ESTIMATION OF AVERAGE ANNUAL RAINFALL
"OVER THE. PORT PHILLIP REGION OF VICTORIA

by C.E. Hounam
Central Office, Melbourne

'(Manuscript received September 1957)

Abstract: There is shown to be little
correlation between average annual rainfall
and elevation but consideration of physical
principles involved in rainfall production
indicates that other factors may have
considerable influence on the amount
received at a particular location,
Orographic features increase the rainfall

- over favourably located areas and cause a
decrease over others whilst elsewhere the

. distance from the sea may be the most
important factor, Over the whole region
the bulk of the rainfall is associated
with a surface wind having a westerly
component,-

Graphical methods of estimating
the influence of each of these factors on
average annual rainfall have been developed,
Each correction is applied in turn and the
resultant estimates are in most cases within
10 per cent of the observed values,
Modification of the relationships developed .
would be necessary before the method could
be applied to other regions,

‘1,  INTRODUCTION

' This study was prompted by the need for rainfall
information, especially for hydrometeorological purposes,
over unsettled areas where rain gauge density is quite

inadequate,

The headwaters of many of the most important

river systems in Australia are in uninhabited mountainous
areas, usually the most rain productive parts of the

catchments,

This means that not only is the amount of
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dbservational'data negligible but the estimation of rain-
£all is rendered difficult by the complex nature of the
terrain,

In constructing an average isohyetal map the
normal procedure is to estimate the location of each line
relative to the fixed network and to orographic features,
However rainfall varies in a complex manner with a number
of factors and it is usually impossible, from a simple
inspection of the general orography, to estimate values
with confidence over unrepresented areas,

The prime factors upon which rainfall is
dependent are vertical motion and moisture but this
discussion is concerned with influences producing local
variations in rainfall, Factors which are discussed
briefly, as having an influence on rain production, are
elevation and slope, exposure to rain bearing winds,
distance from the sea, wind direction and convergence.

An attempt was made to determine the approximate magnitude
of each of these effects over the Port Phillip region and
the process of estimation was divided into four stages '
involving in turn most of the above factors.

Thirty year normals for the period 1911-1940
were used wherever available, Periods of record are
shown in Table 3, An error may be introduced in some
instances by use of a non-standard period average, in
addition to the more common but generally inherent error
arising from poor exposure or deterioration in exposure,

Heights above mean sea level were obtained from
records held by the Bureau of Meteorology, from publications
of the Victorian Railways Department and from the Department
of Lands and Survey, A number of areas were recently
surveyed accurately and elevations are known to within
+ 2 ft. However the accuracy of the quoted heights of some
stations is only + 50 £t and a difference of 50 ft in
elevation may lead to a difference in the estimated annual
rainfall of over an inch, Another source of error is the
lack of information in some instances concerning the height
of the rain gauge relative to the reference point,
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26 FACTORS AFPECTING RAINFALL
(1) EleVatlon and Slope
(a) General Discussion

It is usual to regard highland areas as
relatlvely wet compared with lower-lying environments but
other features of highland rainfall distribution are the
rain shadows in their lee and the diminution which usually
commences above 'a -high level,:. The level of the maXximum ‘
rainfall is related to the air temperature but in Australisa,
with relatively high temperatures and highlands which do
not reach exceptional elevations, it is improbable that the
zone of decreasing rainfall is reached, This would
certainly be the case in -the present study Where elevatlons
under consideration are less than 3000 ft,

Increase of rainfall with elevation takes place
in spite of the normal decrease of water content with
altitude in the . free atmosphere and is due to the 1lift

"imparted on the air stream, When an air mass reaches a
mountain barrier the only path »pen to it is to rise up the
slope. (Isolated peaks around which divergence could take
place do not constitute a full barrler). This gives to the
alr motion a vertical component which depends on the
horizontal wind velocity and the slope of the barrier,
Furthermore, the greater the elevation of the barrier the
greater the induced .1ift.. At higher elevations there also
will be more instances of cloud build in convectively
unstable air masses, with resultant rains usually confined
to higher parts of the barrier,

Frontal activity and thermal 1ift are ignored.
here on the '‘assumption that the rainfall contributed purely
by these processes would be. approximately the same on the
average throughout the region. This is not strictly
correct, one reason being that there are some localities
such as the southern slopes of mountain ranges which would
experience a smaller number of thermal thunderstorms than
areas exposed to greater surface heating,

“ . (b) Estimation of Effects of Elevation (First Stage)

Alter (1919), in describing the normal
precipitation in Utah, states that "the altitude-increase
relation is found to be rather irregular, varying with the
local topography, though on gradual slopes, without
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important interruptions in topography, the increase is

strikingly uniform". He quotes the follow1ng rates of
change of rainfall with elevation; . o

Increase up windward slopes : 4 ins/1000 ft
Decrease downileeward slopes : 5% ins/1000 ft

Henry (1919) refers to the immense increase in
rainfall which can be caused by an abrupt barrier and
quotes the outstanding example of Cherrapunji in India,
This station receives approximately 500 inches per year
whereas stations in the adjacent plains, LOOO ft below,
receive only 100 inches on .the average, '

. Donley and Mitchell (1939) have used the .
follow1ng equation:

R' = R + K A/100
where R' = Rainfall at the higher point
| R = Rainfall at the lower point
A = Difference in elevation in feet
K = Zonél constant. |

The value of K varied considerably as indicated
by the following data for the area 1nvest1gated in the
United. States:

Zone Height of Zone (ft) X
B3 2500 - 3800 | 1,73
S II 2500 - 5000 1,47
ITI 2500 - 5500 . 0,58
IV 5500 = 6500 1.40
v 2500 - 6700 . . 0,52

Estimates obtained by using this equation would
be rough only.
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Spreen (1947) considered several orographic
parameters, each correction being applied graphically from
an empirical relationship, He concluded that only
30 per cent of the variation in winter precipitation over
Western Cclorado was attributable to elevation,

In this analysis of the average annual rainfall
over the Port Phillip region (see locality map in Figure 1)
the first approach was to plot the rainfall against the
elevation to see what relationship, if any, existed
between them, Figure 2 shows the distribution, Broadly
speaking there is a tendency for rainfall to increase with
increasing elevation but the relationship is so broad that
little pattern is discernible and a wide range of rainfall
occurs at the same elevation, For example, at Gisbormne,
Sherbrooke and The Hermitage, situated at approximately
1500 ft, the average rainfalls are 28,59, L9,77 and 62,25
inches respectively whilst averages of 50 inches are noted
at elevations ranging between LOO ft and 2000 ft,

Labelling each plot point on the diagram with the
station name gave a slightly clearer picture of the
distribution as it was then possible to divide the points
into approximate zones, These are shown on Figure 2,

For example, the Yarra Valley stations (Zone III) exhibit
a rapid increase in rainfall for z small increase in
. elevation up the valley whilst stations to the west and
north-west of Melbourne (Zone I) show little increase in
rainfall for a large increase in elevation. Stations in
the Dandenong Ranges (Zone VI) form a distinct cluster, more
or less confirming one another, but indicating that
considerably less rainfall is received in that locality
than at the same height on the Black Spur, Another group
(Zone V) comprises stations to the north of the Dividing
Range, i.e. Eildon, Taggerty, etc,

No curve constructed on Figure 2 can be taken as
a representative mean, However by consideration of the
features of stations plotted on this figure it was possible
to construct a line which has some significance and which
would serve as a first stage in the estimation of rainfall
from elevation, For example, Warburton at 500 ft receives
more rainfall than would be expected from pure orographic
1ift, whereas Olinda, near the top of the Dandenongs,
receives less; thus these points are far from representative.
However a few points were selected as not being greatly
affected by the proximity of ranges, by orographic
convergence or divergence and, in relation to the features
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of rainfall at other stations, a curve as shown in
Figure 3 was drawn,
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Figure 3. First stage estimate rainfall vs, elevation

First stage estimates of the average annual
rainfall may be obtained from this curve,

(¢c) Degree of Error in First Stage Estimates

The difference between the first stage estimate
and the actual average was expressed as a percentage of
the estimate for each station, These percentages are
relative to values obtained from Figure 3 and although
this curve (i,e, Figure 3) is subjective a sllghtly different
position would not seriously jeopardize the comparison,

" The percentages are the corrections which must be applied
to the first stage estimate to obtain the actual rainfall,
Figure 4 gives the isopleths showing the geographical
distribution of these corrections, A noteworthy feature
is that all isopleths between zero and -50 per cent to the
west and north-west of Melbourne are approximately parallel
to the coastline between Cape Otway and Melbourne, This
may be due to the fact that important rain-bearing south-
west winds reach this area only after a trajectory of at
least 100 miles over land, including the Otway Ranges
where rainfall is high, whereas immediately east of the
zero isopleth, where most areas have a positive correction
the exposure to the south-west is open with much of the
trajectory over water,

Figure L indicates that certain areas must be
examined more closely for other factors affecting rainfall,
For example, as noted prev1ously, the Dandenong Ranges
receive less than would be expected whilst stations in the
Yarra Valley receive more. The figure is a general guide
to the errors to be expected in first stage estimates but
is not accurate enough to serve as a basis for final
estimation,
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stage estimate.







