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Background and Motivation
• Rip currents are a serious hazard to beach users

• In the Netherlands, wind sea-dominated environment

• Lifeguards show interest in predictive information system

• Process-based model train to simulate nearshore
circulation

• Models need up to date bathymetric input which is 
expensive to obtain in situ

Objective
• Develop and validate COSMOS process-based model train to forecast rip currents

• Integrate realtime BeachWizard bathymetric updates from remote sensing (video)

• Provide useful information to life guards.

Introduction

metronews.nl

School children rescued
from sea
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Approach

> Model system COSMOS Coastal Operational Model System

> Remote sensed video data Argus Video System

> Bathymetry update using data assimilation Beach Wizard

Hydro-meteo data

Remote sensed data
(Argus and/or radar)

Coastal
Operational Model System

Beachwizard
bathymetry update model

Rip currents prediction

Model validation

Test and develop 
bathymetry update 

model
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System
Coastal Operational Model 

System
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Deltares’ Coastal Operational Model System
COSMOS

Wind field + Air pressure

Water level
Wave 
spectrum

Water level
Wave 
spectrum

Wave spectrum

Air pressure + Wind Field

Regional
Hydro-meteo : GFS & 
HIRLAM

Wave model : WW3  & 
SWAN

FLOW model : DELFT3D

Local
XBeach and DELFT3D 
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Model Validation – water levels
COSMOS–Continental Shelf Model

Water level
Validation period : year 2009

Surge
RMS error : 0.03 m– 0.12 m 
Amplitude
RMS error : 0.03 m-0.13 mComputed

Observed

12 hours time averaged of 
water level

2 * std(12 hours series of water 
level)

Monthly RMS 
error

Tidal amplitude

Surge
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June
RMS error Hs : 0.26 m
Bias : -0.06 m
Mean wave height observed : 1 m

November
RMS error Hs : 0.35 m
Bias : 0.13 m
Mean wave height observed : 2.15 m

Model Validation - waves
COSMOS–Continental Shelf Model

June
RMS error Hs : 0.24 m

Bias : -0.12 m
Mean wave height observed : 1 m

November
RMS error Hs : 0.32 m

Bias : 0.01 m
Mean wave height observed : 1.94 m

June
RMS error Hs : 0.19 m

Bias : 0.07 m
Mean wave height observed : 0.9 m

November
RMS error Hs : 0.39 m

Bias : 0.16 m
Mean wave height observed : 1.9 m

Wave Model
Validation period : year 2009
3 wave buoys for comparison
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Tendency of 
underestimation for 
waves coming from 
(relatively) the North and  
with Tp > 7 sec

Model Validation
Operational Model System–Continental Shelf Model

July

October

o Tp 9 s
+ 7 Tp < 9 s
* Tp < 7 s 
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Model Performance
Validation Coastal Operational Model – Continental Shelf Model
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Monthly statistics

Wave model performs well for 
three different stations (RMS 
error/observed mean wave 
height ranging from 0.16 
m/1.08 m to 0.39 m/1.9 m )
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Bathymetry Update Model
BeachWizard

Argus video Wave model

Nearshore bathymetry from video data
Beach Wizard concept (van Dongeren et.al 2008)

(after: Reniers et al., 2001)

• Depth update based on difference 
between computed and observed 
wave breaking intensity

• Computed intensity from numerical 
model (XBeach)

• Observed intensity from ARGUS 
video data

( ) ( ) ( )obsh t t h t h h t

Sequential least square optimal interpolation : 

1( ) ( ) ( )obsh t t h t f f tdf
dh
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Site : Egmond aan Zee , 5 ARGUS camera 
Field campaign : 22 Aug-26 Aug 2011

• Typical barred 
beach

• Inner bar rhythmic, 
interrupted by 
channels

Application
Rip currents modeling and nearshore bathymetry from video data

Video data
• Wave dissipation maps from video : 37 maps
• Period of maps : 5 Aug – 25 Aug
• Maps show bar breaking signal as well as interrupted inner bar

Wave dissipation maps from ARGUS 
video

Jetski survey on August 25, 2011

Results – Bathymetry evolution

Application
Rip currents modeling and nearshore bathymetry from video data
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• Bathymetry converges to measured 
bathymetry

• Outer bar is  shifted too much 
shoreward

• Bathymetry near shoreline is 
reproduced well

• Rip channel patterns appear clearly

• Underestimation of trough depth

RMS error : 0.91 mRMS error : 0.38 m

Application
Rip currents modeling and nearshore bathymetry from video data

Profile along bar crest
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Application 
Rip currents modeling and nearshore bathymetry from video data

• XBeach  model for Egmond

Set up similar model, but using 
BeachWizard bathymetry
Rip’s location (spatial skill) 
Rip’s strength (magnitude skill)

Set up similar model, but using 
BeachWizard bathymetry
Rip’s location (spatial skill) 
Rip’s strength (magnitude skill)

Measured 
drifter on 
measured 
bathy

Modeled 
drifter on 
measured 
bathy

Model performs
well for measured
bathymetry, 
how does it do on a 
Beachwizard
Bathymetry?
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Skill over 2 rip boxes
• Alongshore location
• Magnitude

Application 
Rip currents modeling and nearshore bathymetry from video data

• Visually, locations of concentrated 
offshore-ward flow are confirmed, 
and consistent over the period of 
simulation

• Locations of maximum seaward 
velocity are in good agreement , 
Alongshore offset : 10 m (Box 1)   
70 m (Box 2) 

t/Ts = 1/6 
Max rip velocity (10-min average)

Box 1 Box 2

Measured bathy 0.44 m/s 0.54 m/s

BeachWizard bathy 0.26 m/s 0.28 m/s

1

2
Beachwizard 
bathymetry

Measured
bathymetry

Crossshore velocity vs. Alongshore distance
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Application – information product for life guards 
Rip current prediction
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Conclusions

1. COSMOS can accurately predict waves and waterlevels. 

2. Beach Wizard can nowcast nearshorebathymetry including rip channels.

3. Rip current location and strength can be predicted by XBeach model using 

BeachWizard bathymetry

4. Combination of COSMOS and BeachWizard can provide useful information for 

life guards and beach visitors.


