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Project framework

Scenarios assessed

The project framework begins with definition of sub-catchments for modelling and
regions for reporting, and with definition of the climate and development scenarios to
be assessed (including generation of the time series of climate data that describe these
scenarios). The climate data form inputs to spatio-temporal modelling of the implications
of these climate scenarios for catchment runoff and groundwater recharge. The catchment
development scenarios (farm dams and forestry) are modifiers of the resulting modelled
runoff time series. The runoff implications are then propagated through existing river
system models. The recharge implications are propagated through groundwater models
– for the major groundwater resources – or considered in simpler assessments for the
minor groundwater resources. The connectivity of surface and groundwater is assessed
and the actual volumes of surface-groundwater exchange under current and likely future
groundwater extraction are quantified. Monthly water balances for the last 10 to 20 years
are analysed using all relevant existing data and remotely-sensed measures of irrigation
and floodplain evapotranspiration, and are compared to the river modelling results. The
implications of the scenarios for water availability and water use under current water
sharing arrangements are then assessed and synthesised.

The assessments of current and potential
future water availability have been
undertaken by considering four scenarios
of historical, recent and future climate
and current and future development. All
scenarios are defined by daily time series
of climate variables based on different
scalings of the 1895–2006 climate. The first
scenario is for historical climate and current
development and is used as a baseline
against which other scenarios are compared.
The second scenario is for recent climate
and current development and is intended as
a basis for assessing future water availability
should the climate in the future prove to be
similar to that of the last ten years. The third
scenario is for future climate and current
development and evaluates three global
warming scenarios using 15 global climate
models to provide a spectrum of possible
climates for 2030. From this spectrum three
variants are reported: a median or best
estimate, a wet variant and a dry variant.
The fourth scenario is for future climate
and future development and considers
the effects of both a 2030 climate and the
expansions in farm dams and commercial
plantation forestry expected under current
policy, and the changes in groundwater
extractions anticipated under existing
groundwater plans. All scenarios assume
current water sharing arrangements and do
not attempt to include possible management
responses to changes in climate, water
availability or development.

Define climate
scenarios

Define reporting
regions and
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Environmental
assessments

Groundwater
modelling and
assessment

Reporting

The uncertainty in the assessments is considered from the perspective of “IF this
future” (of climate and development) “THEN these hydrologic implications”. There is
uncertainty in both the IF and the THEN. The uncertainty in the IF is typically large,
since the degree of future global warming cannot be accurately predicted. Additionally,
there is still considerable uncertainty in predictions of rainfall change resulting from
global warming. The uncertainty in the THEN stems from the adequacy of hydrologic
and meteorologic data and the imperfect predictions of hydrologic response to climate
change given current understanding. The implications of the uncertainty assessments
are summarised under Limitations (page 5) to advise users of the reliability of the
assessments with respect to the terms of reference of the project.
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> Cover: Moonie River at Killawarra crossing (DEWHA)

Moonie region
> Floodwaters, Warrie Crossing, Moonie River, Qld (DNRW)

The Moonie region is largely in south-western Queensland east of St George and covers
1.4 percent of the total area of the Murray-Darling Basin (MDB). The population is around
1700 which is less than 0.1 percent of the MDB total. The region has a number of small
settlements including Thallon and Nindigully but no major towns. The region is based
around the Moonie River. The dominant land use is dryland pasture used for livestock
grazing. Approximately 6200 ha were irrigated in 2000, with cotton comprising over half of
the irrigated area. There are floodplain wetlands along the Moonie River and the Thallon
Waterholes have been identified as significant for waterbirds in the MDB. The wetlands in
the region have not been recognised as being nationally or internationally important. The
region uses 0.2 percent of the surface water diverted for irrigation in the MDB and uses less
than 0.1 percent of the total groundwater used in the MDB (excluding the confined aquifers
of the Great Artesian Basin (GAB) that provide around 70 percent of the groundwater
used in the region). The Moonie River is unregulated and surface water diversions are small.
Nonetheless, almost all irrigation in the region depends on surface water.

0.8%

Broad land use in the Moonie in the year 2000
Land use

Area
percent

Share of MDB runoff

ha

Dryland crops

13.1%

191,700

Dryland pasture

72.3%

1,059,500

0.4%

6,200

Irrigated crops
Cereals

1.6%

100

Cotton

53.2%

3,300

Pasture and hay

45.2%
14.2%

208,200

Plantation forests

<0.1%

100

Urban

<0.1%

300

100.00%

1,466,000

Total

<0.1%

2,800

Native vegetation

Source: Bureau of Rural Sciences, 2005

0.8%

Share of MDB runoff

Share of total MDB groundwater
use (excluding confined aquifers
of the Great Artesian Basin)

<0.1%

Share of total MDB groundwater
use (excluding confined aquifers
of the Great Artesian Basin)
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Key findings
• Current average surface water availability is nearly 99 GL/year. Given current entitlements, 34 GL/year
can be diverted for use on average. This is a high level of development. Recent historical use is however,
much lower.
• The recent climate (1997 to 2006) was similar to the long-term average climate.
• The best estimate of climate change by 2030 would reduce average surface water availability by 12 percent,
end-of-system flows by 13 percent and diversions (given current entitlements) by 6 percent.
• The minimal future development of farm dams and additional groundwater extraction expected by 2030
would have very minimal impact on the overall level of water use and on the river flow regime.

For historical climate and
current development
The average annual rainfall for the entire
Moonie region is 528 mm and modelled
average annual runoff is 17 mm. The region
generates about 0.8 percent of the total
runoff in the MDB.
Current average water availability is nearly
99 GL/year. The Water Resource (Moonie)
Plan 2003 for the Queensland portion of
the region requires that at least 70 percent
of the without-development 1889 to 1998
average flow into New South Wales is
maintained. Assessed over the period
1895 to 2006, full use of current surface
water entitlements in Queensland would
mean that 72 percent of the withoutdevelopment cross-border flow would
be maintained.
Total average surface water use for the
entire region given maximum use under
existing entitlements is 34 GL/year – nearly
98 percent of this is in the Queensland
portion of the region. This is a high level
of development. Recent historical use is,
however, considerably lower.
Groundwater development in the region
is relatively low and widely distributed.
The impacts of groundwater use on
streamflow are likely to be very small given
the low level of groundwater use and were
not assessed.
At the maximum currently allowed level of
water resource development there would
be an increase of about 15 percent in the
average period between beneficial floods
that inundate floodplain wetlands along
the Moonie River compared to without-
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development conditions. The maximum
period between beneficial flood events
would be nearly 12 years – an increase of
more than two years. The average flooding
volume per event would be slightly greater
because of loss of the smaller events. The
average annual flooding volume would
decrease by nearly 14 percent.

For recent climate and
current development
The mean annual rainfall and runoff over
the ten-year period 1997 to 2006 are
541 mm and 17 mm respectively and are
thus similar to the long-term average values.
A scenario based on the last ten years was
therefore not modelled for this region.

For future climate and
current development
Rainfall-runoff modelling with climate
change projections from global climate
models indicates that future runoff in
the Moonie region is more likely to
decrease than increase. Under the best
estimate 2030 climate there would be a
10 percent reduction in average annual
runoff. The extreme estimates from the
high global warming scenario range from
a 24 percent reduction to a 20 percent
increase in average annual runoff. The
extreme estimates from the low global
warming scenario range from an 8 percent
reduction to a 5 percent increase in average
annual runoff.
The best estimate 2030 climate indicates
reductions of 12 percent in water
availability, 13 percent in end-of-system

flows and 6 percent in diversions (assuming
maximum use of current entitlements).
Under the wet extreme 2030 climate there
would be increases of 24 percent in water
availability, 27 percent in end-of-system
flows and 10 percent in total diversions.
Under the dry extreme there would be
decreases of 29 percent in water availability,
31 percent in end-of-system flows and
16 percent in total diversions.
Changes in inflows under future climate
would alter the overall level of use and
alter the cross-border flow. Under the best
estimate 2030 climate the overall level of
surface water use would rise to 37 percent
and the cross-border flow would fall to
70 percent of the without-development
value. Under the wet and dry extreme
2030 climates the level of use would be
31 percent and 41 percent respectively and
the cross-border flow would be 75 and
67 percent of the without-development
value respectively.
Under the best estimate 2030 climate
the average period between floods
inundating the floodplain wetlands along the
Moonie River would increase by a further
24 percent. This reduction in frequency
and a reduced event size would lead to a
28 percent reduction in the average annual
event volume relative to the historical
climate with current development, or
a 38 percent reduction relative to the
historical climate without development.
The 2030 climate extremes show
considerable change in event frequency
and volume. Under the dry extreme 2030
climate the average period between events
would increase markedly and the average
annual volume would be more than halved.

> Natural rock weir at Mount Driven, Qld (DEWHA)

Limitations

Under the wet extreme 2030 climate
events would become even more frequent
than under the historical climate without
development. So even for events that
would be smaller in volume, the average
annual flood volume would be 37 percent
greater than under historical climate
without development.

For future climate and
future development
Groundwater extraction is predicted to
increase in the future and has the potential
to impact on streamflow. However, the
increases are likely to be small and hence
the impacts are unlikely to be significant.
The projected growth in commercial
forestry plantations is negligible and the
small projected increase in small farm
dams would have a minor impact on
future runoff in the Moonie region. These
minimal developments would not lead to
any substantial additional changes in surface
water use or flooding regimes over and
above the impacts of future climate change.

Runoff for the Moonie region is estimated
using model parameter values from
calibration catchments about 150 km away.
There is therefore greater uncertainty
in these estimates than for estimates for
the data-rich regions in the eastern and
southern parts of the MDB. In spite of this
uncertainty the modelling results for future
climate relative to historical climate can be
used to realistically assess the impact of
climate change and development on runoff.
The largest source of uncertainty for future
climate results are the climate change
projections (global warming level) and the
modelled implications of global warming on
regional rainfall. The results from 15 global
climate models were used but there are
large differences amongst these models
in terms of regional rainfall predictions.
There are also considerable uncertainties
associated with the future projections
of farm dams and commercial forestry
plantations. Future developments could
differ considerably from these projections
if governments were to impose different
policy controls on these activities.
Comparison of modelled flows with
observed flows for the accounting period
suggests that the river model generally
reproduces flow patterns well at the two
gauging stations in the lower Moonie River.
The climate range for which the model
was calibrated and evaluated is a good
representation of long-term historical
climate variability. The baseline model is set
up to simulate maximum allowable water
use and therefore does not reproduce

recorded diversions or actual streamflow
over the last decade. Nonetheless, the
model is able to provide reasonable
assessments of relative streamflow changes
under future scenarios.
The GAB Alluvial Groundwater
Management Unit (GMU) in the
New South Wales part of the region is
assigned a low priority in the context of this
project and only a minimal groundwater
analysis was conducted. The purpose
of the prioritisation is to focus efforts
towards groundwater resources that form
the major component of use in the MDB.
The priority is based on the extraction
limit, the ratio of use to extraction limit,
projected groundwater use into the future
and connection to streams. A minimal
analysis consists of a description of the
hydrogeology, groundwater use and a
simple analysis of water balances under
different scenarios. While this analysis
is appropriate for the objectives of this
project, it is likely that further analysis
would be required to deal with local
management issues.
The environmental assessments of this
project only consider a subset of the
important assets for this region and are
based on limited hydrology parameters
with no direct quantitative relationships
for environmental responses. Considerably
more detailed investigation is required
to provide the necessary information for
informed management of the environmental
assets of the region.

> Moonie River at Goorarooman Bridge near Thallon, Qld (DNRW)
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Rainfall and runoff
The mean annual rainfall and modelled runoff averaged over the Moonie region are 528 mm
and 17 mm respectively. Most of the rainfall falls in the summer half of the year and runoff is
highest in summer and early autumn. The Moonie region covers 1.4 percent of the MDB and
contributes about 0.8 percent of the total runoff in the MDB.
The mean annual rainfall and runoff over the ten-year period 1997 to 2006 are 541 mm and
17 mm respectively – similar to the 1895 to 2006 average values.

> Killawarra crossing, Moonie River, Qld
(DEWHA)

Rainfall-runoff modelling with climate change projections from global climate models
indicates that future runoff in the Moonie region is more likely to decrease than increase.
Sixty percent of the modelling results show a decrease in runoff and 40 percent of the
results show an increase in runoff. The best estimate (median) is a 10 percent reduction
in mean annual runoff by 2030. The extreme estimates, which come from the high global
warming scenario, range from a 24 percent reduction to a 20 percent increase in mean
annual runoff. By comparison, the range from the low global warming scenario is an
8 percent reduction to a 5 percent increase in mean annual runoff.
The projected growth in commercial forestry plantations is negligible and the small projected
increase in farm dam development would have a minor impact on future runoff in the Moonie.
Future climate
Current development
Historical
Recent
1895–2006 1997–2006

Dry

Best
estimate

mm

Wet

Best
estimate

Wet

percent change from Historical

Rainfall

528

541

-9%

-4%

9%

-9%

-4%

9%

Runoff

17

17

-24%

-10%

20%

-25%

-11%

20%

Evapotranspiration

510

524

-9%

-4%

8%

-9%

-4%

9%

> Moonie River at Altonvale, Qld (DNRW)

> Moonie River, Qld (DEWHA)
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Future development
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Surface water
> Moonie river channel at Flinton township, Qld (DEWHA)

Current average surface water availability
is nearly 99 GL/year. Given current
entitlements, 34 GL/year can be diverted
for use on average. This is a high level of
development. However, recent historical
use is much lower.
Under the best estimate 2030 climate
there would be a reduction of 12 percent in
average surface water availability, 13 percent
in end-of-system flows and 6 percent in
surface water diversions.
The climate extremes for 2030 indicate
that:
• under the wet extreme climate there
would be increases of 24 percent
in average surface water availability,
27 percent in end-of-system flows and
10 percent in total diversions
• under the dry extreme climate there
would be decreases of 29 percent
in average surface water availability,
31 percent in end-of-system flows and
16 percent in total diversions.
The Water Resource (Moonie) Plan 2003
for the Queensland portion of the region
requires that at least 70 percent of the
without-development 1889 to 1998 average
flow into New South Wales is maintained.
Assessed over the period 1895 to 2006,
full use of current surface water entitlements
in Queensland would mean that 72 percent
of the without-development cross-border
flow would be maintained.

estimate 2030 climate the overall level of
surface water use would rise to 37 percent
and the cross-border flow would fall to
70 percent of the without-development
value. Under the wet and dry extreme

2030 climates the level of use would be
31 percent and 41 percent respectively and
the cross-border flow would be 75 and
67 percent of the without-development
value respectively.

Average annual water (GL)
Without-development
Historical
Future climate (dry)/
current development
Future climate (best estimate)/
current development
Future climate (wet)/
current development
Future climate (dry)/
future development
Future climate (best estimate)/
future development
Future climate (wet)/
future development

Changes in inflows under future climate
would alter the overall level of use and
alter the cross-border flow. Under the best

0

20

40

60

80

100

120

140

Divertable

Non-divertable

Future climate
Historical
1895–2006
Water availability
Total inflows

Current development
Dry

Best estimate

GL/y

Future development
Wet

Dry

Best estimate

Wet

percent change from Historical

–

-24%

-10%

21%

-25%

-11%

19%

Total surface water availability

98.5

-29%

-12%

24%

-29%

-12%

24%

Total end-of-system flow

71.7

-31%

-13%

27%

-32%

-15%

26%

Diversions
Lowest 1-year period

<0.1

-37%

-23%

28%

-42%

-29%

19%

Lowest 3-year period

0.9

-37%

-21%

24%

-37%

-22%

22%

Lowest 5-year period

10.8

-40%

-16%

18%

-40%

-17%

17%

Average

34.0

-16%

-6%

10%

-16%

-6%

10%

Non-divertable water as a percentage of total available water

66%

59%

63%

69%

58%

62%

68%

Cross-border flow as a percent of without-development
cross‑border flow (assessed at Fenton gauge)

72%

67%

70%

75%

67%

70%

75%

Non-divertable water

8 Water Availability in the Moonie

percent

Groundwater
> Rural dam, Qld (DEWHA)

Groundwater development in
the Moonie region is low and is
widely distributed. Surface–groundwater
connectivity in the region is largely
unknown.
Groundwater extraction is predicted
to increase in the future and has the
potential for minor impact on streamflow.
However, there are unlikely to be any
significant impacts given the relatively low
level of expected development.

Code

Name

Priority
ranking

Assessment
ranking

Total
entitlement

Current extraction*
(2004/05)

Long-term
average
extraction limit

N63

Great Artesian Basin Alluvial (NSW)

very low

minimal

0.003

0.002

1.21

na

Great Artesian Basin Intake Beds (Qld)

na

na

0.067

0.03

NA

GL/y

Q71 GMU (shown on map below) is assessed in the Condamine-Balonne region report.
* Current groundwater extraction for macro groundwater sharing plan areas is based on metered and estimated data provided by New South Wales
Department of Water and Energy. Data quality is variable depending on the location of bores and the frequency of meter reading. The macro plans
will be implemented in 2009.
na: not applicable
NA: not available
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Environment

There are no wetlands formally recognised as being of national
or international importance in the Moonie region. However,
the waterholes in the river are important aquatic habitats
especially as refugia during periods without flow. High flows are
important for riparian zone and floodplain wetlands. Robust
assessments of changes in low flows were not possible and
hence only changes in high flows affecting the riparian zone
and floodplain wetlands have been assessed in this project.
Ecological interpretation of the assessed flow changes is limited
by the lack of published studies.

The Moonie River is ephemeral and the flow regime is dominated
by extended periods of no flow. During these frequent and
occasionally prolonged periods without flow the persistence of
waterholes becomes of critical importance. These waterholes act as
refugia, allowing various aquatic species to survive dry periods. This
enables the system to recover once the river flows again.
The riparian zone and floodplain wetlands of the Moonie River have
been identified as areas that are dependent on river flows rather
than local rainfall, in addition to the value of remnant waterholes as
refugia during no flow periods.
There are over 100 wetlands exceeding 1.0 ha in area in the Moonie
region, many of which are at the southern end of the catchment
downstream of Nindigully. The connection between the floodplain
and the river is ecologically important in other lowland rivers in
this part of Queensland and this is also likely to be the case for the
Moonie River.

At the maximum currently allowed level of water resource
development there would be an increase of about 15 percent
in the average period between beneficial flood events
compared to without-development conditions. The maximum
period between beneficial flood events would increase by
more than two years. The average flooding volume per event
would be slightly greater because of loss of the smaller events.
The average annual flooding volume would decrease by nearly
14 percent.

The Bureau of Meteorology medium flood classification of 5.1 m
(about 13.6 GL/day) at the Nindigully gauge was chosen as a suitable
flow threshold for assessing the frequency of floodplain wetting. This
gauge height relates to just slightly higher than overbank flow at the
gauge but relates to a more widespread flooding of low-lying areas.
Floods of this magnitude are likely to be important to the riparian
and near-river wetland ecosystems.

Under the best estimate 2030 climate the average period
between events would increase by a further 24 percent. This
reduction in frequency and a reduced event size would lead
to a 28 percent reduction in the average annual event volume
relative to the historical climate with current development,
or a 38 percent reduction relative to the historical climate
without development.
The 2030 climate extremes show considerable change in event
frequency and volume. Under the dry extreme 2030 climate
the average period between events would increase markedly
and the average annual volume would be more than halved.
Under the wet extreme 2030 climate, events would become
more frequent than even under the historical climate without
development. So even for events that would be smaller in
volume, the average annual flood volume would be 37 percent
greater than under historical climate without development.
The minimal development of farm dams and additional
groundwater extraction expected by 2030 would not lead to
any substantial additional change over and above the impacts of
future climate change.

> Moonie River at Kurmala, Qld (DNRW)
Floodplain wetland inundation indicators

Future climate
Current development
Withoutdevelopment

Historical
1895–2006

Dry

Best
estimate

years

Wet

Future development
Dry

Best
estimate

Wet

percent change from Historical

Average period between flows of 13.6 GL/day at
Nindigully gauge

2.7

3.1

58%

24%

-34%

58%

24%

-33%

Maximum period between flows of 13.6 GL/day at
Nindigully gauge

9.5

11.8

3%

0%

-35%

3%

0%

-35%

Average flooding volume per event above 13.6 GL/day
at Nindigully gauge

73.4

76

-30%

-10%

-5%

-30%

-11%

-4%

Average flooding volume per year above 13.6 GL/day
at Nindigully gauge

23.8

20.5

-56%

-28%

59%

-56%

-29%

56%

GL
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> Riparian vegetation in the Moonie region, Qld (DEWHA)

> Metered works on the Moonie River near Tara, Qld (DNRW)

> Bullamon plains, Moonie River, Qld (DNRW)
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About the project
The CSIRO Murray-Darling Basin
Sustainable Yields Project resulted from
the Summit on the Southern MurrayDarling Basin (MDB), convened by the then
Prime Minister on 7 November 2006.
The project is providing governments with
a robust estimate of water availability for
the entire MDB on an individual catchment
and aquifer basis taking into account climate
change and other risks. The project will
report progressively to mid-2008. The
project will be the most comprehensive
assessment of water availability for the
MDB undertaken to-date. For the first time:
• daily rainfall-runoff modelling has been
undertaken at high spatial resolution for a
range of climate change and development
scenarios in a consistent manner for the
entire MDB
• the hydrologic subcatchments required
for detailed modelling have been
precisely defined across the entire MDB
• the hydrologic implications for water
users and the environment by 2030 of
the latest Intergovernmental Panel on
Climate Change climate projections,
the likely increases in farm dams and
commercial forestry plantations and
the expected increases in groundwater
extraction have been assessed in detail

• the assessments have employed all
existing river system and groundwater
models as well as new models developed
within the project
• the modelling has included full
consideration of the downstream
implications of upstream changes between
multiple models and between different
states, and quantification of the volumes
of surface–groundwater exchange
• detailed analyses of monthly water
balances for the last 10 to 20 years
have been undertaken using available
streamflow and diversion data together
with additional modelling including
estimates of wetland evapotranspiration
and irrigation water use based on remote
sensing imagery. These analyses provide
an independent cross-check on the
performance of river system models.
The assessments reported here have been
reviewed by a project Steering Committee
and a Technical Reference Panel both with
representation from Commonwealth and
State governments and the Murray-Darling
Basin Commission.
Information on how these results
may be used in the development of a
new sustainable diversion limit for the
Murray-Darling Basin can be found at
www.environment.gov.au/water/mdb/yields.html.
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Enquiries
More information about the project can be found at www.csiro.au/mdbsy. This information
includes the full terms of reference for the project, an overview of the project methods and
the project reports that have been released to-date, including the full report for this region.

This publication has been designed by ZOO and printed by New Millennium Print
to comply with a very high standard of environmental performance as stipulated in
the Good Environment Choice environmental labelling standard GECA 20 –
Printers and Printed Matter – www.geca.org.au/standardsregister.htm.

