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ABSTRACT

The step-mountain or eta vertical coordinate has been a proposed solution for eliminating the numerical errors
encountered when calculating the pressure gradient force along sloping surfaces. The main objectives of this
paper are to describe the development of a global general circulation mode! using the eta coordinate and to verify
the capabilities of the model for medium-range forecasts. First, the treatment of the polar boundary and the polar
filtering are presented. To verify the polar treatment, numerical results using the shallow-water equations are
presented. Second, various physical parameterizations are incorporated into the multilevel eta coordinate model.
Model integrations for several January cases are presented to validate the model.

The similarity of the eta coordinate formulation to the terrain-following sigma coordinate allows the model
to be run using either vertical coordinate. Thus, model comparisons are performed with the eta and sigma
coordinate versions of the general circulation model, keeping the same physical parameterizations. Additional
comparisons are made with a sigma coordinate spectral model.

As a validation of the model, 10-day integrations are made from four observed initial conditions at several
horizontal resolutions. At relatively low resolution, forecast results slightly favor the spectral and sigma coor-
dinate models. However, at higher resolution, forecast skill scores for the eta coordinate model are indistinguish-
able from those of the sigma models. Additional results are presented to demonstrate the advantages of the eta

" coordinate near steep topography and the potential deficiency of the eta coordinate in connection with the surface
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boundary layer treatment.

1. Introduction

The terrain-following sigma vertical coordinate has
been used widely in many numerical models since its
introduction by Phillips (1957). The sigma coordinate
is a modified version of the pressure coordinate with a
formulation that is relatively uncomplicated. The ter-
rain-following coordinate surfaces produce a lower
boundary condition that is extremely simple. Alterna-
tive coordinate systems such as pressure or isentropic
surfaces each have unique advantages. However, both
of these coordinates are more complicated than the
sigma system since their coordinate surfaces intersect
the ground.

A troublesome problem with the sigma system (and
most other terrain-following coordinates) is sloping co-
ordinate surfaces over steep topography. In particular,
numerical errors associated with the pressure gradient
force have received considerable attention (Corby et
al. 1972; Janji¢ 1977; Tomine and Abe 1982; Arakawa
and Suarez 1983). Correction schemes developed to
minimize these errors do not completely solve the prob-
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lem. Regardless of the correction scheme, an increase
in resolution may lead only to an increase in these er-
rors. Increasing the horizontal resolution usually results
in steeper mountains, and the combination of steeper
mountains and thinner sigma layers may lead to larger
pressure gradient force errors (Janji¢ 1977; Mesinger
1982).

The problem of steep mountains is not limited to the
pressure gradient calculation; other horizontally differ-
enced quantities reportedly show problems in regions
of steep topography (Mesinger and Janji¢ 1987). The
spurious horizontal diffusion of temperature or mois-
ture along a sloping sigma surface may result in ex-
cessive precipitation in mountainous regions (Sim-
mons and Jarraud 1984; Simmons 1987). For very
steep sloping surfaces this may even lead to excessive
noise and instability.

Motivated by the problems due to sloping sigma sur-
faces, Mesinger (1984) proposed an alternative vertical
coordinate with fixed blocklike or step mountains.
Mountains are represented as filled grid boxes, so that
some grid boxes lie beneath the earth’s surface and
carry no data. The new coordinate surfaces remain
nearly horizontal, eliminating many of the problems
associated with the sigma system. The errors associated
with the pressure gradient terms and other horizontally
differenced quantities should be reduced. Yet, regard-






