Anelastic and compressible simulation of moist deep convection
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Introduction

This study Is part of our exploration of the nonhydrostatic moist modeling
across scales, from small-scale cloud dynamics to planetary circulations, through
a systematic comparisons of model solutions obtained applying soundproof

2D case: moist-neutral convection

The first simulation set is the two-dimensional benchmark of Bryan and Fritsch
(2002) designed for testing moist thermodynamics. The test assumes a
moist-neutral saturated environment in which convection is initiated with a warm

3D case: supercell formation

As an example of severe convection characterized by strong updrafts (~0.1
Ma), a large vertical extent, and intense vorticity dynamics, Weissman and
Klemp (1982) supercell benchmark has been selected following Kurowski et

bubble. The moist processes are limited to condensation/evaporation only. al. (2011).

(anelastic) and fully-compressible equations using the nonoscillatory-
forward-in-time EULAG model. The model allows consistent integrations of
various sets of the governing equations with only small differences in the
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Besides different formulations of the continuity equation, the most important FIG 1. Comparison of anelastic and compressible solutions for the Bryan and Fritsch (2002) test Reference Vect COMPa tme fmn)

FIG 3. Comparisce);; of anelastic and compressible solutions for Weissman and Klemp
(1982) test at t=120 min. Only half of the solution is shown, either the left (upper
panels) or the right (lower panels) supercell.

differences between the anelastic (ANES) and compressible (COMP) systems

_ at t=1000 s applying environmental profiles derived using EULAG's moist physics. All solutions
concern the momentum equation:

agree (see Table 2) with those from Bryan and Fritsch (2002) who applied a comprehensive
representation of moist thermodynamics. The main difference between various simulations comes
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Kurowski et al. (2013) also show that the soundproof p' compares well with its Conclusions
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TAB 2. Comparison of Bryan and Fritsch (2002, BF02) and anelastic/compressible EULAG
solutions for the moist-neutral benchmark at time of 1000s. Zmean denotes the mean height of the

bubble, whereas Ziop IS the height of bubble top on the axis of symmetry. Model gridlength is
100m.

TAB 1. EULAG model versions used in this study with an explanation of main differences In
the governing equation sets, model timesteps (where “a” and “c” subscripts refer to the
anelastic and acoustic compressible time step sizes), whether pressure perturbations p' are
Included in/excluded from (Y/N) moist thermodynamics, and how sound waves are treated In
the compressible model.
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