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Abstract The mass-conservative algorithm on the Yin—Yang grid is important for the construction and application of
Yin—Yang grid in global atmospheric modeling studies. It is also an important index of model performance that ensures
long-term stable integration and accurate computational results. In this study, the authors propose a mass-conservative
algorithm of cell-wise bi-linear mass distribution and piece-wise linear flux distribution over the boundary. Compared to
the conservative constraint that defines cell-wise constant mass distribution, the new algorithm improves the accuracy of
advection computation on the Yin—Yang grid and enhances the stability of model integration. The flux-form advection
equation is solved by using the CIP-CSLR (Constrained Interpolation Profiles-Conservative Semi-Lagrangian with
Rational function) scheme. Several idealized tests, including a solid cosine-bell advection with non-divergent flow, a

global transport of a sine-wave test and a test with smooth deformational flow, are conducted to compare the impact of
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cell-wise bi-linear distribution with that of the cell-wise constant distribution. The normalized errors and spatial

distributions of scalars all suggest that the new scheme is capable of refining the global conservation status in model

application, which would effectively improve the computational results of the conservative constraint on the Yin—Yang

grid without greatly increasing the computational cost.

Keywords Yin—Yang grid, Conservative constraint, Advection scheme, Computational error
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Fig. 1 Schematic diagram of the Yin—Yang grid: (a) Yin grid; (b) Yang grid; (c) Yin—Yang grid
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Fig. 3 The distribution of a scalar quantity of*‘cosine bell” during 12-day advection with MFL scheme (a mass-conservative algorithm of cell-wise bi-linear
mass distribution and piece-wise linear flux distribution over the boundary) at ¢=0°. The contours are plotted from 0.1 to 0.9 with an interval of 0.1, the bell

rotates in an order from c (solid lines)—d—e—f—g—c (dashed lines). The dotted line shows the boundary of the Yin and Yang grids, the same hereafter
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Fig. 4 Temporal evolutions of global mass integration (left axis) and the normalized errors (L, Ly, Lins, right axis) of “cosine bell” advection with schemes (a)
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53 TRmIAIE

AL FRE (Nair et al., 1999; Li et al., 2013)
JEAE e AR 2R L [T A S A A SRR IR I8 e . 2
TR bR R (A, ') F, VIR RIS Vs 121
W Ve SR W (4') 2N

Ka=3\/§tanh(r’)sech2(r')/2, (16)
v =dg/di =0, (17)

2 (AN I/ta/r,’ r’iO,

w'(¢') {0’ =0, (18)
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Fig. 8 Height field in the deformational flow test with MFL scheme: (a) Initial condition, and integration after (b) 10, (c) 20, and (d) 32 steps (shaded areas).

The contours (contours from —0.05 to 0.05 with an interval of 0.02) show differences between the numerical and analytical solutions
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