
19 mei 2014

Ice modelling in Delft3D, with application
to the North Sea and to lakes

Erik de Goede and Reimer de Graaff

JONSMOD2014, Brussels



Outline

1) Why ice?
2) Conceptual description of Delft3D-FLOW ice model
3) Numerical implementation
4) Ice modelling results (100-year simulation, Lake IJssel,

Lake Spirit in USA, North Sea)
5) Conclusions, future work



Why ice?

Offshore wind farms



Why ice?

Ice dams in rivers
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Huisman

Oil/gas exploration



Why ice?



Why ice?

Ice gouging

(source: SINTEF)



Why ice?

14 February 2013

Dutch national winter hype

23 of the 32 speed
skating medals
in Socchi!
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Shallow seas (< 100m), how relevant?

Develop integrated modelling framework including ice for the
purpose of planning and design of coastal structures in shallow-
water (sub-)arctic regions



Conceptual description



Ice module integrated in Delft3D
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Dynamic-thermodynamic ice model
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Ice modelling in Delft3D-FLOW

• Extension of temperature module of Delft3D-FLOW

• no additional input required, because already available:
*) wind speed
*) relative humidity, air temperature and cloudiness
*) snow fall (precipitation with negative air temperature)
*) removal of snow (evaporation with negative air temperature)

with ice
without  ice



Numerical description



Thermodynamic ice model in Delft3D-FLOW

Two options:
• KNMI_empirical_ice_model

open source; 0-dimensional
(lake of 2 m deep)
1-way coupling ice-water

• Deltares_ice_flux_model
based on approach from Semtner (1976)

ice-model of SLIM, ROMS, POM, CICE,
THREETOX and many others
2-way coupling ice-water



Numerical implementation ice module

Combination of:
• thermodynamic model based on a single ice layer

concept with snow on top (Semtner, 1976)
• dynamic model based on the elastic-viscous-plastic

(EVP) sea-ice rheology (Hunke and Dukowicz, 1997)
and Second-generation Louvain-la-Neuve Ice-ocean
Model code (LIM3)



Dynamic ice model

• Starting point open source LIM3 code, rewritten to
the Delft3D-FLOW datastructure

• LIM3 = most advanced Louvain-la-Neuve Sea Ice
Model

www.climate.be/slim



Numerical implementation in Delft3D-FLOW

• Ice  floating structure (rigid lid approach)
• Including drying and flooding
• Threshold depth for ice
• Alternating Direction Explicit time integration, with

same time step as hydrodynamic model



Iterative process for surface ice temperature

14 February 2013
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Fast convergence; N =2 (or 3)

Linearization of net
atmospheric radiation



Model results



Ice growth/melt  winter 1996/1997

KNMI

Deltares

measurements
(in green)



Ice growth/melt winter 2012

Without snow With snow

snowfall

measurements



Ice growth/melt  winter 2013

Red=without snow;   blue=with snow;   green=snowfall

water temperature



100-year simulation for a shallow lake



14 February 2013

Ice thickness at Lake IJssel at 16 January 1997



14 February 2013

Fountain Lake, USA

Location Measured Computed
1 0.75 0.60

2 0.75 0.65

3 0.60 0.70

4 0.50 0.75

5 0.60 0.75

6 0.60 0.75

7 0.50 0.55

8 0.60 0.75

9 0.60 0.75

10 0.60 0.75



North Sea testcase for dynamic ice model



3D North Sea model for winter 1962/1963



Conclusions



Conclusions

• First version of sea-ice module in Delft3D now available
• In Delft3D-FLOW open source branch
• Suitable for lakes and shallow seas
• Not suitable for Arctic regions

Thanks to the Université Catholique de Louvain (UCL) for
open source LIM3 sea-ice model!



Future initiatives

• Developments preferably via Delft3D open source

• More testing and validation needed!
• Consider other ice and snow formulations
• Looking for interested participating institutes
• More applications in lakes, rivers (near thermal outfalls)

or estuaries
• Testing of dynamic coupling with wave model
• Development of dynamic coupling with local scale ice-

structure model



As input for design of NOP Wind Farm:
• Ice statistics (based on 100 year ice-growth simulation)
• Ice properties and ice load mechanisms

17 April 2013

Ice study IJsselmeer



System overview of Delft3D

April 2014
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• Now also with ice



Delft3D ice module branch (open source)

• https://svn.oss.deltares.nl/repos/delft3d/branches/research/Deltares/
20140128_12924_ice_coverage

April 2014



Delft3D ice module (open source)

http://oss.deltares.nl/web/delft3d/developments

April 2014


