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A Benchmark Simulation for Moist Nonhydrostatic Numerical Models
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(Manuscript received 6 February 2002, in final form 29 April 2002)

Mon. Wea. Rev. 2002, p.2917 ABSTRACT

A benchmark solution that facilitates testing the accuracy, efficiency, and efficacy of moist nonhydrostatic
numerical model formulations and assumptions 1s presented. The solution i1s created from a special configuration
of moist model processes and a specific set of imitial conditions. The configuration and initial conditions include:
reversible phase changes, no hydrometeor fallout, a neutrally stable base-state environment, and an imtial
buoyancy perturbation that is identical to the one used to test nonlinearly evolving dry thermals. The results of
the moist simulation exhibit many of the properties found in i1fs dry counterpart. Given the simular results, and
acceptably small total mass and total energy errors, it 15 argued that this new moist simulation design can be
used as a benchmark to evalonate moist numerical model formulations.

The uvtility of the benchmark simulation 1s highliphted by running the case with approximate forms of the
governing equations found in the literature. Results of these tests have implications for the formmlation of
numerical models. For example, 1t 1s shown that an equation set that conserves both mass and energy 1s crucial
for obtaining the benchmark solution. Results also suggest that the extra effort required to conserve mass in a
numerical model may not lead to significant improvements in results unless energy 1s also conserved.
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TABLE 1. Summary of thermodynamic and pressure equations.
Equation set Thermodynamic equation Pressure equation
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FIG. 6. As in Fig. 5, except for perturbation wet equivalent potential temperature (7). Contour interval is 0.5 K; negative contours are
dashed. The zero contour 1s omitted. Near the nght-hand side of each panel, the height of the top of the thermal is indicated, along with
the height of the top of the thermal from the benchmark (BM) simmulation.
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