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Atmosphere dynamics of our planet is quite well described by traditional primitive equations based on the so-called shallow atmosphere approximation. However, to model planetary atmospheres, we can not make the shallow approximation
anymore because of the low planet radius (such as Titan) or the depth of their atmospheres (such as Jupiter or Saturne). The full Coriolis force needs then to be taken into account, in addition to all metric terms [3]. Non-traditional terms have
little-known dynamical effects [8] and are rarely integrated into general circulation dynamical cores [4].

The goal of the present work is to incorporate the quasi-hydrostatic equations into a primitive-equation dynamical core while preserving the discrete conservation of potential vorticity |1, 2|. For this we derive the vector-invariant form of the
equations in general, time-dependant curvilinear coordinates. This suggests to use absolute angular momentum instead of relative velocity as a prognostic variable. Furthermore the modification of the hydrostatic balance requires a mass-based
vertical coordinate [5]. This formulation leads to a straightforward generalization of Sadourny’s discretization |1], reusing most of the primitive-equation dynamical core.

With that formulation, the metric terms - which are time-dependent
Part 1: Derivation from vector-invariant form in - are incorporate in the covariant velocity component. By taking into

general, time-dependant curvilinear coordinates account these terms we actually consider vertical variation of angular
momentum (FIG. 3).
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That approximation is relevant to investigate the climate on Earth
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FIG. 1 Data from NASA website

Part 2 : Modification of hydrostatic balance

In the shallow case, pressure p at a given altitude is the weight per
unit area of the hydrostatic atmosphere column above while for a deep
atmosphere, because of the additional lateral forces, it’s not (FIG. 4).

The last line corresponds to variation of equatorial gravity between the surface and the top of

the mesosphere.

The present work is based around the general circulation model
(GCM) LMD-Z [6] where the traditional primitive equations are FIG. 2 Curvilinear coordinates ~ FIG. 3 Vertical variation
discretized on a longitude/latitude horizontal grid and with a pressure- of angular momentum
based coordinate. The spatial discretization is derived from a finite

difference scheme of the vector-invariant form of the primitive equa-

tions. > Spherical geometry
Mapping : (A, ¢, 7, t) — (z(A), y(d), (A, ¢, 1), t) o F,  Mg=psR2cos@dpdh
Then, the potential vorticity is exactly conserved [1, 2] and it’s consid- Cy = T €08 POz A, ¢y = 10y and J = TQ@:E)\@be@n"“ COS ¢ pspdepdA ‘T
ered as an essential property of a robust GCM. That’s why we gener-
alize Sadourny’s scheme [1, 2] to derive the non traditional 3D quasi- > The absolute horizontal velocity covariant part is the R
hydrostatic equations to get an entrosphy-conserving deep atmosphere ABSOLUTE ANGULAR MOMENTUM -

dynamical core.
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