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SPECTRAL METHOD (1 DIMENSION)

K
g(zj,t) = > qu(t)e™™
k=—K

q—k = qp,
q(zj,t) and qx(t) equivalent if K = .J/2

1

J
ezka:_ie—zla:_,- — 5kl

<

[



ADVECTION, CONSTANT U
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STABILITY CONDITION
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ADVECTION, VARIABLE U
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SPECTRAL TRANSFORM METHOD
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ALIASING
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if (l+m)>J/2, then appears as k < .J/2
choose K so aliased waves fall in range( K, J/2)
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SPHERICAL HARMONICS
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PROPERTIES OF SPHERICAL HARMONICS
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SHALLOW WATER EXAMPLE
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SEMI-LAGRANGIAN METHOD
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TWO-TIME LEVEL
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SHALLOW WATER EQUATIONS
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SPHERICAL COORDINATES
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VECTOR FORM
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Departure Arrival
point point

Williamson, Olson and Jablonowski, 2008, Two dynamical
core formulation flaws ..., Mon. Wea. Rev, sub judice



EFFICIENCY GAINS SINCE 1987
NWP CLIMATE

Fulerian — semi-Lagrangian D 1.2

3-time-level — 2-time-level 1.8 1.3

Full grid — Reduced grid 1.4 1.4

Quadratic — Linear grid 3.4 34

Troposphere — Stratosphere } |7 |7
Thinner PBL levels ' '

73 13

For climate: T75 for the cost of T42



Machenhauer, B., 1979: The spectral method. In A.
Kasahara (ed.), Numerical Methods Used in Atmospheric
Models, Vol. 2, GARP Publications Series No 17, WMO
and ICSU, Geneva, pp. 121-275.

Williamson, D. L. and R. Laprise, 2000: Numeri-
cal Approximations for Atmospheric General Circulation
Models. In P. Mote and A. O’Neill (eds.), Numerical Mod-
elling of the Global Atmosphere in the Climate System,
Kluwer Academic Publishers, Netherlands, 127-219.

Staniforth, A. and Coté, J., 1991: Semi-Lagrangian
integration schemes for atmospheric models - A Review,
Mon. Wea. Rev., 119, 2206-2223.






EULERIAN SPECTRAL
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FINITE VOLUME

5 m?/sec? DT=2.5, T85 params 250 mb
1 o T 1 1 il I L 1 T LB l 1 1]
— 223
X1.
10° —  0.5%0.625

10'5 L 1 Ll ALl II 1 | Ll L Ll ll 1 L
10° 10’ 10°
spherical wavenumber (n)



FINITE VOLUME

EULERIAN SPECTRAL
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From Figures 5.5 and 5.7 of Jablonowski and Williamson, NCAR TN-469+STR, 2006



T85 EULERIAN SPECTRAL
DAY 9

0 30E 60E S0E 120E 150E 180 150W 120W 90W 60W 30W 0




EULERIAN SPECTRAL
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