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Mantle convection s-ink.org/geodynamic-scales  ·  van Zelst et al. (2022, Solid Earth)
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What if I told you

I’M GOD ?
Birdie by Lucia Pérez Díaz

https://www.luciaperezdiaz.com
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s-ink.org/geodynamic-modelling-procedure  ·  van Zelst et al. (2022, Solid Earth)
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Physical model

Assumptions

• Incompressible

• Extended Boussinesq

• Infinite Prandtl number

• Visco-plastic rheology

s-ink.org/governing-equations  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/governing-equations
https://doi.org/10.5194/se-13-583-2022
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Numerical model

Discretising equations

• Finite Element Method

• Finite Difference Method

• Finite Volume Method

s-ink.org/numerical-discretisation-space-time  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/numerical-discretisation-space-time
https://doi.org/10.5194/se-13-583-2022
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Numerical model s-ink.org/numerical-discretisation-domain-material  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/numerical-discretisation-domain-material
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Numerical model s-ink.org/geodynamic-modelling-kinematic-descriptions  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/geodynamic-modelling-kinematic-descriptions
https://doi.org/10.5194/se-13-583-2022


IOIGeodynamicModelling

Numerical code

Code

• Open-source 

• Version control

• Software management plan

s-ink.org/computing  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/computing
https://doi.org/10.5194/se-13-583-2022
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Code verification

Can be verified

Analytical solutions (benchmarks)


Community benchmarks


Cannot be verified

Natural systems are never closed

Model results are always non-unique


Code Model

e.g., Oreskes et al. (1994)

≠
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Code verification Crameri et al. (2012a)
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Model setup Glerum et al., 2020 Nature Communications
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Model setup

A time-dependent dynamically self-consistent single-sided subduction whole-mantle convection model.  

Crameri and Tackley (2015, JGR)
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Model setup

Know your simplified model !

2:1 aspect ratio

2-D geometry

Periodic side boundaries

Cartesian

Crameri and Tackley (2015, JGR)
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Model runs Crameri and Tackley (2015, JGR)
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Model verification validation

• Are the right equations correctly solved?

• Any programming bugs?

• Are there numerical problems?

• Are there internal inconsistencies?

• Testing against observations

van Zelst et al. (2022, Solid Earth)

https://doi.org/10.5194/se-13-583-2022
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Model production runs s-ink.org/mobile-lid-mantle-convection 

• Visco-plastic, fixed grid, free surface, …

http://s-ink.org/mobile-lid-mantle-convection


IOIGeodynamicModelling

van Zelst et al. (2022, Solid Earth)

https://doi.org/10.5194/se-13-583-2022


IOIGeodynamicModelling

Model analysis Crameri (2017, GMD)

https://doi.org/10.5194/gmd-11-2541-2018
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Model analysis Crameri (2017, GMD)

• Free & easy to use

• Forward compatible

• Testable & fully reproducible

Automated geodynamic diagnostics by

https://doi.org/10.5194/gmd-11-2541-2018
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Model analysis s-ink.org/effective-visualisation-geodynamic-modelling  ·  van Zelst et al. (2022, Solid Earth)

https://s-ink.org/effective-visualisation-geodynamic-modelling
https://doi.org/10.5194/se-13-583-2022
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Model analysis

www.fabiocrameri.ch/colourmaps

Crameri et al. (2020, Nature Communications)

http://www.fabiocrameri.ch/colourmaps
https://www.nature.com/articles/s41467-020-19160-7
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Model communication

Speak the truth

• On Earth:          “The slab is sinking.”

• In the model:   “The modelled slab is sinking.”


Avoid absolute statements

• If proven:         “Mantle plumes drive the plate reorganisation.”

• If modelled:     “Mantle plumes might drive the plate reorganisation.”

van Zelst et al. (2022, Solid Earth)

https://doi.org/10.5194/se-13-583-2022
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Model communication

s-ink.org

Crameri et al. (2022, EarthArXiv)
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www.fabiocrameri.ch/numerical-modelling


van Zelst et al. (2022, Solid Earth)
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Thank you
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Glossary

• Finite difference method (FDM) · Widely used numerical method that solves ordinary 
differential and partial differential equations by approximating the derivatives with 
finite differences in both space and time.


• Finite element method (FEM) · Widely used numerical method for solving problems in 
geodynamics, engineering, and mathematics. The FEM subdivides a large system into 
smaller parts called elements and formulates the ordinary differential or partial 
differential equations on these, which ultimately results in a linear system of equations.


• Finite volume method · Numerical method to solve partial differential equations in 
which volume integrals in a partial differential equation which contain a divergence 
term are converted to surface integrals using the divergence theorem. These terms are 
then evaluated as fluxes at the surfaces of each finite volume.


>> MORE TERMS HERE <<

van Zelst et al. (2022, Solid Earth)

https://se.copernicus.org/articles/13/583/2022/se-13-583-2022-supplement.pdf
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