
dissipation due to heterogeneous sediments on the
inner Louisiana shelf. Proceedings. Of Coastal
Sediments’03, Clearwater Beach, FL.

Sheremet, A, Meta, A.J., Liu, B. and Stone, G.W.
2005. Wave-Current interaction on a muddy inner
shelf during Hurricane Claudette. Estuarine,
Coastal and Shelf Science 63.

Associated with a cold front
(2001)
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CMS-Wave Louisiana Coast Simulation

Model domain: 180 m x 330 km
(500 x 1000 cells)

largest cell ~ 2.5 km x 2.5 km
smallest cell ~ 200 m x 200 m

where

= 0.04 m2/sec

~  0

Mud area

NDBC 42041
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CMS-Wave Grid

Sand

Mud

Input CMS
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