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On the Time Step of Semi-Lagrangian Semi-Implicit Atmospheric Model

HU Zhi-Jin and SHI Yue-Qin

Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract Semi-Lagrangian Semi-Implicit (SLSI) atmospheric model has some advantages and a longer time step is
usually used. The limitation of the time step for SLSI model is discussed. The source-sink term in SLSI model is u-
sually calculated by the average value at departure and arrived time-space points.

Serious computation error is shown in a stationary point source case with a constant advection speed u, by using
a usual SLSI model if time step At is significantly greater than AX/u, , where At is time step and AX is grid spacing.
These errors could not be reduced by using the weighted average value of the source-sink term.

It is shown in this simple case that the accurate results can be gotten if an accurate form of the source-sink term
is used.

To ensure the accuracy of SLSI model for calculating the nonliner source-sink term case there is the alternative
of the simplified scheme with a shorter time step or the sophisticated scheme with a longer time step.

Atmospheric waves also have a nonliner source-sink term. It is shown in a non-advection wave case that the ab-
solute value of source term by using the averaged value at beginning and end points is always less than the accurate
ones. The computation error grows with Az, and becomes serious for At>>T, /4, where T, is time period of the
wave. The solution becomes a stationary one when At= T, /2. Better results are given by using the sophisticated
source scheme for At<CT,, /4. But significant error appears when A:>>T,, /4, and simulated wave becomes a standing
one for At=T,,/2. Generally speaking, minimum period and length (T s Luw) of atmospheric waves, which may
be simulated by the model, are determined by the time step and grid length (Az, AX) ., such as Ty =4Ats Ly =
4AX. Serious error occurring in calculating the shorter wave (T<T4At) is inevitable as shown in the above case. T
will match with Ly, when At=AX/C, . where C, is the wave speed. If A:>">AX/C,, only waves with L>4At « C,
can be accurately simulated by the model, but waves with 4AX<CL<C4At¢ « C, will be misrepresented. So the Cou-

rant number Nec=C * At/AX is a useful index for determining the Az value in all atmospheric models. Various at-
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mospheric phenomena have different typical life time (T},) and size (L,). At< T,/4 and AX<C L,/4 are essential for

correct simulation.

The SLSI model has better computation stability even if a longer time step At is used. But the characteristic

time (T,) of cloud or atmospheric chemical processes must be considered in calculating the positively defined varia-

bles. The calculated value may be negative when Ar>>T, for explicit model or At>>2T), for the SLSI model, which

leads to an unreasonable result.

Key words semi-lagrangian semi-implicit scheme, nonlinear source-sink term, time step
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Table 1 Results of different calculation schemes with different time steps
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Table 2 Expressions of stationary source at different time steps
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Table 4 Semi-implicit expression of time-varying source at different time step
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Table 6 Characteristic time of C,, process at different rainfall
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Table 8 Evolution process of the wave at different time steps
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Fig. 1 Time change of forcing term at one point in a wave
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Table 9 Typical values of different atmospheric waves

257 Type
K Long wave 103
WHETE S9N External 102

inertial gravity wave

PHEE SN Internal - 102

inertial gravity wave

L / km C/mes! T/s

u~10! 10°

gHA+ (ki )2~320 102

& do
0 dz

He+ (L) ~s0 100

T J14M) External 10! VgH~300 102
gravity wave

H 1% Internal 10t / %%Hz ~48 102
gravity wave

7 Sound wave  107°~10? YR{T~330 1072~103
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