
Objective
● Develop a new class of time-stepping methods optimized to take time-

steps as large as possible on the shallow water equations (SWEs), which 
are foundational to ocean and atmosphere models.

Approach
● Alter an existing time-stepping scheme to use a weighted average of 

thickness data from both forward and backward in time (a forward-
backward average) to advance the momentum equation.

● Optimize the weights of this forward-backward average to maximize the 
theoretical bound on the time-step when the scheme is applied to the 
SWEs.

● Test the scheme (FB-RK(3,2)) on both linear and nonlinear SW test cases 
and record the speedup as compared to a comparable, popular method 
often used in SW models (SSPRK3).

Impact
● The FB-RK(3,2) provides a speedup of 2.8 times (in terms of wall-clock 

time) on a linear test case, and speedups between 1.6 and 2.2 in fully 
nonlinear cases without effecting solution quality.

● The new scheme could be adapted to be a barotropic solver in a split 
barotropic/baroclinic ocean model to drastically reduce the cost of what is 
often the most expensive part of the model.
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FB-RK(3,2) outperforms SSPRK3 in terms of time-step on multiple 
test cases (a) and retains solution quality (b), error compared to 
SSPRK3 is ~10e-8.
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