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ABSTRACT

In many numerical simulation studies there is a need to obtain the balanced initial fields in numerical models
with ¢ as the vertical coordinate. By employing an equation that establishes the balance between the mass and
wind fields directly on o surfaces, we can obtain mass fields from wind fields, or vice versa. Since the balance
equation is generally nonlinear, numerical methods must be used to obtain approximate solutions. However, the
term corresponding to the divergence of the pressure gradient in the o system is more complicated compared to
that in pressure or height coordinates. As a result, previous studies have made various approximations for this
term. In this paper, a relatively accurate and consistent numerical scheme is proposed to solve the inverse balance
equation in ¢ coordinates. Several numerical calculations show that the proposed scheme is more accurate and
more consistent than that used by Kurihara and Bender and Kurihara et al.

1. Introduction

The balance equation has been widely used to de-
termine the initial fields of wind and mass in primitive
equation models (Sundqvist 1975). Since many nu-
merical models currently in use have o as the vertical
coordinate, the best choice to establish a properly bal-
anced initial state is to perform the initialization pro-
cedure on the o surfaces, as indicated by Sundqvist
(1975). However, when one uses the inverse balance
equation to obtain mass fields from wind fields, there

is a coexistence of geopotential and temperature in the .

inverse equation, and some mathematical approxima-
tions are necessary to find the numerical solution.

In an early paper, Kurihara and Bender (1980, here-
after referred to as KB) proposed a numerical scheme
to solve the inverse balance equation in the o coordi-
nate derived by Sundqvist (1975) to derive the mass
fields from a specified wind field of a symmetric vortex.
In a recent paper (Kurihara et al. 1993, hereafter re-
ferred to as KBR), the simplified divergence equation
was used in which the local divergence tendency and
the frictional force were both included. However, the
numerical schemes to solve the inverse balance prob-
lem are similar. Some simplifications are employed in
determining the temperature fields. Although the ap-
proximations are acceptable, there are some problems
when the wind is very strong.

In this paper, the hydrostatic relation is incorporated
into the inverse divergence equation so that a more ac-
curate and more consistent numerical scheme can be
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used to solve the inverse problem in a multilevel prim-
itive equation model using o as the vertical coordinate.
In the next section, the numerical scheme used by KB
and KBR is briefly reviewed. A proposed new scheme
is described in section 3. Some numerical results from
both schemes are compared in section 4. Finally, a
summary and concluding remarks are presented in sec-
tion 5.

2. A review

The divergence equation in the o-coordinate system
takes the following form (KB and KBR):

G = V*® + V-(RTV Inp,), (1)

where R is the gas constant, ® is the geopotential of a
constant o surface, T is temperature, p,, is surface pres-
sure, and the quantity G is obtained from the momen-
tum distribution. The right-hand side is derived from
the momentum equation in which the pressure gradient
force is split into two terms to facilitate the diagnosis
of both py and T. The mass dependent right-hand side
of (1) balances G, which takes the form

oD oV
G = —E+V'[—(V'V)V—0"a—o_
- (f+ mnTu)(ka)+F], 2)

where F represents the divergence of frictional force
and o is defined as p/p,,. The other symbols have the
same meanings as those used in KBR.

Equation (1) can be referred to as the nonlinear bal-
ance equation if G takes the following form (Sundqvist
1975; KB)






