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A Non-hydrostatic Formulation of an Atmospheric Dynamical Core
Applicable to the Global Domain
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Synopsis

A simple and stable non-hydrostatic formulation is proposed and tested using the
National Centers for Environmental Prediction Mesoscale Spectral Model (NCEP MSM)
in idealized experiments. MSM uses double-Fourier series for horizontal discretization
and a vertical coordinate based on the hydrostatic pressure. MSM requires the
hydrostatic temperature specified externally or evolved internally. The new formulation
uses the horizontally averaged temperature as the hydrostatic temperature to enable its
applications to the global domain without an additional prognostic variable. The
modified MSM runs stably in the warm and cold bubble experiments. The noise in the
perturbation pressure indicative of sound waves may be controlled by the size of the
horizontal average of the temperature.
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ZOWNFKIRE MO D L Tuang (1992) 238 H L 72

F#E R X Laprise (1992)D157- R ITIFETD.
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FIRETD. —~ELLEOKSOEEEFY LERIR
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THRERZBMT 522, FHBEORTHED
DD HE a2 M bev., RFZECIE, BESE
BRAEITV, BEFEOTELLR LN S, #HH%EAE
&L TRIROEECEAIE Z A2 ERX el 20,
BRFET 5.
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r—)v s AT hVET )L (Mesoscale Spectral Model,
MSM, Juang 1992,2000) % H\ 5. MSMIE, KFic
BTV o, MEICH D EREICE S o B
IZ X DHEB LA L TWd. MSMOBEE T,
P RIRITER S L L I N ERD.

2.1 B
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RNE DI, e ICRGE R L.
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o (HiCk vl Li-iE (L TFa2WriE)

® FEI Y fE (LA T SE - 2 E)

PARERIE, BRILER (Robert 1993) K UHMR
BBk (Straka et al. 1993) %1T79. EBHLLDERT
R A AR ITAt = 1sTH 5.

2.2 BEIBER

FEARBIL, $EEE To = 0.84LL F T = 303.16 KD
SRAL, EZEIIER AR E TS [Fig. 1al. BXBLIZ
2600 MmOV EICE X, L2550 mE TSP = 0.5K—
FEL L, PLmiTiEENe 122 5 8100 mE 2%
OB E MR S ¥ 5 [Fig. 1b]. KIFEfR#
FE1XAx = Ay = 10 mC, & 1855131288 TH 5.
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Fig. 1 (a) The basic temperature profile (K) and
(b) the initial perturbation temperature (K) in the

warm bubble experiment.
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Fig. 2 (a) The basic temperature profile (K) and
(b) initial perturbation temperature (K) in the

cold bubble experiment.
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3.1 BEREER
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B B IRERZE % Fig. 31T, #A%REE LT,
ZWHEEZ V-84 (Fig. 3b) Tb, fEBCEHM %
Ai=854 (Fig.3c) Tb, ~Effi%x 527546 (Fig
3a) LIFER LR T, BRAEEOZERE Y A
BN HIEBNTIND.
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Fig. 3 Temperature perturbation (K) at t =720 s
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in the warm bubble experiments with (a) the

constant value, (b) diagnosed value, (¢) domain

average value and (d) the weight average of (a)

and (c) corresponding to the average in the

domain of 10 km.
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Fig. 5 (a) The potential temperature perturbation
(K), (b) vertical wind (ms™!) and (c) pressure
perturbation (Pa) in the cold bubble experiment with
the time independent value as the hydrostatic

temperature T.
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Fig. 6 Same as Fig. 5 but with the domain averaged

temperature as the hydrostatic temperature T.
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