
Victorian Climate
Projections 2019

Technical report



© 2019 State of Victoria 
Creative Commons Attribution 4.0 Australian licence (https://creativecommons.org/licenses/by/4.0/)

Updated to correct typographical errors 18 February 2020

ISBN 978-1-76077-735-7 (Print)  
ISBN 978-1-76077-736-4 (pdf/online/MS word)

Acknowledgements 
This scientific assessment and new research has been funded by the Victorian Government Department of Environment, Land, 
Water and Planning (DELWP). The authors wish to acknowledge the assistance of the Technical Reference Group, comprising 
Dr Rob Vertessy (Chair), Dr Penny Whetton and Dr Karl Braganza. We also wish to acknowledge the members of the User 
Reference Group for providing feedback on the project design and resulting products. The authors also wish to thank Rebecca 
Harris and Tom Remenyi for allowing us to use the Wine Australia downscaling experiment data sets for this report. Finally, the 
authors wish to thank Clare Brownridge, Ramona Dalla Pozza and Alice Bleby for their support while developing this report.

Editorial support: Karen Pearce 
Design and layout: Kate Hodge

Citation 
Clarke JM, Grose M, Thatcher M, Hernaman V, Heady C, Round V, Rafter T, Trenham C & Wilson L. 2019. Victorian Climate 
Projections 2019 Technical Report. CSIRO, Melbourne Australia.

Disclaimer
CSIRO and the State of Victoria advise that the information contained in this publication comprises general statements based 
on scientific research. The reader is advised and needs to be aware that such information may be incomplete or unable to be 
used in any specific situation. No reliance or actions must therefore be made on that information without seeking prior expert 
professional, scientific and technical advice. To the extent permitted by law, CSIRO and the State of Victoria (including their 
employees and consultants) exclude all liability to any person for any consequences, including but not limited to all losses, 
damages, costs, expenses and any other compensation, arising directly or indirectly from using this publication (in part or in 
whole) and any information or material contained in it.

https://creativecommons.org/licenses/by/4.0/


Contents
Executive summary................................................................................ 5

1.	 Introduction..................................................................................... 7
1.1	 Background............................................................................................................................................7

1.2	 Climate change in Victoria...................................................................................................................7

1.3	 Why produce new projections?..........................................................................................................9

2.	 Methods......................................................................................... 10
2.1	 Climate data sets................................................................................................................................ 10

2.2	 New modelling.................................................................................................................................... 12

2.3	 Area-averaged changes..................................................................................................................... 15

2.4	 Regionalisation................................................................................................................................... 16

2.5	 Application-ready data sets.............................................................................................................. 18

3.	 Important features of Victoria’s climate............................................ 19
3.1	 El Niño Southern Oscillation............................................................................................................ 21

3.2	 Southern Annular Mode.................................................................................................................... 21

3.3	 Indian Ocean Dipole.......................................................................................................................... 21

3.4	 Blocking highs..................................................................................................................................... 21

4.	 Model evaluation and confidence...................................................... 22
4.1	 Confidence........................................................................................................................................... 22

4.2	 Model evaluation................................................................................................................................ 23

4.2.1	 Temperature..............................................................................................................................................24

4.2.2	 Urban heat island.....................................................................................................................................27

4.2.3	 Average rainfall.........................................................................................................................................28

4.2.4	 Extreme rainfall.........................................................................................................................................29

4.2.5	 Mean sea-level pressure..........................................................................................................................31

4.2.6	 Upper-level wind speed and direction at 850 hPa.............................................................................32

4.2.7	 Summary of CCAM evaluation...............................................................................................................32

5.	 Victoria’s changing climate.............................................................. 34
5.1	 Climate features and drivers............................................................................................................ 34

5.2	 Temperatures...................................................................................................................................... 34

5.2.1	 Observed....................................................................................................................................................34

5.2.2	 Near-term temperature change (current to 2030).............................................................................36

5.2.3	 Temperature change for this century...................................................................................................38

5.2.4	 Temperature extremes............................................................................................................................43

5.3	 Rainfall.................................................................................................................................................. 47

5.3.1	 Past changes.............................................................................................................................................48

5.3.2	 Projected change – global and Australia.............................................................................................49

5.3.3	 Projected change – Victoria and sub-regions.....................................................................................51

5.3.4	 Snow...........................................................................................................................................................59

5.3.5	 Rainfall extremes......................................................................................................................................59

Technical report

iii



5.4	 Mean sea-level pressure.................................................................................................................... 62

5.5	 Winds and storms............................................................................................................................... 63

5.5.1	 Mean winds................................................................................................................................................63

5.5.2	 Extreme winds...........................................................................................................................................63

5.5.3	 Storms and lightning...............................................................................................................................64

5.6	 Relative humidity................................................................................................................................ 64

5.7	 Evaporation......................................................................................................................................... 65

5.8	 Fire weather......................................................................................................................................... 65

5.9	 Sea level............................................................................................................................................... 67

5.10	 Step changes....................................................................................................................................... 69

6.	 Victoria under the Paris Agreement targets and beyond 2100.............. 71
6.1	 Paris Agreement targets – the ambitious ‘best-case’ scenario.................................................. 71

6.1.1	 Physical changes in Victoria at 2°C global warming..........................................................................71

6.2	 How we get there matters................................................................................................................. 73

6.3	 Worst-case scenarios......................................................................................................................... 73

6.4	 Change beyond 2100......................................................................................................................... 74

7.	 Guidelines for using Victoria’s climate projections.............................. 76
7.1	 Getting started..................................................................................................................................... 77

7.2	 Using climate projections in an impact assessment................................................................... 78

7.2.1	 Chain of actions........................................................................................................................................78

7.3	 Constructing climate projections – the CSIRO Climate Futures framework........................... 79

7.3.1	 Sensitivity analysis...................................................................................................................................82

7.3.2	 Spatial analogues.....................................................................................................................................82

7.4	 Obtaining VCP19 high-resolution climate data............................................................................ 83

7.5	 Further resources................................................................................................................................ 83

Appendix: Bias plots for model evaluation.............................................. 84

Shortened forms.................................................................................. 88

Glossary of terms................................................................................. 88

References.......................................................................................... 92

Victorian Climate Projections 2019

iv



Executive summary
This report describes a set of climate projections featuring new high-resolution climate change 
simulations for Victoria developed by CSIRO’s Climate Science Centre (CSC), which describe how the 
regional climate of Victoria is likely to respond to global warming with different scenarios of human 
greenhouse gas emissions. This work was commissioned by the Victorian Department of Environment, 
Land, Water and Planning (DELWP) to supplement previous projections of climate change for Victoria and 
to develop a tailored climate projections and guidance package for Victoria.

An important consideration when developing regional climate 
change projections is to avoid basing the projections on a 
single modelling system or an individual line of evidence. 
For this reason, it was decided to extend the existing climate 
change projections information from the Victorian Climate 
Initiative (VicCI) summarised in (Hope et al. 2017), and 
presented in the guidelines for assessing the impact of climate 
change (DELWP 2016). Those projections drew strongly on 
statistically downscaled simulations of climate change for 
Victoria and were aimed primarily at water managers. The new 
results presented here feature a dynamically downscaled set 
of simulations based on the Conformal Cubic Atmospheric 
Model (CCAM), as well as drawing on the full range of outputs 
from Climate Change in Australia (CCIA) using global climate 
models and other climate modelling data sets. For the new 
CCAM simulations, six global climate models were downscaled 
to 5 km resolution over Victoria. The six high-resolution CCAM 
simulations are based on a subset of the global climate model 
simulations recommended by CCIA as representative of the 
range of projected changes in temperature and rainfall as 
well as other climate variables. The regional climate change 
projections described in this report combine the results of the 
new and previous climate model simulations to provide an 
assessment of plausible changes to the regional climate that 
could pose significant risks for the state of Victoria.

The climate of Victoria has been getting warmer, with the 
mean annual temperature rising by just over 1°C between 
1910 and 2018 according to high quality observations 
from ACORN-SATv2. There have been more 
warm years than cool years in recent 
decades, and the last year 
with below-average 

temperature was 1996 relative to the 1961–1990 baseline. 
Simulations of future warming under plausible greenhouse 
gas emission scenarios are consistent with a 0.5 to 1.3°C 
increase in temperature between the 1990s and 2030s. After 
superimposing natural variability on the global warming 
signal, it is possible to observe negligible or even negative 
short-term trends in temperature between 2019 and 2030. 
Beyond the next couple of decades, the projected change 
in temperature depends strongly on the greenhouse gas 
emissions pathway that the world follows. For example, 
between the 1990s and 2090s, the temperature over Victoria 
is projected to warm on average by 2.8 to 4.3°C under a high 
emissions scenario or warm by 1.3 to 2.2°C under a medium 
emissions scenario. In the case where global warming 
is limited to 2°C, matching aspirations under the Paris 
Agreement, then Victoria is expected to warm by a similar 
amount, in contrast to many other places in the world that 
will warm by more or less than the global average. The new 
high-resolution simulations suggest that increases in average 
temperature can be higher than previously estimated, 
especially in spring. This means a hotter ‘worst-case’ 
scenario should be considered to manage 
risks appropriately. 
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Victoria is projected to continue becoming drier in the 
long term in all seasons except summer, for which models 
indicate that both increases and decreases in average 
rainfall are possible. Large rainfall variability at scales from 
days to decades is expected to continue. The new regional 
climate model simulations are broadly consistent with 
previous climate projections across Victoria as a whole, 
except for the summer and autumn signature where the new 
simulations show high agreement on a projected decrease 
whereas previous dynamical downscaling indicated an 
increase (Grose et al. 2015a; Hope et al. 2015b; Timbal et 
al. 2015; DELWP 2016; Hope et al. 2017; Potter et al. 2018). 
The projection of autumn and summer rainfall in the new 
dynamical downscaling agrees more with the global climate 
model projections and statistical downscaling, as well as 
the recent observed decrease in autumn rainfall, leaving the 
previous downscaling as exceptions. However, there is not 
sufficient evidence to reject any set of results as implausible 
and this reinforces the need to consider a range of models 
and multiple lines of evidence when assessing projected 
change in the regional climate. The new high-resolution 
modelling identifies a greater projected decrease in the 
annual-averaged rainfall than in the surrounding regions 
– on the windward (western) slopes of the Australian Alps 
(primarily in the Ovens Murray region) in autumn, winter and 
spring compared to the surrounding regions. 

Consistent with previous studies of projected regional 
climate change, extreme events such as heatwaves, bushfires 
and extreme rainfall are expected to continue to become 
more frequent in the decades to come. The intensity and/
or frequency of past 1-in-20-year extreme daily rainfall is 
expected to increase, even in areas where average rainfall is 
expected to decline. The number of fire days are expected 
to increase under most global warming scenarios, with a 
larger increase in fire days for alpine regions. The results 
of the new high-resolution modelling are consistent with 
more favourable conditions for thunderstorms under 
global warming. 

New high-resolution climate modelling has produced 
several important new insights about the 

possible future climate of Victoria. 

Caution should always be employed when interpreting the 
results of a single climate modelling system until combined 
with additional lines of evidence and data from other 
available models. Nevertheless, the new high-resolution 
downscaling indicates that it is possible for regional daily 
average temperatures to increase up to 1°C more than was 
projected by the global climate models in some seasons 
and regions. For example, for Gippsland in spring under 
a high emissions scenario around the end of the century, 
the upper range of daily average temperature change from 
global models is 3.9°C. In contrast, the high-resolution 
simulations suggest the change could be up to 5.1°C. This 
result is considered plausible as the regional model captures 
the feedback from the drier landscape under hotter daytime 
temperatures, and better represents the weather effects 
from the finer resolution of the boundary between land and 
oceans. Extreme daily maximum temperatures are projected 
to increase by as much as twice the increase in the average 
maximum temperatures. The new high-resolution modelling 
also indicates that large increases in winter extreme daily 
maximum temperatures are possible. Another important 
insight from the new regional projections for Victoria is that 
the new modelling indicates that rainfall and inflows over 
the Australian Alps and in the Murray River catchments may 
be affected to a greater degree than has been previously 
expected under high greenhouse gas emission scenarios.

The new regional climate projections for Victoria described 
in this report indicate that climate change poses a serious 
risk for Victoria. The data in this study are intended to 
support planning and policy decisions made by the Victorian 
Government and community as well as being used by 
scientific researchers to better understand the consequences 
of global climate change. Regional climate projections will 
continue to be improved and enhanced as new climate 
change information becomes available but building on 
foundations developed in this study as well as previous 
projects such as VicCI, and findings coming out of the 
current Victorian Water and Climate Initiative. It is important 
to combine future climate projections with knowledge of 
climate exposure and vulnerability, as well as adaptive 
capacity to assess what a changing climate means to any 
given question or sector.
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