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ABSTRACT 

The ‘Guidelines for Assessing the Impact of Climate Change on Water Availability in 
Victoria’ present a consistent approach for applying climate change scenarios across water 
resource modelling and planning in Victoria. The guidelines provide projections for 
temperature, potential evapotranspiration, rainfall, runoff and groundwater recharge. The 
guidelines also discuss changes to climate variability associated with climate change, and 
provide guidance on stress and sensitivity testing. 

The previous version of the guidelines was produced in 2016. Recently the Department of 
Environment, Land, Water and Planning (DELWP) has updated the guidelines to reflect 
lessons learnt from previous application of the guidelines, new research findings, and new 
and updated legislation and water policy. The 2020 update has ensured that the guidelines 
remain user focused, incorporate the best available science and reflect the current context for 
water management in Victoria. 

The new research findings which were considered include findings from the first four years of 
the Victorian Water and Climate Initiative (VicWaCI) - a partnership between DELWP, the 
Bureau of Meteorology, CSIRO and The University of Melbourne. Findings from VicWaCI 
are helping to better understand how the climate has and will continue to change and the 
impacts on Victoria’s water resources, allowing better preparation for the future. 

This paper explores the many technical considerations in applying the guidelines, including: 

 Establishing historic climate reference periods and methods to generate long-term 
representations of those historic climate reference periods 

 The use of low, medium and high climate change scenarios to represent global 
climate model uncertainty, and a post-1997 step climate change scenario based on 
historical observations, to allow for the possibility that climate change has occurred 
earlier than projected by most global climate models 

 Applying climate change projections to temperature, potential evapotranspiration, 



 
 

rainfall, runoff, groundwater, water demands, and river and supply system 
performance metrics 

 Adjustments to peak daily and sub-daily rainfall and runoff, where required 

 Sensitivity and stress testing in areas of higher uncertainty of potential relevance to 
end users. 

INTRODUCTION 

Victoria’s Climate Is Changing 

Victoria’s water resources are largely climate dependent, so planning for climate change is extremely 
important for water resource management. Multiple lines of evidence indicate that Victoria will be 
hotter and is likely to be drier in the future (DELWP et al., 2020), and this has clear implications for 
Victoria's water security. Climate change also impacts how we assess and understand our water 
resource availability right now and moving forward. 

Although the body of scientific knowledge on climate change continues to grow, future climate 
projections reflect modelling uncertainty and uncertainty around future greenhouse gas emissions and 
concentrations. It is therefore important that a range of plausible climate scenarios are considered 
when planning for the sustainability of Victoria’s water future. 

The Guidelines for assessing the Impact of Climate Change on Water Availability in Victoria 

The Guidelines for Assessing the Impact of Climate Change on Water Availability in Victoria 
(DELWP, 2020; the guidelines) present a consistent approach for applying climate change scenarios 
across water resource modelling and planning, considering factors such as temperature, potential 
evapotranspiration, rainfall, runoff and groundwater recharge which are used when assessing the 
impact of climate change on water availability. The guidelines also provide information on changes to 
climate variability associated with climate change. 

The guidelines provide tailored guidance on how to apply the climate science for water resource 
planning applications. Applying the science can be complex, and the guidelines describe how to do 
this in a manner consistent with recent research findings so that Victorian water resource assessments 
can use the information to plan for and manage the impact of climate change on water availability. 

The guidelines support water corporations to apply best practice water resource planning consistent 
with their responsibilities under Clause 6-A of the Statement of Obligations issued by the Minister for 
Environment, Climate Change and Water. This requires water corporations to ‘comply with any 
guidelines for forecasting the impact of climate change on water supplies’ issued by the Department 
of Environment, Land, Water and Planning (DELWP). The guidelines enable more efficient climate 
change impact assessments by pre-generating a standard set of climate change information. Doing this 
removes the burden for individual water corporations, or other users, to generate their own climate 
change projections in an area of complex science. 

In addition to urban and rural water impact assessments, the guidelines can be used to assess future 
water availability for water intensive industries, integrated water cycle management, environmental 
water assessments and other purposes. The guidelines promote a consistent approach to climate 
change impact assessment for water supplies. This enables comparisons of current and future water 
availability and use for shared water resources across Victoria. 

The Guidelines 2020 Update 

The guidelines were updated in 2020 to inform the preparation of urban water strategies, which are 
planned for release in 2022. The guidelines are currently also being used in the development of the 
Central and Gippsland Region Sustainable Water Strategy. 

The guidelines were developed by DELWP with input from climate and hydrology researchers from 
CSIRO, Bureau of Meteorology, The University of Melbourne and Victoria’s water corporations and 
other users of the guidelines. The guidelines build on the previous edition published in 2016 
(DELWP, 2016). 

The guidelines have been updated to reflect lessons learnt from previous application of the guidelines; 



 
 

new research findings, including those from the Victorian Water and Climate Initiative (VicWaCI; see 
DELWP et al., 2020); and new and updated legislation and water policy. This update has ensured that 
the guidelines remain user-focused, incorporate the best available science and reflect the current 
context for water management in Victoria. 

The following section of this paper will discuss the key principles of the guidelines, the final section 
will discuss some of the innovations which were adopted as part of the 2020 update. 

KEY PRINCIPLES 

Selection of Climate Reference Periods 

Reference periods are used to compare the climate of regions, to compare the climate over different 
time periods, and as a starting point with which to make projections of future climate. The selection of 
a suitable reference period for water resource planning is not a trivial exercise, as the chosen reference 
period can impact the estimate of current and future water availability. 

Two reference periods were selected for the purpose of the guidelines: 

 The Post-1975 historic climate reference period. 

 The Post-1997 historic climate reference period. 

Figure 1 contrasts the two reference periods for Arkins Creek West Branch at Wyelangta (235205), 
which is a Hydrologic Reference Station, as selected by the Bureau of Meteorology, and is therefore a 
well-maintained river gauge with a long, high quality streamflow record. Such reference stations are 
not significantly impacted by river regulation or landuse change, and so can be used to estimate trends 
in long-term water availability from climate variability and change 
(www.bom.gov.au/water/hrs/about). 

The post-1975 historic reference period was selected as it is broadly consistent with observed step 
changes in climate behaviour in the 1970s, particularly temperature (Jones, 2012; Jones and Ricketts, 
2017), is short enough to distinguish it from earlier decades with much lower global greenhouse gas 
concentrations, is long enough to incorporate a wide range of natural climate variability including the 
Millennium Drought, and has a similar mid-point to the global climate model reference period when 
applying the climate change projections of Potter et al (2016) to develop scenarios of future water 
availability (the projections developed by Potter et al (2016) are discussed further below). 

The post-1997 historic reference period was selected to account for the possibility that the dry 
conditions experienced since 1997 represent a permanent step-change in climate from that 
experienced prior to 1997. The work of Rauniyar and Power (2020) suggests that the majority (at least 
75%) of Global Climate Models (GCMs) estimate that climate variability has been a stronger driver of 
the observed cool season drying in Victoria from the 1990s to date than anthropogenic climate 
change. Nonetheless, a scenario of a permanent step-change as observed remains plausible, as 
indicated by a minority of global climate models, and is an important consideration in water resource 
planning, particularly in the short term. 

Methods to Extend Historic Climate Reference Periods 

Because of the relatively short period of the aforementioned climate reference periods, it is likely that 
in the future, climate variability could result in climate conditions not previously experienced 
(irrespective of climate change). This could include sequences of wet, dry, or average years. 
Reference period extension techniques are methods used to extend the historic climate reference 
period to incorporate more climate variability than observed over that period. The two methods 
recommended by the guidelines are historical data scaling and stochastic data generation. 



 
 

 

Figure 1. Example application of the guidelines to streamflow. 

 

Table 1. Example projections for the Otway Coast Basin (drainage division 35). 

Projected change Projection 

Change relative to 1995 

Year 2020 Year 2040 Year 2065 

RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 

Average annual 
temperature (°C) 

Low 0.4 0.3 0.8 0.6 1.4 0.8 

Medium 0.6 0.5 1 0.8 1.9 1.2 

High 0.7 0.6 1.3 1.1 2.5 1.6 

Average annual 
potential 
evapotranspiration (%) 

Low 1.0% 0.9% 1.8% 1.7% 3.9% 2.3% 

Medium 2.0% 1.5% 3.7% 2.7% 6.4% 4.2% 

High 2.9% 2.6% 5.3% 4.6% 9.5% 5.9% 

Average annual 
rainfall (%) 

Low 1.2% 2.3% 2.1% 4.1% 0.5% 1.9% 

Medium -2.0% -0.4% -3.6% -0.8% -5.8% -4.7% 

High -6.5% -7.3% -11.7% -13.1% -19.0% -13.0% 

Average annual 
runoff (%) 

Low 3.6% 6.8% 6.6% 12.2% -4.7% 5.2% 

Medium -4.0% -2.3% -7.2% -4.2% -15.8% -14.4% 

High -14.1% -15.3% -25.3% -27.6% -41.9% -30.0% 

 



 
 

Historical data scaling is a simple technique to adjust historical data so that it has similar exceedance 
properties to a shorter reference period, such as the post-1975 or the post-1997 reference period. 
Stochastic data used in modelling water systems are random numbers that are modified so that they 
have the same statistical characteristics (in terms of mean, variance, skew, long-term persistency, etc.) 
as the reference period data on which they are based (adapted from Srikanthan et al., 2007). Unlike in 
other parts of Australia, a third potential method, the use of Paleoclimate reconstructions for rainfall 
and streamflow, is not recommended by the Guidelines due to a lack of suitable paleoclimate proxy 
records for Victoria. 

Neither historical data scaling, nor stochastic data generation, is recommended over the other. Both 
have benefits and limitations to their use. For example, historical data scaling makes use of all 
available historical data including the sequencing of climate events prior to the climate reference 
period, but is limited to a single representation of long-term climate variability. Stochastic data 
generation has the advantage of producing multiple replicates of plausible climatic sequences, thereby 
allowing climate events of lower likelihood than those which have occurred historically to readily be 
generated, but requires a leap of faith that generated low likelihood events are physically plausible. 
Both approaches are dependent on the availability of high quality data over the climate reference 
period. 

Current and Projected Climate and Streamflow 

If representing river or supply system behaviour under a plausible range of current and future 
conditions, the guidelines support the use of several climate change scenarios, namely: 

 Low, Medium and High climate change scenarios, which are projected from the post-1975 
historic climate reference period, with the projected changes commencing from 1995. 

 Post-1997 step climate change scenario, which is projected as a continuation of the post-1997 
historic climate reference period. 

The guidelines assume that all scenarios are equally plausible and water availability planning should 
therefore consider the implications of current and future actions under all of these scenarios. No 
scenario is recommended in preference to another. 

Low, Medium and High climate change scenarios 

CSIRO has applied the outputs of 42 different GCMs to generate climate change projections for 
Victoria’s river basins for the years 2040 and 2065 using the CMIP5 suite of global climate models 
(Potter et al., 2016). Climate change projections were generated for temperature, rainfall and potential 
evapotranspiration. Rainfall runoff modelling was then used to generate climate projections for 
streamflow and groundwater recharge. 

Three representative climate change projections were selected from the range of possible climate 
futures anticipated by the 42 models. The three projections represent a low, medium and high impact 
on water availability from climate dependent sources. The medium impact scenario represents the 
median (50th percentile) rainfall response from the 42 GCM projections, and the low and high impact 
scenarios represent the wetter (10th percentile) and drier (90th percentile) rainfall responses from the 
42 GCM projections. 

The majority of climate models project Victoria’s climate to become hotter and drier. When the 
outputs of GCMs are run though rainfall runoff models, this modelling shows that streamflow will 
decline also in the majority of cases and that the impact is magnified. For example, in the Otway 
Coast basin, the projected reduction in rainfall for the RCP8.5 High climate change scenario at 2040 
is -11.7%, but the projected reduction in runoff is -25.3% (Table 1). 

Post-1997 step climate change scenario 

The guidelines also recommend the use of a Post-1997 step climate change scenario. The climate 
experienced over recent decades is non-stationary with respect to anthropogenic climate change. 
Climate conditions in Victoria have been much drier since 1997 than over the long-term. Research by 
the Bureau of Meteorology suggests that most GCMs estimate that climate variability has been a 
stronger driver of the observed cool season drying in Victoria from the 1990s to date than 
anthropogenic climate change (Rauniyar and Power, 2020). It is still possible however, that these 



 
 

observed rainfall declines are predominantly attributable to anthropogenic climate change and could 
therefore represent a permanent shift in Victoria’s climate. This viewpoint is supported by the 
identification of statistically significant step changes in global and southern hemisphere temperature 
occurring in or around 1997 (Jones, 2012; Jones and Ricketts, 2017). Whilst currently considered less 
likely, it is nevertheless prudent to plan for the possibility that climate change has developed more 
rapidly than predicted by the majority of GCMs. Such a scenario is particularly important for near-
term planning purposes. 

Applying Climate Change Projections to Temperature, Potential Evapotranspiration, Rainfall, 
Runoff, Groundwater, Water Demands, and Performance Metrics 

Example application 

The above concepts are illustrated by Figure 1. The change factors in Table 2 have been applied to 
streamflow over the post-1975 reference period to generate the low, medium and high climate change 
scenarios. The post-1997 step climate change scenario is simply a continuation of the post-1997 
historic climate reference period.  

Using 2020 as an example, application of the above approach means that the current river or supply 
system behaviour is expressed as a range under projected climate change scenarios at 2020. This 
range reflects the uncertainty in climate change modelling in the context of a non-stationary climate. 

A similar approach can be taken with average temperature, rainfall or potential evapotranspiration. 

Adjustments to peak daily and sub-daily rainfall and runoff, where required 

Australian Rainfall and Runoff (ARR; Ball et al., 2019) is the industry guideline for design flood 
estimation. But for water supply systems that are sensitive to changes in peak rainfall, the guidelines 
can be used to adjust historic rainfall time series data to account for projected climate change. This is 
done by increasing peak rainfall in combination with projected changes to average annual rainfall. 
These rainfall time series can then be input to rainfall-runoff models to model the impact on water 
supply systems. 

For most water supply systems, adjusting the rainfall inputs for increases in peak rainfall will have 
little impact on total water availability. This is because rainfall intensities are only increased on days 
where the rainfall depth is greater than or equal to the rainfall exceeded once per year, and because 
this increase is balanced by changes to average annual rainfall. 

Previous applications (e.g. Jacobs, 2020) have found that when increased rainfall intensities for rare 
events are modelled in conjunction with reductions in average annual rainfall, the magnitude of 
frequently occurring floods will decline, while the magnitude of rarer floods will increase. This is 
consistent with recent observations — which indicate that drier antecedent conditions are modulating 
the impact of increasing rainfall intensities in the historic record — for frequently occurring rural 
floods (Wasko and Nathan, 2019). 

Groundwater, water demands and performance metrics 

The guidelines provide additional guidance on generating scenarios of groundwater recharge and rural 
and urban water demands under projected climate change. The guidelines can also be used to assess 
scenarios of water supply availability, such as changes in supply system yield, reliability, or other 
metrics relevant to water supply systems and river systems. When combined with estimates of 
projected water demand, such metrics can be used to explore when demand could exceed supply at a 
given level of service, and hence when supply system augmentation may be required (Figure 2). 



 
 

 

 

Figure 2. The guidelines can be used to explore future urban water supply 
and demand under scenarios of projected climate 

 

NEW FEATURES OF THE 2020 GUIDELINES 

The guidelines were updated in 2020 in an effort to learn from, and improve on, past application of 
the guidelines. The following are some of the key updates that were made. 

Alternative Impact Assessments (Sensitivity and Stress Testing) 

The guidelines support a risk-based approach to water resource assessment. In the case that a system 
was found to be vulnerable to climate change, the guidelines now recommend the application of 
additional information and techniques to further assess the sensitivity of planning outcomes to the 
assumptions in the guidelines. These are in addition to the scenario assessment approach outlined in 
the body of the guidelines, which is typically applied within an adaptive management framework 
within Victoria.  

The additional approaches include: 

 Comparisons between different emissions scenarios; 

 Guidance on supplementary downscaled GCM results for Victoria; 

 A pragmatic approach to sensitivity testing outcomes using seasonal climate change 
projections for rainfall; and 

 A description and references for alternative planning and modelling approaches for dealing 
with climate change uncertainty, such as decision scaling and pareto front optimisation (not 
covered in this paper, see the guidelines for further details). 

Emissions Scenarios 

Representative Concentration Pathway (RCP) scenarios incorporate different assumptions of 
greenhouse gas and aerosol emissions and their concentrations over time, as well as land use/land 
cover changes. The RCP8.5 scenario is a high emissions scenario that is recommended by the 
guidelines for water supply planning applications. The RCP8.5 scenario spans a wide range of 
plausible futures, allowing for robust decision making, and is consistent with a precautionary 
approach for water supply impact assessments, which is appropriate in the context of projection 
uncertainty. 

The guidelines now also include the option to utilise a more moderate RCP scenario (RCP4.5). This 
scenario is closer to the potential lower rates of greenhouse gas emissions that could occur under 
greenhouse gas mitigation measures pledged by the world’s governments. A key finding was that 
RCP4.5 and RCP8.5 generate similar outcomes for Victorian rainfall up to mid-century. 

Supplementary downscaled GCM results 



 
 

A range of alternative climate projections are either now available or in development for Victoria, in 
addition to the CSIRO (Potter et al., 2016) projections used in the guidelines. These include Climate 
Change in Australia 2015, the Victorian Climate Projections 2019 (VCP19; Clarke et al., 2019), the 
NSW and ACT government NARCliM projections, and the Bureau of Meteorology’s National 
Hydrological Projections Service. 

The benefits of using the CSIRO projections (Potter et al., 2016) for water resource impact assessment 
in Victoria are that they provide runoff projections for the whole of Victoria, consider the full range of 
GCM outputs, and are available at a basin scale. They are also recommended for use to provide 
consistency across the water industry. 

However, the use of the guidelines do not preclude the use of additional projection products. Use of 
complementary projection products are recommended to gain additional insights for specific water 
planning applications. For example, in the water availability context the use of VCP19 projections are 
recommended for consideration in alpine areas and for examining projected changes in urban heat 
islands. Complementary projection products may also be used in sensitivity testing of streamflow 
characteristics or supply system performance to climate change projections at a very local (finer than 
river basin) scale or outside the range of projections documented in the guidelines. 

To support the use of VCP19 projections for sensitivity testing, the guidelines provide specific advice 
on whether the VCP19 projections are wetter, drier or about the same as the CSIRO (Potter et al., 
2016) projections for any given river basin in the year 2065. 

Seasonal scaling factors 

There is now greater certainty about the seasonal nature of observed climate changes to date, and a 
greater understanding of the seasonal nature of the influences on Victoria’s climate into the future. 
For example, over the past thirty years there has been a decrease in cool season rainfall (defined as 
April to October for Victoria) and this decline has persisted even after the end of the Millennium 
Drought. In response to this, DELWP commissioned CSIRO to provide cool season (April to 
October) and warm season (November to March) projections. These projections have been used to 
generate a plausible range of cool season and warm season rainfall projections, informed by GCM 
uncertainty in each season, for sensitivity testing of planning outcomes. 

Other Changes 

In addition, the updated guidelines include: 

 Clarification of the approach to interpolating GCM projections between now and 2040 

 New guidance on the impacts of climate change to snow cover. 

 Updated guidance on the impacts of climate change to peak rainfall and streamflow. 

 Updated guidance on the impacts of climate change to groundwater recharge. 

 Additional guidance on assessing shifts in rainfall-runoff behaviour during and after 
prolonged drought. 

NEXT STEPS 

The guidelines will be updated from time to time to refine the guidance and to incorporate new 
research as it becomes available. 

The Victorian Water and Climate Initiative (VicWaCI) is a research program to help us better 
understand how climate variability and climate change impacts the water cycle, and water availability, 
in Victoria. The findings from the first four years of the initiative are presented in the report Victoria’s 
Water in a Changing Climate (DELWP et al., 2020). As further findings come available, the findings 
will be communicated to practitioners and incorporated into the guidelines. 
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