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Abstract:

Preserving conservation properties in weather and climate models is difficult yet 
important. Many state-of-science models conserve mass and tracer species exactly, 
especially when using finite-volume algorithms. However, it is difficult to conserve total 
energy in these models, and local errors in total energy could lead to significant errors in
the events from the strength of weather systems to global mean temperature. There are
many reasons for such difficulties. For example, tracking the fluxes of the kinetic energy
is complicated with staggered discretization; and with hydrostatic dynamics, the change 
in potential energy from diabatic heating is implicit. Traditionally, however,  unstaggered
discretizations have been considered inferior due to poor dispersion properties. Also, 
almost no atmospheric models advect total energy, and energy conservation has been 
accomplished through numerical and physical fixers.
 
In recent studies, we have shown that for high-order discretization in high-resolution 
simulations, the grid-staggering choices make little practical difference to dispersion 
properties. Additionally, the increasing computing efficiency  makes non-hydrostatic 
global cloud resolving simulations achievable. Building exact energy conservation is 
possible in the next generation of model development. Therefore, we present a new 
finite-volume unstaggered nonhydrostatic cloud-resolving atmospheric model for 
studying moist convection and cloud formation. This model is sufficiently general to be 
used for arbitrary atmospheric structure, including those of both Earth and Jupiter. 
Unlike many atmospheric models, the total energy is a prognostic variable and therefore
intrinsically conserved by our finite-volume advection. Using total energy as a 
prognostic variable can also capture the entropy production due to irreversible mixing 
processes. Additionally, local moist-process only alters the partition of each species 
since energy is constant during the physics process. The model is designed as a first 
step to provide a unified framework for exploring planetary atmospheres across various 
conditions, both terrestrial and Jovian.


