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Motivation/Background

▪ Artificially treated (with hardening structures) coastal line > 53%

▪ Most storm inundation occurred due to wave overtopping (WOT) 

▪ Severe storm surge inundation issued in 2016  due to WOT 

▪ To meet increasing necessity of EWS (weather, storm, surge, wave, 

inundation, beach erosion,…)

▪ No existing all mighty model encompassing tide, wave, storm, WOT, 

overland flow,… (even coupling of models)

▪ Appropriate numerical treating is required for mathematical singularity 

solutions occurred in front of upright (steep slope)  dikes 

(wetting-drying schemes cannot be applied )
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Methods

▪ Simulation of storm wave overtop inundations on coastal infrastructures is

difficult but EurOtop can empirically provide overtopping volumes, Q

▪ Evaluating Q and assigning for artificial dikes (levees)  

▪ Incorporating EurOtop into ADCIRC+SWAN  

▪ EurOtop functions are fully embedded in a coupled tide+wave+surge, 

ADCIRC+SWAN (as ver 53)

▪ Real-time storm surge + WOT forecasting system

▪ EWS of WOT in 2018
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Results and discussion

▪ Hindcasting 2016 WOT inundation

▪ Comparison wrt videos and flood mark survey

▪ Limitations of EurOtop and further researches
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Concluding remarks 

✓ WOT functions are embedded completely in ADCIRC v53  

✓ Additional computational time is ~ 3% compared to ADCIRC+SWAN 

even 0.1 sec of ∆t for Marine city, Busan simulation 

→ EWS of WOT can be successfully applied in other cases

✓ EWS can be done at least 1 d earlier → enough to make dynamic EAP

✓ Further study on sensitivity of surface reduction factor should be done, 

considering real-situation
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Related articles
ADCIRC workshop presentations, papers 
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Thank you 

for your attention

and…
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Overtopping example in 2012 induced by typhoon Sanba
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▪ Marine city flooding in 2016

✓ Induced by wave overtopping during typhoon Chaba passing  

✓ Videos taken by cable news, SNS(Twitter, Facebook …), YouTube 

Marine city inundation due to wave overtopping
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▪ Marine city flooding due to wave overtopping in 2016

Marine city inundation videos
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Vertical & Steep SeawallsCoastal Dikes & Embankment Seawalls Armoured Rubble Slopes & Mounds

• Integrated various wave overtopping formula taken

- HR Wallingford, Deltares, Infram …

- CLASH Project : experiment and Field data

- Slope and vertical type structures

- Probabilistic and deterministic design

- Exponential (or Power) function type eq.

- Effect of oblique waves, surface roughness type …

EurOTop overview
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▪ Calculate wave overtopping volume for upright/steep slope dikes

regardless of composite types, irregular surface canopy conditions

Calculation of WOT flow rates and conveying to landward
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All procedures automatically performed

Calculate q
assign q

𝒒

every time step

Negative FB
Weir formula
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Grid file (Fort.14)

Internal barrier type(24) segment

101 24 = Number of paring node for weir (land boundary 4)

NBVV IBCONN        BARINHT BARINCFSB BARINCFSP BARTYPE          EQTYPE            BSLOPE                    BARHT                   BARCF        

4434 2130 2.8 1.0 1.0 1 1 1 0           1.0

4432 2252 2.8 1.0 1.0 1 1 1 0           0.3

4431 2253 2.8 1.0 1.0 3 2 2 0           0.3

4430 2251 2.8 1.0 1.0 3 2 2 0           0.3

Original barrier boundary setup element

NBVV :  node numbers on normal flow boundary

IBCONN : back face node paired with the front face node

BARINHT : internal barrier height 

BARINCFSB : coefficient of free surface subcritical flow at internal barrier node

BARINCFSP : coefficient of free surface supercritical flow at internal barrier node 

Added structure type

BARTYPE: Vertical wall=1, Simple sloped barrier=3

EQTYPE: Deterministic eq=1, Probabilistic eq=2 , Default=1 

BSLOPE: Slope

BARHT: Composite height (m) 

BARCF: Wave overtopping reduction factor
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Control file (Fort.15)

1                                        ! NOLICAT - OPTION TO CONSIDER TIME DERIVATIVE OF CONV ACC TERMS

3                                        ! NWP - Number of nodal attributes.

primitive_weighting_in_continuity_equation

mannings_n_at_sea_floor

wave_refraction_in_swan

1                                        ! NCOR - VARIABLE CORIOLIS IN SPACE OPTION PARAMETER

1                                        ! NTIP - TIDAL POTENTIAL OPTION PARAMETER

319 1 ! NWS - WIND STRESS AND BAROMETRIC PRESSURE OPTION PARAMETER

1                                        ! NRAMP - RAMP FUNCTION OPTION

9.81                                   ! G - ACCELERATION DUE TO GRAVITY - DETERMINES UNITS

-3                                       ! TAU0 - WEIGHTING FACTOR IN GWCE

0.1                                     ! DT - TIME STEP (IN SECONDS)

0.0                                     ! STATIM - STARTING SIMULATION TIME IN DAYS

0.0                                     ! REFTIME - REFERENCE TIME (IN DAYS) FOR NODAL FACTORS AND EQUILIBRIUM ARGS

2016 10 02 00 1 0.7 600

10.375                              ! RNDAY - TOTAL LENGTH OF SIMULATION (IN DAYS)
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Source code (wot.f)
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ADCIRC+SWAN+WOT compile (v53.00)
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Basic grid structure(NWP-G57k) Bathymetry

Real-time tide, wave, storm surge forecasting
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Stations (KORDI) : 96, (IHO) : 153

Amplitude  - RMS : 0.138 m 

Phase  - RMS : 20.53 deg

Tide simulation and verification
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▪ Fetching Typhoon parameters and automatic input file creation

Automatic storm data fetching
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fort.15

fort.15

Automatic input file preparation
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fort.15

Automatic storm surge modeling
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fort.26

fort.15

Early warning simulation modeling for ROI
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Storm wave inundation records  
Maemi (TY0314) Chaba(TY1618)
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Vertical type

Slope type

Slope+ Armour type 

▪ EurOtop coupling (embedding empirical eq. into storm surge model)
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▪ Tracks of Typhoon Chaba (2016) wrt advisories

Typhoon path

Typhoon tracks and characteristics

Haeundae Beach

en.wikipedia.org
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Samik Beach Town
apartment

(grid size: 10 m)

Patching grids to base storm surge model

✓ Based on NWP-116k grid

✓ Applied fine bathymetry data, GTOPO30 & KorBathy30s

✓ # of Nodes : 144,079, dt : 0.1 sec, simulation: 3.5 days, (took ~ 2 h by 180 cores) 
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▪ Overland grids by using topography data 

✓ LiDAR by National Geographic Information Institute & DEM of 1:1000 

✓ Local government data of Haeundae-gu Office in 2012

1:1000 Digital map

LiDAR (2006)

Haeundae-gu Office 
(2012)Grid

Gridding for marine city modeling 
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Wave overtopping modeling  

Contour : depth

Minimum dx : 5 m

✓ Based on NWP-116k grid

✓ Applied fine bathymetry data, GTOPO30 & KorBathy30s

✓ ADCIRC+SWAN and considering dynamic asymmetric wind for Typhoon Chaba

(Peak Pc: 905 hPa, MWS: 60 m/s)

✓ # of Nodes : 132,657, dt : 0.1 sec, simulation: 10.75 days, (took ~ 6 h by 120 cores) 
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▪ Dimension of barrier

✓ Parapet crest: 4.42 m, Max. WSE : 0.94 m, Max. significant wave height: 3.55 m

Simulated results

Marine city wave overtopping simulation

2.5 h

Wave overtopping
(10/05 02:00 ~ 10/05 04:30)

DL.(+) 5.1
DL.(+) 4.1
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Analysis of incoming wave characteristics and WOT

0 Degree

Wave direction

90

180
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Wave overtopping and propagation of inundation

Wave dir. & periods

Propagation of 
overland inundation 
due to WOT
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Marine city wave overtopping animation 
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EWS of WOT in 2018 induced by typhoon Kong-rey

#26

#28

#30

Marine city

#26

#28#30

#30

Pc: 985 hPa

Vmax: 27 m/s

#28

Pc: 988 hPa

Vmax: 25 m/s

#26

Pc: 985 hPa

Vmax: 27 m/s

Typhoon Kong-rey (1825) 
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Based on a real-time surge forecasting

ADCIRC+SWAN
Tide

Typhoon
Wind wave

Input data analysis
Typhoon forecast?

Region?

Start

HTTP
JTWC

Input data generation
Forecast
Region

Database
Advisory #

Tide
HOT start data

Sleep time
(?? min)

Database
Advisory #

Surge height
Wave height
Wave period
Wind speed

Presure

No

Yes

Output data analysis

Post
FigureGen, Gnuplot

Sleep time
(?? min)

Next 
advisory

ADCIRC+SWAN+WOT
Tide

Typhoon
Wind wave

Wave overtopping

ADCIRC
Only tide
(?? day)

Typhoon forecast?

Nodal 
factor
renew

Yes

No

Web, YouTube

Web page(sws.kunsan.ac.kr)YouTube(www.youtube.com/user/CNMCHET)
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Comparison of WOT wrt precedent typhoon advisories

#26

#28#30
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