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Test cases, COMMODORE group: main objectives

1. Test cases for a more systematic validation of new releases of state-of-the-art ocean models

2. Evaluation of innovative model developments on a well-established / documented suite of test 

cases

1. Numerical methods

2. Reduced precision computations

3. HPC in general

3. One objective is also to open the door to a more interdisciplinary research (applied 

mathematicians, computer scientists, atmosphere/ocean feedback …)
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Atmosphere Experience 

• The Dynamical Core Model Intercomparison Project (DCMIP-2016) and Summer School: 

Future-Generation Non-Hydrostatic Weather and Climate Models

– DCMIP-2012 and DCMIP-2016 have been endorsed by the WMO Working Group on Numerical 

Experimentation (WGNE).

DCMIP2016: a review of non-hydrostatic dynamical core design and intercomparison of participating 

models, (P Ullrich, C. Jablonowski et al, 2019; https://www.geosci-model-dev.net/10/4477/2017/)
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Coupled ocean cost at 
ECMWF
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NEMO performance tests
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Other ocean models scalability
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GPUs and reduced precision ?
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Testing (reduced-precision) sensitivity of ocean models on pathological 
ocean modelling issues 

• Behaviour at different time-scales

• Vertical mixing (more levels, change to isopycnal coordinates, more accurate advection)

• Barotropic mode (2D) coupling to the deep ocean (scalability bottleneck beyond ~6000 cores ?)

• Sea-ice model rheology

• Physics coupling and lateral ocean boundaries

• Complex ocean bathymetry interactions

• Coupling interface to the atmosphere and other ESM components (ABL, wave model)

– E.g. mixing effects and wave excitation in the presence of (hurricane-like) atmospheric forcing
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How to define a test case ?

1. Physical description of what we are looking at

2. A given set of equations

1. Several test cases should be able to run with simplified equations system

3. A configuration

4. A reference solution (analytical solution when available)

5. A set of diagnostics including sensitivity studies (Model resolution, viscosity …)
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From Soufflet et al, 2016: 20 years average spectra at 10m depth

for ROMS (plain line) and NEMO (dashed) at different resolutions
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Test cases

• Some difficulties

– Model developers tends to tune their code according to a given test case 

• -> not representative of the general setup

• Solution : the model parameters / choices should be detailed in the results

– Representativeness of test cases for real simulations of ocean or coupled systems

• Different kind of test cases :

– “Sanity” test cases

– A suite of test cases to validate of model

– Test cases that address a specific challenge:

• Example : An idealized test case with a complex geometry
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Considerations / Open questions

• Reference solutions:

– Developments of analytic solutions for complex equations systems

– Lab experiments

• Easy reduction of complexity for existing 3D ocean models

• Extending the test cases for the dynamical cores to

– Physics-Dynamics coupling

– Ocean-Atmosphere coupling

– Tests that can be performed with both atmosphere and ocean dynamical cores

• In addition to idealized test cases, a small number of realistic configurations

– COMMODORE encompasses a large variety of ocean models (global, regional, coastal)

– Field based / observations constraint test cases
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Observations – example
Alamo floats dropped in before Tropical Cyclone (TC) Florence
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K. Mogensen
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Observations – example
Alamo floats dropped in before TC Florence 9 km atmosphere
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Cooling not strong enough: too weak winds or errors in the ocean model?

K. Mogensen





COMMODORE

• Partners ?

– INRIA

– IPSL

– UKMO

– GFDL

– AWE

– MPI

– ECMWF

– …

• Endorsed by WGNE ?

• Fast-track initiative ?

• Financial support for networking ?

• Summer school / Hackathon involving students ?
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Hamburg: 28th-31st January 2020
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