Focus Article

Fighting drought with innovation:
Melbourne’s response to the
Millennium Drought in Southeast
Australia

Kathleen G. Low,’ Stanley B. Grant,"%3 Andrew J. Hamilton,*>
Kein Gan,® Jean-Daniel Saphores,’’# Meenakshi Arora3 and
David L. Feldman®?2+

The Millennium Drought in Southeast Australia forced greater Melbourne, a city
of 4.3 million people, to find innovative ways of increasing water supply and
decreasing water demand. This article explores how water managers in Melbourne
reacted to the crisis and evaluates the short- and long-term impacts of their deci-
sions. Reduced water demand occurred primarily through residential and indus-
trial water conservation programs, restrictions, together with emergency reduc-
tions in the environmental release of water to streams. The city also experimented
with using recycled water, in place of surface water, to support agriculture in
the Werribee Irrigation District. Water pricing was not strengthened during the
drought, and thus not regarded as a drought demand management tool, primar-
ily because Melbourne water companies lacked independent price-setting powers.
Today, five years after the end of the Millennium Drought, gains in water conserva-
tion appear to be holding steady, but recycled water for irrigation has declined for
various reasons. We contend that the Millennium Drought provided Melbourne
with the opportunity to develop and implement a more integrated approach to
water management. Many of the innovations it forged (e.g., distributed harvest-
ing and use of stormwater) will continue to enhance the city’s resilience to drought
and reduce its vulnerability to climate variability for years to come. Nevertheless, a
challenge going forward is how to sustain these achievements in light of anticipated
population growth and continued climatic change. This challenge—coupled with
Melbourne’s successes—hold important lessons for water-stressed cities around
the world. © 2015 Wiley Periodicals, Inc.
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major quandary scholars face is explaining why it is
that some cities are able to break out of path depen-
dent reliance upon traditional approaches to man-
agement and boldly adopt innovations—and to do
so more effectively than their peers.!™ The goal of
resilient systems calls for more integrated approaches
in land-use and urban planning, including inno-
vations to integrate centralized and decentralized
systems and diversify supply for whole watershed
management.!™ These approaches and frameworks
have been called Low Impact Design (LID), Inte-
grated Urban Water Management (IUWM), Water
Sensitive City (WSC), and Water Sensitive Urban
Design (WSUD) in Australia.”® However, there are
many barriers to transitioning to a more adaptive
system.!0~16 and few cities have experience with adap-
tive transitions.>!%17 An exception is Melbourne, Aus-
tralia, where the Millennium Drought afforded an
opportunity for implementing policy and infrastruc-
ture innovations. This article explores why Melbourne
was able to adopt such innovations. We contend
that the Millennium Drought provided a window
of opportunity for policy change that Melbourne’s
institutional approaches to water management, and
decision-making experiences in outreach and engage-
ment, were able to exploit.!7-18

The Millennium Drought was a decade-long
period (1997-2009) of below-average precipitation in
Southeast Australia.!®?? Just before the Millennium
Drought broke in 2009, storage volumes fell to a his-
toric low of 25.6% of capacity in June 2009 (Figure 1).
It was the worst reported drought and its impacts
were felt across ecosystems, agriculture, the economy,
and society.?? In this article, we focus on policy and
infrastructure innovations developed during the Mil-
lennium Drought that allowed greater Melbourne, a
city of nearly 4.3 million people, to reduce its per
capita water demand by almost 50%.2* Specifically,
we set out to answer the following two questions:
(1) What were the key water management decisions
Melbourne implemented leading up to, and during,
the Millennium Drought? (2) What positive outcomes
and unintended consequences, if any, emerged from
these decisions? The policy decisions are evaluated
based on estimated water volumes saved (via demand
reduction) or added (via supply augmentation), and
whether or not implemented changes have been sus-
tained over time. Our focus on actions and outcomes
complements other studies that examined the norma-
tive and institutional context underlying Melbourne’s
response to the Millennium Drought.!” For the rest of
this article, we use the term ‘rainwater harvesting’ to
refer to capture and use of rainwater collected from
roofs; ‘stormwater harvesting’ to refer to capture of
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runoff from urban land surfaces including parking lots
and roads; ‘greywater’ as water that has been used for
washing and showering but does not contain human
waste; and ‘recycled water’ as sewage that has been
treated to a degree suitable for nonpotable uses such
as irrigation and toilet flushing.

BACKGROUND
Melbourne’s Water Supply

Melbourne’s water supply is a complex intercon-
nected system of 10 storage reservoirs with a total
capacity of 1812 GL, over 40 service reservoirs,
160,000 hectares of catchments, and a transfer system
comprising hundreds of kilometers of pipelines, tun-
nels, and aqueducts.”?> Most of the water catchments
are forested and closed to the public, including the
two largest catchments, the Yarra and the Thomson.
The largest reservoir, the Thomson Reservoir, was
completed in 1984 after the 1982-1983 ‘Short but
Sharp> Drought.!” (See Table 1 for a timeline of
events). Catchment water is traditionally an inexpen-
sive source of water for the city due to the minimal
need for transfer pumping or treatment but, being
climate dependent, can be highly variable in quantity.
Relatively little groundwater is used in Melbourne.
Groundwater licenses are capped at approximately
30GL per year,”* and most groundwater is used
for irrigating market gardens and golf courses. In
2010, Melbourne’s annual water use is around
356 GL of potable water, 21 GL of recycled water,
and an estimated 10 GL of stormwater and rainwater
harvesting.>’> Melbourne’s supply system consists of
over 24,000 km of water mains with a level of leakage
(nonrevenue water) that is low by international stan-
dards (9% in a typical year).?® Melbourne has one
bulk wholesaler, Melbourne Water, and three water
retailers, Yarra Valley Water, South East Water, and
City West Water.

National and State Institutional Frameworks
for Drought Response

Melbourne’s adoption of technical innovations was
directly facilitated by institutional arrangements that
permitted an integrated government response to
drought. Melbourne’s water companies are consti-
tuted under the Victorian Water Act of 1989. State
Ministers of Water, Environment, and Health, and
Treasury collectively oversee the water sector. The
Department of Environment and Primary Industries
(DEPI, also known as the Department of Sustain-
ability and Environment prior to November 2010,
and Department of Environment, Land, Water and
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FIGURE 1| A water budget for Melbourne. Changes to water associated with environmental flows (GL/y), municipal demand (GL/y), water usage
(L/p/d), inflow (GL/y), and storage (percentage of total capacity as of June 30). Data sources: Volumetric flow data provided by Melbourne Water and

population data from Australian Bureau of Statistics.?!

Planning after November 2014) supports the Minister
for Water and the Minister for the Environment,
while an Essential Services Commission regulates
the water sector. Retailers must submit plans to the
Commission to justify rate increases, while dividends
are paid annually to the State Treasury. A clause in
the Water Act allows the Minister for Water to issue
a Statement of Obligations (SoO) in relation to water
companies’ performance?” and requires them to adopt
a joint Drought Response Plan (DRP). While the DRP
specifies various levels of water restriction based on
water storage levels, the water retailers declare and
enforce water restrictions’?> (as well as manage any
water-saving programs). The latter, as well as DEPI,
also influence other drought responses, while the
Council of Australian Governments’ National Water
Reform Framework of 1994 promotes a nationally
integrated approach to water management. In short,
this framework helped assure that when the Mil-
lennium Drought began in 1997, Melbourne could
quickly introduce supply and demand-side measures.

SUPPLY-SIDE MEASURES

Augmentation of Centralized Water Supply
Systems

Centralized schemes to augment water supply
included: (1) constructing the North-South Pipeline
with a capacity to deliver 75 GL of water a year from
the Goulburn River (located 70 km to the north of
Melbourne and over the Great Dividing Range) at a
capital cost of AU $700 million plus a $300 million
investment (by Melbourne’s water companies) in the

Northern Victoria Irrigation Renewal Project*$-2%; (2)
building the Wonthaggi Desalination Plant, capable
of producing up to 150 GL of water per year for
Melbourne and the surrounding region at a capital
cost of AU $6 billion??; and (3) connecting the Tarago
Reservoir to a new AU $97 million water treatment
plant in June 2009 with an operating capacity of
21 GL/year.30—32

The construction of the desalination plant
was completed in 2012, just as the drought ended.
As of writing this paper, the Wonthaggi Desalina-
tion Plant—the largest such facility in the Southern
Hemisphere—has not produced a drop of freshwater
for the City of Melbourne for a variety of economic,
environmental, and political reasons; in particular,
because the drought ended around the time the desali-
nation plant was brought online. Likewise, the use
of the North-South Pipeline was suspended follow-
ing the end of the drought, in part due to regional
politics associated with transferring water from
drought-prone rural areas to drought-prone urban
areas, although the North-South Pipeline did provide
a small amount of water after the drought. Water
retailers also improved their water-leak detection and
repair programs.”® As a result, nonrevenue water
decreased by approximately 40% between 2000/2001
and 2010/2011.33

Greywater Systems

Permanent greywater systems were installed in some
residential units such as Inkerman Oasis (2.5 ML/year
in 2009/2010)3473¢ and rebate programs were imple-
mented for permanent residential greywater systems
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TABLE 1 | Timeline of Events

Year Event

1984 Thomson Reservoir completed

1989 Victorian Water Act 1989

1991 EPA Victoria Guidelines for Wastewater Irrigation

1994 National Water Reform Framework introduced to encourage more integrated and efficient water management
1994 Reorganization of Melbourne's water utility to Melbourne Water and three water retailers

1997 Inflow to reservoirs dropped a third of 1996 levels (Melbourne Water)

1996 CSIRO study Port Phillip Bay Environmental Study recommended reduction of nitrogen loads by
500 tonnes/year from Western Treatment Plant and stormwater discharge each

1997 Approximately when the Millennium Drought started

2001 Victorian Government introduced target of 20% recycling of wastewater inflow by 2010
November 2002 First time water Restrictions imposed in 20 years (Stage 1)
2002 Guidelines for Environmental Management: Disinfection of Treated Wastewater
August 2003 Stage 2 Water Restrictions imposed
November 2003 Victorian Government banned the use of groundwater in the Werribee Irrigation District
2003 Guidelines for Environmental Management: Use of Reclaimed Water
2004 Victorian Government provided plan for water conservation over the next 50 years with Our Water Our Future
2004 Rising block tariffs introduced for water supply
March 2005 Permanent water-saving rules (PWSR) replaced Stage 2 restrictions (introduced in 2004)
July 2005 5 Star Building Standard required for all new homes to install a rainwater tank (at least 2000 L) or solar hot
water system
September 2005 Victoria Uniform Drought Water Restrictions Guidelines introduced restrictions for new Stages (1-4)
2005 Guidelines for Environmental Management: Dual Pipe Water Recycling Schemes-Health and Environmental
Risk Management
2005 Class A Recycled Water to Werribee Irrigation District and Eastern Irrigation Schemes launched
2006 Lowest annual inflow on record, storage levels drop from 58.4 to 38.9% from January to December

September 2006 New Stage 1 Water Restrictions imposed
November 2006 New Stage 2 Water Restrictions imposed

2006 First dual pipe scheme for recycled water became operational to residential customers
2006 School Water Efficiency Program (SWEP) established
Late 2006-early 2007 Feasibility study for desalination conducted
2006 National Guidelines for water recycling
January 2007 New Stage 3 Water Restrictions imposed
April 2007 New Stage 3a Water Restrictions imposed
June 2007 Victorian Government decided to build Wonthaggi Desalination Plant, planned completion in 2012
June 2007 Victorian Government announces North—South pipeline to be constructed by 2010
2007 Commonwealth Water Act
May 2008 5 Star Building Standard requirement extended to renovated and extended homes
2008 Melbourne achieved 20% recycling water target ahead of schedule
November 2008 Introduction of ‘Target 155" voluntary conservation campaign, effective in December 2008
January 2009 Joint Water Conservation Plan
February 2009 Black Saturday Bushfires damaged about 30% of water supply catchments
2009 Approximately when the drought ended, intense rains for the next 2 years
Late 2009 Construction for Wongthaggi Desalination Plant began
November 2010 Election for new Government and change in policy platforms for integrated water management
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TABLE 1 | Continued

Fighting drought with innovation

Year Event
Early 2010 North—South pipeline completed
November 2010 Water Restrictions start to relax to Stage 3
April 2010 Water Restrictions relax to Stage 2
September 2011 End of ‘T155" Campaign
February 2011 Water Restrictions relax to Stage 1

December 2012
December 2012

May 2012
Management projects

December 2012
July 2014

December 2014 Labor Government abolished OLV

Wonthaggi Desalination Plant completed
Office of Living Victoria (OLV) established
Victorian Coalition Government committed $50 million to Living Victoria fund for Integrated Water Cycle

Water Restrictions relax to Permanent Water Use Rules (PWUR)
OLV reorganized under the Department of Environment and Primary Industries

(478 in 2008/2009, 378 in 2009/2010, and 95 in
2010/2011)33373% However, greywater use at the
household level is typically untreated and used for
watering gardens.3%40

Agricultural and Urban Use of Recycled
Water

Water recycling proved to be effective both for reduc-
ing nutrient loading to the bay and for augmenting the
water supply. In 1997, the Victoria EPA commissioned
the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) to conduct a large study on
the health of Port Phillip Bay. This CSIRO study rec-
ommended reducing nitrogen loading to the Bay by
1000 tonnes/year.*! The CSIRO report had a systemic
effect on the Melbourne water industry; in particular,
it focused attention on a number of win-win solutions
for both reducing nitrogen loading to the Bay and
increasing human water security. One example was
recycled water. In 2002, the Victorian Government
announced a recycled water target of 20% of sewage
inflows by 2010, an additional 6.2 GL by 2015, and
an additional 10 GL by 2030.4>* Most (~93%) of
Melbourne’s sewage is treated at one of two treat-
ment plants—the Western Treatment Plant and East-
ern Treatment Plant—Dboth of which are managed by
Melbourne Water.

A rapid increase in the use of recycled water
occurred between 2005 and 2009 (Figure 2). In 2005,
the government launched two major Class A (suit-
able for home and agriculture irrigation) recycled
water schemes, the Werribee Irrigation District (WID)
Scheme and the Eastern Irrigation Scheme.*’ Ini-
tial plans called for using Werribee River water, the
farmers’ traditional source of freshwater, to dilute

recycled water from the Western Treatment Plant
below a salinity threshold to protect crop yield. How-
ever, the Millennium Drought reduced flows and
increased the salinity of the river water, resulting in
low river-water allocations. In response, farmers in
the WID turned to groundwater until that source
was banned by the Victorian government over con-
cerns that rapid drawdown of the groundwater table
could lead to seawater intrusion.'®4445 With limited
options, Melbourne Water and distributor Southern
Rural Water sold higher-than-expected volumes of
recycled water from the Western Treatment Plant to
farmers at WID.!® The low river flows and conse-
quent low river-water allocations during the drought
resulted in an increased, and sometimes total, reliance
on the high-salinity recycled water from 2006/2007
to the end of the drought (10.9 GL in 2007/2006,
up from 1.3 GL the previous year, see Figure 2). The
reliance on recycled water was exacerbated by the fre-
quently higher salinity of river water compared with
recycled water during periods of low flow. The East-
ern Irrigation Scheme came online in 200S5. It receives
Class A recycled water treated from the Eastern Treat-
ment Plant, produced by a private firm contracted
by Melbourne Water, TopAq Pty Limited.*’ With
both schemes online, Melbourne was reusing 23%
of sewage inflows by 2008, exceeding the Victorian
government’s goal of 20% reuse by 2010. However,
when rain returned in late 2009, total recycled water
use quickly declined (Figure 2), due to the decrease in
water demand for crops in these two districts. Water
managers at WID were now able to follow the original
mixing rules,** using Werribee River water to dilute
recycled water. There was also concern that recycled
water may have been responsible for major crop stunt-
ing episodes in 2006 and 2008, although scientific
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FIGURE 2| Volume of recycled water used by sector (councils, industrial/commercial, residential, and agriculture) and selected agricultural
schemes (Werribee Irrigation District, Eastern Irrigation Scheme, South East Outfall). Industrial/commercial includes golf courses, sports fields, and
gardens. Urban recycled water use includes councils, industrial/commercial, and residential uses. Data Sources: Recycled water data provided by

South East Water, City West Water, and Yarra Valley Water.

studies were inconclusive about this link.!® Return to a
greater proportion of river water after 2009 assuaged
lingering concerns that undiluted recycled water was
bad for crops.

The late 2000s also witnessed growth in the
use of recycled water for urban use, including res-
idential use (e.g., flushing toilets and outdoor use).
While the urban recycled water volumes are mod-
est by comparison to the initial uptake of recycled
water by WID farmers, urban recycled water reuse
appears to be more sustainable; i.e., the volumes
continued to increase following the end of the Mil-
lennium Drought (Figure 2). Starting in 2005, urban
recycled water schemes included the Wallan sup-
ply (365 ML/year capacity) to Mandalay Estate,*
Whittlesea (548 ML/year capacity) to the Growling
Frog Golf Course,*” and Altona Class A Recycled
Water Project for industry and commercial customers
(2.5 GL/year).*® The first residential recycled water
dual pipe system was operational in 2006,!” and

Aurora Sewage Treatment Plant began supplying to
Epping North Suburb in 2009.184

Urban Stormwater Use

Stormwater harvesting projects gained more attention
after the drought. In a typical year, approximately
440 GL of stormwater flows off from Melbourne’s

urban landscape into the city’s rivers and coastal
ocean.”* Because Melbourne’s 4.3 million people
consume approximately 356 GL (2010)%° of potable
water annually, even modest efforts to substitute
stormwater runoff for potable supply (e.g., by using
treated runoff to flush toilets and irrigate ornamental
landscapes) has the potential to substantially reduce
potable water demand. Biofilters (also known as rain
gardens and bioinfiltration systems) are one technol-
ogy well suited for stormwater use in Melbourne; in
addition to reducing potable demand, such systems
have many co-benefits for human and ecosystem
health®? (see other articles in this special issue devoted
to the design and use of biofilters for stormwater
management’®!2). While biofilters are commonly used
for onsite retention and infiltration of stormwater,’3->4
their product water was not typically used for potable
substitution before 2009. However, after the drought,
about a dozen stormwater harvesting projects have
been completed mostly to irrigate gardens, sports
fields, and golf courses.>> An example is the Darling
Street scheme in East Melbourne, which was launched
in June 2012 at a total cost of AU $1,737,000.5%%7 The
Darling Street project provides the local community
with 21 ML per year for landscape irrigation—water
that would otherwise drain potable supplies.’®
Another example is the Eastern Melbourne Parks and
Gardens Stormwater Harvesting Scheme completed
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in August 2013, which can provide 119 ML/year to
irrigate public parks.’® By fiscal year 2012/2013, Mel-
bourne Water, which is responsible for surface water
licensing, issued 32 active stormwater harvesting
licenses (1.5 GL) mostly to sports clubs and councils.>”
In 2013/2014, the Office of Living Victoria allocated
AU $50 million to alternative water projects, mostly to
building systems to capture, treat, and use stormwater
runoff for potable substitution.®°

Rainwater Tanks

Rainwater tanks, which capture and store rainwa-
ter flowing off of roofs, are another supply-side
innovation accelerated during the Millennium
Drought. Because rainfall is harvested directly from
roofs, it does not require the same degree of treatment
as stormwater collected from streets or parking
lots. Estimating the volume of potable substitution
achieved by the purchase and installation of rainwater
tanks is complicated by their decentralized nature and
the variability of demand across users. The percentage
of households in the State of Victoria with rainwater
tanks increased from 16.7% in 2007°! to 29.6% in
2010%% (Figure 3). Rainwater tanks were popular
because they allowed residents to maintain their orna-
mental plants and gardens in spite of water restrictions
that curtailed the use of municipal water for irrigation.
The adoption of rainwater tanks was also accelerated
by the 5 Star Building Standard enacted in July 20035,
which required all new homes in Victoria to have
a rainwater tank for toilet flushing or a solar hot
water heating system (reflecting the program’s broad
interest in sustainability).®3®* Melbourne’s Living
Victoria Water Rebate Program also provided rebates
for rainwater tanks ranging from $850 to $1500,
depending on their size and end uses.”* A 2013

Fighting drought with innovation

survey found that rainwater tank use in Melbourne
is divided primarily between residential users (68%)
and industry, schools, and councils (32%).6® The
same study estimated that 9.06 GL of rainwater were
harvested in 2012/2013.¢ Assuming that Melbourne
and Victoria had similar uptakes of rainwater tanks,
that water savings were 15.8% per household,®” and
adjusting for population growth, residential rain-
water use increased from 4 to 8 GL from 2000 to
2009 (Figure 4). The 2009 volume (8 GL) is roughly
2% of Melbourne’s total potable water use in 2009.
Not surprisingly, after the drought broke the uptake
of residential rainwater tanks slowed (after 2010
in Figure 3).

DEMAND-SIDE MEASURES

During the Millennium Drought, per capita water use
for Melbourne dropped approximately 50% between
1997 (at the start of the drought) and 2012 (after
the drought) (Figure 1). The demand reduction works
out to an average of 107 GL of potable water saved
per year, roughly equal to 70% of the maximum
annual output of the Wonthaggi Desalination Plant.
Efforts to reduce demand included: (1) imposing
water use restrictions; (2) implementing water con-
servation measures including a rebate program for
water-efficient appliances; (3) providing funding to
increase rainwater and stormwater harvesting; (4)
reducing environmental flows to rivers; and (5) con-
ducting television, radio, billboards, and print media
advertising campaigns to promote water conserva-
tion. Without these water saving and environmen-
tal flow reductions, studies show that Melbourne’s
reservoirs would have emptied by the end of 2009.24
Interestingly, price incentives were in place before the
worst of the drought hit, but they were not used as
a demand management tool during the drought. For
example, Yarra Valley Water (one of the water retailers
in Melbourne) uses an inclined block tariff consisting
of three tiers with escalating unit price; households
with higher unit water consumption pay higher unit
prices for water.®” Tariffs were not adjusted during
the drought for the purpose of demand management
because water companies in Melbourne have no inde-
pendent price-setting powers. Instead, prices are set
based on an adequate financial return for the water
retailers after accounting for all costs and revenues.

Water Restrictions

The Victoria Uniform Drought Water Restrictions
Guidelines,”® which were finalized in September 2005,
outlined a four-stage water restriction protocol. As
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Water and water retailers.%®

specified in the Guidelines, the stages range from
minor restrictions on outdoor water use (Stage 1)
to a complete ban on outdoor water use (Stage 4).
A less stringent set of water use rules, the so-called
Permanent Water Use Rules, apply when reservoir
storage volumes are within safe levels. Stage 1 restric-
tions were imposed in November 2002.!7 Restric-
tions were increased to Stage 2 in August 2003, and
Permanent Water Use Rules replaced Stage 2 restric-
tions in March 2005 (Table 1)'” when the drought
appeared to ease. However, in response to extremely
low inflows the following year, Stage 1 restrictions
were reintroduced in September 2006. As the water
crisis worsened restrictions increased to Stage 3 in Jan-
uary 2007 and Stage 3a in April 2007; Stage 3a restric-
tions remained in effect for the next 36 months.”!
Stage 3a restrictions allowed for minimal outdoor
water use and, combined with the Target 155 cam-
paign (described below), saved the city from Stage
4 restrictions that would have banned all outdoor
water use. The large reduction in outdoor watering
mandated by Stage 3a caused vegetation at many
public gardens and sports facilities to wither and
die.'” After the drought broke in late 2009, restric-
tions were progressively relaxed after April 2010
(Table 1). Not surprisingly, there is a close corre-
spondence between the imposition of restrictions and
the reduction in per capita water use (Figure 1).
Five years after the drought ended, per capita water
use is still at an historic low, although there are

indications that summertime per capita water use may
be rising.”?

Voluntary Conservation and Target 155
Campaign

Starting in December 2008, Victorians were also
encouraged to respect a voluntary target of 155L
water per person per day (the “T155 campaign’), for
example by taking shorter showers, capturing rain-
water from roofs for toilet flushing and gardening,
and using greywater for gardening.”* The campaign
was advertised through television, newspapers, and
billboards.”> According to a study commissioned
by Melbourne’s water retailers, the T155 Campaign
netted 53 GL in water savings from December 2008
to August 2010, based on comparing observed water
use to a model-predicted water use without this
campaign, after correcting for climate variability.”*
Melbournians used less than 1551/p/d for 49 out
of 52weeks in the 2010/2011 financial year.>3 The
Victorian Coalition Government ended the campaign
in February 2011.

Water Saving Programs

The Victorian government also funded water rebate
and exchange programs for small business and res-
idential water users. For residential users, water

retailers replaced showerheads (462,466 from start
of program in 2006/2007 to 2010/2011), toilets
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and washing machines (365,000 4 star machines
installed from 2006/2007 to 2010/2011) with
more water-efficient models.>> These exchange pro-
grams reduced potable demand by 5.5, 0.44, and
8.67 GL/year, respectively.33 The Victorian Govern-
ment Water Smart Rebate Scheme, which started in
January 2003, provided rebates for rainwater tanks,
dual flush toilets, permanent greywater systems, hot
water recirculators, and efficient showerheads,?? at
some point during the course of the program. A
total of 19,008 rebates were granted in 2010/2011,
reducing potable demand by 0.35GL/year.3® The
Evaporative Air Conditioners Program required only
water-efficient evaporative coolers be sold on the
market (with expected potable demand reductions of
0.8 GL/year by 2015), and a gardening program pro-
vided public education on water-efficient gardening.33

Businesses that used more than 10 ML/year were
required to complete a Water Management Action
Plan (Water MAP) that sets water conservation tar-
gets and reports progress annually.”® The goal of the
WaterMAP program is to reduce potable demand by
8 GL/year by 2015.37 Other nonresidential programs
include the Cooling Towers Program (1.7 GL of poten-
tial savings),?” the Waterless Wok Program (estimated
4600 L/d day savings for a two-ring stove),?” and the
Water Saver Garden Centres Program to encourage
reductions in landscape irrigation.?” Small businesses
were also eligible for rebates up to $2000 for installing
water-saving technologies.”” The national Water Effi-
ciency Labelling and Standards Act 2005 mandated
registering and labeling the efficiency of shower heads,
tap equipment, flow controllers, toilet equipment,

urinal equipment, clothes washing machines, and
dishwashers.”®

Environmental Flows

Environmental flows in the Thomson and Yarra Rivers
were curtailed during the worst period of the drought.
Actions included: (1) Deferring planned increases of
17 GL per annum and 10 GL per annum in environ-
mental water reserved for the Yarra and the Thom-
son respectively; (2) Reducing minimum passing flows
requirements at sites along the Yarra and Thomson;
(3) Permitting greater volumes to be pumped from
the Yarra at Yering Gorge by reducing the passing
flow volume at which such pumping must cease; and
(4) Qualifying operational tolerances for minimum
environmental flow releases for the Thomson (e.g.,
relaxing rules on proportion of time flows are to
apply). Altogether, approximately 106 GL were saved
in the Yarra Basin and 42 GL in the Thomson Basin.
Environmental flows were progressively restored from
2010 onward.”’

Fighting drought with innovation

Education Programs Targeting Schools

and Homes

In 2006, the Victoria Government launched the School
Water Efficiency Program (SWEP) to identify leaks and
evaluate water use in public schools, and to promote
water education.?? By 2009, 1737 schools joined the
program.’” An estimated 269.1 ML/year where saved
from 2006 to 2009.3” The Learn It! Live It! program
was also established to promote water education
and awareness in primary and secondary schools,
which had 324 committed schools by 2011.33 The
Water Smart Behaviour Change Program developed in
2007, and by 2009, Melbourne water retailers worked
directly with 140,000 households to demonstrate
water saving habits in the home.?” Assessing the
impact on water savings has been a challenge.3”

DISCUSSION

In its efforts to alleviate the impacts of the Millennium
Drought, Melbourne avoided immediate dangers and
also increased its resilience to future climate vari-
ability. By the end of the Millennium Drought, Mel-
bourne had undertaken or completed large centralized
infrastructure projects as well as decentralized, locally
based demand-attenuation, and supply-augmentation
projects. It had also conducted a number of informa-
tion and public education campaigns. These projects
and campaigns had various impacts on municipal
water supply, cost, and reliability, as well as effects
on ecosystem health and function. In addition, they
were embraced by the public to varying degrees, and
were subject to changes in local, state, and national
politics. Investments in the Wonthaggi Desalination
Plant and in the North-South pipeline were moti-
vated by a desire to provide Melbourne with a more
reliable supply of potable water. While these projects
did not contribute to Melbourne’s water supply dur-
ing the Millennium Drought, they are available at the
present time and may be needed in the future.’!783
Melbourne’s experience with recycled water is more
nuanced. The use of recycled water for local agri-
culture increased dramatically during the Millennium
Drought, but for a variety of reasons the initial uptake
did not last. By contrast, urban and residential use of
recycled water appears to be on a long-term increasing
trend. Rainwater harvesting was embraced by the pub-
lic, with positive impacts on both Melbourne’s potable
supply and possibly ecosystem health. The Millen-
nium Drought also spurred interest in stormwater har-
vesting, in part because of its potential to slack a large
fraction of the city’s long-term water needs. Govern-
ment programs to restrict water use, improve water
efficiency, and educate the public were both highly
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effective and relatively low cost. Indeed, the success
of Melbourne’s water conservation programs kept the
city from running out of potable water during the Mil-
lennium Drought.

Water conservation programs are not typically
adopted as the primary response to droughts out of
concern for the unpredictability of public acceptance
and behaviour, and also because of the widespread
preference for traditional, centralized, engineered
solutions (referred to as ‘cognitive lock-in> in the
social science literature).®#85 It has been argued that
Melbourne’s pursuit of nontraditional ‘soft-path’
solutions was enabled by the security provided by
the North—South pipeline, the desalination plant, and
recycled water schemes.!”8 However, this confidence
came at a high economic cost. The desalination plant
has a sunk cost of an annual insurance premium of
AU $654 million (increasing over time) to be paid
to the construction consortium for the first 27 years
of operation, even if no water is produced.”’ By
contrast, the soft-path solutions performed very well
and were comparatively cheap. As per the Melbourne
Joint Water Conservation Plan,>” during the drought,
water retailers were committed to reducing per capita
water use by 30% of total (to 2961/p/d) and 30%
of residential (to 174 1/p/d) using 1990 consumption
as a benchmark; these targets were to be achieved
by 2015. Innovations in conservation spurred by the
Millennium Drought resulted in these targets being
exceeded, and ahead of schedule. However, sustaining
these targets and innovation schemes over the long
term is likely to have varying degrees of success. Since
the drought ended, Water Conservation Plans are
no longer reported by the water companies and, as
noted earlier, summertime water consumption may be
increasing.”3-8¢

Among supply-augmentation approaches, recy-
cled water use in agricultural irrigation achieved the
greatest gains by volume, largely from use in the WID,
as a result of historic low river flows and the ban on
groundwater use. Because the intended use of recy-
cled water was only to supplement river water, and the
use of recycled water was driven by the lack of alter-
natives, recycled water use dropped after the drought
broke. Moreover, sustaining high levels of water reuse
would have been politically and economically diffi-
cult, partly because of increasing soil salinity that
would have decreased agricultural productivity over
the long-run. Because of its high cost, there are cur-
rently no plans to build a salt-reduction plant for agri-
cultural uses, although a salt-reduction plant is being
built for urban uses.**

Administrative and governance changes also
threaten the sustainability of integrated water

wires.wiley.com/water

management. Shortly after the drought broke, new
State and Federal elections were held in 2010, and
the new administration introduced a different pol-
icy platform. The new Government decided that
the North-South Pipeline was to be used only for
critical human needs, defined as storage volumes in
Melbourne’s reservoirs below 30% on November 30.
Likewise, since taking office, the new administration
has not ordered water from the desalination plant,
arguing instead that the desalination plant is an
example of the previous Government’s mismanage-
ment and waste. Other policy changes included the
appointing of an independent Ministerial Advisory
Council for developing integrated alternative water
sources.!”37 The Council established the Office of
Living Victoria in May 2012 and provided it with
substantial financial resources (AU $82.5 million from
its inception to 2013/2014).888% These reforms were
intended to encourage the harvesting and use of rain-
water, stormwater, and treated sewage as new water
sources for Melbourne.®® In July 2014, the Office
of Living Victoria was reorganized into the DEPI,
and then eliminated in December 2014.°° Because
these investments and decisions are largely political,
it is unclear if Victoria will continue to prioritize, for
example, the development of stormwater harvesting.
While there are estimates for cost-benefits of different
water supply and demand approaches,?>$2 it remains
a challenge to properly account for economic fac-
tors, environmental health, public acceptance, and
liveability.!” To the best of our knowledge, there
is no comprehensive study on the costs (including
external costs) of distributed and centralized water
management approaches compared with the water
volumes gained or saved.

CONCLUSIONS

Melbourne’s experience with the Millennium Drought
offers many lessons, both positive and negative, to
other cities of comparable size and drought sus-
ceptibility. For one, the severity of the Millennium
Drought afforded Melbourne a window of opportu-
nity for supply-side and demand-side measures that
in normal times may have proven very difficult, if not
impossible, to adopt. One lesson for other cities is that
major droughts, if serious enough and long-lasting
enough, create opportunities for policymakers, as well
as pose challenges. The ability to take advantage of
this window of opportunity depends, however, on the
willingness of decision makers to engage the public,
institutional conditions which encourage adopting
innovations, and—ironically—the security provided
by investment in some ‘hard path’ alternatives which
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reinforce the public’s confidence that diverse and
multi-faceted programs and options are being pur-
sued by public officials. These lessons regarding public
engagement and institutional reform are especially
salient for cities such as, e.g., Los Angeles, struggling
with protracted drought and facing challenges in
convincing the public of the severity of its causes and
consequences.

Finally, in light of the fact that Melbourne
considered, and adopted a number of options for
water supply (some of which, as we have seen,
were implemented but never used such as desalina-
tion), its experience raises the following question:
can cities develop an evaluation framework to opti-
mize and prioritize their different water management
options? For example, a wide range of water con-
servation initiatives were implemented that varied
greatly in cost-effectiveness and amount of water
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saved, but a smaller number of well-chosen initiatives
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Millennium Drought forced Melbourne to adopt a

more integrated approach to water management, and
in the process, the city has become more resilient to
drought and less vulnerable to climate variability. The
challenge going forward will be to vigilantly sustain
the city’s many successes while planning for future
challenges posed by continued urbanization, popula-
tion growth, and a changing climate.

The authors thank Nilmini Siriwardene (City West Water), Conrad Dabrowski (South East Water), Peter Roberts
(Yarra Valley Water), and Jakin Ravalico, Udaya Kularanthna, Bruce Rhodes, and Kim Seong Tan (Melbourne
Water) for data reported in this study. The authors also gratefully acknowledge financial support from the U.S.
National Science Foundation Partnerships for International Research and Education (OISE-1243543) and an
Australian Research Council Discovery Project to SBG (DP130103619). Funding for KGL was supplemented by

the Newkirk Center for Science and Society.

REFERENCES

1. Daigger GT. Evolving urban water and residuals
management paradigms: water reclamation and reuse,
decentralization, and resource recovery. Water Environ
Res 2009, 81:809.

2. Daigger GT. Sustainable Urban Water and Resource
Management. Washington, DC: National Academy of
Engineering; 2011.

3. Pahl-Wostl C. Transitions towards adaptive manage-
ment of water facing climate and global change. Water
Res Manage 2007, 21:49-62.

4. Gersonius B, Ashley R, Pathirana A, Zevenbergen C.
Climate change uncertainty: building flexibility into
water and flood risk infrastructure. Clim Change 2013,
116:411-423.

5. Gleick PH. Global freshwater resources: soft-path
solutions for the 21st 2003,

302:1524-1528.

century. Science

6. United States Environmental Protection Agency. Low
impact development. Available at: http://water.epa.
gov/polwaste/green/. (Accessed March 13, 2015).

7. World Bank. Integrated urban water management.
Available at: http://water.worldbank.org/iuwm.
(Accessed March 13, 2015).

8. Brown RR, Keath N, Wong TH. Urban water manage-
ment in cities: historical, current and future regimes.
Water Sci Technol 2009, 59:847-855.

9. Wong TH, Brown RR. The water sensitive city: princi-
ples for practice. Water Sci Techol 2009, 60:673-682.

10. Kiparsky M, Sedlak DL, Barton HT, Bernhard T. The
innovation deficit in urban water: the need for an
integrated perspective on institutions, organizations,
and technology. Environ Eng Sci 2013, 30:395-408.

11. Brown RR, Farrelly MA. Delivering sustainable urban
water management: a review of the hurdles we face.
Water Sci Techol 2009, 59:839-846.

12. Brown R, Ashley R, Farrelly M. Political and profes-
sional agency entrapment: an agenda for urban water
research. Water Resour Manage 2011, 25:4037-4050.

13. Roy AH, Wenger S], Fletcher TD, Walsh CJ, Ladson
AR, Shuster WD, Thurston HW, Brown RR. Imped-
iments and solutions to sustainable, watershed-scale

© 2015 Wiley Periodicals, Inc.


http://water.epa.gov/polwaste/green/
http://water.worldbank.org/iuwm

Focus Article

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

urban stormwater management: lessons from Aus-
tralia and the United States. Environ Manage 2008,
42:344-359.

Dobbie MF, Brookes KL, Brown RR. Transition to
water-cycle city: risk perceptions and receptivity of
Australian urban water practitioners. Urban Water |
2014, 11:427-443.

Brown R, Farrelly M, Keath N. Practitioner perceptions
of social and institutional barriers to advancing a diverse
water source approach in Australia. Int | Water Resour
Dev 2009, 25:15-28.

Truffer B, Binz C, Gebauer H, Stormer E. Market suc-
cess of on-site treatment: a systemic innovation prob-
lem. In: Larsen TA, Udert KM, Lienert ], eds. Wastewa-
ter Treatment: Source Separation and Decentralisation.
London: TWA Publishing; 2009, 209-223.

Ferguson BC, Brown RR, Frantzeskaki N, de Haan
FJ, Deletic A. The enabling institutional context for

integrated water management: lessons from Melbourne.
Water Res 2013, 47:7300-7314.

Barker F, Faggian R, Hamilton AJ. A history of wastew-
ater irrigation in Melbourne, Australia. ] Water Sustain-
ability 2011, 2:31-50.

Commonwealth Scientific and Industrial Research
Organisation (CSIRO Australia). Climate and water
availability in south-eastern Australia: a synthesis
of findings from Phase 2 of South Eastern Aus-
tralian Climate Initiative (SEACI), CSIRO, Australia,
September 2012, 41 pp. Available at: http://www.
droughtmanagement.info/literature/SEACI_Climate_
Water_South_Eastern_Australia_2012.pdf. (Accessed
September 23, 2014).

AghaKouchak A, Feldman D, Stewardson MJ, Saphores
JD, Grant S, Sanders B. Australia’s drought: lessons for
California. Science 2014, 343:1430-1431.

Australian Bureau of Statistics. Estimated resident
population by SA2. Available at: http://stat.abs.
gov.au/Index.aspx?DataSetCode=ABS_ANNUAL_ERP
_ASGS. (Accessed September 1, 2014).

Grant SB, Fletcher T, Feldman D, Saphores JD, Cook
PLM, Stewardson M, Low K, Burry K, Hamilton AJ.
Adapting urban water systems to a changing climate:
lessons from the millennium drought in Southeast Aus-
tralia. Environ Sci Technol 2013, 47:10727-10734.

Kularathna MDUP, Rowan TSC, Schultz-Byard H,
Broad DR, Mclver D, Flower D, Baker B, Rhodes BG,
Smith PJ. Multi-objective optimisation using optimizer
WSS to support operation and planning decisions of
Melbourne water supply system. In MODSIM 2011
International Congress on Modelling and Simulation,
Perth, Australia, December 12-16, 2011.

Office of Living Victoria. State Government of Victoria.
Melbourne’s Water Future. July 2013. Available at:

http://www.livingvictoria.vic.gov.au/PDFs/Melbourne’s
_Water_Future_full.pdf. (Accessed September 1, 2014).

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

wires.wiley.com/water

Ministerial Advisory Council for the Living Melbourne,
Living Victoria Plan for Water. Living Melbourne, Liv-
ing Victoria Roadmap, March 2011. Available at:
http://www.depi.vic.gov.au/__data/assets/pdf_file/0009/
176472/3770_DSE_Living_Victoria_Roadmap_1.3MG
.pdf. (Accessed September 1, 2014).

Gan K, Purss C. Reducing non-revenue water in retail
water company. Yarra Valley Water, Melbourne, Vic-
toria, Australia. Available at: https://www.yvw.com.au/
yvw/groups/public/documents/document/yvw1001686.
pdf. (Accessed September 1, 2014).

Melbourne Water. 2013 water plan. Available at: http://
melbournewater.com.au/aboutus/reportsandpublicatio
ns/Documents/Melbourne_Water_2013_Water_Plan.
pdf. (Accessed September 1, 2014).

Irrigation efficiency programs. Available at: http://www.
audit.vic.gov.au/reports__publications/reports_by_
year/2009-10/20100906_irrigation_efficiency.aspx.
(Accessed September 1, 2014).

Edwards GW. The desalination plant, the north-south
pipeline and the welfare of Melburnians. In 56th annual
conference of Australian Agricultural and Resource
Economics Society, Esplanade Hotel, Fremantle, West-
ern Australia, 9-10 February, 2012.

Melbourne Water. Tarago reservoir upgrade. Available
at: http://www.melbournewater.com.au/whatwedo/
projectsaroundmelbourne/Pages/Tarago-Reservoir-
upgrade.aspx. (Accessed September 16, 2014).

Melbourne Water. Reconnecting Tarago reservoir.
Available at: http://melbournewater.com.au/whatwedo/
projectsaroundmelbourne/Documents/reconnecting_
tarago_reservoir_fact_sheet.pdf. (Accessed September
16,2014).

Melbourne Water Tarago Reservoir reconnection.
Available at: http://melbournewater.com.au/whatwedo/
projectsaroundmelbourne/Pages/Tarago-Reservoir-
Reconnection.aspx. (Accessed September 16, 2014).

City West Water, South East Water, Yarra Valley Water,
Melbourne Water. Melbourne joint water efficiency
plan. Annual Report 2010/2011.

Goddard M. Urban greywater reuse at the D’LUX
development. Desalination 2006, 188:135-140.

South East Water. Email communication on May 21
2014.

Farrelly M, Davis C. Demonstration Projects: Case
Studies from Melbourne, Australia. National Urban
Water Governance Program, Monash University, June
2009.

City West Water, South East Water, Yarra Valley Water,
Melbourne Water. Melbourne joint water conservation
plan. Annual Report 2008/2009.

City West Water, South East Water, Yarra Valley Water,
Melbourne Water. Melbourne joint water conservation
plan. Annual Report 2009/2010.

Sinclair M, O’Toole J, Malawaraarachchi M, Leder K,
Barker F, Hamilton AJ. Greywater use in the backyard:

© 2015 Wiley Periodicals, Inc.


http://www.droughtmanagement.info/literature/SEACI&uscore;Climate&uscore;Water&uscore;South&uscore;Eastern&uscore;Australia&uscore;2012.pdf
http://stat.abs.gov.au/Index.aspx?DataSetCode=ABS&uscore;ANNUAL&uscore;ERP&uscore;ASGS
http://www.livingvictoria.vic.gov.au/PDFs/Melbourne's&uscore;Water&uscore;Future&uscore;full.pdf
http://www.depi.vic.gov.au/&uscore;&uscore;data/assets/pdf&uscore;file/0009/176472/3770&uscore;DSE&uscore;Living&uscore;Victoria&uscore;Roadmap&uscore;1.3MG.pdf
https://www.yvw.com.au/yvw/groups/public/documents/document/yvw1001686.pdf
http://melbournewater.com.au/aboutus/reportsandpublications/Documents/Melbourne&uscore;Water&uscore;2013&uscore;Water&uscore;Plan.pdf
http://www.audit.vic.gov.au/reports&uscore;&uscore;publications/reports&uscore;by&uscore;year/2009-10/20100906&uscore;irrigation&uscore;efficiency.aspx
http://www.melbournewater.com.au/whatwedo/projectsaroundmelbourne/Pages/Tarago-Reservoir-upgrade.aspx
http://melbournewater.com.au/whatwedo/projectsaroundmelbourne/Documents/reconnecting&uscore;tarago&uscore;reservoir&uscore;fact&uscore;sheet.pdf
http://melbournewater.com.au/whatwedo/projectsaroundmelbourne/Pages/Tarago-Reservoir-Reconnection.aspx

& WIREs Water

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

50.

S1.

S2.

53.

54.

what are the health risks? Milestone 5/Final Report,
Smart Water Fund; 2011.

Alternative Technology Association (ATA). ATA Grey-
water Project Report, supported by the Smart Water
Fund, November 2005.

Harris G, Batley G, Fox D, Hall D, Jernakoff P, Molloy
R, Murray A, Newell B, Parslow J, Skyring G, et al. Port
Phillip Bay Environmental Study Final Report. CSIRO,
Canberra, Australia, 1996, 238.

Melbourne Water. Melbourne Water Sustainability
Report 2007-2008; 2008.

Melbourne Water. Melbourne Water Annual Report
2004-2005; 2005.

Rhodda C, Kent M. Werribee Irrigation District Recy-
cling Scheme: The First Years. In: Irrigation Aus-
tralia Conference and Exhibition, Melbourne, Aus-
tralia, 20-22 May 2008.

Southern Rural Water, Melbourne Water, URS. Regional
Environment Improvement Plan Werribee Irrigation
District Class A Recycled Water Scheme. Available at:
http://www.srw.com.au/Files/Technical_reports/WID_
REIP_Final_July_2009.pdf. (Accessed September 16,
2014).

Yarra Valley Water. Wallan Sewage Treatment Plant
Fact Sheet. Available at: https://www.yvw.com.au/
yvw/groups/public/documents/document/yvw1002064
.pdf. (Accessed September 1, 2014).

Yarra Valley Water. Whittlesea sewage treatment
plant fact sheet. Available at: http://www.yvw.com.au/
yvw/groups/public/documents/document/yvw1002065
.pdf. (Accessed September 1, 2014).

City West Water. Altona recycled water project infor-
mation sheet. Available at: http://www.citywestwater.
com.au/documents/Altona_RW_Project.pdf. (Accessed
September 1, 2014).

Yarra Valley Water. Aurora sewage treatment plant
and recycled water treatment plant fact sheet. Avail-
able at: https://www.yvw.com.au/yvw/groups/public/
documents/document/yvw1002057.pdf. (Accessed
September 1, 2014).

Grant S, Saphores JD, Feldman D, Hamilton A]J,
Fletcher TD, Cook PLM, Stewardson M, Sanders BF,
Levin LA, Ambrose RF, et al., et al. Taking the ‘waste’
out of ‘wastewater’ for human water security and
ecosystem sustainability. Science 2012, 337:681-686.
Levin L, Mehring A. Optimization of bioretention sys-
tems through application of ecological theory. WIREs
Water 2015. doi:10.1002/wat2.1072.

Ambrose RF, Winfrey BK. Comparison of stormwater
biofiltration systems in Southern California and South-
east Australia. WIREs Water 2015, 2:131-146.

Hatt BE, Fletcher TD, Deletic A. Hydrologic and pol-
lutant removal performance of stormwater biofiltration
systems at the field scale. | Hydrol 2009, 365:310-321.
Le Coustumer S, Fletcher TD, Deletic A, Barraud S,
Lewis JF. Hydraulic performance of biofilter systems

55.

S6.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Fighting drought with innovation

for stormwater management: influences of design and
operation. | Hydrol 2009, 379:16-23.

State Government of Victoria. Right water. Available at:
http://www.rightwater.vic.gov.au/list. html.  (Accessed
September 24, 2014).

Darling Street Stormwater Harvesting Project. Available
at: http://www.clearwater.asn.au/resource-library/case-
studies/darling-street-stormwater-harvesting-project.
php. (Accessed September 1, 2014).

Official launch of Darling Street Stormwater Harvest-
ing Project. June 10, 2012. Available at: http://www.
clearwater.asn.au/news/official-launch-of-darling-street-
stormwater-harvesting-project.php. (Accessed Septem-
ber 1, 2014).

City of Melbourne. Eastern Melbourne Parks and Gar-
dens Stormwater Harvesting Scheme 2013. Available at:
http://www.environment.gov.au/node/25191. (Accessed
September 24, 2014).

Melbourne Water. Service delivery: alternative water
sources and integrated water cycle management
2012-2013. Available at: http://www.melbournewater.
com.au/aboutus/reportsandpublications/Annual-Report
/Documents/Annual %20Report%202013%20Part%
203%20Alternative %20water %20sources %20and %
20Integrated %20water %20management.pdf.
(Accessed September 23, 2014).

Office of Living Victoria. Available at: http://www.
livingvictoria.vic.gov.au/index.html. (Accessed Septem-
ber 1, 2014).

Australian Bureau of Statistics. Environmental issues:
people’s views and practices, March 2007. Available
at: http://www.abs.gov.au/AUSSTATS/abs@.nsf/Details
Page/4602.0Mar%202007?OpenDocument. (Accessed
September 1, 2014).

Australian Bureau of Statistics. Environmental issues:
water use and conservation, March 2013. Available at:
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/
4602.0.55.003Main+Features1Mar%202013?Open
Document. (Accessed September 1, 2014).

ACIL Tasman. Evaluation of the Victorian 35
Star Building Standard. Available at: http://www.
climatechange.vic.gov.au/__data/assets/pdf_file/0004/
73237/ACILS5Star.pdf. (Accessed September 1, 2014).

Australian National Water Commission and Marsden
Jacob Associates. The cost-effectiveness of rainwater
tanks in urban Australia, March 2007.

State Government of Victoria. Department of
environmental and primary industries. Water
Rebate Program. Available at: http://www.depi.

vic.gov.au/water/saving-water/water-rebate-program.
(Accessed September 1, 2014).

Tandjiria S, Gan K, Arora M. Estimating current volu-
metric rainwater use in Melbourne. Unpublished study.
University of Melbourne, 2013.

Xu H, Rahilly M, Maheepala S. Predicting daily
potable water savings by using rainwater tanks at

© 2015 Wiley Periodicals, Inc.


http://www.srw.com.au/Files/Technical&uscore;reports/WID&uscore;REIP&uscore;Final&uscore;July&uscore;2009.pdf
https://www.yvw.com.au/yvw/groups/public/documents/document/yvw1002064.pdf
http://www.yvw.com.au/yvw/groups/public/documents/document/yvw1002065.pdf
http://www.citywestwater.com.au/documents/Altona&uscore;RW&uscore;Project.pdf
https://www.yvw.com.au/yvw/groups/public/documents/document/yvw1002057.pdf
http://www.rightwater.vic.gov.au/list.html
http://www.clearwater.asn.au/resource-library/case-studies/darling-street-stormwater-harvesting-project.php
http://www.clearwater.asn.au/news/official-launch-of-darling-street-stormwater-harvesting-project.php
http://www.environment.gov.au/node/25191
http://www.melbournewater.com.au/aboutus/reportsandpublications/Annual-Report/Documents/Annual%20Report%202013%20Part%203%20Alternative%20water%20sources%20and%20Integrated%20water%20management.pdf
http://www.livingvictoria.vic.gov.au/index.html
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4602.0Mar%202007?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4602.0.55.003Main+Features1Mar%202013?OpenDocument
http://www.climatechange.vic.gov.au/&uscore;&uscore;data/assets/pdf&uscore;file/0004/73237/ACIL5Star.pdf
http://www.depi.vic.gov.au/water/saving-water/water-rebate-program

Focus Article

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

urban scale. Hydrological cycle and water resources sus-
tainability in changing environments. In: Proceedings
of IWRM2010 5th International Symposium on Inte-
grated Water Resources Management, Nanjing, China,
19-21 November, 2010. TAHS; 2011, 350, 254-260.

City West Water, South East Water, Yarra Valley Water,
Melbourne Water. Water outlook for Melbourne.
December 1, 2013.

Yarra Valley Water. Residential water and sewage
prices. Available at: http://www.yvw.com.au/Home/
Youraccount/Understandingyourbill/Residential/Prices/
index.htm. (Accessed March 15, 2015).

Victorian Water Industry Association Inc. Victoria uni-
form drought water restrictions guidelines; September,
2005.

Melbourne Water. History of our water supply sys-
tem. Available at: http://www.melbournewater.com.
au/aboutus/historyandheritage/history-of-our-water-su
pply-system/pages/history-of-our-water-supply-system.
aspx. (Accessed September 1, 2014).

Australian Bureau of Meteorology. Melbourne
Water Rights. Available at: http://www.bom.gov.
au/water/nwa/2011/melbourne/contextual/waterrights.
shtml. (Accessed April 15).

Grant SB, Ravalico ], Rippy M, Peel M, Feldman D,
Peterson T, AghaKouchak A, Low K. Cities react and
adapt: Regime shifts in urban water demand. Environ
Sci Technol. Submitted December 31, 2014.

Siriwardene N, Quilliam M, Roberts P. How effective
is Target 155 in Melbourne? Insight from climate
correction modelling. In: Australian Water Association,
Melbourne, Australia, March 1-3 2011.

Liubinas A, Harrison P. Saving a scarce resource: a
case study of behavioural change. Deakin University.
Available at: http://marketing.conference-services.net/
resources/327/2958/pdf/AM2012_0124_paper.pdf.
(Accessed September 1, 2014).

Maddaus L, Maddaus W, Maddaus M. Preparing
Urban Water Use Efficiency Plans: A Best Practice
Guide. London, UK: IWA Publishing; 2014.

Department of Environment and Primary Industries.
Water rebate program. Available at: http://www.depi.
vic.gov.au/water/saving-water/water-rebate-program.
(Accessed September 16, 2014).

Australian Government. Water efficiency. Available at:
http://www.waterrating.gov.au/about-wels.  (Accessed
September 16, 2014).

Melbourne’s water retailers. Reporting the benefits
received by Melbourne’s retailers from the qualification
of rights on the Yarra and Thomson Rivers 2010 Inter-
nal report of Melbourne’s water retailers. (2010)

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

wires.wiley.com/water

State Government of Victoria. Schools water efficiency
program. Available at: http://www.myswep.com.au/.
(Accessed September 1, 2014).

Leblanc M, Tweed S, Van Dijk A, Timbal B. A
review of historic and future hydrological changes in
the Murray-Darling Basin. Glob Planet Chang 2012,
80-81:226-246.

Lovering J, O’Shanassy K, Heeps D, Beaton R, Wilson
G, Rhodes B, Santamaria D, Vinot K, Sheehan D,
Chapman, T, Donald A. Water supply-demand strategy
for Melbourne 2006-2055. Available at: https://www.
yvw.com.au/yvw/groups/public/documents/document/
yvw001509.pdf. (Accessed September 23, 2014).

Ewert J. Melbourne, Australia becoming water-sensitive
to respond to a changing climate. Switch Melbourne
Water. Available at: http://www.switchtraining.eu/
fileadmin/template/projects/switch_training/files/Case_
studies/Case_study_Melbourne_preview.pdf. (Accessed
September 23, 2014).

Werbeloff L, Brown R. Working towards sustainable
urban water management: the vulnerability blind spot.
Water Sci Technol 2011, 62:2362-2369.

Coppock MH, Brown RR. Advancing sustainable water
futures for Melbourne: analysis of expert opinion on
structural and non-structural approaches. Water Pract
Tech 2007, 2. 10.2166/WPT.2007054

Dowling, J. Is the wally back? Melbourne water use
surges. The Age, January 18, 2013. Available at:
http://www.theage.com.au/victoria/is-the-wally-back-
melbourne-water-use-surges-201301172cwan.html.
(Accessed September 1, 2014).

Scrafton Consulting. Institutional and governance
arrangements. Report for the Living Victoria Ministe-
rial Advisory Council 2011, August. Available at: http:
/Iwww.livingvictoria.vic.gov.au/PDFs/Final-Report-Insti
tutions-and-Governance-Scrafton-9-Aug-2011.pdf.
(Accessed March 17, 2015).

Premier of Victoria. Announcements: budget:
water. Available at: http://www.premier.vic.gov.au/
announcements/budget2011-12/water.html. (Accessed
September 1, 2014).

Napthine, D. $50 million living Victoria fund starts to
flow. Available at: http://www.premier.vic.gov.au/media
-centre/media-releases/5558-50-million-living-victoria-
fund-starts-to-flow.html. (Accessed September 1,2014).

The Premier of Victoria, Daniel Andrews. Labor abol-
ishes Office of Living Victoria. December 12, 2014.
Available at:  http://www.premier.vic.gov.au/labor-
abolishes-office-of-living-victoria. (Accessed March 14,
2015).

© 2015 Wiley Periodicals, Inc.


http://www.yvw.com.au/Home/Youraccount/Understandingyourbill/Residential/Prices/index.htm
http://www.melbournewater.com.au/aboutus/historyandheritage/history-of-our-water-supply-system/pages/history-of-our-water-supply-system.aspx
http://www.bom.gov.au/water/nwa/2011/melbourne/contextual/waterrights.shtml
http://marketing.conference-services.net/resources/327/2958/pdf/AM2012&uscore;0124&uscore;paper.pdf
http://www.depi.vic.gov.au/water/saving-water/water-rebate-program
http://www.waterrating.gov.au/about-wels
http://www.myswep.com.au/
https://www.yvw.com.au/yvw/groups/public/documents/document/yvw001509.pdf
http://www.switchtraining.eu/fileadmin/template/projects/switch&uscore;training/files/Case&uscore;studies/Case&uscore;study&uscore;Melbourne&uscore;preview.pdf
http://www.theage.com.au/victoria/is-the-wally-back-melbourne-water-use-surges-201301172cwan.html
http://www.livingvictoria.vic.gov.au/PDFs/Final-Report-Institutions-and-Governance-Scrafton-9-Aug-2011.pdf
http://www.premier.vic.gov.au/announcements/budget2011-12/water.html
http://www.premier.vic.gov.au/media-centre/media-releases/5558-50-million-living-victoria-fund-starts-to-flow.html
http://www.premier.vic.gov.au/labor-abolishes-office-of-living-victoria

