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Abstract Better simulation of the advection and distribution of moisture is highly significant for the improvement of

numerical weather predictions, especially for precipitation. The computation of the advection process in a
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semi-Lagrangian model requires high accuracy, conservation of mass, positive and preserves the shape or spatial
distribution of the advection quantity. However, the Quasi-Monotone Semi-Lagrangian (QMSL) scheme adopted in the
Global-Regional Assimilation and PrEdiction System, Global Forecast System (GRAPES GFS) suffers from lower
accuracy in the strong gradient and discontinuity region of the scalar field and cannot strictly conserve the mass. This
study draws on research progress in computational fluid dynamics; it introduces a material advection scheme, the
Piecewise Rational Method (PRM), which is based on a piecewise continuous rational function, into the GRAPES GFS,
solves the flux form of the water vapor equation, and treats the polar regions with a mixing technique. The two advection
schemes were compared in a series of stand-alone and in-model ideal tests. The results proved that the PRM scheme is
more precise than the QMSL scheme; in particular, in the area of large water vapor gradient, the dispersion and
dissipation error is smaller, and the conservation and shape preservation are also better. An examination of batch
prediction experiments in the GRAPES GFS verified that the PRM scheme can effectively improve the simulation of the
advection and distribution of moisture, improve the accuracy of precipitation forecasts, and also play a significant role in
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enhancing the comprehensive model performance.
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Fig. 1 The square wave advection test. The ordinate is the height of the
square wave. The solid line is the true solution, long-dashed line for

QMSL scheme and short-dashed line for PRM scheme
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Fig. 2 The cut-cylinder rotation test. (a) The initial moment of cut-cylinder; (b), (d) the results of QMSL scheme after 2 laps and 10 laps, respectively; (c),

(e) same as (b), (d), but for PRM scheme. The ordinate is the height of the cylinder
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Fig. 3 The deformational flow test. (a), (b), (¢) The result of QMSL scheme after 19 steps, 57 steps, and 3768 steps, respectively; (d), (e), (f) same as (a), (b),

(c), but for PRM scheme. The ordinate is the height of the cone after deformation
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7K, PRM J5 SEREAUL I B 7K B BB I AEafy, (R
JKEAE 100 mm LA ERIRERNT . R QR , B
FRAET B2 vk XM ZE K] BAIS PF2> AT LA
2, AT HAERMELK, PRM J7 5] BAIS HA
SO 1.0, ASLAULAR) Bk /K DX SO0 S N3t

BRI A B K AR H B2, (Y
AR REKIME— R Z, Bk i 8] (R A A2

AR BZOOT SR BN A FH A AR K
At FE RO AE ] o AN R AP R K Bk
B, AMUTHFEEL bR PR R, TSGR
(P RS H A T %

FEIX 37 B L SEFR TR XS PRM AR
SR T % 4F GRAPES. GFS H TR SR AT T K
5, XTEE QMSL 77 MBS 1T LU #: (1) PRM



6 1
No. 6

5 PRM e P J5 47F GRAPES 4 ERTIR R 48 b 1 H
SUYong et al. Application of PRM Scalar Advection Scheme in GRAPES Global Forecast System

1323

zonal mean precipitation (mm/day)

101 GPCP
QMsL
84 ——— PRM

Precipitation (mm/d)

60S 30S

EQ 30N 60N

Pl 15 iR 36~60 h THRITBEA 24 h SRARK PRI -8 . RIS GPCP ikl L0840 QMSL 7 %; LML PRM J5 %
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QMSL scheme; dashed green line: PRM scheme
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