
Implementation of EnKF in a high resolution 
spectral wave model 
- with application in the Southern North Sea

14TH INTERNATIONAL ENKF WORKSHOP IN VOSS 
June 2019

Jesper Sandvig Mariegaard
Natacha Fery
DHI Denmark



Agenda

© DHI

Å Motivation and ideas

Å Spectral wave modeling (MIKE 21 SW)

Å DA in MIKE FM

Å Implementation DA in MIKE 21 SW

Å Case study: Dutch Coast 

Å Closing remarks and future work

#2



Motivation

Å Accurate prediction of wave conditions

ī Design of offshore and coastal 

structures (hindcast)

ī Operations at sea (forecast)

Å SW + EnKF = better wave models

Å Is EnKF necessary? ïor is it enough to 

use static error covariance? 

Å Can we reduce model complexity and rely 

on data and EnKF instead? 
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Spectral wave modelling
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MIKE 21 SW

Å 3rd generation spectral 

wind-wave model 

Å Unstructured mesh

Å Finite volume

Å Wave growth, decay and 

transformation
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MIKE 21 SW ïdiscretization and variables

Å Each cell: Energy density with e.g. 16 

directions and 25 frequencies 
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MIKE 21 SW - Source terms

Ὓ Ὓ Ὓ Ὓ Ὓ Ὓ

Å Wind generation (ύὭὲὨ)

Å Non-linear energy transfer (ὲὰ)

Å Dissipation by white capping (Ὠί)

Å Dissipation due to bottom friction (ὦέὸ)

Å Surf zone dissipation/wave breaking (ίόὶὪ)
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MIKE FM
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MIKE FM overview
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DA in MIKE FM
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Ensemble models
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Å Ensemble consisting of m members 

How to introduce variability in model?

Å Add small ñerrorsò (=pertubations) toé

ī Initial conditions 

ī Forcings

ī Parameters
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Uncertainty modelling in MIKE FM
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Å Amplitude (e.g. wind st.dev 1m/s)

Å Time scales, AR(1)

Å Spatial scales 

ī Discretization (coarse)

ī Covariance Q (e.g. 300 km)

Å Vector צ

Discretized boundary uncertainty

Discretized wind uncertainty (part)
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State representation in MIKE 21/3 FM
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Å Model variables according to selected modules 

ī State variables ὼ =(wl, u, v, é) 

Å Model errors

ī Types: open bc, wind-u, wind-v, é

ī Discretized on a grid: צ

Å Augmented state 
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DA scheme

Å ESRF (no perturbation of measurements)

ī Serial-ESRF (òPotter schemeò)

ī ETKF 

Å R-factor for inflation
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Data assimilation for MIKE 21 SW
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