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SUMMARY

The purpose of this report is to provide the Murray-Darling Basin Authority (MDBA) advice on defining climate 
scenarios for use in the MDBA modelling to guide development of the first Basin Plan. Specifically, the MDBA 
requested advice on three aspects of climate and climate change envisaged for the modelling. The first is 
a definition of a ‘baseline’ climate scenario to provide the basis for describing the size, extent, connectivity 
and condition of the Basin water resources. The second is a definition of future climate scenarios to enable 
determination of long-term average sustainable diversion limits in the context of risks to the availability of Basin 
water resources that arise from the effects of climate change. The third is a definition of climate scenarios for 
use in modelling to assess the water resource, environmental and socio-economic implications of proposed 
diversion limits over the expected period of implementation of the first Basin Plan (present to 2024).

The southern MDB, where most of the runoff is generated, is currently in a prolonged drought. Annual rainfall in 
the past 12 years in the southern MDB is more than 10 percent lower than the long-term mean. Nevertheless, 
rainfall is very variable from decade to decade and there were similar dry periods around 1900 (the ‘Federation’ 
drought) and around 1940 (the ‘World War Two’ drought). The autumn rainfall decline is the most significant 
component of this rainfall decline (25 percent less than the long-term mean and accounting for more than half 
of the decline in mean annual rainfall). The rainfalls in each of the eight months from March to October over this 
period are also lower than the long-term mean.

The runoff in the southern MDB in the past 12 years is about 40 percent lower than the long-term mean. This 
extreme decline in runoff has been attributed to the decline in mean annual rainfall as well as the significantly 
larger rainfall decline in autumn, the rainfall decline in the winter-half when most of the runoff is generated, 
the lack of high rainfall years in the past decade, higher temperatures accentuating the impact of low rainfall on 
runoff and possible changes in the hydrological processes.

The central question to defining climate scenarios for the Basin Plan is how much of the current prolonged 
drought in south-eastern Australia can be attributed to global warming, and therefore can be treated as the 
start of a persistent change from historical conditions. Several research studies have suggested that at least 
part of the current drought is associated with global warming, but it is difficult to separate a global warming 
signal from the high natural climate variability. For these reasons, water resources planning should consider a 
range of possible scenarios to assess system robustness and resilience to historical droughts as well as future 
climate projections.

Climate baseline – The definition of a climate baseline should depend on the application. As climate is changing 
on a variety of time scales, scenario planning should be broader than just comparing a baseline to an alternative 
future. For hydrologic planning where long climate sequences are required to encapsulate the range of likely 
conditions, the entire historical record (1895 to 2008) is a useful climate baseline. The 1895–2008 period  
(i) offers a long sequence for hydrologic and environmental system modelling and planning, (ii) covers three 
prolonged drought periods in the historical data and (iii) has similar mean annual rainfall and mean annual 
runoff as the past 30 years (1979–2008) and 1961–2008 (start of IPCC climate period to the present). However, 
because rainfall and runoff in the southern MDB in the past 10–20 years are considerably lower than the long-
term mean and there is an apparent link between the dry conditions and global warming, the recent period 
could also be used to represent a very dry scenario for conservative risk-based considerations.

Future climate scenarios – The daily scaling method used in the CSIRO sustainable yields projects can be 
used to provide long sequences of daily rainfall and potential evapotranspiration representative of a future 
where the global average surface air temperature is higher (say 2030 or 2050 relative to 1990). The daily scaling 
method scales the historical climate sequence for the defined climate baseline by the relative difference 
between global climate model (GCM) simulations for historical and future climates, and considers changes in 
the seasonal means as well as in the daily rainfall distribution. The daily scaling method is simple and robust, 
allowing relatively easy consideration of the range of results from many GCMs and global warming scenarios 
representing the range of uncertainty in future climate projections.
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Summary

Climate sequences over period of implementation of first Basin Plan – Short and medium-term operational 
planning (next 10–15 years) should also consider the recent climate (past 10–20 years) as a likely scenario. 
This is because (i) much longer dry periods have been shown to be possible in the palaeo-climate data, (ii) the 
dry conditions may continue for some time yet because of initial conditions in the atmosphere-ocean system, 
and (iii) there is evidence partly attributing the current drought to global warming. This is particularly so for 
hydrological systems, where because of low storage levels and very dry antecedent catchment conditions, 
significant amounts of rainfall are now required before there is an increase in streamflow and storage inflow. 
The climate sequence used for modelling over the period of implementation of the first Basin Plan (next 10–15 
years) should be based on scenarios ranging from the recent climate over the past 10–20 years (a very dry 
scenario, although drier conditions are possible) and future climate scenarios obtained using the daily scaling 
method described.

Scenarios of future hydroclimate for south-eastern Australia will improve with continuing research in climate 
and hydrological modelling science. Key areas of research include: characterising climate drivers and their 
interactions over a range of time scales for south-eastern Australian rainfall; the attribution of changes in 
climate to changes in these drivers; climate science and global climate modelling; defining future warming 
scenarios and selection of GCMs for climate change impact assessment studies; downscaling tools to translate 
GCM simulations to catchment-scale climate suitable for hydrological models; decadal prediction systems; 
and improved understanding and modelling of potential changes in rainfall-temperature-runoff relationship 
and dominant hydrological processes in a warmer, drier and enhanced CO2 climate. These research studies 
are carried out in research organisations, universities and government agencies in Australia and overseas, 
including CSIRO, the Australian Bureau of Meteorology and the South Eastern Australian Climate Initiative.
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1. INTRODUCTION

The purpose of this report is to provide advice to the Murray-Darling Basin Authority (MDBA) on defining 
climate scenarios for use in the MDBA modelling to guide development of the first Basin Plan. The MDBA will 
be undertaking a range of hydrologic, environmental and socio-economic modelling in the second half of 2009 
to guide development of the first Basin Plan. The assumptions around climate and climate change will be a 
fundamental determinant of the outputs of this modelling work.

Because of the short timeframe within which the modelling work will occur, decisions about climate and 
climate change scenarios need to be made before July 2009, with a view to populating the climate data for these 
scenarios in July and August 2009. The decisions around climate and climate change scenarios will be made 
by the MDBA, and they will need to be supported by a clear understanding of current climate science as well as 
made on the basis of a position on how references to climate change in the Water Act will be considered in the 
Basin Plan.

There are three aspects of climate and climate change envisaged for the MDBA modelling. The first is a 
definition of a ‘baseline’ climate scenario to provide the basis for describing the size, extent, connectivity 
and condition of the Basin water resources. The second is a definition of future climate scenarios to enable 
determination of long-term average sustainable diversion limits in the context of risks to the availability of Basin 
water resources that arise from the effects of climate change. The third is a definition of climate scenarios for 
use in modelling to assess the water resource, environmental and socio-economic implications of proposed 
diversion limits over the expected period of implementation of the first Basin Plan (present to 2024).

The overview presented in this report is based on hydroclimate understanding developed in Australia and 
overseas, in particular the research in CSIRO and the Bureau of Meteorology (ongoing), South Eastern 
Australian Climate Initiative (SEACI) (ongoing) and the Murray-Darling Basin sustainable yields project 
(completed in 2008). The options for defining the climate scenarios are also guided by outcomes from a 
workshop on 19 June 2009 attended by hydroclimate experts in SEACI and senior modellers and policy advisors 
from the MDBA.

Section 2 provides an overview of methods and considerations for estimating climate impact on future water 
resources. Section 3 provides an overview of climate change, atmospheric-oceanic drivers of rainfall in south-
eastern Australia, projections of future rainfall and current drought and global warming. Section 4 discusses 
issues relating to the definition of climate ‘baselines’ and future climate scenarios. Section 5 provides advice 
on the options and recommended approaches for defining the three aspects of climate and climate change 
envisaged for the MDBA modelling, based on the overview and discussion in the report.
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2.  ESTIMATING CLIMATE IMPACT ON FUTURE 
WATER RESOURCES

Hydrological models are generally tailored for specific applications and developed and calibrated using local 
data. There are two main steps in estimating climate change impact on future runoff (Figure 1). The first step 
uses global climate models (GCMs) to project a range of possible future climates and tools to translate GCM 
projections into future catchment-scale climate series suitable to drive hydrological models. The second step 
involves driving the hydrological models with the future climate data to estimate future runoff13,18,57,81.

Figure 1 Modelling climate change impact on water resources

2.1 Future climate series to drive hydrological models
The future climate projections generally come from GCM simulations of local, regional and global climate 
systems. The use of simulations from many GCMs for different greenhouse gas emission and global warming 
scenarios provide an estimate of the range of future climate. The future climate can be estimated by comparing 
GCM simulations for a future period (e.g., 2021–2040) and a historical period (e.g., 1981–2000) or by analysing 
the trend in transient GCM simulations (e.g., 2001–2100). The latter approach was used in the CSIRO 
sustainable yields projects15,45,77,78.

The spatial resolution of GCMs (typically more than 2° or 200 km) is too coarse to provide realistic catchment-
scale rainfall (less than 10 km). Four methods are commonly used to downscale GCM simulations to obtain 
catchment-scale (point, gridded or lumped catchment) daily rainfall series to drive hydrological models. The 
first is a scaling method that scales the observed historical catchment-scale daily rainfall series, informed 
by the changes simulated by a GCM, to obtain a future daily rainfall series13,17,46. The second is an analogue 
method that defines a daily weather type by relating synoptic large-scale atmospheric predictors to observed 
high resolution rainfall (e.g., 0.05° or 5 km) based on analysis of historical data, and for a given future daily 
weather type simulated by a GCM, the historical rainfall on a day that best matches this future daily weather 
type is used as the future daily rainfall65,66,67. The third is a statistical downscaling method that relates synoptic 
large-scale atmospheric predictors to point rainfall at multiple sites based on analysis of historical data, 
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and the relationship is then used to downscale atmospheric predictors simulated by a GCM to obtain point 
rainfall8,9,10,26,42,76. The fourth is a dynamic downscaling method that uses a high resolution regional climate model 
with boundary conditions provided by large-scale GCM simulations28,29,40,41.

The CSIRO sustainable yields project used a daily scaling method that considers changes in the seasonal means 
and daily rainfall distribution17,46. The scaling method was used because it is simple and robust, and allowed the 
range of results from 15 GCMs and three global warming scenarios to be relatively easily considered. The other 
methods are potentially improvements on the scaling method because they also simulate changes in other 
rainfall characteristics, particularly when they are used with GCMs that can adequately simulate the large-scale 
atmospheric-oceanic predictors. They should be considered in future hydrological modelling initiatives, and 
more research on their application over large regions like the MDB is needed.

2.2  Modelling climate impact on runoff
Changes in rainfall are amplified in runoff, with a one percent change in mean annual rainfall in south-eastern 
Australia generally amplified as a 2–3 percent change in mean annual runoff11,35,56,79. However, considering 
only the averages can be misleading, particularly when the prolonged period of low annual rainfall over the 
past decade has led to unprecedented low annual runoff in the southern parts of the MDB. This has been 
attributed to the higher decrease in autumn and early winter rainfall (resulting in dry antecedent soil conditions 
and therefore lower winter and spring runoff when most of the runoff in southern MDB occurs), the lack of 
high rainfall years in the past decade and higher temperatures accentuating the impact of lower rainfall on 
runoff5,47,52,53. These changes in the various climate characteristics are largely captured in the hydrological 
models, particularly when the models are calibrated against observed data from a drier period (e.g., the past 
15–20 years) to represent a potentially dry future.

There are likely to be changes to the rainfall-runoff relationship and hydrological processes and surface-
atmosphere feedbacks in a warmer, drier and enhanced CO2 climate. These include changes in the hydrologic 
sensitivity to climate (particularly for large increases in temperature)5,25, surface-subsurface connectivity 
and forest and vegetation water use1,27,. This is rarely considered in water resources applications because 
there is considerable uncertainty on how runoff will respond to feedbacks (positive and negative) in a warmer 
and enhanced CO2 climate. The changes in landscape processes and surface-atmosphere feedbacks can 
significantly affect runoff particularly in the far future, and this is an area of considerable ongoing research.
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3. FUTURE CLIMATE

3.1 Greenhouse gas and global warming
The past 15 years rank among the warmest years in the instrumental record of global average surface air 
temperature (since 1850). The linear warming trend is about 0.13oC per decade over the last 50 years and 
about 0.18oC per decade since the mid-1970s33,80. The observed increase in temperature is widespread around 
the globe, with the highest warming over land and in the higher latitude northern hemisphere. Although this 
warming is not unusual in the Earth’s geological history, the many lines of evidence (e.g., widespread warming 
of the atmosphere and ocean, melting of glaciers and ice sheets, GCM modelling) suggest that the warming 
since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas (GHG) 
concentrations33.

The amount of future warming will depend on the level of GHG emission and the sensitivity of the global climate 
to GHG concentrations. The Intergovernmental Panel on Climate Change (IPCC)33 provides a summary of the 
range of expected future global warming for different GHG emission scenarios, based on climate research 
across the world. Up to 2030, there is little difference in the projected warming from the different GHG emission 
scenarios, and the global average surface air temperature is projected by IPCC33 to increase by 0.6oC to 1.5oC by 
2030 relative to 1990 (the warming trend since that mid-1970s is about 0.2oC per decade2,33). Beyond 2050, the 
amount of global warming is very dependent on the GHG emission scenarios.

3.2  Atmospheric-oceanic drivers of rainfall in south-eastern Australia
To understand the current climate and how it may change in the future, it is necessary to understand the major 
influences of climate over a range of time scales, the relationships between these influences, and whether they 
have changed over time. There has been considerable research in this area, particularly in the South Eastern 
Australian Climate Initiative. The summary below follows from the SEACI factsheets published in April 2009 
(http://www.mdbc.gov.au/subs/seaci/publications_factsheets.html).

The major atmospheric-oceanic drivers of rainfall variability in south-eastern Australia are ENSO, IOD and 
SAM (Figure 2). The influence of El Niño – Southern Oscillation (ENSO) on Australian rainfall and streamflow 
has been known for decades. Major droughts in eastern Australia are often linked to El Niño events, when sea 
surface temperature rises in the eastern Pacific Ocean and cools in the west around Indonesia12,22,75.

A teleconnection between Australian rainfall variations and the Indian Ocean sea surface temperature has 
also been established. Recent research has focussed on a mode of variability referred to as the Indian Ocean 
Dipole (IOD) which has been linked to the frequency of north-west cloud bands that bring rain to south-eastern 
Australia in winter and spring. Low winter and spring rainfall in south-eastern Australia can be associated 
with a positive phase of the IOD (colder in the east and warmer in the west)6,61 or lack of negative IODs69. There 
is some debate over the influence of the western pole of the dipole, and some studies have shown that the sea 
surface temperatures around Indonesia and northern Australia alone are strongly related to rainfall variability 
in eastern Australia, questioning the role of an anomaly in the west Indian Ocean49,72.

In southern Australia, the Southern Annular Mode (SAM), which is the dominant mode of the Southern 
Hemisphere extratropical circulation, operates beyond the weather scale and has been linked to interannual 
and interdecadal winter rainfall variations over southern Australia. When the SAM is in a positive phase (low sea 
level pressure over Antarctica and high sea level pressure over the Southern Hemisphere mid-latitudes), low 
winter rainfall is more likely across southern Australia3,7,30,39,48. Studies have also shown that the relative phasing 
of ENSO and SAM can influence autumn rainfall in the southern MDB, in that dry conditions across the southern 
MDB are more likely if an El Niño event occurs in combination with a positive phase of SAM37.
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Figure 2: Atmospheric-oceanic drivers of Australian rainfall (from Australian Bureau of Meteorology).

3.3 Climate change and future rainfall patterns
Global warming will lead to significant changes in regional climate patterns. GCMs are the best tools available 
for simulating global and regional climate systems, particularly with the progress in climate modelling over 
recent decades. However, although GCMs have reasonable skill in simulating the past climate and therefore 
providing some confidence in their use for climate projections, the range of future climate projections between 
GCMs is often large. This is particularly so for rainfall, where the different GCMs do not necessarily agree on the 
direction of rainfall change (e.g., in northern MDB, northern Australia and elsewhere in the world)14,20.

However, a large majority of the GCMs used in the IPCC Fourth Assessment Report simulate a drier future 
for southern MDB (where most of the runoff in the MDB is generated). Almost all the GCMs show a reduction 
in future winter-half rainfall (when most of the runoff in southern MDB occurs)15,20,51. The difference in the 
projections from the different GCMs is large, ranging from an 8 percent decrease to a 5 percent increase in 
mean annual rainfall averaged across the MDB, for a 1.0oC increase in global average surface air temperature. 
The corresponding range of modelled runoff from the Murray-Darling Basin Sustainable Yields (MDBSY) project 
is a 20 percent decrease to a 10 percent increase in mean annual runoff. In the southern MDB, the projections 
range from a 12 percent decrease to little change in mean annual rainfall, for a 1.0oC increase in global average 
surface air temperature. The corresponding range of modelled runoff from the MDBSY project is a 30 percent 
decrease to little change in mean annual runoff15,18.

The future runoff impact assessment is likely to be more reliable if it is based on future climate projections 
from the better GCMs14,50,63. However, there is no clear consensus to assess the GCMs (e.g., GCMs could be 
assessed based on their ability to reproduce historical rainfall or based on their ability to simulate atmospheric-
oceanic drivers of rainfall, and assessed over the region of interest or over a much larger region or globally), 
and there are currently several initiatives on GCM selection for impact assessment in Australia (CSIRO and 
SEACI) and overseas (IPCC). Nevertheless, research shows that there is no clear difference in the future rainfall 
projections between the better and poorer GCMs (assessed using a range of criteria from several independent 
studies) for the current IPCC 4AR GCMs applied to south-eastern Australia, and therefore, using weights to 



3.  Future climate

ADVICE ON DEFINING CLIMATE SCENARIOS FOR USE IN THE MURRAY-DARLING BASIN AUTHORITY BASIN PLAN MODELLING 9

favour the better GCMs gives similar runoff impact assessment results as using all the available GCMs14,16,62. 
With the rapid progress in climate science and IPCC AR5, it is hoped that the next generation of GCMs will 
give more consistent projections. For now, the uncertainty and range of future water resources availability in 
impact assessment studies are probably best determined using future climate projections from the majority of 
available archived GCM simulations (all the available GCMs except the very poor GCMs).

The GCM simulations of a drier future in south-eastern Australia are consistent with the response to climate 
change of climate drivers that govern rainfall variability in south-eastern Australia (see also next section). The 
majority of the GCMs project more El Niños and higher occurrences of positive IOD phase and positive SAM 
phase as global warming continues3,60,70,71. The consensus in the response of these climate drivers underscores 
the robustness of the future projections in terms of direction of change (declining) in winter and spring rainfall 
(when most of the runoff in southern MDB occurs), although significant variations exist amongst the GCMs.

3.4  Current drought and global warming
The southern MDB, where most of the runoff is generated, is currently in a prolonged drought. Figure 3 shows 
the difference between both the mean annual rainfall and modelled mean annual runoff across the MDB for the 
past 12 years (1997–2008) relative to the long-term (1895–2008) means. Figure 4 shows the annual rainfall and 
modelled runoff time series in the southern MDB (see explanation in Section 4.3).

Figure 3: Difference (mm and percentage) between mean annual rainfall and runoff  
in the past 12 years (1997–2008) and the long-term (1895–2008) means.



Murray–Darling  Basin  Authority

ADVICE ON DEFINING CLIMATE SCENARIOS FOR USE IN THE MURRAY-DARLING BASIN AUTHORITY BASIN PLAN MODELLING10

Rainfall in the past 12 years (1997–2008) in the southern MDB is more than 10 percent lower than the long-term 
mean. Nevertheless, rainfall is very variable from decade to decade and there were similar dry periods around 
1900 (the ‘Federation’ drought) and around 1940 (the ‘World War Two’ drought), with evidence pointing towards 
longer dry periods in the palaeo-climate records19,21,34,73. The autumn rainfall decline is the most significant 
component of this rainfall decline (25 percent less than the long-term mean and accounting for more than half 
of the decline in mean annual rainfall) and is statistically significant (at a = 0.05). The rainfalls in each of the 
eight months from March to October over this period are also lower than the long-term mean64.

The low annual rainfall has led to extremely low annual runoff in the southern MDB (about 40 percent lower 
than the long-term mean), much lower than what could be expected from the annual rainfall and runoff 
elasticity relationship52. The extreme decline in runoff has been attributed to several factors including: the 
decline in mean annual rainfall; the significantly larger rainfall decline in autumn (resulting in dry antecedent 
soil conditions and therefore lower winter and spring runoff when most of the runoff in southern MDB occurs); 
the rainfall decline in the winter-half when most of the runoff is generated; the lack of high rainfall years in the 
past decade; higher temperatures accentuating the impact of low rainfall on runoff; and possible changes in the 
hydrological processes5,47,52,53. Because of the very dry antecedent conditions and possible loss of connectivity to 
subsurface systems, significant amounts of rainfall are now required before significant runoff will occur.

There are multiple lines of evidence suggesting that part of the current prolonged dry period is associated with 
global warming. Research studies in SEACI have shown that the large decline in autumn rainfall is likely to be 
associated with the mean sea level pressure across southern Australia and in particular the intensification of 
the sub-tropical ridge (a belt of high pressure located in the mid-latitudes around 30oS). This intensification is 
associated with about 70 percent of the observed autumn rainfall decline in south-eastern Australia68. The sub-
tropical ridge is associated with the southern hemisphere Hadley cell, which is the dominant global circulation 
pattern responsible for transporting excess heat from the equator towards temperate latitudes23. Pressures 
along the sub-tropical ridge have increased during the 20th century, and this intensification of the ridge appears 
to be related to global warming68. Recent studies have noted global scale changes in the extent of and intensity 
of both the Hadley circulation and the tropics38,59 suggesting that the sub-tropical ridge may be part of a larger 
scale change in the global circulation, particularly as it provides a physical link between the rainfall decline in 
south-west Western Australia and that now seen in south-eastern Australia31. Part of the late autumn rainfall 
decline has also been linked to the decreased frequency in La Niña events and changing north-south gradients 
in the southern Indian Ocean4, both of which are consistent with what is expected from global warming. Several 
studies have also attributed the decline in spring rainfall to the high frequency of positive IOD phase6,43,69 and 
weakening of the Walker circulation55 in recent years, the decline in winter rainfall to a shift of the SAM towards 
a positive phase3,7,49 and the decline in winter and spring rainfall to the more frequent occurrence of El Niño 
events in combination with a positive phase of SAM37.

It is therefore likely that global warming has contributed to the current prolonged drought in south-eastern 
Australia, not only through the impact of rising temperature, but also through a shift of the rainfall drivers 
towards a phase that is associated with low rainfall in south-eastern Australia. The direction of the shifts is also 
consistent with future (although more extreme and earlier than expected) GCM projections that show drying 
across the mid-latitudes associated with global warming. Research is attempting to quantitatively attribute the 
current prolonged drought to global warming (e.g., how much can be attributed to global warming and how 
much is part of the long-term natural variability54,74) and also address the issue of whether rainfall in south-
eastern Australia has permanently shifted to a new low rainfall regime. This is difficult because the same types 
of changes to global circulation that are predicted to occur under climate change also occur naturally as part of 
decadal scale variability in the climate. More research is needed to understand the relationship between global 
warming and the sub-tropical ridge intensification, and its relationship with changes in the Hadley circulation, 
ENSO, IOD and SAM. This is currently being addressed in SEACI, CSIRO, Bureau of Meteorology and research 
institutions in Australia and overseas.
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4. CLIMATE BASELINE

4.1  Climate baseline for hydrological modelling
The results from any hydrological modelling study will depend on the period of data used for the modelling. 
The traditional approach is to use as much data as is available so that different characteristics in the system, 
accounting for averages, inter-annual and longer-term variability, storage responses and return periods, can be 
adequately quantified. For example, the Murray-Darling Basin sustainable yields project used data from 1895 
to 2006 to characterise the historical climate, and river models used in water plans tend to be run for similar 
length periods.

The assumption of stationarity in traditional hydrological considerations may no longer be valid with climate 
change44 or indeed under natural variability24,36. This is particularly so in south-eastern (and south-western) 
Australia where rainfall in the past decade is significantly lower than the long-term mean and the low runoff 
in the past decade is unprecedented in the instrumental record. The characteristics of the historical or current 
water resources for the MDB are therefore very dependent on the period chosen for the modelling exercise. 
The choice of a suitable climate baseline period for hydrological modelling is difficult because although there 
is evidence suggesting that part of the current prolonged dry period in southern MDB is associated with global 
warming, rainfall is so variable from decade to decade that it is difficult to quantify the attribution of the dry past 
decade to global warming. The choice of climate baseline is less of a problem elsewhere (e.g., in northern MDB, 
northern Australia, elsewhere in the world), because unlike southern MDB, the rainfall in the past one or two 
decades in other areas is not at the extreme end of the historical rainfall distribution.

Relating future rainfall projections to historical conditions is also dependent on the climate baseline period 
used. The future rainfall projections generally come from GCMs. These GCMs can reasonably simulate the 
historical climatology, but they do not reproduce exactly the historical time series including the apparent 
step-change or declining trend in rainfall in southern MDB in the late 1990s. As such, the GCMs can be used to 
provide an indication of the future rainfall (assuming a constant bias through time), but the absolute change in 
rainfall needs to be expressed relative to a climate baseline period. Choosing a dry climate baseline period for 
hydrological modelling will therefore lead to a low estimate of future water resources and vice versa.

4.2  Climate baseline in south-west Western Australia
There is a significant downward shift in rainfall in south-west Western Australia (SWWA) since the mid-1970s. 
This signal is even more clearly seen in the records of inflows to reservoirs supplying water to Perth, where 
since the mid-1970s, there is not a single year where the inflow is greater than the long-term mean. Most of 
the rainfall and runoff reduction is in the winter half of the year when most of the rainfall and runoff in SWWA 
occurs.

The research in the Indian Ocean Climate Initiative32 provided substantive evidence that global warming is the 
primary cause of the rainfall decrease and there is little expectation of a return to the wetter pre mid-1970s 
conditions. Although natural variability will result in sequences of wet and dry years, the overall evidence is 
that SWWA is in a different climate regime to the pre mid-1970s and climate change projections from GCMs are 
consistent with the observed trends.

Despite the strong evidence of a climate shift in SWWA in the mid-1970s and regular debates over the past 
decade, the definition of a current climate baseline for SWWA was never satisfactorily resolved by the Indian 
Ocean Climate Initiative. However, for pragmatic reasons, water planning in SWWA is generally based only on 
post mid-1970s data. For the same reason, the CSIRO SWWA sustainable yields project used the period 1975–
2007 as the baseline period to represent historical climate.

4.3  Rainfall and runoff in southern MDB in different time periods
Figure 4 and Table 1 summarise the rainfall and runoff in the southern MDB in different time periods. This 
information is presented so that it can be used together with the discussion in the previous sections to guide 
selection of appropriate climate baseline period and definition of future climate scenarios for hydrological 
modelling. Figure 4 shows the annual rainfall and runoff time series, averaged across the southern MDB, 
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and the two-sided 11-year moving averages. Table 1 shows the mean annual rainfall and runoff averaged 
over different time periods. The southern MDB is defined by the Murrumbidgee, Murray, Ovens, Goulburn-
Broken, Campaspe, Loddon-Avoca, Wimmera and Eastern Mount Lofty Ranges reporting regions in the MDB 
sustainable yields (MDBSY) project. The rainfall and runoff data are compiled from the daily rainfall and runoff 
for 0.05o grids from the MDBSY project. The MDBSY modelling finished in 2006, and data for 2007 and 2008 are 
extended here using the MDBSY modelling approach18.

Figure 4 Annual rainfall and runoff in the southern MDB (the blue lines show the two-sided  
11-year moving averages)

Table 1 Mean annual rainfall and runoff over the southern MDB averaged over different climate periods

Climate period
Mean annual 
rainfall (mm)

Mean annual 
runoff (mm)

1895–2006 Historical climate in MDBSY 436 42

1895–2008 Historical climate in MDBSY extended to 2008 435 42

1961–1990 IPCC climate period 461 48

1961–2008 IPCC period extended to 2008 446 43

1979–2008 Past 30 years 432 40

1989–2008 Past 20 years 429 37

1994–2008 Past 15 years 398 30

1999–2008 Past 10 years 390 27
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5.  OPTIONS AND RECOMMENDED APPROACHES  
FOR DEFINING CLIMATE SCENARIOS

5.1 Climate baseline
Long climate sequences are required for hydrologic planning (at least 30 years, and preferably much longer) 
to account for inter-annual and longer-term variability, storage responses, return periods and long-term 
performance and resilience of hydrologic and environmental systems.

The baseline climate used by the IPCC to calculate climate averages and used in many climate change studies 
is the period 1961–1990. However, 1961–1990 is the wettest period in the southern MDB in the last 100 years. 
The most pertinent question in defining a climate baseline and future climate scenarios is how much of the 
current prolonged drought can be attributed to global warming. Several research studies have suggested that 
at least part of the current prolonged drought is associated with global warming, but it is difficult to separate a 
global warming signal from the high natural climate variability. For this reason, the South Eastern Australian 
Climate Initiative58 recommended that the climate baseline is better defined using either (i) the longest possible 
climatic record including prior drier periods (such as the ‘Federation’ drought around 1900 and the ‘World War 
Two’ drought around 1940) as well as the current dry conditions or (ii) a running baseline based on the past 30 
years data.

The definition of a climate baseline should depend on the application. As climate is changing on a variety of 
time scales, scenario planning should be broader than just comparing a baseline to an alternative future. For 
hydrologic planning where long climate sequences are required to encapsulate the range of likely conditions, 
the entire historical climate data (1895–2008) is a useful climate baseline. The 1895–2008 period (i) offers a long 
sequence for hydrologic and environmental system modelling and planning, (ii) covers three prolonged drought 
periods in the historical data (around 1900, around 1940 and the current drought) and (iii) has similar mean 
annual rainfall and mean annual runoff as the past 30 years (1979–2008) and 1961–2008 (start of IPCC climate 
period to the present) (see Table 1).

However, because rainfall and runoff in the southern MDB in the past 10–20 years are considerably lower than 
in the past 100 years, the recent period could also be used to represent a very dry scenario for conservative 
risk-based considerations. Here, alternative long sequences based on climate characteristics in the past 10–20 
years can be generated (stochastically or nonparametric resampling), either by considering all the climate 
characteristics in the past 10–20 years (very conservative and very dry because of low autumn and winter 
rainfall, lack of high rainfall years and higher temperature in the past 10–20 years) or considering only the mean 
in the past 10–20 years with other characteristics based on 1895–2008 data (where there is bigger, and likely 
more representative, variability in the data).

5.2 Future climate scenarios
The scaling method used in the CSIRO sustainable yields projects15 can be used to provide long sequences of 
daily rainfall and potential evapotranspiration (required to drive the hydrological models) representative of a 
future where the global average surface air temperature is higher (say 2030 or 2050 relative to 1990). In the 
CSIRO sustainable yields projects, the historical climate sequence for the defined climate baseline is scaled by 
the relative difference between GCM simulations for historical and future climates. A daily scaling method is 
used, where changes in seasonal means and daily rainfall distribution are considered. The daily scaling method 
is simple and robust, allowing relatively easy consideration of the range of results from many GCMs and global 
warming scenarios representing the range of uncertainty in future climate projections.

As the uncertainty in future climate projections is large, water resources planning should consider a range of 
possible scenarios to assess system robustness and resilience (at least a median scenario and a conservative 
dry scenario). Planning decisions will need to consider the planning horizon and the balance between risks 
and rewards and whether the system can adapt to climate change and other development drivers on water. For 
example, planning decisions need not be based on the worse-case scenario, but a management plan is needed 
to deal with it if it does eventuate. 
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Statistical and dynamic downscaling methods can potentially give more realistic future climate sequences. This 
is because (i) they downscale synoptic large-scale atmospheric predictors from the GCMs (GCM simulations 
of atmospheric predictors are generally of higher quality than GCM simulations/parameterisations of rainfall), 
(ii) they simulate changes in all the rainfall characteristics (as informed by GCMs), and (iii) they can provide 
transient future climate simulations. Like the simple scaling method, there are also limitations with the 
statistical and dynamic downscaling methods, particularly when used with GCMs and applied over very large 
regions. Nevertheless, they should be considered in future hydrological modelling initiatives (for example, the 
analogue method66 is starting to be routinely used with GCMs), and more research on their application over 
large regions like the MDB is needed.

5.3 Climate sequences over period of implementation of first Basin Plan (present to 
2024)
Short and medium-term operational planning (next 10–15 years) should also consider the recent climate 
(past 10–20 years) as a likely scenario. This is because (i) much longer dry periods have been observed in the 
palaeo-climate data, (ii) the dry conditions may continue for some time yet because of initial conditions in the 
atmosphere-ocean system, and (iii) there is evidence partly attributing the current drought to global warming. 
This is particularly so for hydrologic systems, where because of low storage levels and very dry antecedent 
catchment conditions, significant amounts of rainfall are now required before there is an increase in streamflow 
and storage inflow.

The climate sequence for modelling over the period of implementation of the first Basin Plan (next 10–15 years) 
should be based on scenarios ranging from the recent climate over the past 10–20 years (a very dry scenario, 
although drier conditions are possible) and future climate scenarios obtained using the daily scaling method 
described above.

There are substantial research programs in the United States and Europe aimed at predicting the climate 
over the next few years. These programs on inter-annual to decadal-scale prediction are based on blending 
observations of recent climate with the output from GCMs that are initialised with current atmosphere-ocean 
conditions. Current research effort in Australia is based on the extension of the POAMA (Predictive Ocean 
Atmosphere Model for Australia) seasonal climate prediction system in the Centre for Australia Weather 
and Climate Research (CAWCR) and the Bureau of Meteorology Water Division and South Eastern Australian 
Climate Initiative for water related applications. However, there is a considerable amount of research that is 
required before POAMA can be used for medium-term (5–10 years) forecasting. 
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