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Current coupling algorithms for climate models are equivalent to performing a single step of an

iterative procedure [Lemarie et al. 2015]. This may not be enough to ensure numerical stability.

* Perform rigorous stability analysis of interface conditions for a variety of coupling algorithms
» Gain insight on how to improve the existing methods or propose new coupling schemes

* Intermediate-complexity mid-latitude
coupled climate model

« Candidate testbed for comparing different
strategies and analyzing instability

* Includes mixed layers to allow the
exchange of heat flux and momentum

» At the interface, Ekman pumping drives
momentum from atmosphere to ocean;
latitudinal variations in solar radiation drives
surface heat flux in both direction
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[source: Q-GCM user manual]

notation: k —layer number a — atmosphere o0 - ocean
g — vorticity P — pressure e — entrainment

Surface Temperature for the double gyre example (6 months)

* Running in the coupled mode, the ocean model stays stable with a timestep size of up to
40 minutes; running in the ocean-only mode, the timestep size can be larger (>72 minutes)
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Stability analysis of numerical interface conditions

In coupled ocean-atmosphere models
Hong Zhang (ANL), Paula Egging (UNL), Emil Constantinescu (ANL), Robert Jacob (ANL)
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For explicit Euler consider the solution
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For backward Euler we have to use U};7" = U "

Thus consider the solution
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If Az LAl the scheme is stable
Otherwise the scheme can be unstable

Analysis on bulk interface conditions also implies additional constraints on step size

Instability originates from interface
condition and the implementation
Validated on an advection-diffusion model
Extending to a passive tracer model
Adding the iterative Schwarz method in
Q-GCM to improve the step size
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