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ABSTRACT 

The Victorian Water and Climate Initiative (VicWaCI) is a research program to help us 
better understand how climate variability and climate change impacts water availability in 
Victoria. VicWaCI is a research program run by the Victorian Department of Environment, 
Land, Water and Planning (DELWP), with research by the Bureau of Meteorology, CSIRO, 
The University of Melbourne and Monash University. The research continues earlier work 
delivered through the South Eastern Australian Climate Initiative and the Victorian Climate 
Initiative.  

The findings from the first four years of the initiative are presented in the report Victoria’s 
Water in a Changing Climate. Victoria’s climate is highly variable; however, the trend in 
recent decades is towards warmer and drier conditions. The report explores different 
weather types and their influence on rainfall, where streamflow across Victoria have reduced 
and the reasons for the decline, and projections of future climate and streamflow for Victoria.  

 
1 The key findings described in the sections Victoria’s Changing Climate, Victoria’s Changing Hydrology, and 
Victoria’s Water Future are lifted directly from DELWP et al (2020).  Contributors to DELWP et al (2020) are:  
Project leaders: Pandora Hope (Bureau of Meteorology), Murray Peel (The University of Melbourne), Francis 
Chiew (CSIRO), Geoffrey Steendam (DELWP).  
Project teams:   
Bureau of Meteorology: Linden Ashcroft*, Ghyslaine Boschat, Andrew Dowdy, Sonya Fiddes*, Chris Lucas, 
Roseanna McKay, Sugata Narsey, Luke Osburn, Acacia Pepler, Scott Power*, Surendra Rauniyar, Irina Rudeva, 
Bertrand Timbal, Margot Turner, Peter van Rensch*, Guomin Wang.   
* Denotes a researcher who is no longer with BoM.  
The University of Melbourne: Margarita Saft, Chinchu Mohan*.  
* Denotes a researcher who is no longer with The University of Melbourne.  
CSIRO Land and Water: Steve Charles, Guobin Fu, Michelle Ho*, Nick Potter, Lu Zhang, Hongxing Zheng.   
* Denotes a researcher who is no longer with CSIRO.  
Monash University: Tim Peterson.   
DELWP (Hydrology and Climate Science team): Rachel Brown, Sandra Dharmadi, Glenn Dunks*, Jasmine 
Errey*, Marty Gent*, Thomas Jenkins*, Rebecca Lett, Lisa Lowe*, Robert Morden*.  
* Denotes a former member of the Hydrology and Climate Science team. 
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The 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. The VicWaCI findings provide a knowledge base to underpin 
many of the water resource planning and policy activities across Victoria.  

The findings provide a foundation for regional water policy development, for example 
through regional sustainable water strategies and informing decisions about urban water 
supply security through Water Corporation urban water strategies. The findings also assist 
environmental water managers to assess the impacts of climate change to inform 
environmental water planning decisions.  

 

INTRODUCTION 

 

This paper lists the key findings from the Victorian Water and Climate Initiative (VicWaCI), along 
with information about application and next steps.  The key findings listed in the sections Victoria’s 
Changing Climate, Victoria’s Changing Hydrology, and Victoria’s Water Future are lifted directly 
from DELWP et al (2020) for the purpose of sharing these findings more broadly with water industry 
stakeholders through the symposium.  

VicWaCI is a research program run by the Victorian Department of Environment, Land, Water and 
Planning (DELWP), with research by the Bureau of Meteorology, the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO), The University of Melbourne and Monash University. 
VicWaCI is managed by the Hydrology and Climate Science team in DELWP.  

This initiative continues on from earlier research in the South Eastern Australian Climate Initiative 
and the Victorian Climate Initiative. 

Findings from the research undertaken from 2017 to 2020 were synthesised in the report “Victoria’s 
Water in a Changing Climate”, released in December 2020 (DELWP et al. 2020). The next phase of 
research through the program is now underway, with research activities focused on the priority 
information needs of Victorian water sector stakeholders.  

Victoria’s water resources are under pressure from increasing demand and decreasing supply. 
Victoria’s already highly variable rainfall and streamflow are now occurring against a backdrop of 
climate change, with the drying trend of recent decades projected to continue into the future. 

The research findings are being used to inform water resource planning decisions by stakeholders 
across the Victorian water sector, including by Victorian water corporations. Guidelines developed by 
DELWP (DELWP 2020) assist stakeholders to apply the research findings to assess current and future 
water availability in a way that is efficient, consistent and scientifically robust. 

The basis of the research findings documented in this paper is contained in DELWP et al. (2020), 
along with many supporting references.   

 

VICTORIA’S CHANGING CLIMATE  

Understanding Victoria’s variable climate, along with the impact of climate change, is important to 
ensure informed decision-making across the Victorian water sector. Victoria’s climate has already 
changed, and the majority of global climate model projections indicate a likely warmer and drier 
future for Victoria. This means that a significant challenge for water sector planners and decision-
makers is understanding how much the climate now differs from past decades and the timing and 
severity of future rainfall changes.  The key findings from VicWaCI (DELWP et al. 2020) about 
Victoria’s changing climate were that: 

 Victoria’s climate is highly variable; however, the trend in recent decades is towards warmer 
and drier conditions; 
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 the decline in cool-season rainfall in recent decades (see Figure 1) is unlikely to have been as 
large without the influence from increasing levels of atmospheric greenhouse gases; 

 the majority of climate models project a drier climate future for Victoria, particularly later this 
century under a high emissions scenario; 

 most global climate models underestimate the magnitude of the observed decline in rainfall. 
This lowers confidence in projections based on the same models; 

 changes in the global circulation are associated with an increased frequency of high-pressure 
systems and reduced frequency of low-pressure systems across Victoria; 

 large-scale climate drivers, such as El Niño and the Indian Ocean Dipole, that are largely 
responsible for Victoria’s climate variability are themselves subject to climate change, with 
consequent effects on rainfall;  

 rainfall from cold fronts and low-pressure systems in the cooler half of the year has declined 
across Victoria, while thunderstorm-related rainfall has increased in northern Victoria in the 
warmer half of the year; and, 

 extreme, short-duration rainfall events are generally becoming more intense in Victoria, a 
trend that is expected to continue into the future. 

 

 

Figure 1: Rainfall decile maps for the period since the start of the Millennium Drought in 1997 to 
2019, relative to all other 23-year periods, for the period from April to October (left) and November to 

March (right). Adapted from DELWP et al. (2020), Figure 2.4.  

 

Implications for the water sector 

Most of the rainfall and runoff in Victoria occurs during the cooler half of the year. The reductions in 
rainfall during this part of the year have a disproportionately large impact on water availability 
because this is the time of year when a larger proportion of rainfall becomes runoff.  

From a runoff perspective, possible increases in rainfall during the warmer months are unlikely to 
offset the impact of rainfall declines during the cooler time of the year. 

A significant reduction in the number of very wet months since 1997, particularly during the cooler 
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time of the year, has also reduced water availability. The wetter catchment conditions during these 
very wet months generally result in a larger proportion of rainfall becoming runoff and provide 
improved resilience for water users or environmental systems to cope during any subsequent dry 
periods. Changes in rural hydrology and rural flooding will depend on the conditions in any given 
catchment. 

The intensity of short-duration (hour-long) rainfall events is increasing in some places but is not 
expected to offset the water availability impact of overall declines in rainfall. However, it is likely to 
have implications for urban hydrology and urban flooding, depending on the influence of overall drier 
catchment conditions and other factors, including the capacity of drainage systems to accommodate 
these short-duration rainfall events. 

 

VICTORIA’S CHANGING HYDROLOGY 

Recent research has shown that for many catchments in Victoria and south-east Australia, the runoff 
response to rainfall has declined, particularly during the Millennium Drought. This means that for a 
given amount of rainfall we get less streamflow than we did in past decades. Since the Millennium 
Drought, some catchments have recovered while others have not. The reduction in runoff is in 
addition to the impact expected from future declines in rainfall due to climate change – so is likely to 
have significant consequences for our environment and our communities. The key findings from 
VicWaCI (DELWP et al. 2020) about Victoria’s changing hydrology were that: 

 average runoff has declined over recent times, largely due to rainfall declines;  

 runoff reductions in some catchments are larger than expected from reduced rainfall; 

 there was a downward shift in the rainfall–runoff relationship in many Victorian catchments 
in the Millennium Drought; 

 catchments can respond to and recover from drought in distinctly different ways; 

 the shifts in the rainfall–runoff relationships were largely governed by catchment resilience or 
vulnerability to drought, rather than differences in drought severity;  

 changes in weather systems may be less important in determining if a catchment is more 
likely to experience a shift in rainfall–runoff relationship compared to internal catchment 
characteristics, such as catchment mean slope; 

 groundwater–surface water disconnection is an important feature of catchments with shifted 
rainfall–runoff relationship during the drought; 

 the rainfall–runoff relationship in some catchments can recover even if they don’t receive all 
of the ‘missing’ rainfall that they went without in the drought years; 

 during the Millennium Drought, more than half of the Victorian catchments analysed 
experienced an extra 20–40% decline in their annual streamflow due to the shift in rainfall–
runoff relationships; and, 

 the current generation of hydrologic models do not replicate well the observed changes in the 
rainfall–runoff relationship during and after extended drought. 

Implications for the water sector 

The low-runoff conditions experienced in many catchments during and after the Millennium Drought 
need to be factored into water resource planning decisions. 

Until there are improvements in the ability of hydrological models to represent the impact of multi-
year drought and shifting rainfall–runoff relationships, selection of calibration periods will be 
important to ensure that model results account for shifts in rainfall–runoff relationships. 
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VICTORIA’S WATER FUTURE 

Projections of future climate have a level of uncertainty, so they are usually presented as a range of 
possible future scenarios. Water resource planners need to be confident that the range of scenarios are 
robust and encompass the breadth of what we may experience in the future. The key findings from 
VicWaCI (DELWP et al. 2020) about Victoria’s water future were that: 

 future runoff in Victoria is likely to be lower because of the projected decline in cool-season 
rainfall and higher potential evapotranspiration. Variability will remain high, with wet and 
dry years on a background of a drying trend; 

 the runoff projections developed through the Victorian Climate Initiative continue to be the 
most appropriate for the water sector in Victoria and can be considered as projected change 
relative to post-1975 averages; 

 there is considerable uncertainty in future water availability projections, largely due to the 
uncertainty in future rainfall projections; 

 finer-scale dynamic downscaled projections (like the Victorian Climate Projections 2019) can 
potentially add value, particularly for local scale assessments; 

 although dynamic downscaling is improving, there is significant bias in the downscaled 
rainfall that needs to be robustly bias corrected for hydrological application; 

 projection products from different selections of global climate models and dynamic 
downscaled products do not necessarily converge to a narrower range of change; 

 hydrological models developed and calibrated against past observations may not robustly 
predict the future under hotter conditions, enhanced atmospheric carbon dioxide concentration 
and longer dry spells not seen in the past; and, 

 assessments focused on a systems approach that characterise resilience to climate variability 
and climate change can provide insights and a foundation for considering the risk versus 
reward of adaptation options. 

Implications for the water industry 

Given the large range of plausible climate futures, water resource planning should consider a wide 
range of possible futures.  

In addition to considering hydroclimate projections, approaches that consider how vulnerable a water 
system is to change can also be used to inform climate change adaptation. The Guidelines for 
Assessing the Impact of Climate Change on Water Availability in Victoria (DELWP 2020) have been 
developed to provide tailored guidance on how to apply hydroclimate science for water resource 
planning applications and to promote a consistent approach to climate change impact assessment 
across the water industry. 

 

APPLICATION OF RESEARCH FINDINGS 

The findings from the VicWaCI research provide a knowledge base that underpins many of the water 
resource planning and policy activities across Victoria. The findings are being applied to water 
resource planning, management and policy decision making through a range of different pathways, 
including through the development of sustainable water strategies under the Victorian Water Act 
1989.  

The findings are particularly relevant for flooding, drainage, urban runoff, water supply and demand, 
water availability, infrastructure investment and water resource policy applications. For example, the 
increased understanding of the overall drying conditions, combined with the intensification of some 
rainfall extremes, is informing water supply and infrastructure investment decisions.  

A range of activities are being undertaken to communicate the findings, and support application. One 
of the ways that DELWP is supporting the water sector to apply the research findings specifically to 
water availability planning is through the development of a set of guidelines (DELWP 2020). The 
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guidelines draw on the science from VicWaCI to provide advice on how the science is able to be used 
when assessing the impact of climate change on water availability.  

The guidelines are used by a number of different organisations across Victoria for assessing climate 
change impacts on water availability in a way that is efficient, consistent and scientifically robust.  
For example, water corporations across Victoria that provide water to urban customers apply the 
guidelines to assess the impact of climate change on water supply and demand, as part of undertaking 
their long-term water planning through the development of their Urban Water Strategies.  

 

NEXT STEPS 

To inform the next phase of VicWaCI, a survey was undertaken of the research needs of a range of 
Victorian water sector stakeholders. The research topics that had the broadest appeal as high priority 
research areas for stakeholders were: 

 better understanding the nature and likelihood of future droughts; and,  

 further research into seasonal climate change (e.g. historical and projected changes in cool 
season and warm season rainfall). 

In addition, other areas of priority for stakeholders included climate baselines, land use and vegetation 
cover change, groundwater recharge, rainfall-runoff shift, blue-green algae, wetland evaporative 
demands, supply/river system behaviour, climate change uncertainty, ecosystem response, waterway 
refuges, and indigenous values. 

The survey of user needs is being used to inform the topics covered in the next phase of the research 
program, which will run until 2024. 
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