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ABSTRACT

For robust climate change assessments, it is important to apply comprehensive climate
research to policy and adaptive management, including defensible implementation in our
ecological and water quality models that support a risk management approach. Modelling
methods currently adopted to inform various plans and policies in Greater Melbourne
include the Port Phillip and Western Port (PPWP) catchment water quality model and
Habitat Suitability Models (HSMs). This paper explores the application of three sources of
climate change projections: (1) Victorian Climate Projections 2019, (2) Victorian Climate
Initiative, and (3) Downscaled, high-temporal, rainfall projections produced by the CRC for
Water Sensitive Cities, using catchment-scale water quality and ecological (HSMs) models in
the catchments of Port Phillip Bay and Western Port.  This paper shares the knowledge
gained and the challenges experienced in applying climate projections for applications where
published guidance is limited. Key findings and recommendations include:
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 There are a range of plausible climate futures and uncertainties in both climate
change projections and the modelling tools (e.g. uncertainties in rainfall-runoff or
pollutant export modelling), so an ensemble approach is recommended. We tested
encapsulating the full range of plausible futures by using ‘book-end’ (driest and
wettest) projections.

 Substantial knowledge gaps exist in the current guidance for water quality and
ecosystem modelling applications.

 There is a need to investigate the effect of increasing sub-daily rainfall intensity on
pollutant loads, and robust implementation in catchment models that are capable of
representing sub-daily pollutant generation processes.

 Robust sub-daily climate change projections are necessary to address limitations with
methods used to reproduce sub-daily historical rainfalls. However, some datasets are
useful for sensitivity testing systems response to a changing climate.

 Develop and disseminate ‘data wrangling’ tools to facilitate practical applications of
climate change projection datasets.

INTRODUCTION

Understanding the potential impacts of climate change on the quantity and quality of runoff and
instream habitats in the catchments of Port Phillip and Western Port in Greater Melbourne is of
interest to the Department of Environment, Land, Water and Planning (DELWP) and Melbourne
Water to inform the development and delivery of adaptive policies, strategies and management
activities, aimed at improving the health of waterways and the two bays. For robust climate change
assessments, it is important to apply comprehensive climate research to policy and adaptive
management, including defensible implementation in our ecological and water quality models that
form the evidence base to support a risk management approach. Modelling methods currently being
used to inform these strategies plans and policies include the Port Phillip and Western Port (PPWP)
catchment water quality model and Habitat Suitability Models (HSMs) for instream biota, including
aquatic macroinvertebrates, fish and platypus. These models provide valuable tools to understand the
trajectory of change in catchment runoff, water quality, and water temperatures that affect instream
habitats under a changing climate and changing landuse,  and for testing the performance of adaptive
management strategies and mitigation options.

Application of climate science to water resource and ecological modelling is complex and technically
challenging due to the large uncertainties in the future hydroclimatic projections and greenhouse gas
emission scenarios, many plausible but different future climate projections and the inherent
uncertainties within our modelling applications. To address some of these uncertainties and
limitations, DELWP has developed tailored guidelines for water resource managers that provide
consistent state-wide climate scenarios and projections, developed by the Victorian Climate Initiative
(VicCI), for assessing the impact of climate change on water availability, supply and demand. The
DELWP climate change guidelines (DELWP, 2020) draws from 42 GCMs, but provides projections
for the 10th (low or wetter), 50th (medium) and 90th (high or drier) percentile results – thus a wide
range of plausible futures is considered.

In parrallel, CSIRO through the Victorian Climate Projections 2019 project (VCP19), have developed
new climate change projections for Victoria (Clarke et al., 2019a). The VCP19 projections provide
downscaled model outputs from 6 of the 42 GCMs, which also span a wide range of plausible futures
indicated by all 42 GCMs. The VCP19 projections are complementary to the VicCI projections and
DELWP (2020) guidelines, and are useful in sensitivity testing system performance at a local (finer
than river basin) scale or outside the range of VicCI projections.

The Cooperative Research Centre for Water Sensitive Cities (CRCWSC) has also explored the
development of climate change projections, tailored to hydrological applications where sub-daily
rainfall data is required, such as modelling of Stormwater Control Measures (SCMs) in small urban



catchments. Melbourne Water, in conjunction with University of Melbourne and Hydrology and Risk
Consulting (HARC), have also developed sub-daily historical and climate change impacted rainfall
and Potential Evapotranspiration (PET) datasets for the purpose of continuous simulation modelling
of Melbourne Water’s sewers network. This dataset adopts methods for scaling rainfall intensities and
reducing mean annual rainfalls that is consistent with established guidance (representative of the
VicCI ‘High’ RCP8.5 climate change projections).

A summary of the salient information for each dataset is provided in Table 1 with website links for
more information.

This project explored the potential application of these three sources of climate projections (VCP19,
VicCI and CRCWSC) with objectives to:

 Explore the full range of plausible climate futures by using bookend (driest and wetest)
projections to define a projection ‘envelope’, to aid in the selection of appropriate datasets for
water quality and ecological modelling.

 Gain an understanding of the limitations and assumptions of the climate change projections in
the context of ecological and water quality modelling.

This project has been a collaboration between DELWP, Melbourne Water, University of Melbourne
(under the Melbourne Waterway Research-Practice Partnership (MWRPP)), Jacobs and Moroka. This
paper shares the knowledge gained and the challenges experienced in applying the various climate
change projections for applications where there is limited guidance available. For more details on this
project see Jacobs et al., 2021.

Table 1. Summary of climate change projection datasets

VicCl VCP19 CRCWSC

Brief
description

Empirical scaling
factors to adjust
historical climate series.
Scaling factors derived
from 42 Global Climate
Models (GCMs) for
10th percentile (Low),
50th percentile
(Medium) and 90th
percentile (High)
scenarios.

Focused on long-term
water resource planning,
and short to medium-
term drought and
operational planning in
water applications.

Dynamically downscaled
climate change projections
for Victoria from a regional
climate model (RCM) using
inputs from a subset of six
GCMs (ACCESS1.0;
CNRM-CM3; GFDL-
ESM2M; HadGEM2-CC;
MIROC5; NorESM1-M).

The VCP19 project also
provided detailed analysis
of a broad range of other
projections datasets
(including VicCI).

Application ready data is
available for direct use in
models.

Sub-daily rainfall grids
generated through
statistically downscaling
from 14 global climate
models using local radar
and weather information
from each city.

Data is only readily
available at point
locations in Melbourne,
Brisbane and Adelaide.

Historical data
baselines used
for production
of application-
ready datasets

1975 – 2014 (centred on
1995: 40yr)

1980-2010 (centred on
1995: 30yr)

1995-2004 (centred on
2000; 10yrs)

Future time
horizons

(span of interval
around
timepoint)

2040 and 2065

Methods for
interpolating projections
for other time horizons

Application-ready data (30-
year time slices):

 2030 (2015-2044)

 2050 (2035-2064)

 2070 (2055-2084)

2050 (2040-2049)



VicCl VCP19 CRCWSC

 2090 (2075-2004)

Emission
pathways

RCP 4.5 and RCP 8.5 RCP 4.5 and RCP 8.5 RCP 8.5

Climate
variables (&
temporal
resolution)

Empirical scaling
factors available for
Average Annual /
seasonal Rainfall;
Average daily Potential
Evapotranspiration;
Average Daily
Temperature; Average
annual streamflow

Daily Rainfall; Daily Wet
Areal Potential
Evapotranspiration; Daily
Minimum and Maximum
Temperature

Hourly data are available
on request

6-minute rainfall

Spatial extent
and resolution
of available
data

Empirical scaling
factors available for
each Victorian river
basin

5km by 5km spatial gridded
data across all of Victoria

1km by 1km grids for
metropolitan areas of
Melbourne, Brisbane and
Adelaide. However, only
point locations readily
available

Data source /
reference

DELWP 2020
guidelines

VCP19 projections CRCWSC projections

CATCHMENT MODELLING

An analysis of the VicCI (High and Low) and VCP19 projections was undertaken using the PPWP
catchment water quality model (Melbourne Water and DELWP, 2019a) to explore changes in rainfall,
catchment runoff and pollutant loads under different climate change scenarios. The model has
numerous spatial inputs, including subcatchment boundaries, node-link network, land use and
spatially gridded climate. The node-link network include storage releases, point-source discharge
inflows, diversions and extractions, and wetland pollutant reductions. Runoff is generated by
SIMHYD and GR4J rainfall-runoff models and pollutant concentrations from different land uses are
generated by Event Mean Concentration Dry Weather Concentration (EMCDWC) models. In-stream
processing models attenuate pollutant loads through the node-link network. The pollutants of interest
are Total Nitrogen (TN), Total Phosphorus (TP), and Total Suspended Solids (TSS). The model has
been calibrated to measured streamflow and in-stream concentration data. The Source model was
configured for a daily timestep, and currently has a full simulation period spanning 1/01/1975 –
31/12/2016.

The following datasets were utilised in the PPWP cathcment water quality model:

 VCP19 application ready datasets for 6 climate change projections were sourced from CSIRO
and converted to spatial climate inputs compatible with the eWater Source software

 VicCI ‘High’ Scenario datacube was received from Melbourne Water and HARC (HARC,
2019a; 2019b) as 30-minute and daily catchment average rainfall and PET timeseries. The
daily datacube catchment averages were used in the PPWP Source model, based on the
models subcatchment spatial input, which has a spatial resolution of approximately 40km2.
The 30-minute datacube was used in comparisons with the CRCWSC sub-daily rainfall
projections.

 VicCI ‘Low’ Scenario was derived using the Hydroclimate Transformation plugin for Source,
developed by DELWP and HARC. The plugin automates the scaling of historical climate
variables following the methods outlined in the DELWP (2020) guidelines. The scaling
method adopted considers both the change in rainfall intensities and mean annual rainfalls
concurrently.

Exploration of changes in catchment rainfall, flows and pollutant loads were analysed for the main

https://www.water.vic.gov.au/climate-change/adaptation/guidelines
https://www.water.vic.gov.au/climate-change/adaptation/guidelines
https://www.climatechangeinaustralia.gov.au/en/climate-projections/future-climate/victorian-climate-projections-2019/vcp19-accessing-datasets/
https://watersensitivecities.org.au/content/cities-as-water-supply-catchments-urban-rainfall-in-a-changing-climate-project-b1-1/


catchment regions in Greater Melbourne as well as representative subcatchments in the Werribee and
Bunyip Rivers. This was done in order to capture gradients in the spatial distribution of rainfall and
orographic influences across the study region at a finer spatial scale. Figure 1 illustrates the spatial
distribution of historical mean annual rainfall across the study area for the Baseline period 1980 to
2010, and subcatchments selected for analysis.

The Werribee River catchment is much drier than the Bunyip River catchment, but also there are
regional spatial variations in rainfall from the upper to lower Werribee and upper to lower Bunyip. In
the Werribee, the lower catchment is substantially drier (about 500 mm mean annual rainfall) than the
upper catchments (about 850 mm mean annual rainfall). Median annual rainfall in the upper Bunyip is
about 1100 mm compared to about 800 mm in the lower Bunyip.

Figure 1: Mean annual rainfall distribution across the study area, based on historical baseline
period (1980 – 2010). Analysis focused on red selected subcatchments.

COMPARISON OF CLIMATE PROJECTIONS

Climate change impacts on catchment rainfall

The change in mean annual rainfall from baseline, based on the 30 years of data, were explored at
annual, seasonal and daily peak temporal scales for all 6 VCP19 projections and the VicCI ‘High’ and
‘Low’ climate change scenarios for the 2050 RCP 8.5 (high) emission scenario. The change in mean
annual rainfall results are shown in Figure 2 for the Werribee River and Bunyip River subcatchments.
In the upper Werribee catchment, the majority of projections show a decrease in mean annual rainfall,
consistent with the climate science reflecting a drier climate in western Victoria. The exception is the
VicCI ‘Low’ scenario which projects a wetter than baseline climate at 2050. Conversely, in the lower
Werribee there are four projections wetter than baseline climate at 2050 (NorESM1-M, CNRM-CM5,
ACCESS1-0 and the VicCI ‘Low’ scenario). NorESM1-M more often produces the largest increase in
mean annual rainfall and HadGEM2 projects the largest reduction in annual rainfall compared to all
other projections. Similar results are observed for the Bunyip catchment, although there is slightly less
variability in the change in mean annual rainfall compared to the Werribee catchment.

The temporal pattern of rainfall over a year is presented as differences in monthly rainfall from
baseline for each climate change projection (Figure 3; top graphs). Results are only shown for the
Werribee catchment, but outcomes are similar for Bunyip catchment. Overall, the results demonstrate
the large variability in seasonal rainfall projected by the climate change scenarios and this variability
is greater for the upper catchments. For the majority of months, the climate projections indicate a



reduction in seasonal rainfall compared to baseline, but the degree of reductions is highly variable.
The analysis shows that the HadGEM2 model projects the driest range in seasonal rainfalls,
particularly in spring. The NorESM1-M model tends to project the wettest range in seasonal rainfalls,
but both CNRM and ACCESS1-0 also project wetter seasonality in some cases.

Figure 2: Changes (%) in mean annual rainfall from baseline under 2050 RCP 8.5, 2070 RCP
4.5 and 2070 RCP 8.5 climate change scenarios catchments in the Werribee and Bunyip River

basins.

Figure 3: Change in mean monthly rainfall from baseline for each climate projection for the
Werribee River Catchments. Top graphs are for 2050 RCP 8.5 climate change scenarios.

Bottom graphs are for 2070 RCP 4.5 and 8.5 climate change scenarios.



The analysis of climate projections at 2050 RCP 8.5 emission scenario indicates book-end projections
as HadGEM2 for representing a very dry scenario, and NorESM1-M scenario to represent a wetter
scenario. The Greater Melbourne regional climate change summary indicates that under 2070 climate
change projections the mean annual rainfall will decrease across all projections for both medium
(RCP 4.5) and high (RCP 8.5) emission scenarios (Clarke et al., 2019b). However, the degree that
rainfall will decrease in 2070 is significantly different between a high or medium emission scenario. If
we were to carry forward our book-end scenario selections based on the 2050 projections analysis,
would we still be adequately testing our system response under 2070 climate conditions when we
consider different emission scenarios?

Figure 2 compares the changes in mean annual rainfall from baseline under 2050 RCP 8.5, 2070 RCP
4.5 and 2070 RCP 8.5 climate change scenarios. The degree of change in mean annual rainfall at 2070
under RCP 4.5 and 8.5 emission scenarios is varied. There are instances where the change in mean
annual rainfall is larger under the lower emission scenario compared to the higher emissions scenario.
Comparing the change in mean annual rainfall at 2050 and 2070 under the same RCP 8.5 emission
scenario, there are some cases where the reduction in annual rainfall is less in 2070 than in 2050. For
example, in the Upper Werribee at 2050 the GFDL projection indicates a decrease in mean annual
rainfall of 15%, but at 2070 mean annual rainfall only decreases by 6% compared to baseline. This
occurs for all catchments to varying extents. This seems like a contradictory outcome, but each are
plausible climate futures. Communicating such results could be challenging, and requires
understanding and acceptance of the uncertainties associated with climate projections.

As per the 2050 RCP 8.5 scenario, the HadGEM2 projections produces the largest decrease in mean
annual rainfall at 2070 with the same emission scenario; by far the largest increase compared to all
other VCP19 projections. However, the ‘driest’ scenarios under the 2070 RCP 4.5 scenario are less
pronounced, with a number of projections producing similar degrees of change in mean annual
rainfall compared to baseline. The results for Bunyip catchment suggests HadGEM2 projections may
still be a suitable choice to represent a ‘dry’ book-end scenario for end-use modelling, but there are
other similar plausible projections.

The NorESM1-M projection in 2050 represented a ‘wetter’ climate scenario, however, this is not the
case for the Upper Bunyip in 2070 with NorESM1-M projecting a decrease in mean annual rainfall
(albeit a small decrease). For the Lower Werribee, NorESM1-M projects an increase in mean annual
rainfall under the 2070 RCP 8.5 scenario, but the change is half of what is projected in 2050. The
CNRM-CM5 projection produces a larger increase in mean annual rainfall than the NorESM1-M
projection in the Lower Werribee under the 2070 RCP 8.5 scenario. For the Bunyip catchment, the
NorESM1-M projection produces the smallest change in mean annual rainfall from baseline, less than
5% and so could be considered as a scenario that produces little change from baseline.

In a similar manner as for the 2050 seasonal pattern of rainfall, the results for 2070 show the large
variability in seasonal rainfall projected by the climate models (Figure 3). For the majority of months,
the climate projections indicate a reduction in seasonal rainfall compared to baseline, but the degree
of reductions is highly variable. The HadGEM2 projections is still a suitable scenario to represent a
‘very dry’ scenario under climate change. It is difficult to determine any clear trends from these
results, particularly for a ‘wetter’ scenario, but when viewed as an ensemble the largest changes in
seasonal rainfall is observed during winter-spring period.

Changes in catchment runoff and pollutant loads

The response of catchment flows and the resulting pollutant loads at the basin scale was assessed
under each climate change projection at 2050 (RCP 8.5). Figure 4 presents the results of the PPWP
catchment water quality modelling as the relative change from baseline of  mean annual flows and
loads generated at the outlet of each river basin. Under most climate projections there is a reduction in
flow in comparison to baseline, with a corresponding reduction in pollutant loads. The largest
reduction in loads results from the HadGEM2 climate projection in all cases, except for Maribyrnong,
which shows a much more varied response depending on climate projection.



Figure 4: Change in mean annual catchment runoff and pollutant loads (at the outlet) from
baseline for each climate change projection dataset (RCP 8.5; 2050).

The VicCI ‘Low’ scenario projects a moderate increase in flows and loads above baseline, but in most
cases the NorESM1-M climate projections produce a larger increase in mean annual flows and loads.
Interestingly, many other climate projections indicate an increase in flows and loads above baseline,
particularly for the Werribee and Maribyrnong catchments. In a general sense these trends follow
those observed with changes in mean annual rainfall under the various climate change projections, but
there are exceptions, which makes selecting ‘book-end’ climate change scenarios ambiguous and
challenging.

Comparing the changes in mean annual flow and loads between the 2050 and 2070 RCP 8.5 emission
scenarios (Figure 7), the HadGEM2 projection continues to be the driest climate change scenario, the
Yarra, Westernport and Dandenong catchments all exhibit further decreases in mean annual flows and



loads at 2070 compared to 2050. Similar trends are observed for the Werribee and Maribyrnong
catchments, but the additional decrease in flows and loads in 2070 is smaller. The reduction in mean
annual rainfall under the HadGEM2 2070 RCP 8.5 projections is about 30%, as indicated by the
Werribee and Bunyip River catchments (Figure 2). This has manifested in a reduction in mean annual
flows of about 60% in Westernport and 20% in Werribee catchments.

The 2050 RCP 8.5 NorESM1-M projections indicated an increase in mean annual flows and loads
above baseline for all regions, however under the 2070 RCP 8.5 NorESM1-M projections the degree
of change differs depending on spatial location. For instance, in the Yarra catchment the increase in
mean annual loads is less in 2070 than 2050, but in both cases is still an increase in load above
baseline. Whereas in Westernport catchments, NorESM1-M projects a decrease in flows and loads
below baseline. The VicCI ‘Low’ scenario, which projects increases in mean annual flows and loads
at 2050 and 2070 RCP 4.5, but the 2070 RCP 8.5 scenario shows little change from baseline, and
produces a similar or smaller change compared to NorESM1-M or other ‘wetter’ VCP19 scenarios.

These results indicate that both the HadGEM2 and NorESM1-M 2070 RCP 8.5 projections result in a
stronger warming response on catchment flows and pollutant loads compared to 2050 projections.

Figure 5: Change in mean annual catchment runoff and pollutant loads (at the outlet for Yarra
and Westernport catchments as examples) from baseline for selected climate change projection
dataset to represent ‘drier’ and ‘wetter’ projection ‘envelopes’ (2050 RCP 8.5; 2070 RCP 8.5

and 4.5).

Changes in peak rainfall and pollutant loads

We know from historical observations that a large proportion of the annual load is delivered during
high rainfall and flow events in a small amount of time. Load duration curves indicate large event
loads increasing under climate change compared to Baseline, but more frequent loads decreasing
under climate change. To understand the impact of climate change on peak loads, the daily loads were
analysed in terms of the percent of load delivered as a percent of days for baseline and each climate
change projection, shown in Figure 6 for the Werribee catchment. Under baseline conditions, up to
50% of the load occurs in 2-4% of days (~10 days per year), but under projected climate change this
could change to 1% of days (~4 days per year). Thereby, climate change may result in large load
events occurring less often, but load events will be larger in magnitude. This follows the premise that
climate change will intensify peak storm events, as illustrated by the comparison of duration curves
for daily rainfall for baseline and each climate projection for 2050 RCP8.5 for the Werribee
catchment (Figure 7). All projections exceed the baseline for rainfall exceeded 0.1% of the time
(about 1 day in 3 years), with some being substantially larger. For example, in the lower Werribee, the
MIROC5 model has a 0.1% exceedance value of 65.5 mm/day compared to the Baseline value of 40.4
mm/day).



Figure 6: Comparisons of the percent of Total Nitrogen (TN) load delivered as a percent of days
for baseline and each climate projection model for the Werribee River catchment. Note that the

modelling results for TP and TSS follow similar trends and patterns as for TN.

Figure 7: Comparisons of daily rainfall duration curves for baseline and each climate projection
model (2050, RCP 8.5) for the Werribee River Catchment.

LESSONS LEARNT AND RECOMMENDATIONS

Through an extensive literature review, discussions with climate scientists at CSIRO and DELWP
climate science teams, and investigations of the available climate change projections datasets, this
project has explored the applicability of readily available climate projection datasets for applications
where there is limited guidance available. The project was not intended to be an exhaustive, academic
assessment of the climate projections and climate and catchment modelling uncertainties, which are
dealt with in numerous scientific papers and effectively discussed in DELWP (2020) and Clarke et al.
(2019a). As a result, there will be aspects of these issues that have not been fully explored as part of
this project. Nevertheless, we share the knowledge gained and the challenges experienced in the
following key findings and lessons learnt throughout the project, discussed in the following sections.

Lesson 1: Treat all climate change projections as plausible futures

No single projection is a ‘best case’, ‘worst case’ or ‘most likely’ scenario. There are a range of
plausible climate futures and uncertainties in both climate change projections and the modelling tools
we use (e.g. uncertainties in rainfall-runoff or pollutant export modelling), so an ensemble approach is
recommended (Clarke et al., 2019a). We tested capturing the full range of plausible futures by using
book-end (driest and wettest) projections.

The information provided in the DELWP 2020 guidelines, together with our detailed analysis of the
2050, RCP8.5 projections highlighted:



 The HadGEM2 climate projection was the driest scenario and resulted in the largest
reductions in catchment flows and loads.

 The NorESM1-M climate projection was most frequently the wettest scenario, although this
was dependent on spatial location and location within the catchment.

The analysis of 2070 rainfall projections for medium and high emission scenarios also suggests that
the HadGEM2 projection most often represents the ‘driest’ climate future. But, determining a book-
end projection for a ‘wetter’ scenario may be more challenging as different projections may yield
different degrees of change depending on spatial and temporal resolution. The 2070 and 2050 analysis
demonstrated that at finer temporal scales the changes to seasonal or monthly rainfall patterns is
highly variable between projections. It may be better to view these results as an ensemble trajectory of
change to understand how the system may respond under climate change.

It is also important to ensure internal consistency in the adopted climate projections / models. When
comparing climate projections for different time periods or climate variables it is important to use the
projections from the same climate model. For example, the selection of climate projection ‘book-end’
scenarios based on rainfall are not necessarily the same ‘book-end’ scenarios for temperature, nor
necessarily from time-slice to time-slice.

Even with careful selection of models, climate change projections show a wide range of plausible
climate futures. The adopted ‘book-end’ scenarios should be considered as providing reasonable
bounds for planning purposes.

Lesson 2: Establish clear modelling requirements.

The selection of climate projections needs to consider the influence of key climate variables on the
system response for which management objectives may apply, and how these climate variables
plausibly change into the future. The DELWP climate change guidelines (2020) have useful
information to facilitate contextualising the modelling and can be consulted in the first instance during
project planning (See Appendix B; Section B6.3). Chapter 7 of the VCP19 technical report (Clarke et
al., (2019) is also very useful.

For catchment modelling where IWM strategies are a key focus, the end-use modelling requirements
are very broad, (e.g. demand estimation, harvesting, infiltration, stormwater control, flood mitigation
etc) and are directly impacted by multiple aspects of climate change. Consequently, modellers need to
consider a broad range of plausible future climates. The PPWP catchment water quality model covers
an area with diverse hydroclimatic conditions and thus requires high spatial resolution and daily
temporal resolution for climate change assessments.

For Melbourne Water’s habitat suitability modelling, an annual temporal resolution of climate-related
predictors is adequate, but high spatial resolution of climate variables is a key end-use modelling
requirement. Therefore, for this context relating to MW’s intended HSM applications, gridded VCP19
datasets from the 6 host models are the data most suitable for the purposes of representing plausible
future climates and modelling their impacts on instream biota.

Lesson 3: Consider model uncertainty

The outcomes of climate change assessments need to be considered in the context of model
uncertainty. Inherent limitations in the modelling tools we use (e.g. empirical models such as
EMCDWCs as proxy for complex water quality processes, or lack of data for calibration) may result
in greater uncertainty around the process being modelled at a catchment or reach scale than there is
the degree of change in the climate projections. Therefore, it is important to view these results
together with supplementary/auxiliary data and analysis to provide other lines of evidence for
decision-making.

Lesson 4: Use sub-daily climate projections where appropriate

There are hydrological and water quality applications where sub-daily rainfall data is required, such as
the modelling of Stormwater Control Measures (SCMs), which generally requires a continuous time-
series of 6-min rainfall data. This is also true when modelling small urban catchments as the critical
events in these catchments are sub-daily rainfall and modelling at a longer timescale can miss the
catchment dynamics such as peak flows.



To address this issue, the Cooperative Research Centre for Water Sensitive Cities (CRCWSC)
undertook a project which aimed to stochastically generate sub-daily rainfall data for three Australian
Cities (Adelaide, Brisbane, and Melbourne) based on a historic time slice (1994 to 2004) and a 2050
future (emission scenario RCP 8.5). These data were derived by statistically downscaling daily
gridded outputs from global climate models using radar and weather information from each city. The
resultant dataset are 1 km2 grids of sub-daily rainfall data for 14 global climate models and two time
slices - historic and 2050. Given the data was generated using stochastic methods, there are 100
ensembles of sub-daily data for each day.

The CRCWSC dataset provides ‘application ready’ sub-daily rainfall projections, which are not
readily available through other climate change projection sources without significant additional data
pre-processing (i.e. bias-correction and verification). The CRCWSC sub-daily rainfall data was
derived by randomly sampling one of the possible 100 different ensembles, and then compared to the
spatially explicit sub-daily VicCI ‘High’ scenario datacube developed by HARC (2019b) for the 2050
time period (RCP8.5 scenario). The 30-minute datacube is representative of the VicCI ‘high’ scenario,
but it could be uniformly disaggregated to 6-min without significant loss of information for most
catchment applications.

The utility of the sub-daily rainfall datasets available from the CRCWSC and the VicCI ‘high’
scenario datacube was explored by comparing annual and monthly rainfall at the Melbourne Regional
Office location for the following datasets:

 “melb_historic_harc” – the 30-min rainfall time-series (1994 to 2004) derived by HARC
(2019b).

 “erai_melb_crc” - An ensemble of 6-min time series of rainfall (1994 to 2004) based on the
ERA-Interim (a global atmospheric reanalysis). This was derived by CRCWSC. This dataset
can be used to check the robustness of the statistical downscaling (B. Raut pers. comm.).
Presumably if summary statistics from this dataset do not compare well to historic
observations than the downscaling cannot be regarded as robust.

 “access_melb_historic_crc” - An ensemble of 6-min time series of rainfall (1994 to 2004)
based on the ACCESS1-0 global climate model. This was derived by CRCWSC.

 “melb_2050_harc” - A 30-min time series of rainfall based on a 2050 climate (RCP 8.5). This
was derived by HARC (2019b).

 “access_melb_2050_crc” - An ensemble of 6-min time series of rainfall (2040-2049) based
on the ACCESS1-0 global climate model and RCP 8.5. This was derived by CRCWSC.

Comparisons were completed for four randomly selected ensembles, but one set of results is presented
here for brevity. The analysis found some issues with the representation of historical rainfall for the
CRCWSC datasets. The ACCESS1-0 model’s reproduction of Melbourne’s historical rainfall is
higher (i.e., more rainfall) and with a greater range compared to the historical rainfall produced by the
HARC historical rainfall datacube (Figure 8). There are also differences in historical seasonal rainfall
between the datasets. The HARC datacube produces seasonal rainfall with more variability in summer
and less in winter, which is generally in agreement with observations. Whereas the ACCESS1-0
model produces seasonal rainfall with more variable and much wetter winter and spring conditions.
The ERA-Interim scenario also produced differing historic conditions compared to the ACCESS1-0
model, suggesting that the downscaling used by the CRCWSC perhaps does not yield robust sub-daily
data for Melbourne.

Annual rainfall totals for the ACCESS1-0 global climate model for a 2050 future were higher than
historic conditions (Figure 8). The opposite was true for the HARC derived 2050 dataset, which is
more consistent with the climate science indication that under climate change Melbourne’s climate is
likely to become drier, with larger range in variability during spring and summer (Clarke et al. 2019).
The analysis indicates that each of the models have limitations in their representation of historical
rainfall, and further comparisons against recorded pluvio rainfall data would be beneficial. However,
a more significant limitation is the lack of sufficient sub-daily rainfall observations to enable
development of sub-daily historical timeseries and bias-correction and verification of climate change
projections, which is an issue that affects all types of climate projection data. HARC (2019a) has



noted limitations of the 30-minute datacube in representing the 20% AEP design rainfall intensities,
and options for further investigations to address these issues. Nevertheless, the VicCI ‘high’ scenario
datacube is useful as part of sensitivity analysis of the systems response to climate change.

Figure 8: (A) Annual rainfall and (B) Monthly rainfall for Melbourne CBD based on a historic
time slice (1994-2004; scenarios “melb_historic_harc”, “erai_melb_crc”,

“access_melb_historic_crc”) and 2050 future (RCP 8.5; scenarios “melb_2050_harc”,
“access_melb_2050_crc”).

Lesson 5: Address knowledge gaps in the available guidance for water quality and ecosystem
modelling applications

The DELWP climate change guidelines provide comprehensive information on how hydrological
processes may be impacted by climate change, but there are gaps in the available guidance for water
quality and ecosystem modelling applications. This project defines many of the challenges to applying
Victorian climate change projections to catchment water quality and ecosystem modelling. It has
identified a number of knowledge gaps that require much more research on the state of the science
and the state of the modelling. For practical application of the Victorian climate change projections to
catchment water quality and ecosystem modelling an ensemble approach should be adopted (as noted
above). While there are numerous advantages of using an ensemble approach, it does introduce
complexities in terms of analysis of the results and communication of results. It is recommended that
further work and guidance is developed around this specific aspect.

Investigate the effect of increasing sub-daily rainfall intensity on pollutant loads.

Climate change is expected to increase rainfall intensity, especially for short duration events.
However, this effect is not adequately represented in the current catchment modelling approach which
is limited to a daily time step. Therefore, further research is required to understand sub-daily rainfall
intensity increases on estimates of catchment loads.

Lesson 6: Be prepared to wrangle large, complex datasets.

There is a need for a certain level of technical skills (data analytics and coding) for processing and
reformatting the various climate projection datasets (e.g. NetCDF files, tif files, ascii grids). There is
supporting guidance on the VCP19 website for handling NetCDF file and other online forums that
were useful. Users should also be aware that VCP19 application ready datasets do not have leap years,
so 29th February in leap years is missing from the datasets and needs to be added in during pre-
processing.

Making data easy to download and format (e.g. include leap year days) would make assessments
much easier for practitioners. For instance, with minimal effort, a simple tool (e.g. R or Python
scripts) could be developed to process the sub-daily datacube from the available grids to provide
either point location or catchment average rainfall timeseries. This could be very beneficial for
MUSIC modellers who represent one of the largest potential user groups for this type of data.
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