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An important  characteristic  of the atmospheric  dynamics  is  that  it  constitutes  a  relatively
small perturbation about dominant hydrostatic and geostrophic balances established in effect
of the Earth gravity, rotation, the stably-stratified thermal structure of its atmosphere and the
incoming  flux  of  solar  energy.  Given  this  specificity,  it  is  compelling  to  formulate  the
governing  PDEs  in  terms  of  perturbation  variables  defined  with  respect  to  an  arbitrary
solution of the governing equations, viz. an ambient state. This definition allows a hierarchy
of ambient states, from a fully developed transient flow to slowly evolving climate, idealised
geostrophic equilibria  as well  as common single hydrostatic  profiles.  The role of ambient
states is to enhance the efficacy of numerical  solutions–e.g.  by simplifying the initial  and
boundary conditions and/or improving the conditioning of elliptic boundary value problems–
without resorting to any linearisations or other abbreviations of the governing system. 

This  talk  highlights  generalised  perturbation  forms  of  nonhydrostatic  PDEs  that  govern
dynamics of all-scale global atmospheric flows together with their respective semi-implicit
solvers.  There  can  be  many  alternative  perturbation  forms  for  any  given  system  of  the
governing  PDEs,  depending  on the  assumed  ambient  state  about  which  perturbations  are
taken and depending on subjective preferences in the numerical model design. All such forms
are mathematically equivalent, yet they have different implications for the design of effective
numerical  integrators  of  the  governing  PDEs.  Arguments  are  presented  in  favour  of
perturbation  forms  that  enhance  the  efficiency  and  accuracy  of  the  numerical  solution
procedure.  Several  different  options  admitting  4D  complexity  of  the  ambient  states  are
implemented  in  the  global  Finite-Volume  Module  (IFS-FVM)  of  ECMWF’s  Integrated
Forecasting  System  [1-3].  Selected  numerical  simulations  of  planetary  flows  verify  the
approach,  illustrating  the  potential  of  the  newly  developed  semi-implicit  integrators  for
numerically  accurate  separation  of  the  selected  background  state  from  finite-amplitude
perturbations of the global atmosphere. Moreover, possibilities of using approximate ambient
states that do not satisfy exactly the governing equations are discussed.
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