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Fig. 1 The schematic diagrams of (a) the quasi-cubic and
(b) the spectral bicubic interpolation schemes. The stars
indicate the interpolation target, the diamonds the
temporary values at the same longitude as the
interpolation target, and the black circles the locations of
information used in interpolation. The blue and red lines
indicate the linear and the cubic Lagrange interpolation,
respectively. The red arrows indicate zonal, meridional

and cross derivatives.
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Fig. 2 The initial (and final true) tracer distributions. (a)
Gaussian hills, (b) cosine bells, (c) slotted cylinders and

(d) correlated cosine bells.
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Table 1 The ‘minimal’ resolution of the Eulerian
advection model, semi-Lagrangian model using the
quasi-cubic interpolation and the spectral bicubic
interpolation (°) with the Courant numer (C) of 1.0 and

5.2.

c Euler Quasi-cubic  Spectral bicubic
1.0 0.79 0.061 1.2
5.2 N/A 0.92 2.1
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Fig. 3 The resolution dependency of the I, norm for the
twin cosine bells in the Eulerian advection model
(purple) and in the semi-Lagrangian advection model
using the quasi-cubic interpolation (blue) and using the
spectral bicubic interpolation (red) with the Courant
number of (a) 1.0 and (b) 5.2 (except for the Eulerian

advection model).
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Fig. 4 Functional relations between the cosine bells (x)
and the correlated cosine bells (§) at truncation wave
number of T159 in (a) the Eulerian advection model with
the Courant number of 1.0 and in the semi-Lagrangian
advection model using (b) the quasi-cubic interpolation
and (c) spectral bicubic interpolation with the Courant
number of 5.2. The norms I[,[, [, are area-weighted

distance from the curve.
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Some of the figures are produced with NCL and
gnuplot scripts and a Fortran subroutine provided by
Dr. P. H. Lauritzen.

SEXH

Enomoto, T. (2008): Bicubic interpolation with spectral
derivatives. SOLA, 4, 5-8, doi:10.2151/s01a.2008-002.
Hortal, M. (2002): The development and testing of a new
two-time-level semi-Lagrangian scheme (SETTLS) in
the ECMWF forecast model. Quart. J. Roy. Meteor.
Soc., 128, 1671-1687.

Lauritzen, P. H., W. C. Skamarock, M. J. Prather, and M.
A. Taylor (2012): A standard test case suite for

— 267 —



two-dimensional linear transport on the sphere. 5, 189—
228.

McGregor, J. L. (1993): Economical Determination of
Departure Points for Semi-Lagrangian Models. Mon.
Wea. Rev., 121, 221-230.

Ritchie, H. (1987): Semi-Lagrangian Advection on a
Gaussian Grid. Mon. Wea. Rev., 115, 608—619.

Ritchie, H., C. Temperton, A. Simmons, M. Hortal, T.

D. Dent, and M. (1995):

Implementation of the semi-Lagrangian method in a

Davies, Hamrud
high-resolution version of the ECMWF forecast model.
Mon. Wea. Rev., 123, 489-514.

Sun, W.-Y., and M.-T. Sun (2004): Mass correction
applied to semi-Lagrangian advection scheme. Mon.
Wea. Rev., 132, 975-984.

Sun, W.-Y., K.-S. Yeh, and R.-Y. Sun (1996): A simple
semi-Lagrangian scheme for advection equation. Quart.
J. Roy. Meteor. Soc., 122, 1211-1226.

T &%
L NWVAFIUTORSICERSND
lz—{ [(q - LI) } 4)

Z I Tqe=q(t=0)ILEFET
1 (2" (2
1(q) = yw fo L_qu(/l, 6,t) cos 6 doda
RFREHTH B,

(X =ZHEH : 20126R7H)

Advection of Smooth and Non-Smooth Tracers on the Sphere

Takeshi ENOMOTO

Synopsis

Advection is one of the most important processes in the atmosphere. It is crucial to use an accurate

advection scheme to simulate the time evolution of tracers. A simple and accurate scheme has been

developed by the author and verified with advection of a Gaussian hill. In this study the proposed scheme is

verified with a standard test cases on the sphere. Our scheme is found to be capable of advecting non-smooth

twin cosine hills and slotted cylinders and requires a quarter of the grid points to obtain the same accuracy as

quasi-cubic interpolation, commonly used in operational weather and climate models. In addition the

proposed scheme exhibit an excellent mixing properties. The ripple noise can be filtered and the mass can be

conserved globally. These fixes can be applied with only a small penalty in accuracy or computational load.

Keywords: semi-Lagrangian scheme, interpolation, spherical harmonics
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