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11. Pilbara—Gascoyne

11.1 Introduction

This chapter examines water resources in the Pilbara— The chapter begins with an overview of key data
Gascoyne region in 2009-10 and over recent decades. and information on water flows in the region in recent
Seasonal variability and trends in modelled water flows, times followed by a description of the region.

stores and levels are considered at the regional level.

Details for selected rivers, wetlands, groundwater,
urban areas and agriculture are not addressed.
At the time of writing, suitable quality controlled
and assured information was not identified in the
Australian Water Resources Information System
(Bureau of Meteorology 2011a).
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Figure 11-1. Overview of annual landscape water flow totals (mm) in 2009-10 compared to the long-term average
(July 1911 to June 2010) for the Pilbara—Gascoyne region

11.2 Key data and information

Figure 11-1 presents the 2009-10 annual landscape Table 11-1 gives an overview of the key findings
water flows in the Pilbara—Gascoyne region (no extracted from the detailed assessments performed
information is available for major storages in the region). in this chapter.

Total annual rainfall for the Pilbara—Gascoyne region
was the lowest in Australia for 2009-10 and the limited
water availability also constrained evapotranspiration
totals to below average levels (see Table 11-1). These
dry conditions resulted in very low regional landscape
water yield' for the year.

1. See Section 1.4.3 of Chapter 1-Introduction for the definition of this term.
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Table 11-1. Key information on water flows in the Pilbara-Gascoyne region?

Landscape water balance

During 2009-10

During the past 30 years

Region Difference from Rank Highest value Lowest value
average long-term mean (out of 99)* (year) (year)
132 mm -49% 5 601 mm 132 mm
(1998-99) (2009-10)
195 mm -14% 19 340 mm 176 mm
/ (1998-99) (1990-91)
pacns 9 mm -66% 12 149 mm 9 mm
LAICRCans water Vield i e (1999-2000) (2009-10)

* A rank of 1 indicates the lowest annual result on record, 99 the highest on record

11.3 Description of region

The Pilbara—Gascoyne region is the central western
corner of Western Australia. It covers a long coastal
section and a dry inland section bordered by the
western plateau. The region covers about 478,000 km?
of land area. River basin areas vary in size from

18,000 km2 to 91,000 km2,

The region has an arid subtropical climate, with

a temperate Mediterranean climate predominantly
occurring in the south. Rainfall is generally low and
variable. Irregular monsoonal rain occurs in the north.

The area encompasses two major plateaus: the Pilbara
plateau in the north and the Gascoyne plateau in the
southeast. The western part of the region includes
coastal and inland dunes and alluvial floodplains, with
some low relief in the southwest. Seasonal or persistent
aridity has resulted in low vegetation cover and
intermittent river systems.

The generally flat landscapes ensure high rainfall
infiltration rates. Rivers are sparse and drain internally or
towards the Indian Ocean. Greenough and Murchison
rivers in the southern basin generate substantial
amounts of flow at high rainfall periods.

The region does not contain any Ramsar wetland sites.
Surface water storages are generally lacking and
irrigated agriculture is only practised in the southern
coastal part of the region, at a local scale.

The region has a population of approximately 75,000.
The main city is Geraldton with a population of 27,000.
Other main towns are Karratha, Port Hedland (including
South Hedland) and Carnarvon.

2. See Section 1.4.3 of Chapter 1-Introduction for the definition of these terms.

Most population centres in the region are supplied by
groundwater with the occasional small storages filled
by both surface and groundwater. Water supply in
the region is provided by the Water Corporation of
Western Australia, the same agency supplying water
to the South West Coast region, including Perth.
Mainly local groundwater sources are used, placing
increasing pressure on groundwater resources.

As a consequence, the Water Corporation is working
towards securing future water resources for the region,
including plans for the construction of a seawater
desalination plant near Karratha.

The mix of land use in the region is illustrated in Figure
11-2. Most of the region is in a relatively natural state,
much of which is used for grazing. Dryland agriculture
accounts for approximately three per cent

of the land use in the area. Irrigation is limited and
intensive land uses such as urban areas account

for 0.03 per cent of the area.

The region’s watertable aquifers are given in Figure 11-3
(extracted from the Bureau of Meteorology’s Interim
Groundwater Geodatabase). The hydrogeology of the
region is dominated by the large area of outcropping
Palaeozoic fractured basement rock of low permeability.
The groundwater systems in this rock typically offer
restricted low volume groundwater resources. Major
groundwater management units within the region
include Gascoyne, East Murchison and Pilbara.
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Figure 11-2. Key landscape and hydrological features of the Pilbara-Gascoyne region (land use classes based on
Bureau of Rural Sciences 2006)
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PILBARA—GASCOYNE  Watertable aquifer groups

® Towns
Watertable aquifer
Surficial Sediment Aquifer (porous media - unconsclidated)
Upper Tertiary/Quaternary Aquifer (porous media - unconsalidated)
Upper Mid-Tertiary Aquifer (porous media - unconsolidated)
Tertiary Sediments (fractured rock)
Mesozoic Sediment Aguifer (porous media - consolidated)
Mesozoic Fractured Rock Aquifer
Palaeozoic and Pre-Cambrian Fractured Rock Aquifers (low permeability)

Palaeozoic and Pre-Cambrian Fractured Rock Aquifers .
(consolidated and partly porous) ‘

Figure 11-3. Watertable aquifer groups in the Pilbara-Gascoyne region (Bureau of Meteorology 2011e)
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11.4 Recent patterns in landscape water flows

The landscape water flows analyses presented in this
section were derived from water balance models and
are estimates of the real world situation. The models
used and the associated output uncertainties are
discussed in Chapters 1 and 2, with more details
presented in the Technical supplement.

Figure 11-4 shows that for 2009-10, the Pilbara—
Gascoyne region experienced low monthly rainfall
throughout the year, particularly relative to the

historically higher rainfall months from January to June.

The region has a dominantly arid climate characterised
by low rainfall throughout the year. Even in this context,
2009-10 was exceptionally dry, representing the fifth
lowest annual total in the long-term record (July 1911
to June 2010) and the lowest total in the past 30 years
(see Figure 11-6 [a]). November 2009 was the only
month to receive notably above average rainfall.

Monthly evapotranspiration was constrained to below
the historic normal range through much of 2009-10
due to low monthly rainfall and limited water availability.
Most months experienced higher evapotranspiration
than rainfall. Above normal evapotranspiration was
experienced in November and December 2009
following relatively high November rainfall.

Low monthly rainfall constrained regional landscape water
yield to very low levels throughout 2009-10, generating
almost no landscape water yield responses through

the year. Total water yield for 2009-10 was the lowest
annual total in the past 30 years (see Figure 11-12).
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Figure 11-4. Monthly landscape water flows for Pilbara-Gascoyne region in 2009-10 compared with the long-term

record (July 1911 to June 2010)
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11.4.1 Rainfall

Rainfall for the Pilbara—Gascoyne region for 2009-10
was estimated to be 132 mm, which is 49 per cent
below the region’s long-term (July 1911 to June 2010)
average of 259 mm. Figure 11-5 (a) shows that during
2009-10, the majority of the region received a relatively
even distribution of low annual rainfall with the highest
rainfall in the far south of the region. Rainfall deciles for
2009-10, shown in Figure 11-5 (b), indicate annual
rainfall was below average and very much below
average across the majority of the region.

Figure 11-6 (a) shows annual rainfall for the region over
the past 30 years (July 1980 to June 2010). Over the

30-year period, rainfall ranged from 132 mm (2009-10)
to 601 mm (1998-99). The annual average for the period
was 285 mm. The diagram clearly shows that 2009-10

experienced the lowest total rainfall in the past 30 years.

:

Annual total
(mm)

Regional rainfall shows a high level of interannual
variability with a number of years, including 1998-99,
1999-2000 and 2005-086, experiencing extremely high
annual totals relative to the 30-year average.

Summer (November-April) and winter (May—October)
rainfall time-series are presented in Figure 11-6 (b) to
provide an indication of patterns, trends and variability in
seasonal rainfall components over the 30-year period.
The graph indicates that for the first half of the 30-year
period, annual rainfall was relatively evenly distributed
through the year with slightly higher summer rainfall than
during the winter period. High rainfall years experienced
since the mid-1990s are reflected in noticeable increases
in summer rainfall, whereas there was a reduction in the
winter period averages through the 2000s.

Very
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Figure 11-5. Maps of annual rainfall totals in 2009-10 (a) and their decile rankings over the 1911-2010 period (b) for the

Pilbara-Gascoyne region
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Figure 11-6. Time-series of annual rainfall (a) and five-year (backward looking) moving average of November-April
(summer) and May-October (winter) totals (b) for the Pilbara-Gascoyne region
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11.4.1 Rainfall (continued)

Figure 11-7 provides a spatial representation of summer
(November—April) and winter (May—October) rainfall
trends throughout the region between November

1980 and October 2010. The linear regression slope
calculated for each 5 x 5 km grid cell depicts the
change in seasonal rainfall over the 30 years.

'

Trend in rainfall
(mm/year)

The analysis indicates that over the past 30 years, there
were contrasting changes between summer and winter
rainfall. The summer period analysis shows generally
positive trends in rainfall across much of the region
with the largest increases to the far north and east

of the region. Southern areas, around Geraldton,
indicate very slight decreases in summer rainfall.

The winter period analysis shows a general reduction

in rainfall across almost the entire region, which is

more noticeable to the south and through the

centre of the region.

< -10
No data

Trend in rainfall

(mm/year)

Figure 11-7. Linear trends in summer (November-April) and winter (May-October) rainfall over 30 years (November 1980
to October 2010) for the Pilbara-Gascoyne region. The statistical significance of these trends is often very low
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11.4.2 Evapotranspiration

Evapotranspiration for the Pilbara—Gascoyne region for
2009-10 was estimated to be 195 mm, which is 14 per
cent below the region’s long-term (July 1911 to June
2010) average of 226 mm. The distribution of annual
evapotranspiration for 2009-10, shown in Figure 11-8
(a), is closely linked to the distribution of annual rainfall
(see Figure 11-5). Highest annual totals are observed in
areas receiving slightly higher rainfall to the far south
and north. The majority of the region experienced low
levels of annual evapotranspiration.

Annual total
(mm)

Evapotranspiration deciles for 2009-10, shown in Figure
11-8 (b), indicate that evapotranspiration for the year
was below average and very much below average
across much of the region due to limited water
availability, particularly over the western half. The east of
the region generally experienced average conditions.
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Average 4-7
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No
data
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Figure 11-8. Maps of modelled annual evapotranspiration totals in 2009-10 (a) and their decile rankings over the

1911-2010 period (b) for the Pilbara-Gascoyne region
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11.4.2 Evapotranspiration (continued)

Figure 11-9 (a) shows annual evapotranspiration for the
region over the past 30 years (July 1980 to June 2010).
Over the 30-year period, evapotranspiration ranged from
176 mm (1990-91) to 340 mm (1998-99). The annual
average for this period was 240 mm. The plot shows
that evapotranspiration for 2009-10 was constrained
below the 30-year average following two years of
slightly above average annual evapotranspiration.

Summer (November—April) and winter (May—October)
evapotranspiration time-series are presented in Figure
11-9 (b) to provide an indication of patterns, trends and
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the 30-year period. Summer and winter period
evapotranspiration is shown to be relatively equal
throughout the first half of the 30-year period with the
summer averages demonstrating increased variability
through the second half of the period. These increases
in the summer period averages and variability are
closely linked to observed increases in summer
rainfall averages (Figure 11-6 [b]). Winter period
evapotranspiration remained relatively consistent
over the 30-year period.
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Figure 11-9. Time-series of modelled annual evapotranspiration (a) and five-year (backward looking) moving averages for
summer (November-April) and winter (May-October) evapotranspiration (b) for the Pilbara-Gascoyne region
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11.4.2 Evapotranspiration (continued)

Figure 11-10 provides a spatial representation of
summer (November—April) and winter (May—-October)
evapotranspiration trends throughout the region
between November 1980 and October 2010. The linear
regression slope calculated for each 5 x 5 km grid cell
depicts the change in seasonal evapotranspiration over
the 30 years.

Summer
November - April

()

Geraldton

Trend in
evapotranspiration
(mm/year)

< -10
No data

The analysis indicates a slight increase in summer
period evapotranspiration across almost the entire
region. The winter period shows slight reductions in
evapotranspiration across the majority of the region
over the 30-year period with slight increases in limited
areas to the northeast.

Winter
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()

Geraldton

Trend in
evapotranspiration =%
(mm/year) || No data
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Figure 11-10. Linear trends in modelled summer (November-April) and winter (May-October) evapotranspiration trends
over 30 years (November 1980 to October 2010) for the Pilbara-Gascoyne region. The statistical significance

of these trends is often very low.
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11.4.3 Landscape water yield

Landscape water yield for the Pilbara—Gascoyne region
for 2009-10 was estimated to be 9 mm, which is 66 per
cent below the region’s long-term (July 1911 to June
2010) average of 26 mm. Figure 11-11 (a) shows the
landscape water yield for 2009-10 was very low (less
than 50 mm) across almost the entire region.

Landscape water yield deciles for 2009-10, shown in
Figure 11-11 (b), indicate below average or very much
below average annual landscape water yields for across
much of the region. Average and above average values
are identified across very limited areas to the southeast
and far northwest of the region.
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Figure 11-12 (a) shows annual landscape water yield for
the region over the past 30 years (July 1980 to June
2010). Over the 30-year period, annual landscape water
yield ranged from 9 mm (2009-10) to 149 mm (1999—
2000). The annual average for this period was 37 mm.
The data clearly show the extremely low annual total
landscape water yield that was experienced in 2009—
10, representing the lowest total in the 30 year period.
The response of landscape water yield to high annual
rainfall at the end of the 1990s is reflected in annual
totals very much higher than the 30-year average.
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Figure 11-11. Maps of modelled annual landscape water yield totals in 2009-10 (a) and their decile rankings over the

1911-2010 period (b) for the Pilbara-Gascoyne region
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Figure 11-12. Time-series of modelled annual landscape water yield (a) and five-year (backward looking) moving averages
for summer (November-April) and winter (May-October) landscape water yield (b) for the Pilbara-Gascoyne region
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11.4.3 Landscape water yield (continued)

Summer (November-April) and winter (May—-October)
landscape water yield time-series are presented in
Figure 11-12 (b) to provide an indication of patterns,
trends and variability in seasonal landscape water yield
over the 30-year period. The data show a consistent
seasonal pattern during the first half of the 30-year
period with very little variability in the averages of both
seasonal periods. The extremely high landscape water
yield years at the end of the 1990s are reflected in
increases in both the summer and winter season
averages. The summer period shows greater increases
compared to the winter period and remained relatively
high through to the end of the period.
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Figure 11-13 provides a spatial representation of trends
in summer (November—April) and winter (May—October)
landscape water yield throughout the region between
November 1980 and October 2010. The linear
regression slope calculated for each 5 x 5 km grid cell
depicts the change in seasonal landscape water yield
over the 30 years.

The summer period shows slight increases in
landscape water yield across much of the region,
with slightly stronger increases identified across
northern areas. The greater increases in summer
period landscape water yield are reflected in the
five-year moving averages shown in Figure 11-12 (b).
The winter period analysis does not show clearly
defined trends for the region as a whole over the
30-year period. There is a small increasing trend
in the northeast and a small decreasing trend

in the central-north.
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Figure 11-13. Linear trends in modelled summer (November-April) and winter (May-October) landscape water yield
over 30 years (November 1980 to October 2010) for the Pilbara-Gascoyne region. The statistical significance of

these trends is often very low
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