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1. - INTRODUCTION

Information on the annual rainfall characteristics of the Darling Plateau and the
Swan Coastal Plain regions of Western Australia has been published by the
Commonweaith Bureau of Meteorology (C.B.M.) in their climate survey series (C.B.M.,
1965) and as an annual isohyetal map in 1962. More recently a metric version of the
rainfall statistics for stations throughout Australia has been published (C.B.M.
1977), broad scale analysis of annual data presented in their climate review of
Australia 1975=76 (C.B.M., 1976), and a broad scale map (C.B.M. 1980).

The study area covers a 160 km wide strip from the coast inland, and from Gingin to
Bridgetown. ISOHyetSAhave been drawn to include the whole of the Preston, Collie,
Harvey, Murray and Swan Coastal River Basins together with the central portion of
the Blackwood River Basin to provide a link between the current study and a prevous
study (Loh & King 1978).

The development of Bauxite Mining‘in the Northern Jarrah Forest portion of the study
area, and the Darling Range Study Group have stimulated more detailed investigations
of the Hydrology and Water Resources, Forest Silviculture and Geomorphology of the
region., These studies in turn have required more detailed information on the
rainfall characteristics of the region generally, and the definition of the high
rainfall area above the scarp in particular. As the rainfall gradient near the
scarp is known to be steep, the rainfall map needs to be on a larger scale than has

previously been available.

In the early 1970's the Public Works Department Water Resources Section began
collecting rainfall data on gauged catchments (catchments of streamflow measuring
sites) throughout the State, to assist in hydrologic studies. A greatly improved
rainfall network has resulted particularly in the more remote and sparsely populated
forest "zones. This report is an attempt to use the recent short term record
collected by the . Public Works Department in conjunction with the Bureau of
Meteorology's data to providé some of the answers to the above needs. The primary
aim of the investigation was to provide an updated average annual isohyetal map of
the Northern Jarrah Forests and ad jacent Regions in metric form at a 1:250 000

scale.

An additional statistical characteristic, the coefficient of variation was also

calculated for all the stations used in the study.
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2. APPROACH

All long term stations operated by the Bureau were studied for their reliability and
length of record to determine an adequate coverage over the area from the same base
year of 1926 as was used in the previous study (Loh & King, 1978). Some 76 stations
were adopted as primary base stations and their statistics calculateawFSEwéﬁe common
period from 1926 to 1979. Other stations in the area were correlated with their
adjacent primary base stations to enable means for the common 1926-79 period to be

calculated. Some 183 secondary stations, those with 12 or more (usually 20 or more)

years of record between 1926 and 1979 were defined and a set of annual statistics
were calculated for the common 54 years using correlations with nearby primary

stations.

122 tertlary stations (approx. half of which were P.W.D. stations

An addltlon

commencing in 1972) were used to obtain an estimate of the 54 year mean for areas
‘Wwhere neither primary or secondary stations were operating. Details of the

correlations and their accuracies are given in subsequent sections.

The above 381 stations formed the basis for estimating the long term annual isohyets
for the Darling Plateau and the Swan Coastal Plain. Vegetation, soil and landform

patterns were also considered in a qualitative way when defining the isohyets,

Extending the statistics of the secondary and tertiary stations to the common time
base enabled reasonable estimates of variability to be made through the range of

annual rainfalls occuring in the region.

An argument against adoption of a common period of analysis, however is that all the
data from the 1longest operating stations are not wused to define the station
statistics. Consequently, for those statlons, the mean is likely to have a higher
standard error of estlmate than if all the data were. used, and may cause more
inconsistencies than would be removed by using a common period of record.

Comparisons of the complete length of record with data for the common period are

made in the following subsections.

2.1 Primary Stations

For the 76 primary stations, Table 1 lists the period of record, the mean for both
the complete period of record and the standard 54 years, other rainfall statisties,

and the three closest primary stations.
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Missing monthly data for each Primary Station was infilled using monthly rainfall at
nearby stations. Individual estimates for each missing month were made by
considering both the‘monthly rainfall pattern and the ratio of the monthly rainfall
to the mean for the particular month in question. The characteristic which
displayed the lesser variability at the nearby stations was selected for estimating
the missing monthly rainfall. The method was checked for both individual months and
overall result. A small sample of known monthiy rainfalls was estimated using the
above procedure. The. estimated monthly values were generally within 5 mm of the
actual value, with the highest variation being 29 mm. For checking purposes, annual
means were estimated by using the method of section 2.2. Only one- of these
estimated annual means (Churchmans Brpok, 009 010) varied‘by more than 5 mm from the
adopted mean. The primary Stations which showed the worst correlations with other

Primary Stations (Rottnest Island, 009 038:; Capel. P.0O., 009 516: Riverdale, 010
| 635; and Colorado, 010 534) were isolated stations situated at the extreme
bouhdaries of the search area. Correlations between Primary Stations within the
"main area of interest varied from very good to excellent. Most stations had monthly

correlation coefficients in excess of 0.9 for all months.

Of the 76 Primary Stétions, Churchmans Brook had the highest average annual rainfall

(1364 mm), the largest number of estimated monthly rainfall values (52), and an

abnormally high coefficient of variation. - The high coefficient of variation may be

related to the high proportion of estimated monthly rainfall.

- The primary stations with longer record than 54 years had, on average, mean
rainfalls which were U4 mm greater than the 54 year mean. The 67 stations with mean
rainfalls Jless than 1000 mm averaged 5 mm greater while the remaining 9 stations
averaged the same as their 54 year means. Table 1 shows the largest variation occurs
at Bunbury (009 514) with the whole period mean U6 mm (5.3%) greater than the 54
year mean. At Bunbury the variation betweén the 54 year mean and the full period
meah was expected to be less than 4.9% (2 standard errors of estimate of the mean).
A double mass curve was drawn for Bunbury and showed an anomalous slope between 1926
ahd 1942, This anomaly represented a défioit of some 2300 mm which changed the
1926-79 mean annual rainfall to 872 mm, and the total period rainfall to 898 mm per

annum, a variation of 2.9%.

B e A st e =
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Only 5 of the primary. stations have the 1926-79 mean annual rainfall sufficiently

different to their full period mean to cause a significant change of isohyets.

The mean for the 54 year period is expected to be from +4.1% to +7.1% of the long

term mean for coefficients of variation from 0.152 to 0.259 respectively.

2.2 Secondary Stations

Table 2 ]lists the basic statistics for both the observed and extended 54 yeér record

for the 184 secondary stations. The data was extended by using the fqllowing

procedure

Linear regressions were made between the secondary station and the three nearest
primary stations (both individually and as a group) using monthly data. The best
correlation coefficient was then used to select the primary station for calculating
the relevant 54 year statistics for each month. The monthly statistics were then
combined to form annual statistics. Correlation coefficients for individual months
were generally good to very good. Generally about 5 months had correlation
coeffients greater than 0.95, and 10 months had correlation coefficients greater
than 0.9.

The annual coefficients of variation were calculated assuming there was no serial
correlation between successive months. The slight serial correlation (see section 5
for details) observed for the primary sﬁatidns tended to increase the coefficient of
variation. The values for coefficient of correlation in both Tables 2 and 3 are
included to show the relative variation between stations, while their absolute

values may be estimated to 2 significant figures from Figures 2 and 3.

2.3 Tertiary Stations

Table 3 lists the observed and extended means of the tertiary stations considered.
The method of estimating the 54 year mean was the same as for the secondary

stations.

To locate possible inconsistencies in the data, each tertiary stations long term
mean was compared with the general trends of nearby primary and secondary station
means, and double mass cur?es drawn. One station, Glenwood (009 707) showed a
longer term mean that was some 40% higher than its expected value, poor correlation

with nearby primary stations, and a double mass curve with a marked change between
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1932 and 1935. An inspection of the original rainfall record at the Australian
Archives showed a chénge of observer in August. 1932. Consequently only the shorter
period from 1926 to July 1932 was considered for the estimation of the long-term
mean for the station, as that data correlated well with the nearby stations.

In this case the shorter record appeared to give the best estimate of the long term

mean, and results of the shorter period are shown in Table 3}
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3. ANNUAL AVERAGE ISOHYETS

Annual average isohyets are reproduced in Figure 1. Major weight was given to the
primary - and secondary stations' mean rainfall when the isohyets were drawn.
Tertiary stations were used to assist the general interpolation of the isohyets, and

to delineate the high rainfall areas.

Some tertiary and secondary stations in close proximity to each other indicated
possible complex patterns of rainfall means, for example between Donnybrook and
Bridgetown. The limited length of record together with limited information'on local
topography and site exposure caused smoothed isohyets to be drawn. These smoothed
isohyets were drawn to allow for the expected aéeuracy of the mean values. Problems
of localised rainshadow effects and site exposure condition could be considered in
such areas, buf a denser network of long-term raingauges would be desirable if such

effects are to be adequately identified.

It is therefore considered that the isohyets in Figure 1 update and improve the
previously available information. However, estimates of long-term mean rainfalls
taken directly from these isohyets for individual locations must still be assigned
errors between 14.1%‘ and +7.1% of the 54 year mean where the Coefficient of
Variation varies from 0.15 to 0.26 respectively. These expected. confidence limits
generally convert to +75 mm for the highest rainfall area, grading to +35mm in the
lowest rainfall area. The " error in the vicinity of the scarp on the western
boundary of the Darling Plateau may be even higher. owing to the steep rainfall

gradient and the lack of long-term raingauges on the scarp.
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y, RAINFALL VARIABILITY
Tables 1, 2 and 3 1ist the coefficients of variation (standard deviation divided by
mean) for the primary. secondary and tertiary stations respectively, while Figure 2

shows isopleths of coefficient of variation based on the primary stations,

Rainfall variability generally increases with increasing distance from the coast. A
variation from the North-South isopleth trend to an East-West trend south of Collie
is evident. The report by Loh and King (1978) indicated a continuation of the
East-West isopleth trend for the region to the south of the current study. The area
of relatively low rainfall variability near Narrogin corresponds with the bulge in
the annual average isohyets over the same place. These rainfall anomalies appear to

be associated with the relatively high terrain in the area.

The general variability of rainfall in the region 1is  low to' moderate. The
coefficients of variation for the primary stations ranged between 0.152 and 0.259,
with a mean of 0.214, which is slightly higher than the average value of 0.176
determined by Loh and King (1978) for the adjacent area to the south.

Figure 3 shows two trends of rainfall variation in the study area: for areas with
less than 800 mm annual mean rainfall the variability increases as rainfall
decreases; for the remainder the variability is independent of annual mean rainfall.
the region of similar variability covers the Darling Plateau and the Swan Coastal

Plain.

It was considered possible  that rainfall magnitude may be related to the average
rainfall per rainday. The data appears in Table 1. Figure 4 shows the relatiohship
between avefage rainfall per rainday and annual mean rainfall. This relationship
shows that the higher the annual mean rainfall, the higher the average fainfall
intensity, with only a marginal increase in the number -of raindays per year. The
southern river basins studies by Loh and King (1978) show reversed characteristics:
increasing annual mean rainfall being associated with an increasing number of
raindays and only a marginal increase in rainfall intensity. These two sets of
rainfall characteristics appear‘to be related to the general coastline diregtion.

Some locations in the current study showed characteristics of both areas. For
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. example, Collie (009 628) has a rainfall variability which is typical of the Darling
Plateau and an average rainfall per rainday which is typical of the southern river

~ basins.

The Blackwood Plateau (adjacent to both the Swan Coastal Plain and the Donnelly
River Basin) is expected to display a complex mixture of the above mentioned sets of

characteristics.
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5 FREQUENCY DISTRIBUTIONS AND SERIAL CORRELATION
Previous studies have shown that the annual mean rainfall in this region is normally
distributed, and that there is a near =zero serial correlation between successive

annual rainfall totals.

The current study indicates that there are some significant serial correlations
between consecutive months for stations within the study area. These serial
correlations were sufficiently large to effect the conversions of monthly standard
deviations to annual figures. The annual standard deviations derived from monthly
values (assuming zero serial correlation, lag 1) were between 80% and 90% of the
annual standard deviations:- derived from annuai statistics for most of the primary
stations. When thelserial correlations for primary station annual data were mapped
(figure 5), regions of relatively high serial correlation were observed in the high
rainfall area near Churchmans Brook and the low rainfall area near Wagin. ‘These

areas were associated with locally high rainfall variability.
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6. DISCUSSION

As noted in section 4 the Isohyetal Map (Figure ﬁ) is based primarily on the longer
term statistics of the Bureau of Meteorology and has the same generél features as
the previous (1980) large scale map. The méjor differences between the current map
and the previous one are the steeper rainfall gradient along both sides of the
Northern Jarrah Forest and a continuation of the 1000 mm isohyet from the Darling
Platéad to the South Coast. The new isohyets generally increase the annual average
rainfall over the Northern Jarrah Forest part of the Darling Plateau while leaving
the 600 mm isohyet unchanged. These differences are related to additional secondary
and tertiary stations in the area, to the use of the common SM'year period of record
and, for the area near Greenbushes, to differences in the subjective drawing of the

final isohyets.

A very steep rainfall gradient exists along the western edge of the Darling Plateau.
Between Armadale (009 001) and Churchmans Brook (009 010) the mean annual rainfall
increases by 85 mm per kilometre, which is one of the steepest measured in
Australia. This steep rainfall gradient between primary stations is confirmed by

nearby primary, secondary and tertiary stations.

The 1100 mm isohyet extends for some 170 km South from Mundaring, averages 20 km in
an East-West direction.‘to cover an area of approximately 3 U400 square kilometres.
Two areas were identified with more than 1300 mm of mean annual rainfall, the
smaller around Churchmans Brook, and the larger extended from Karnet (009 111) to
Dwellingup (009 538). There were no stations within a mean annual rainfall greater
than 1400 mm in the study areé. The long term mean at Karnet is estimated to be
1394 475 mm, so a 1400mm isohyet may be identified in this area during a later

study.

The fecent data collected by the Public WOrkS Department (tertiary stations) was
useful in assessing the overall rainfall patterns. Their estimated 54 year means
correlated very well with the means of nearby long-term stations. Owing to the
variability of rainfall in the area, some additional ten to twelve years of data are
required before standard errors of estimate of the tertiary stations (for their

period of record) will be less than 5% of their mean.
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In addition to the 50 tertiary stations still 6perating at the end of 1979, a
further 89 Public Works Department stations have been opened'since 1975. These
stations should in time.(approximately 10 years) provide better definition of the
high rainfall area, and the rainfall gradient on both sides of the Northern Jarrah

" Forest.

Analysis of all available data in some 10 years time should provide an improvement
on the information presented here. Even with the current network, however, it is
unlikely that local rainshadow effects (or the effects of site exposure) could be

isolated on a drainage basin scale.

The study has illustrated the moderately low variability of annual rainfall in the
regioﬁ. The annual rainfall is_dominated‘by reasonably reliable winter rainfall
between May and October. During this period westerly winds from the Indian Ocean
and frontal systems associated with extensive depressions in the Southern Ocean
regularly supply abundant cold moist aierver the western coastline. The pattern of
annual rainfall (figure 1) is a reflection of how this moist airflow is affected by
the Darling Scarp and precipitated over the area. The low rainfall in the northern
coastal areas is due to the lack of relief combined with irregular frontal systems.

The increase in variability as distance from the coast increases is a consequence of

a more erractic moisture supply relative to that on the coast.

Rainfall Frequency distributions were not studied for this area. Some of the serial
_correlation which was noted for monthly data persisted to the annual data. Regions
of relatively high annual serial cdrrelation were found near Churchmans Brook and
near Wagin. The significance of these relatively high annual serial correlations
may be associated with the particular patterns of rainfall in these areas. For
example, some wet years together and some dry years together may increase annual
serial correlations. The relatively high annual serial correlations are associated

with locally higher values of rainfall variability.
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7. CONCLUSIONS .

The general characteristics of the annual rainfalls of the Darling Plateau and the
Swan Coastal Plain have been identified and an updated isohyetal map using all
available data has been produced. Figures 1 and 2 summarise the mean and
variability of rainfall throughout the region while other general characteristics of
the data set are discusséd in section 6. In addition to that discussion the

following points are emphasized.

(1) The study identified long term annual mean rainfalls to within 475 mm for the

highest rainfall area, grading to 435 mm in the lowest rainfall area.

(2) Rainfall variability in the region is generally low but increases with
distance inland from the.ooast and tends to be higher in the northern area
than in the rest of the study area.

(3) the study should be repeated in about 10 years when data from the expanded

network will be more useful in assessing the long term statistics.

D) The current network appears adequate to accurately define the major isohyets

and to identify some local rainfall effects.
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FIGURE 3
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ANNUAL MEAN RAINFALL VS ANN!AL COEFFICIENTS
OF VARIATION
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ANNUAL MEAN RAINFALL V.

ANNUAL AVERAGE RAINFALL PER RAINDAY

FIGURE 4
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