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The operational Global Environmental Multiscale (GEM) model of Environment and Climate Change 

Canada (ECCC) uses an implicit time discretization on tensor-product spatial grids. This gives rise to the 

need to solve a separable 3D elliptic boundary value (EBV) problem at each model time step. The 

extended stability offered by the implicit method permits the use of time steps that are longer than what 

would otherwise be possible with an explicit discretization. As a result, in terms of the total cost of time 

integration within the dynamical core of GEM, the implicit approach is more efficient. As ECCC is 

considering to gradually move towards a height-based vertical coordinate to replace the existing log-

hydrostatic-pressure-type system, and also with the increasing demand for higher spatial resolutions in 

numerical weather prediction (NWP), it is natural to ask whether the 3D EBV solver can be efficiently 

implemented in these contexts so as to preserve the advantage of implicit discretization. 

With height-based vertical coordinate, the metric terms originating from the vertical coordinate 

transformation appear explicitly in the model equations. The resulting problem can be solved by 

combining those terms with the nonlinear terms, allowing the use of a separable 3D EBV approach, as in 

the operational pressure-based GEM model. However, when these metric terms are included in the linear 

part of the discretized system, the problem becomes a non-separable 3D EBV. Such a problem, unlike a 

separable one, cannot be solved using the fast direct solver implemented in the operational GEM model. 

From the stability perspective, the non-separable EBV approach is advantageous, particularly for steep 

orography and high resolution NWP applications with the GEM model.  

The pertinent methodologies, results and the performances of the fast direct solver and an iterative solver 

based on Krylov subspaces for the new height-based GEM dynamical core will be presented in this talk. 

 


