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ABSTRACT

A brief review is made of the problems associated with
the objective analysis of high level data using the Cressman
method. In particular, consideration is given to limitations
in the method associated with the treatment of wind data.

In an attempt to minimise this problem, stream function
analysis methods based on the Helmholtz theorem are applied
to the objective analysis of 300 mb wind and geopotential

data over the Australian region. Compared with the
Cressman correction method, improved results are indicated.

1. INTRODUCTION

A multi-level objective weather énalysis system based on the well known Cressman
(1954) model has been developed by Maine (1966) and others, to meet operational weather
analysis requirements in the Australian region. Experience with the model indicates that
difficulties may be encountered when subjecting stratospheric and upper tropospheric data to
analysis by the system. These difficulties arise both from the inherent characteristics of the
Cressman model itself and also the type and distribution of high level data.

The Cressman method differentiates between "height only' observations, 'height and
wind' observations and '""wind only' observations. For an observation of height and wind, the
method imposes a linear wind field about the observation point which is often unrealistic,
especially in areas of strong pressure gradient, There are more serious limitations associated
with the treatment of "wind only'" reports. Here the Cressman method takes the guess height
value at the particular observation point and combines this value with the reported wind to
form a composite observation of height and wind, which is then treated as a normal "height and
wind'" observation, As Bedient (1964) has shown, this procedure may result in unrealistic
"pinching' of the stream field in certain situations. This limitation in the correction method
.- to adequately accommodate vector information is aggravated with increasing altitude, due to the
relatively large increases in observational error associated with the measurement of geo-
potential and the consequent increasing reliance which must be placed on vector information.

These factors, in addition to the probable input requirements of future operational
prediction models, have resulted in the preliminary investigation of various stream function
analysis methods which are based on available wind data but include, by way of an initial guess,
some consideration of the geopotential field also. Reiser (1963) has described a geostrophic
stream function analysis model which incorporates the combination of a normal correction type
analysis ¢c’ which parallels that originally formulated by Cressman, and a geostrophic stream
function analysis ¢w given by the equation
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In this equation u and v are the horizontal wind components which are derived from separate
analyses using the correction method and f is the Coriolis parameter. Reiser achieved the

desired combination of ¢w and ¢c using the calculus of variations and according to the author
the resulting composite analysis is clearly superior to that obtained by the correction method.




The three stream function analysis methods investigated in this study, parallel that
developed by Reiser in that they incorporate a non-divergent stream function analysis and also
an analysis obtained by the correction method. There are, however, significant differences
both in the derivation of the respective non-divergent stream function analyses themselves and
also in the employment of the correction analysis in the overall analysis schemes,

2. THEORETICAL DESCRIPTION® OF STREAM FUNCTION ANALYSIS METHODS TESTED

(i) Method A

The non-divergent stream function analysis § for the first method investigated was
obtained by solution of the Poisson equation
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where & is the vertical component of the relative vorticity and Vv is the horizontal "del-
squared' operator. Equation (2) is obtained from the Helmholtz theorem

- - .
V=kx oy + VX .. (3)
. ->
which formulates the breakdown of a horizontal wind vector V into its rotational and
irrotational components. Y represents a non-divergent stream function, X is the velocity

potential and k is a unit vertical vector.

To solve Eq. (2) for the non-divergent stream function using standard relaxation
techniques, it is necessary to know ¥ or its normal derivative on the boundary of the area
over which the solution is to be valid. To establish the appropriate boundary value of ¥ a
method described by Hawkins and Rosenthal (1965) has been employed. Expressing the
Helmholtz theorem in natural coordinates, the equation -
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is obtained. (s is the distance on the earth along a boundary, positive in the counterclockwise
sense, n is the distance on the earth normal to the boundary, increasing outward, and v_ is the
velocity component normal to the boundary.) dX/d n is evaluated at points adjacent to the
boundary (which form what is called the inner boundary) using centred differences. Equation (4)
is then integrated trapezoidally along the inner boundary to obtain the required inner boundary
values of V¥ . The values of 3X/ d n used in the boundary Eq. (4) are computed from the X
field obtained by solution of the equation :
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The boundary condition chosen for the solution of this equation was X = 0, whilst the vorticity
and divergence fields.employed in Eqs. (5) and (2) respectively were obtained from Cressman
type analyses of u and v wind components, usmg the standard.expressions
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‘ . To meet operational requirements and also to aid the comparison of stream function
analyses with height data, a v* analysis with the dimensions of height is obtained by solution '
of the equation
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where f is the Coriolis parameter at latitude 35°S and g represents gravity. The boundary
condition used in the solution of Eq. (8) was the height field obtained from a Cressman type
correction analysis. The use of the correction analysis in determining boundary values for the
solution of Eq. (8) is not critical. Essentially, the boundary condition in this instance deter-
mines the overall magnitude of the resultant scaled stream function solution y*, and it is
therefore envisaged that the output from a satisfactory operational prognosis model could be
employed with comparable efficiency in determining appropriate boundary criteria for the
solution of Eq. (8). . o '

A further restraint was imposed on the solution of Eq. (8). During the relaxation
process, the value of the solution ¢* at the grid point nearest each respective observation
point was fixed to the height value obtained at the grid point using the standard Cressman
analysis technique. This has the effect of maintaining absolute values of the geopotential type
surface {§* in the vicinity of observation points. The gradient of the y* field is determined
by the wind field through the medium of the stream function field ¥ and, compared with
geopotential gradients obtained using the Cressman method, is relatively less constrained.

(ii) Method B

The only difference between this method and method A is in the choice of the boundary
condition for the solution of Eq. (2). An alternative approach, also described by Hawkins and
Rosenthal {(1965), is to express the Helmholtz theorem in the form
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Again Eq. (5) is solved. 0X/ds is evaluated at grid points along the inner boundary.
To establish the required values of ¥ at the outer boundary for solution of Eq. (2), the tangential
boundary condition expressed by Eq. (4) is first applied to yield ¥ along the inner bo’undary‘. .
The normal boundary condition, Eq. (9), is then used to estimate V¥ for the outer box:mdary.

(iii) Method C 5

The third method 1nvest1gated is similar to that described by Brown and Neilon (1961).
This involved the solution of the equation
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using as a boundary condition LR Z, where Z is the height field obtained from a Cressman
correction type analysis. The solution ¥* of Eq. (10) has the dimensions of height, and apart
from the choice of boundary conditions is similar to the methods described above.

3. PROCEDURAL ASPECTS AND RESULTS

The analysis methods outlined have been tested using 300 mb synoptic data for 2300Z
14 June 1964 rather than stratospheric data, as the 300 mb data were available on magnetic
tapes originally prepared by Maine (1966). Figures 1 and 2 show the u and the v wind compon-
ent analyses for 300 mb. These analyses were obtained by applying the standard Cres:s‘man
analysis approach to ""wind only" data, although allowance has been made to vary the scale of
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