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ABSTRACT

The so-called “sigma’ coordinate system has seen increasing use in numerical models developed for general
circulation and climate simulation, as well as for weather forecasting. Concurrently, there is an increasing
demand for accurate analysis of the interactive physical processes included in these model integrations.
However, because of the necessity to transform the model information from sigma levels back to more con-
ventional coordinate surfaces (such as pressure), significant inaccuracies usually result.

To reduce these inaccuracies, an alternative analysis procedure is introduced which avoids the usual
ambiguous evaluation of vertical velocity in the transformed coordinate. Tests of this alternative method
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show that substantial increases in model analysis accuracy can be obtained.

1. Introduction

Since its introduction by Phillips (1957), the so-called
“sigma” vertical coordinate system :has proven to be
very useful for application to numerical models of the
atmosphere. In this system, the vertical coordinate is
pressure divided by surface pressure (¢= P/P,). Thus,
the lower boundary is always a coordinate surface. This
type, of coordinate system is particularly useful when
applied to physical problems where orography is im-
portant. The sigma system also provides a model frame-
work in which it is relatively easy to guarantee con-
servation of important integral properties such as
mass, energy, etc. '

As the models for general circulation, climate and
weather forecasting continue to improve, there is an
increasing demand that numerical results be carefully
analyzed in terms of the relationships among various
simulated physical processes. However, it is in -such
model analysis that the sigma coordinate shows a
significant disadvantage. Since the sigma surfaces often
deviate significantly from more conventional surfaces
(such as height, pressure or potential temperature), it
is usually awkward and often misleading to attempt to
interpret model results directly in the sigma coordinate.
In addition, the verifying data from the real atmosphere
are not normally available in this coordinate, Conse-
quently, it becomes necessary to try to interpret the
model results in the framework of a simpler system,
usually constant pressure surfaces.'

As will be shown, the usual approaches to accomplish-
ing the change of coordinates can lead to serious error,
even after considerable space and time averaging. In
an attempt to alleviate this difficulty, an alternative

analysis procedure will be proposed. Test examples will
be shown which demonstrate that the alternative

procedure can lead to a significant reduction of analysis
€ITOr.

2. The problem

Although the method introduced here is applicable
to the budgets of any quantity, only an arbitrary
variable X will be considered. In sigma coordinates, the
local change of X due to three-dimensional flux con-
vergence of X is expressed by
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where V, is the horizontal vector wind, Vv, the “hori-
zontal” gradient operator on a surface of constant o,
g=do/dt (the vertical & velocity), P, the surface
pressure, and ¢ time, Analysis of the remaining terms in
various budgets (such as non-conservative terms) tends
to be considerably less troublesome and thus will not be
directly considered. In pressure coordinates, the
equivalent flux-form expression is
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where V, is the “horizontal” gradient operator on a
constant P surface, and w=dP/dsr (the vertical P
velocity).

Unfortunately, unless the P and o surfaces always

‘coincide (constant P, in space and time), there is no

unique correspondence between the analogous terms






