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A finite-difference model of atmosphere
(ECSib) for climatic investigations*

A.A. Fomenko, V.N. Krupchatnikov, A.G. Yantzen

The climate and variability of the large-scale Nortern Hemisphere winter and
summer tropospheric circulation are studied and some atmospheric statistics is
presented.

Introduction

The atmospheric model ECSib is the Novosibirsk version of European Cen-
ter forecasting model. The formulation of the parameterizations of subgrid
scale processes resembles the one in the European Center version [4, 5, 6],
while the dynamical part was mainly developed in Novosibirsk [7, 3]. The
experience of leading specialist of European Center and Institute of Math-
ematics of Russian Academy of Sciences were considered in this work, we
also took into account the availability of technical possibilities.

The focus of the current work (first phase of the simulation
climate project) is on evaluating against available observations
the model generated long term time average of monthly mean
circulation during summer and winter.

1. The model and the experiment design

There are 15 levels in the vertical which are defined on ¢ - surfaces in tropo-
sphere and low stratosphere. The dynamical terms and physical processes
are calculated on Arakawa C — grid which yields a horizontal resolution of
5° x 4° (Figure 1).

Spatial-difference scheme gives the second order approximation and ex-
hibits the potential enstrophy conservation law at the eddy advection by
the horizontal velocity (in barotropic atmosphere [1, 2]). The special choice
approximation of hydrostatic equation allows to construct vertical an angu-
lar momentum conserving scheme. The possibility of long-time integration
is provided with conservation of some global invariants in finite-defference
form, which exists in differential formulation of the task. Therefore in the
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Figure 1. The finite-difference grid and horizontal and vertical distribution of
variable

statistical sense they allow to approach discrete model dynamics to the con-
tinuous a,t'mospheric dynamics. The basis of integration algorithms con-
struction is the semi-implicit scheme with respect to linear part of dynam-
ical operator, the explicit scheme with respect to “slow” physical processes
and the implicit scheme with respect to “fast” physical processes (e.g. ver-
tical diffusion). The semi-implicit time integration schemes widely used in
numerical production and general circulation models, belong to the class of
central time-differencies schemes and go back to G. Marchuk and A. Robert
~ works.

The physical parameterizations are the following:

¢ A nonlinear fourth-order horizontal diffusion operator applied
to velocities and temperature.

o Processes of planetary boundary layer. The calculation of sur-
face fluxes is based on the Monin-Obukhov similarity theory, where
wind and temperature profiles depend on outer parameters and on
surface moment and heat fluxes. Equation used in the model for mo-
ment, sensible heat and moisture fluxes are different for stably and
unstably stratificated surface level. Surface roughness height Zo over
the sea is ca.lculated with the help of ratio in accordance with Charnok
Zp=10. 032%. Over the land Zo is assumed to depend on vegetation

amount, urbanization and subgrid topography. Over the ice is taken
as 0.0015 m.






