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Tables

Table 1. Normalized error norms for the idealized tracer field at day 12, simulated

from the SPH, DFS_1, and DFS_2 runs at T126L.30 resolution.

SPH DFS_1 DFS_2
L, 0.2408 0.2604 0.2605
L, 0.2287 0.1581 0.1581
Lo, 0.2731 0.2593 0.2594

28 A =TH el



Table 2. Same as Table 1 but ratio of the area with negative values to the total area

at day 6 and 12.

SPH

DFS_1 DFS_2
Day 6 43.77% 40.94% 37.03%
Day 12 44.95% 46.86% 44.11%

3 3
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Table 3. The global maximum (max) and minimum (min) of 850-hPa meridional
wind speed (Vsso; m st), 850-hPa geopotential height (Zsso; m), and 850-hPa
temperature (Tgso; K) for the dry baroclinic wave development at day 10, simulated
from the SPH (first line), DFS_1 (second line), and DFS_2 (third_line) runs at the

horizontal resolution of T126, T254, and T510.

Vasp (Ms?) Zgsp (M) Teso (K)
max min max min max min
38.22 -32.67 1569.61 465.71 301.83 223.47
T126 40.12 -28.04 1569.15 438.82 301.78 223.56
40.13 -28.08 1569.15 438.84 301.78 223.56
41.51 -38.66 1569.50 427.92 301.79 223.53
T254 40.38 -36.79 1569.17 399.78 301.78 223.56
40.40 -36.76 1569.17 399.80 301.78 223.56
44.92 -42.06 1569.69 416.75 301.78 223.56
T510 44.28 -41.78 1569.28 403.54 301.78 223.56
44.28 -41.79 1569.28 403.54 301.78 223.56
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Table 4. Comparison of wall-clock time (in second) required for 15-day forecast in

the SPH, DFS_1, and DFS2 runs at the resolutions of T126, T254, and T510. The

parenthesis represents the relative ratio to the SPH’s wall-clock time..

SPH DFS_1 DFS_2

Spectral Transform 263 159 179

Semi-implicit 2.7 46.5 47
T126

Diffusion 0.3 8.0 8.1

Total 301 251 (83.4%) 270 (89.7%)

Spectral Transform 4424 2666 2940

Semi-implicit 27.3 598 670
T254

Diffusion 2.3 141 167

Total 4943 3614 (73.1%) | 4161 (84.2%)

Spectral Transform 65517 23861 27204

Semi-implicit 309 8632 8782
T510

Diffusion 30 2322 2728

Total 68121 37148 (54.5%) | 41061 (60.3%)
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Figures

(a) DFS_1 (C2000) (b) DFS_2 (Y2022)
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Fig. 1. Schematic diagram for the discretized Fourier transformation process from

physical space to wave space in the (a) DFS_1 and (b) DFS_2.
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Fig. 2. Comparison of reconstructed functions by the DFS_1 (red) and DFS 2

(blue) runs for the shapes of (a) normal cosine function, (b) trigonometric function

with non-zero boundary, and (c) step function.. The black dots represent the

original function ranged in [0, ] with 24 gird points.
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Fig. 3. Tracer field at day (a-c) 6 and (d-f) 12 for the idealized 3D deformational
flow, simulated by the (a,d) SPH, (b,e) DFS_1, and (c,f) DFS_2 runs at T126L.30

resolution.
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Fig. 4. (a-c) 850-hPa temperature zonal eddy (K), (d-f) 850-hPa meridional wind
speed (m st), and (g-h) surface pressure (hPa) at day 10 for the dry baroclinic wave
development, simulated from the (a,d,g) SPH, (b,e,h) DFS_1, and (c,f,i) DFS_2

runs at T126L30 resolution..
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(a) T126_V speed (m/s) (b) T126_GP Height (m) (c) T126_Temperature (K)
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Fig. 6. (a,d,g) 850-hPa meridional wind speed (m s), (b,e,h) 850-hPa geopotential
height (m), and (c,f,i) 850-hPa temperature (K) at day 10 for the dry baroclinic
wave development, simulated from the SPH (green), DFS_1 (red dotted), and
DFS_2 (blue) at the resolutions of (a-c) T126, (d-f) T254, and (g-i) T510 with the

30 vertical levels.
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Abstract

Evaluation of accuracy and efficiency of
Double Fourier Series (DES)
spectral dynamical core

Beom—Seok Kim
School of Earth and Environmental Sciences
The Graduate School

Seoul National University

The double Fourier series (DFS) spectral dynamical core is
evaluated for the two idealized test cases in comparison with the
spherical harmonics (SPH) spectral dynamical core. A new
approach in calculating the meridional expansion coefficients of DFS,
which was recently developed to alleviate a computational error but
only applied to the 2D spherical shallow water equation, is also
tested. In the 3D deformational tracer transport test, the difference
is not conspicuous between SPH and DFS simulations, with a slight
outperformance of the new DFS approach in terms of undershooting
problem. In the baroclinic wave development test, the DFS—

simulated wave pattern is quantitatively similar to the SPH-—
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simulated one at high resolutions, but with a substantially lower
computational cost. The new DFS approach does not offer a salient
advantage compared to the original DFS while computation cost
slightly increases. This result suggests that the current DFS
spectral method can be a practical and alternative dynamical core

for high—resolution global modeling.

Keywords: high—resolution modeling, dynamical core, spectral
model, double Fourier series, idealized test
Student Number: 2019—-21708
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