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~Abstract: Fisher~Tchebysheff orthonormal polynomials were
used to represent the three-dimensional pressure distribution.
Together with & number of other independent varigbles they
were then related to Eucumbene catchment rainfall by means

of e linear regression equation. Thig equation vas
subsequently used to forecast daily rainfall for 1957, which
had not formed part of the origlnal data.
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The correlation coefficlent between actual and

forecast rainfall on 91 days was 0:43, which is significant
on the 0.1 per.cent. 1evel Thehatandandvgrror of “estimate was
0.145 inches. The results compared not unfavourably with
those obtained by other methods for the same period.

Although the results at this stage are not good
enough to be of great operational value, they appear
sufficiently encouraging to warrant further investigation.
Plans for these investigations are discussed.

1. PURPOSE OF FORECASTS

In the Snowy Mountalns, power is to be produced from a
complex system of at least 23 dams and 12 power stations. The
water supply to some of these power stations is almost 100 per cent
controlled by reservoirs above. Other stations are only partly
controlled and some of the highest ones can be considered as being
practically uncontrolled "run of the: river® stations. Forecasts of
streamflow are required for economical use of the energy. which is
available in the system: and for the minimization of energy wastage
through spilling at any ‘place; they are also expected to provide
advanced information of available hydro-power for the planning of
thermal stations in New South Wales and Victoria..



2

Forecasts of streamflow can be based in some cases on
telemetered upstream measurements of river stage height and of rain-
fall. Several of the catchments, and among them some of the more
important ones for power production, are however so small and steep,
that the water from any part of the catchment may flow through tur-
bines within 12 hours of its reaching the ground. Streamflow fore-
casts for a 1onger period would have to be based there on quan=-
titative forecasts of precipitation. A ‘test project, to see whether
quantitative rainfall forecasts for mountain catchments was feasible,
was therefore initiated by the Snowy Mountains Authority.

2.  PHYSICAL CAUSES OF RAINFALL IN THE SNOWY MOUNTAINS

5 The Snowy Mountains have a Medlterranean type of climate
with a pronounced ‘winter maximum of -precipitation. Summers, -though -
not rain-less, do not yield much run-off. - Preelpltatlon from - :
January to March is often due to the thunderstorms and to instability
associated with occasional incursions of moist tropical air from the
north-east.

During the rest of the year, from April to December,
precipitation is associated predominantly with travelling extra-
tropical cyclones, fronts and troughs, which move rapidly with the
westerly upper air current towards the east.

The role of the mountains in producing orographic rain is
related to the passage of travelling disturbances. A straight un-
disturbed westerly air current for example may produce orographic
clouds on the mountains but it will hardly ever produce rain. On the
" other hand the rising motion near a trough or front is increased by
the topographic effect. As a result the rain begins to fall earlier
in the mountains, that is further ahead of the trough, than in the
plains. It may also be more intense and last longer. The frequency
of travelling disturbances depends to some extent on the upper wind
speed and there is a statistically significant relation between
monthly rainfall in winter and sprinig on the western slopes and the
mean monthly north-south slope of the 300 mb surface.

A Foehn effect causes the dissolution of clouds on the
eastern side of the range. The distance to which ‘westerly'! rain
spills over to the eastern slopesdepends on the wind velocity and
on the height from which it falls. If the freezing level is low
the rain-forming clouds occur on a relatively low level, spill-over
in this case does not generally reach more than about 2000 ft.below
the crest height of the range. When the.freezing level is high,
rain usually reaches a greater distance down the eastern slopes.



3. CHOICE OF METHOD

Three approaches were considered for the quantitative
forecasting of rainfall over particular Snowy Mountains catchments,

(a) Subjective forecasts based on synoptic charts
and local experience of forecasters;

(b) Numerical integration of the equations of motion
for a three level model as suggested by Smagorinsky
_ and Collins (1955);
(c¢) Statistical forecasts on lines suggested by
Wadsworth (1951) and Malone (1956%.

The third of these three methods was chosen because it was
considered most likely to produce useful results under local circum-
stances during the coming 10 to 15 years; because once developed it
could be applied mechanically with an electronic computer; and because
of the strong orographic component of Snowy Mountains rainfall, which
not only reduces uncertainties as to the location of rain but also
was known to cause a statistically significant relationship between
catchment rainfall and the wind or pressure distribution.

Once the basie choice for a statistical method had been
made, it was necessary to decide whether the independent variables
for a regression should represent values of individual meteoroclogical
elements from particular stations or whether they should represent
grid values derived from analysed charts. A combination of both was
finally selected. For elements other than pressure, station data
was used; for pressure, grid values appeared preferable at this stage
because the Australian network is rather open and it was thought
desirable to incorporate the judgment of Weather Bureau analysts, as
represented by their charts, into the forecasts.

. The project was divided into two main steps. In the first
one, the pressure field for each day was specified by a characteristic
set of numbers. In the second step,these numbers as well as other
chosen independent variables were related by a linear regression
equation to catchment precipitation. These two steps represent each
a separate least square approximation.

: 4o SPECIFICATION OF THE PRESSURE FIELD

The present investigation differs somewhat from other
published studies of statistical forecasting; by representing the
three-dimensional pressure distribution in a single process, instead
of representing a number of separate two-dimensional isobaric charts.
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The pressure field was approximated by the fltting of a
set of Fisher-Tchebysheff orthonormal polynomials. Provided x
increases by L + 1 constant increments; from x = 0 to x = L,it is
possible to approximate a one dimensional function f (x) by a functiont

~ 1

0 o= £ ey By (1)
where 1 K<L and<PiL'is the Tchebysheff orthonormal polynomial of
degree i for L points (Milne 1949) and where

T S o

T D . - > M - - - . - =

i e

SR Equatlon (l) gives the ‘best approximation of f, which can
be achieved by a polynomial of Order 1. _
N The approx1matlon of Tchebysheff polynomials has the great

advantage that unlike ordinary least square computations which require
the solution of a set of simultaneous equations, the equations (1)..
contain ~only one value of the coefficients c,. With V indicating
the variance, . the square of the multlple correlation coefflclent
(coefficient of” determlnatlon) between actual and computed values
of £ is given simply by:

c? =

1 et
zz _ ci l»_'(B)

The complement of c2 is the reduction of the variance.

1
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These considerations can be readily extended to more than
one ‘dimension. If x increased by a constant increment from
X = otox =1L, and y increases by another constant increment (not
necessarily equal to that of x) from Y = o0 toy =M, while z incvreases
frqm z=otoz=N, a functlon g(x,y,2) can be apg;oxlmated by:

- ; " l m n
g(x,y,2) = g g Z
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where
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X=0 Z =0

In the present case x represented the longitude, y the
latitude and z is related to the pressure. The value of x increased
by constant 5° steps from x = o at longitude 110°E to x = 12 at 170°E;

y varied also by 5° steps from y = o at latitude 1595 to y = 6 at 45°S‘
the vertical co~ordinate was defined by setting z = O for p = 1013.25 mb,
=1 for p =700 mb and z = 2 for p = 500 mb. The use of the 300 mb
and 200 mb surface would have been des1rable, but there was not

sufficient data for the whole period back to 1952,

The possibility of a 4~dimensional representation, with
time as the fourth dimension, was considered but was not adopted in
the present stage.

The grid points of the chosen 13 x 7 x 3 point grid are not
equally distanced in space, but at the low latitude of Australia, the
difference from a Cartesian grid is small. The pressure field was
represented at each grid point by the departure of the geodynamic
height from the corresponding height of the N.A.C.A. standard
atmosphere. The height of the 1013.25 mb surface was computed by
assuming one millibar to correspond to 28 ft throughout the region.
The resulting error is small in Australian latitudes where temperature
differences are not very large.

Values of the Tchebysheff polynomial P 13 and RKB
3

were generated within an electronic computer at the Phy81cs Department
of Sydney University (Silliac), by the Aitken (1946) process. They
were then used together with the grid height data to compute the 273

coefficients ci'k for each day.
J



6

Mean values of °2i°k were also determined for each month. An
inspection of thest mean values showed that 20 coefficients out of the
total of 273 would have been sufficient to represent the pressure
distribution with an average accuracy of more than 90 per cent. In

- actual fact, 25 coefficients were finally chosen to specify the
pressure field, because some of those which were numerically small
were thought to have physical significance for rainfall predictiqny

The Téheb&sheff'coéfficienté’can’belinterpreted physiqally,
.58 COIO is related te~tbe-mean meridional- slope-pf the three pressure

surfaces,“codi“is related to the vertical gra&ieﬁtzof’departureS“-
that-is the-meah-thidknessfoflthewlayer 1013.25 = -500 mb; 511 is -

related to the mean meridional gradient of the thickness (or the mean
vertical gradient of the meridional slope); all »‘c,he,c'z-:l‘,:j2 coefficients

give a measure of the vertical stability, that is, the difference
+ between the 500-700 mb thickness and the 700-1013,25 mb thickness at
various places, etc. '

.2+ _REGRESSION ANALYSIS

- Daily rainfall has a skew distribution and there are' many
zero values. Assume for argument's sake that rainfall was dependent on
& single hypothetical variable u and that the resulting relatipnship
could be represented by Fig, 1. It can be seen that a linear
regression belonging to the whole population of rainy and non-rainy
days would inevitably falsify the picture. For this reason the re-
gression was developed initially on the basis of data from rainy days
only. It was hoped that the application of this regression to in-
dependent variables from non-rainy days would give negative values

for the rainfall on those days. , ’

The regression was computed in the usual way from a matrix
equation of the form -

-1

_ A=F1B 5.1

where P is the co-variance matrix of the independent variables, B is
a column vector which has the co-variance of the dependent variable

with each independent variable as companents, and A is a row vector

- which has the sought regression coefficients as components.

Computational accuracy was checked as usual by the
calculation of a second column vector B, which has as its components
the co-variance of the sum of all variables with each independent
variable,
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Fig.3 Rainfall as Function of a Ficticious Independent Variable U, Regression 'C’
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If the computation has been correct, the components of A!obtained from
the equation

Aﬂ=flm 5.2

differ by unity from the corresponding components of A.

Another set of equations was obtained from the matrix P,

which has as its components the co-variance of all dependent and inde-
pendent variables. A column vector D was defined as having components
which are all zero except the least cne which is equal to unity, the
solution of the set of equations,
- =1

A& - PK‘ D - - - 5 o3
gives the per cent reduction of the veriance (1_02) directly as the last
component of A,

6.  DISCUSSION OF DATA

)

.~ _ For test purposes, 24 hour 9 a.m. to 9 a.m. rainfall over the
catchment of the Eucumbene River on the eastern slopes of the Snowy
Mountains was used as a dependent .variable. The catchment extends over
240 square miles and rainfall was computed from two stations operated

by the Bureau of Meteorology and from one cperated by the Snowy Mountains
Authority., The reliability of the estimate suffers from the absence of
weekend observations at.one and sometimes two of these stations. It is
also affected by the unreliability of snowfall messurements at the high-
est station (Kiandra 4580 ft). Although the computation was not in-
validated by these shortcomings, it seems probable that more correct
test-forecasting results might have been obtained if the regression
could have been based on a longer and more reliable series of historical
data. ’

. The set of independent variables consisted in one test of 25
Tchebysheff coefficients to represent the pressure distribution at 3 pP.l,
Eastern Australian Standard Time on the day before the rainfall reading;
8 coefficients to represent the pressure distribution at 3 p.m. two days
before the rainfall reading and another 8 to represent pressure dis-
tribution three days before the rainfall reading. In the second test
20 coefficients only were used for the first day, 8 for the day before
and nonefor any earlier period.

Additional independent variables represented the precipitable
moisture between the ground and the 700 mb surface as measured by radio-
sondes near Adelaide, Melbourne and Sydney, one day and two days before
the rainfall observation.
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Rainfall in the Deniliquin area over the plains to the west of the
Snowy Mountains was thought to be indicative of rainfall in the Snowy
Mountains on the following day and was therefore used as another in-
dependent variable.

7. REQBESSION ANALYSIS RESULTS; THE USE OF ZERO RAINFALL DATA

. The coefficient obtained from equatlon (5.1) were used to
compute dally values of the rainfall for every day of the historical
period ‘and to compare this with the observed figures:. With a regression
containing 37 independent variables the coefficient of determination
was equal to 0,34; the result for 49 independent variables was only
slightly better with e =0 .37, corresponding to a correlation co-
efficient of about 0.6 for 455 pairs of actual and computed values.

Negative values of the prediction were assumed to represent
zero rainfall. The number of days for which the computation gave
negative values was however very considerably less than the number of
days when in fact no rain occurred. This can be explained pertly by
the fact that in the derivation of the regression, no weight was given
to the zero rainfall values which in the schematic diagram of Fig. 1
would have occurred to the right of the intersection between the re~-
gression line and the u axis. )

The original regression (A) was basically of the form:
Predicted rainfall = Mean rainfall amount for rainy days only + Linear
function of independent variables.

 Tentatively and arbitrarily a second regression equation (B)
was tested in which the constant term was based on the mean daily rain-
fall from all days, not only from rainy days. Such a regression makes
some allavance for the points which may be found on the schematic
Fig. 1 on the abscissa right of its intersection with the regression
line and is shown in the schematic Fig. 2. It was found that equation
(B) gave a correlation coefficlent of 0.71 between actual and observed
rainfall.

A more systematic improvement might have been achieved by
computing rainfall from a regression of type (4), by comparing the
results with the observed values, and by then computing a second
regression which would include not only days with observed rain but
also those days with zero rainfall for which the first regression gave
positive values. This would produce a somewhat steeper regression
line to the right of the original one as shown in the schematic Fig. 3
and would presumably give also a better approximation of large rain-
fall values. The process can be repeated several times and it is
proposed to test such a second order approximation during further
developments.







