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The development of a two-time-level Semi-Lagrangian scheme in the
Central Weather Bureau Global Spectral Model
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Abstract

Since 2018, Central Weather Bureau devoted to developing the next generation high resolution global spectral
model so called CWBGFS TCo639L72. The model dynamic core already be upgraded to Semi-Lagrangian by using
Non-iteration Dimensional-split Semi-Lagrangian (NDSL) method and applied Octahedral reduced Gaussian grid as
the grid system. This is not only reducing the utilization of computational resource, but also providing more stable
results. Now, our own data assimilation system be used for TCo639L72 to provide the most suitable initial condition
in near real time and trying to improve the performance of next generation global ensemble prediction system.

Considering the improvement of efficiency of model, two-time-level time scheme should be applied for more
longer time step to replace leapfrog scheme (three-time-level time scheme) which TCo639L72 is using now.
However, the biggest challenge of two-time-level scheme is how to estimate the mid-point (t+1/2) wind field correctly

to maintain the accuracy and stability of forecast result. We try to estimate mid-point wind field via calculate the



momentum equation instead of extrapolating from present (t) and past (t-1) wind field only. First, estimating mid-point
wind field from present and past wind field by extrapolated, which are used for estimating the advection term, also
advect the pressure gradient and Coriolis force term from present to future (t+1) in momentum equation. Second, we
can have future wind field once completed the estimation of momentum equation and estimating the mid-point wind
field by averaging present and future wind field. Finally, estimating vertical wind field via continuity equation, and
calculating the momentum, thermal and transport equations to complete the integration. Two-time-level scheme takes
more time to find mid-point wind field, but it still can save about 20% computational wall time than leapfrog scheme,
because of two times longer time step be used. In the future, we will keep improving the dynamic core and upgrade

the cloud microphysics for better performance.
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