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AN APPLICATION OF ONE DIMENSIONAL NUMERICAL

FORECASTING IN THE AUSTRALIAN REGION
' by R. Maine
Divisional Office, Adelaide

(Manuscript first received April 1956;
: in revised form March 1957)

Abstract: A five degree grid interval for
numerical integration was used in the .
solution of the one dimensional differential
equation of motion to the equivalent
barotropic model (after Charney 1949) using
data in the Australian region.

The forecasts along adjacent latitudes
were then juxtaposed (after Gates 1953) and
a "two dimensional" forecast obtained.

The "two dimensional" forecast requires
considerable time for preparation and is
thus uneconomical by our present standards,
however, it is suggested that a one dimensional
forecast along a selected latitude (say 40°S)
when incorporated with the usual subjective
prognostic may be used to practical advantage.

1. INTRODUCTION

The efforts of Charney, Eliassen and others in
the field of numerical forecasting have led to a practical
objective prognostic. Consequently a test of at least one
of the variety of methods and models employed in numerical
techniques is desirable in Australia even if only to
determine the adequacy of the observational network.

It is also interesting to speculate on the
possible future role which a suitable electronic computer,
perhaps that installed in Melbourne or that of the Sydney
University, might play in breaking down the labour of
calculation involved in some of the more realistic
representations of the atmosphere, if and when such a scheme
is adopted either for research or routine forecast in
Australia.
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The data used for forecasts in this article have
been taken from an individual analysis of the 500 mb surface
tempered by the daily C.M.B. analysis, over the period 12 -
22 May 1955. Forecasts for the 20th and 216t are presented
in Flgs. 3 and 4.

Following is a list -of symbols used in this

paper:

e Potential temperature

%L Vertical component of absolute vorticity
-4 Vertical component of relative vorticity
P Surface pressure

Ved Surface density

il Coriolis parametér

4  Latitude

A3 /3y = 2)cos g/a
o Local'diffefential operafor-with fespect
ot to time,
4 - Total differential operator with respect
at to time.

v* *Carte31an Lap1a01an Operator.

Db Grid length (5 deg. longitude expressed

in radians),
D

Amplitude of the Wave disturbance.

. 2e THEORETICAL ASPECTS

It is worthwhile to consider brlefly the theory
and generalisations which lead to Charney's expression for
the motions of the equivalent barotropic model, The
motions of the atmosphere at the equivalent barotropic
level, or level of non-divergence as it is sometimes called,
in the mean, represent the motion of the free atmosphere,
The barotropic equations of motion are usually applied to
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'the motions of the 500 mb surface, which is the nearest

standard surface to the accepted equivalent barotropic
level, ’ '

' When the implications of continuous large scale
isentropic flow are reviewed incorporating the geostrophic
and hydrostatic approximations, the quantity

2 %
XA
has been shown to be conservative, i.e,, .
g (28 &) . |
dt 22_2 p = O ® 0 e 00 0000 06000 e 0 (1)

where the quantity is measured at the surface.

Rossby has further shown that egn. (1) may be expressed as

4 éi?%g | = 0 seecceescnascas (2)

The governing equations of such motion are therefore
equation (2), the geostrophic approximation

Vg = kX g p/

and the hydrostatic approximation‘?}p/}z =~ gpr.

If a meridional perturbation height h = £ (x)
be now applied to a geostrophic zonal current of speed U
the vertical component of the relative vorticity is
represented by zavg/éx where Vé:is the geostrophic

perturbation speed in the y direction. .

- o Bh
v(g = - ?—-x'

When the barotropic restrictions are applied to this
perturbation and the reference frame is for simplicity
transformed with the speed U in the zonal direction
egn. (2) .can be written R

__7;_ - >\7'D+{/f_b +_ﬂ/‘“</f>% =.0"J‘_(3') |

Se (3=
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To integrate eqn, (3) linearization is first

accomplished by observing that in general‘@ is of one
order less then f and the ratio‘f/f is small in comparison

to unity.

Hence the integrable equation

'bl . (—}A = R RN NN
%[‘532"'_/\ + 5 = O vewue . ()—l-)

fx

has a solution

h = elA (mx = V't). = tessevecanes (5)
_ e e ey S
where m = 27T/L the angular wave number
Y = —gn/(m® +27)
A% = £%/gy H being the undisturbed

height of the atmosphere,
Generalising H to 2 dimensions, when H = £ (x,y) the

res%%§ant equation is formally the same and expressed
by

_ 24
%%Z_VH _>\J‘] 1+ ﬁ(g—i = 0 coecovceccos (6)

Charney (1949) states that e (6) has a
solution similar to eqn, (4) but that ?6) is best handled

in the form of the integral equation (7).
2T '
B (58) =b (£0) + | I pla-s t) b (0) A< evs (7)
o a

where the kernel 5
-in t (8 +X° U)

+ Q0
1 < ' 2 2 .
I 2(x,t) = gﬂv;Z_ L oe no+a -%] ellX
a -0 - :

and m2 + A 2 = a2.
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The solution in a fixed frame of reference can
be deduced from egn, (7) and %sw

h (x + Utst) =h (X9°) + I Z(X“%bs' t) h (“90) da§_..(8)
° a

Physically Iag(x,t) is known to be a function representing

the change in height at a point x after time t, which is

caused by a disturbance of unit magnitude at the origin,.

Mathematically I 2(x,t) is equivalent to Green's function
a

for the transfer of the equation from the differential to
the integral type.

Fig, 1 shows_two typical influence functions,
those for latitudes 30°S and LO%S and t = 1 day,

Values of I 2(xgt) used in this article were
g2 72

identical'with those used by Gates, Values of the
function at 5° and 15° were interpolated from the data
published by Gates.

The question of computational stability does not
arise in this example as the method of solution of the
integral contained in eqn., (8) is by approximate
quadratures and the solution in general approaches more
nearly the exact solution as the grid interval of
numerical integration approaches zero. Thus it is a o
valid procedure to reduce the grid interval from 10° to 5
in the hope of attaining a more exact solution,

Simpson®’s Rule was used in the integration of
the R.H.S. of eqn., (8). (see Margenan and Murphy, Sect.,
13)., The grid_interval within 20 of the origin was
reduced from 10° as used by Gates 80 5°, but outside these
limits the interval was held at 107, The small interval
was thus used over regions where the slope of the influence
function was steep compared to other neighbourhoods, This
allows a truer evaluation of the integral.

I 2(x-°(9 t) is the change in height at a point
a

x in time t caused by a disturbance at a point o< degrees
from origin,



23

From Simpson's Rule-

2m ' ,
Jk I z(x-ust) h(x,0) 4 o

o ) a .- ' -
= h(¥,0) JI o+ Iz + Ip5) +2 I + 120] B

3
+ h@(,O) [120 + Ll-(I3o + 150 +ooo) + 2(1)40 +0¢-0) + I180 21._9
.o-oooo-oooooooo (9)

If the influence region is chosen as 50 s le€a,
the value of I. 2(x,t) is taken to be effectively zero

out81de these 11m1ts when t = 1 day, then eqn. (9) becomes

2(x-s(,t) h(o(,o) d o<

= h(X,0) I0 + u(15 + I ) +2 I10 +. izcﬁ %’-

+ h(<,0) [':120 + W(I50 + Ig0) + 2 1) ) 3-3

where the I o’ I5, IlO’ etc.-are'the values of the ordinate .
of I 2(x-u§t) at origin and 5, 10 etec. degrees dlSplacement ’

H

from origin respectively.:
The. coefficients for displacements of

0, 5, 10, 15, 20,.30, LO, 50. degrees are ﬁherefqre

D 4By 2D by By Lhig PMyg Bhyo
57335 31T 3 3 3

where Db is the radial spacing of the points in the 5° grid.,

Strictly speaking the integral on the R.H.S, of
egqn, (7) is dependent on the absolute value of-h Gx,o) as
I 2(x,t is discontinuous at x = o, but if the function is

a
"made qua51-cont1nuous (by addlng the values of I 2(x,t)

occurring in the 1mmed1ate nelghbourhood of x = o) then it.
may be shown analytically that the integral is dependent
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only upon the relatlve values of h (X,0) over the region
of integration, .

For if h(¥,0) = h'(<,0) + H

" (where H is an arbitrarily chosen height)

when

2 ’ : .
n(x + Utjt) | - -

o1
h(x,0) + f h(x,0) I 2(x-><,t-) deX + { h(x,0) I 2(x—«,t) do<
d a g a

h(x,é) :+.[ h"'(oigo) IAQ(X"“"g.tf)A da>< —F h:*'(o{,‘o) I 2(x—°<,_t) d<
0 a’ )

V2 . : T
+ H f I 2(x-»'o<,1-,) d - H f 2(x-o<,1;) dx
0 Tt & .

a8 H is constant and can 'be taken Without the 1ntegra1
the last two terms reduce to

H ‘[f(Iaz(x-ggt))) X f(Iaz(x~a<?t))°]
where: - £(I 2(x—o(,.'b))2n, is,.t'hevalue of thefI 2(x—o<,t) a
a - ‘ . o am
at the point 27 and £ (I ,(x-xt)), at the point o, If
a ~ e

the function I‘z(x;q;t) is continuocus through the
a

neighboﬁrhooilv of the origin, h(x + Ut,t) reduces.to - -
h(XQO) + —/ h"(°<g°) I Z(X“’%t) d0< . o .eo o0 -'o‘e.,ooooo (10)
0 a ' .

and '¥§
2. Bh(x0) I ,(x-%t) N(1)
.- a . .

Z:O

il

hi'(o<90)' I 2(x-'og‘b) d
‘ a . : -
000‘00'.0°~0'°0;‘ (11)

where N(1) are the values of the ‘coefficients in Simpson's -
expansion, A : o
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The general term hJ (x,0) I Z(X-ugt) ‘N(i) has

been called the forecast coefflclent and is denoted by Fi’
Values of F; x 10 for a number of latitudes were then

calculated as functions of h' (ef,0) and I , and are
: . a
presented in Tables 1 - 5, L

. To evaluate U, the zonal speed of the basic
current, the mean zonal component of the geostrophic
velocity was measured over -the restricted influence-region.

Although the theory of small perturbations
embedded ‘in a zonal current of strength U indicates the use
of the speed U to transpose the forecast heights, it was
found here that this method gave a- con81stent over-estimate
of movement.

In the forecasts reproduced here the calculated
speeds U were reduced by a factor of 25 per ‘cent and in
general the forecasts were more accurate.

An attempt was made to introduce some latitude
dependency into the estimate of U in order to obtain a more
continuous juxtaposition, by averaging U over a band 10°
wide gbout the latitude in question, Results did not
improve significantly and there seemed little to warrant the
extra complication,

3, FORECAST ROUTINE

The use of the fofecast coefficients in the
preparation of a forecast is purely routine and is
described below with the help of the example in Table 6,

Steps to be followed -

(a) Place in the table the values of h_, the

absoluteoobserVed height at each of the points
spaced 5 apart listed under the columno<,
Also fill in the row marked initial height.






