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Abstract: Due to population growth, climatic change, and growing water usage, water scarcity is
expected to be a more prevalent issue at the global level. The situation in Australia is even more
serious because it is the driest continent and is characterized by larger water footprints in the domestic,
agriculture and industrial sectors. Because the largest consumption of freshwater resources is in the
agricultural sector (59%), this research undertakes a detailed investigation of the water footprints
of agricultural practices in Australia. The analysis of the four highest water footprint crops in
Australia revealed that the suitability of various crops is connected to the region and the irrigation
efficiencies. A desirable crop in one region may be unsuitable in another. The investigation is further
extended to analyze the overall virtual water trade of Australia. Australia’s annual virtual water trade
balance is adversely biased towards exporting a substantial quantity of water, amounting to 35 km3,
per trade data of 2014. It is evident that there is significant potential to reduce water consumption
and footprints, and increase the water usage efficiencies, in all sectors. Based on the investigations
conducted, it is recommended that the water footprints at each state level be considered at the strategic
level. Further detailed analyses are required to reduce the export of a substantial quantity of virtual
water considering local demands, export requirements, and production capabilities of regions.

Keywords: water accounting; resource efficiencies; virtual water trade; Australian trade sustainability;
sustainable resource management; governance-engineering nexus

1. Introduction

Inefficient and excessive use of water could deplete aquifers, degrade flora and fauna habitats,
and cause water supply shortages. Water is the fundamental resource required for sustaining life;
however, with the current trends in population growth, climatic disturbances of water distribution,
and the mismanagement of water usage, water scarcity is becoming a more prevalent issue not only
globally but also within Australia. For example, the total withdrawal of global water resources was
4 trillion m3 in 2014; however, it was only 1 trillion m3 in 1934 [1]. A report by the World Water
Assessment Programme [2] predicts “By 2025, 1.8 billion people are expected to be living in countries
or regions with absolute water scarcity, and two-thirds of the world population could be under
water stress conditions”. Several examples of water scarcity have occurred over the years, which
have highlighted the importance of water sustainability [3]. As water resources become increasingly
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scarce, the appropriate usage of water needs to be emphasized, particularly in the agricultural sector.
This trend is worrying considering the additional factor of global warming, which is further contributing
to water scarcity through the increased evaporation of freshwater resources. This phenomenon is
generally characterized by less rainfall and drier conditions. This is felt locally in southern Australian
cropping zones, which are affected by a severe deficit of water, putting pressure on water supply
networks [4,5]. The FAO predicted that the amount of global water withdrawal for agriculture will
increase by 11 percent from 2006 to 2050. At present, extraction from aquifers has reached 100% of
total groundwater replenishment rates in many parts of the world and agriculture systems are already
at risk due to water scarcity [6,7]. As a result, these excessive abstractions of groundwater have led to
severe problems with groundwater reserves.

Despite being the driest populated continent on the planet, Australia has the highest rate of
internal domestic water use per person [8]. The Australian government initialized a number of project
streams including urban water efficiency projects addressing issues such as reduced leakage, sewerage
treatment practices, and stormwater capture and recycling [9]. Industrial water efficiency projects such
as plant upgrades, processing or product redesign, and implementation and water recycling have also
been initiated. Off-farm projects have included dams and water storage, stock and domestic pipelines,
and upgraded channel systems [10]. Metering projects comprise flow regulation infrastructure,
installing meters and upgrading meters to comply with the Australian Standard. On-farm projects
have included drip irrigation systems, replacing open channels with pipes and water-efficient root
stock. Various other steps have been taken, such as “New Water” from saline aquifers, water loss
management programs, water efficiency audits of steam systems, irrigation network renewal, aquifer
recharge with storm water programs, etc. These are effective approaches to address the water crisis by
enhancing water availability. However, the smart use of this precious resource is still being ignored at
a larger scale. The overall picture of water efficiency still lacks better planning of water resources.

It has been proven that monitoring and controlling the water footprint can reduce water
consumption by identifying water-related risks within the supply chain [11]. Water footprint
assessments can be used to ensure sustainable water usage and maintain global water security.
The concept of the water footprint introduced the idea of measuring water consumption throughout the
lifecycle of a product or service, including direct and auxiliary water consumption values throughout
the product’s lifecycle. This consumption is categorized into three broad classifications: blue, green,
or grey water. Blue water is classified as surface or groundwater consumed or lost in the production of
an item. Losses from blue water are counted when water can no longer be used in the defined analysis
area, e.g., evaporation or pumped away. Green water is water stored in the root-zone of plants and is
consumed by plants or evaporated away. Grey water is relevant to the concentration of pollutants
released in the production of a good or service. It is the amount of water required to maintain the
water quality standard in the pollutant release zone. The sum of these three values provides a metric
of the true impact of a product or service on the water network.

In addition to products and services, water footprints of nations can help identify the priority
areas for the water security of a country. Hoekstra and Chapagain [12] investigated the water footprints
of Morocco and the Netherlands for agricultural production from domestic sources. Yu et al. [13]
concluded that water consumption for domestic, industrial, and agriculture sectors must be taken
into account in planning water provision and promoting sustainable water consumption in a similar
study for England at regional and national level. Feng et al. [14] considered the spatial aspect of the
internal and external water footprints for the UK. In recent years, a significant amount of detailed
water efficiency, footprints, virtual trade, and accounting research has been carried out for China in the
fields of food security, power generation, urban households, and agriculture sectors [15–19].

Unfortunately, Australian water footprints are concerning as the added value of water for industrial
usage is lowest in the world, and water footprints for domestic and industrial usages are the fourth
highest at the global level [20,21]. Nevertheless, the country exports a large amount of virtual water
annually through its trade. Considering the inefficient water usage in almost all sectors in Australia
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and the capabilities of water footprint assessments to address water security issues, the following
research question triggered the current research:

What are the major water consumption sectors and how can the water footprint help in
reducing the water accounting-related vulnerabilities in Australia by identifying the most
detrimental sector?

The aim of this research is to analyze the substantial water consumption, efficiencies, and footprints
in Australia to examine water conservation in different sectors, including trade. The undertaken
research identifies possibilities to reduce the water footprints of different uses. A framework is
developed to analyze the water security issues of a country/region. The work itself demonstrates an
application of combining water footprint and virtual water trade techniques with traditional water
accounting methods. The outcomes of this research not only provide guidance to improve water
consumption in Australia but are equally beneficial for other countries/regions to review their water
consumption practices considering the availability and economic value of water.

The aim of this research is to analyze the substantial water consumption, efficiencies, and footprints
in Australia to examine water conservation in different sectors, including trade. The undertaken
research identifies possibilities to reduce the water footprints of different uses. A framework is
developed to analyze the water security issues of a country/region. The work itself demonstrates an
application of combining water footprint and virtual water trade techniques with traditional water
accounting methods. The outcomes of this research not only provide guidance to improve water
consumption in Australia but are equally beneficial for other countries/regions to review their water
consumption practices considering the availability and economic value of water.

1.1. Freshwater Availability in Australia

Australia receives an average of 417 mm of rainfall per year, which generates 3700 km3 of
runoff [22]. Rainfall supports Australia’s dryland (non-irrigated) agriculture and a number or domestic
water supplies (via rainwater tanks); however, rainfall is not considered a water resource for statutory
water management. Only rainfall-runoff into creeks, rivers, and lakes (which accounts for 9% of total
water received from rainfall) or recharged groundwater aquifers (2% of total water received from
rainfall) is considered a managed resource. About 89% of water received from rainfall is lost through
evapotranspiration [23].

Australia’s population data (2014) shows that the population has doubled in the last 50 years.
As the population has grown, water resources have decreased due to climate change. Renewable
internal freshwater resources reduced from 45,802 m3 in 1962 to 20,971 m3 per capita as of 2014 [24,25].
Australia has experienced severe droughts in the past, such as the Federation drought (1895–1902),
World War II drought (1937–1945), and the Millennium draught (2001–2009) [26]. These droughts
mostly impacted Australia’s agricultural sector. Large water storages, designed to hold reserves to
manage dry years, were also drawn down during these droughts [27].

1.2. Major Water Consumption Sectors

Australia has the fourth largest domestic water footprint globally [20]. It uses more water
domestically than could be considered “essential” and may not be utilizing its water resources
efficiently in the industrial sector [20,28]. Figure 1 shows that the largest consumer of freshwater
resources is the agriculture sector (59%), followed by industry (29%) and then domestic (12%) sectors.
Previous research prioritizes the agriculture sector being the largest consumer of Australian water,
because an efficient management of water resources in the agriculture sector will have a significant
impact on overall water efficiency [29].
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footprints of Australia at the national level and found that the internal water footprint for domestic 
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whereas for agricultural products it is 736 m /Cap/y internal and 41 m /Cap/y external. Therefore, 
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Figure 1. Water consumption share in major sectors 2015–2016 (Data source: Australian Bureau of
Statistics, 2017).

2. Water Footprint Accounting

After the analysis of freshwater availability, a detailed analysis of water footprints of major water
consuming sectors was carried out. The proposed methodology is explained in Figure 2. A standard
water consumption accounting for the domestic and industrial sectors was conducted; however, a
detailed and thorough analysis for major crops was performed at the regional level due to high water
consumption in the agriculture sector. Australia has one of the highest negative balances of green
water, mainly due to its exports [30]. Hoekstra et al. [8] determined the water footprints of Australia at
the national level and found that the internal water footprint for domestic water is 341 m3/Cap/y,
and for industrial is 64 m3/Cap/y internal and 211 m3/Cap/y external, whereas for agricultural
products it is 736 m3/Cap/y internal and 41 m3/Cap/y external. Therefore, recalculating the internal
and external water footprints is beyond the scope of this research.
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2.1. Domestic Water Consumption Accounting

Population and water consumption data was collected from the National Water Account and the
Australian Bureau of Statistics (ABS) [31] to perform the domestic water consumption accounting.
Calculation of water use per capita highlighted the states with higher water consumption. The data
for end water usage was collected for the states of Northern Territory (NT), Victoria (VIC), Western
Australia (WA), Queensland (QLD), and New South Wales (NSW). The states of NT, VIC, and QLD
however, only had data available on a city basis; this data was for the largest cities in the state therefore
was an accurate representation of water usage trends within the states. Domestic water usage (12%)
is a relatively minor portion compared to the agricultural and industrial sectors. However, due to
its nature of use and based on direct stakeholders, urban water footprints have the highest priority.
Excluding NT and WA, the remaining six states have a mean usage of 74,186 L per capita per year
(LCY) (refer Figure 3) which is higher than the global average footprints of 57,000 LCY. WA and NT
demonstrate much higher water consumption of 127,929 LCY (72% higher than the middle band
average of other states excluding these two) and 158,407 LCY (114% greater than the middle band
average of other states excluding these two), respectively. NT and WA have potential to reduce water
consumption. Further investigation revealed that the lifestyle of these two states is characterized by
larger houses with green areas that need a substantial amount of water for gardening [32]. End water
usage data shows that Darwin and West Australia use 70% and 50%, respectively, of domestic water
for outdoor use, whereas Brisbane and Melbourne use 5% and 18%, respectively [33].
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2.2. Industrial Water Consumption Accounting

The industrial water consumption accounting was calculated using a combination of the
National Water Account and GVA (Gross Value Added) data taken from the Australian Bureau
of Statistics [21,28,34,39]. Green and grey water footprints for industrial sector were assumed to
be the same [40] and, for the scope of this research, detailed insight of these two was not required.
Therefore, blue water consumption was the only value used for the state-wise comparison. Additionally,
the population data found for the domestic sector was used in addition to energy production statistics
from the Department of Environment and Energy [41]. Data was collected for mining, manufacturing,
and utilities industries.

The literature provides details of each industry type (mining, manufacturing, and utilities),
however, due to differences in currencies and circumstances, a comparison with global average was
not considered to be a useful indicator. Therefore, an interstate comparison was carried out for
better understanding of practices within Australia. NSW is the largest consumer in industrial water
consumption followed by QLD and then VIC (refer Figure 4). These values represent the extent
of industrial activities in each state. When the value added per unit of water used in each state is
compared, the results are altogether different. Standardized results are obtained for all of the states
except ACT, which had the largest footprints in the industrial sector. Having a relatively small area and
being a predominantly government service area, it does not contribute significantly to the economy.
From the available data, Tasmania appears to be ahead of the competition but this may be simply due
to the type of mineral being extracted. For the industrial sector, it is hard to pinpoint where water
efficiency could be increased as limited data is available due to private rights of industries regarding
water usage.
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Figure 4. Industrial water consumption (ML) per industry and per Gross Value Added (GVA) excluding
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(Data source: Australian Bureau of Statistics, 2017).

2.3. Agricultural Footprints

Because many crops are grown in particular areas only, there was not extensive data within the
National Water Account database for comparison purposes. In this study, the data was collected
from the Water Use on Australian Farms and Agricultural Commodities Australia data by the
ABS [31,32,34,42–44]. Where there was insufficient data to compare the states, the two largest Natural
Resource Management (NRM) regions within the states were chosen for comparison. Based on the large
water footprints involved and the scale of production, four agricultural commodities were selected
and their water footprints are compared across the NRM regions:

• Cotton
• Rice
• Sugar cane
• Grapevines
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The agricultural footprint includes two distinct components: direct virtual water and water for
energy (indirect) [45]. For the sake of simplicity in this study, only direct virtual water component was
calculated. It is also worth noting that the green water footprint is only pertinent to the agricultural
sector; typically, for the growing of a crop or tree the total water footprint is equivalent to:

WFproc = WFproc.green + WFproc,blue + WFproc,grey (1)

As mentioned previously, information regarding the blue water (WFproc, Blue) footprint in a
process was gathered from the ABS, and the grey water (WFproc, grey) footprint in a process was
considered redundant for the sake of comparison across the states. Thus, only the green water footprint
(WFproc, green) in a process was required to be calculated. For this purpose, a combination of rainfall
data by state from the Bureau of Meteorology (BOM) and the Blaney–Criddle equation for a simple
calculation of evapotranspiration yielded the green value:

ETo = p× (0.457Tmean + 8.128) (2)

where ETo is the reference evapotranspiration (mm day−1) (monthly), Tmean is the mean daily
temperature (◦C) given as Tmean = (Tmax + Tmin)/2, and p is the mean daily percentage of annual
daytime hours. This approximate method is stated as Equation (3):

WFproc,green =
(Mean Areal Rainfall (State) − Evapotranspiration) ×Crop Area× Growing Period

Crop Yield
(3)

2.4. Detailed Investigation of Agricultural Practices

The main part of the water usage in the agricultural industry is used for irrigation purposes,
representing more than 85% of the total water consumption in the agricultural sector. The remaining
15% is used for other agricultural purposes such as drinking water and cleaning. According to the
Australian Bureau of Statistics, NSW was ranked as the state with the largest agricultural water
consumption, being just higher than QLD and VIC for the period 2014–2016 (refer to Figure 5).
The percentage of land use for agriculture is 58% in Australia. The agricultural activities are driven
by the climate, economy, water availability, and soil conditions. The low consumption rate of NT is
mainly because 99.5% of the agricultural area is grazing native vegetation [46]. The state experiences a
high fluctuation in rainfall, because of which the limited crop production activities use groundwater
(82%) [47]. As such, although it may appear that TAS and VIC use more water, they may achieve better
yields from the area farmed. This highlights the need to compare each crop individually in addition to
comparing the yield for the relevant crop.
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As mentioned earlier, cotton, rice, sugar cane, and grapevines were selected and their water
footprints were compared across the states. It must be noted that the comparison of these commodities
is based on water consumption per mass and the value added of water per mass of the commodity.

2.4.1. Comparison of Cotton

Murrumbidgee regions (NSW) and Fitzroy regions (QLD) both consume the most water per tonne
of cotton produced, 5.28 ML/tonne and 5.10 ML/tonne and economic value 456 $/ML and 486 $/ML,
respectively. These are also above the global water footprint average for the green/blue water footprint
of cotton at 3.6 ML/tonne [48–50]. The other two regions, Border Rivers-Gwydir (NSW) and Border
Rivers Maranoa-Balonne (QLD) are also above this average having 4.27 ML/tonne and 3.90 ML/tonne,
respectively, and economic value of 564 $/ML and 636 $/ML, respectively. Border Rivers-Gwydir and
Border Rivers Maranoa-Balonne are in close proximity geographically, whereas Murrumbidgee and
Fitzroy are further south and north, respectively (refer to Figure 6). It must be noted that the water
efficiency of cotton crops was much lower initially, and improved by approximately 40% from 2003 to
2013 nationwide [51].

2.4.2. Rice Comparison

In the case of rice production, NSW, VIC, and QLD all have a similar water footprint (1.32 ML/tonne
(economic value 324 $/ML), 2.3 ML/tonne (economic value 181 $/ML), and 1.82 ML/tonne (economic
value 275 $/ML), respectively. With the exception of NSW, the other states are above the global average
water footprint of 1.5 ML/tonne as per the Crop Water Footprint Benchmark [48]. NT is a significant
over user of water resources, with a water footprint of 3.54 ML/tonne, which is double the next most
significant state’s water footprint value. The water footprint of the Northern Territory region (NT)
(with economic value 127 $/ML) is 126% greater than the average of the other regions. It should also be
noted that the other underperformer lies in the Wet Tropics region (QLD); the water footprint of this
region lies above the global average and is a 38% above the average of the selected regions excluding
the NT.

2.4.3. Sugar Cane Comparison

The calculated water footprints for the Border Rivers-Gwydir (NSW) (0.08 ML/tonne, 327 $/ML),
Burdekin (QLD) (0.11 ML/tonne, 248 $/ML), and the Wet Tropics (QLD) (0.08 ML/tonne, 448 $/ML) lie
under the global average of 0.197 ML/tonne. The Northern Rivers (NSW) has a significantly small
footprint at 0.03 ML/tonne, however, this result appears unlikely and is due to an error in the data (as
cautioned by the ABS). On the other hand, the Rangelands (WA) uses 0.17 ML/tonne with an economic
value of 68 $/ML, and lies below the global average.

2.4.4. Grape Comparison

A solid average across all the states is observed except the significant outlier of NT (5.1 ML/tonne)
which, compared to the remaining states’ average (0.42 ML/tonne) is 1214% higher. This average
is significantly below the global water footprint at 0.61 ML/tonne. QLD is the next highest value,
indicating that there is a correlation between the water footprint and mean temperature for grape
production. The substantial water footprint difference is due to the nature of grape production in
each of the states; wine production generally has a greater economic value of the water used. NT for
example uses 0%, 693 $/ML, TAS uses 100%, 6680 $/ML, and VIC uses 72% 3140 $/ML of their grapes
for wine production.

The water consumption figures used for calculation purposes are conservative because water
theft is not accounted for in the calculations [52–54].
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2.5. Irrigation Practices

Because the water footprints of majority of crops were found to be above the global average, it was
felt necessary to investigate the irrigation practices in Australia to examine the role of irrigation in
higher water footprints. Large-scale irrigation started in Australia in the 1800s. The irrigated area grew
steadily during 1920–1960, then increased rapidly number until 1990. The irrigated area decreased
from 1996 until 2012 due to drought conditions. The most common method of irrigation is surface
irrigation followed by sprinkle irrigation using large mobile machines. The use of drip irrigation
has increased in recent years, and overall drip irrigation is the least preferred method. The use of
sprinkler irrigation remained similar from 2003 to 2009 [55]. It was found that Australia continues to
predominantly use traditional inefficient methods of irrigation.

3. Analysis of Virtual Water Trade

The third area of investigation was the analysis of virtual water trade, because imports and exports
can influence the overall water security of a region [48]. The literature was consulted to develop an
effective approach to identify the main crops/trade goods contributing to the export of virtual water.
Water Embodied in Bilateral Trade (WEBT) and Multi-Regional Input–Output Analysis (MRIO) were
used to calculate the embodied water because these methods are traditionally used for energy and
carbon footprints as two input–output top-down approaches [56–59]. The bottom-up approaches
do not consider the entire industrial supply chain, therefore the results are highly impacted by the
recorded data set and the total water footprint can vary by as much as 48% [60,61]. The main exports
involving major water content are agricultural products. A basic assessment of virtual water content
was performed to estimate the virtual water export. The trade data of the top ten imports and exports
were collected from the FAOSTAT website for the year 2014 (latest available data). The mainstream
agricultural products were identified, and the calculation of water trade was performed accordingly
(refer Equation (4)). The proportions of green, blue, and grey water in each export commodity
were calculated.

Volume × Virtual water content = Volume of Virtual Water (4)

Australia’s total export of green virtual water was 26.5 km3, of blue virtual water was 6.4 km3,
and of grey virtual water was 3.6 km3, thus totaling 36.5 km3. By comparison, the import of green
virtual water was 1.6 km3, of blue virtual water was 0.184 km3, and of grey virtual water was 0.078 km3,
for a total water footprint of 1.8 km3. Thus, in 2014 Australia indirectly exported 35 km3 of water,
which represents a significant indirect loss of freshwater. The total export value data was obtained from
the FAO website [62]. For the calculation of usable water value, green water was not counted because
green water must be consumed at the location at which the precipitation occurs (refer Equation (5)).
Therefore, the usable water value comprised only blue and grey waters [11,59]:

Usable Water Value =
Total Export Value

(Total Blue Water Export + Total Grey Water Export)
(5)

According to the Australian Department of Foreign Affairs and Trade, Australia’s exports of
services and goods totaled $330.3 billion. Iron ore is Australia’s largest export commodity [63–66].
Because of Australia’s natural resources, coal and natural gas are also significant export resources.
About 65% of all agricultural products produced in Australia are exported for a relatively lower
economic benefit. Some of the exported products are the most water-intensive crops produced, such as
cotton (98% exported on a three-year average). Despite covering 58% of Australian land and accounting
for 59% of water consumption, none of the agricultural products are among Australia’s top five
exports. Furthermore, agricultural products contribute only 2.7% of GDP and account for 2.5% of
employment [67,68]. Australia has GDP of $1.561 trillion and per capita GDP of $68,973, and was
ranked fifth in the world in 2014 in the latter measure according to data released by the Australia
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Bureau of Statistics and Department of Foreign Affairs, Trade, and Industry [65,69,70]. Analysis
indicated sheep meat is the most efficient water value agricultural product (14.90 $/ML) as it requires
minimal or no blue water usage. The second highest value added agricultural product was found to be
wine grapes (5.72 $/ML). The lowest usable water values were obtained for cotton lint (0.48 $/ML), rice
(0.53 $/ML), and raw sugar centrifugal (0.69 $/ML), due to the obvious reason of the high consumption
of blue water and low export value. The analysis clearly indicates a need to consider the usable
water value at the strategic level. Alternative crops, high efficiency crops, crops suiting specific
climatic zones, and reduction of the cultivation of low usable water value crops can be considered after
detailed analysis.

4. Conclusions and Recommendations

Australian water footprints for each sector (domestic, agricultural, and industrial) are much higher
than the average global footprints. Domestic water consumption is higher for bathroom, laundry,
and outdoor usage. The outlier is outdoor gardening usage, which is exceptionally higher than the
global average. Usage of the states of NT and WA is exceptionally high, at 1000% and 570% of the
global average, respectively. To reduce domestic water consumption, it is recommended that these
states should reduce gardening water consumption by introducing legislation (water restrictions) to
limit its use, educating the populace about water tolerant garden varieties, using recycled water for
outdoor usage, and incentivizing the installation of rainwater tanks (which could be used for gardening
to reduce the pressure on the freshwater supply). If these states reduced their water usage to the
average level of the remaining states, a total of 161,279 ML could be saved annually. Furthermore, it is
recommended that more precise data for each domestic component should be compiled to identify the
usage subtype where the significant wastage is occurring. Ultimately water mismanagement in the
domestic sector not only risks urban water security but retroactively results in financial losses.

The importance of industrial use, which consumes 29% of freshwater resources, cannot be ignored.
To identify the scope for improvements in the water efficiency of industries, specific targeting of an
industrial process should be investigated. However, this is not possible under the present conditions of
private agreements between the government and industries (particularly mining). Therefore, for future
studies of the water footprints of mining it would be beneficial if details of water usage, in addition to
data on the mass of mineral being extracted per state, is made available. This would allow investigation
of which mining practices are operating more efficiently. However, it can be concluded that, among
the industry sector, utilities (energy, water supply, and gas, etc.) are the main water consumers,
followed by manufacturing. Considering the volatile conditions of freshwater availability in Australia,
the government may motivate the industry to carry out water footprint studies for various industries
and support those that use water more efficiently by offering effective incentives.

For the agricultural sector, the water footprint and water economic efficiencies can help identify
suitable regions for different crops. Australia can undoubtedly increase its agricultural production
and water efficiencies if modern irrigation methods are used. However, the selection of the most
suitable crops in different regions plays a key role in determining the extent of the water footprint.
To account for the economic perspective, economic efficiency was calculated in addition to the water
footprints of the agriculture sector. Australia’s current approach of crop selection for different regions
can be improved if water footprints are considered at the planning stage. Crop cultivation planning
must be performed at a central level by considering the availability of green water in different NRM
regions, production capabilities of different regions for different crops, local demands, export priorities,
climatic impacts, and future perspectives. Because the green water component cannot be allocated to
another region without being embedded in a product, agricultural products should absorb all available
green water in the region with minimum or no blue water supplement. However, this is not always
possible, and it is essential to ensure that only appropriate crop types are planted in different regions to
maximize green water utilization. The consumption by agricultural products of less than the available
green water will cause resource wastage (if the excess water is not converted into blue water); however,
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if the product requires more than the available green water then blue water needs to be consumed,
which is more valuable due to its capability to be reallocated to other regions. Supplementation of blue
water should be to an option to maximize the possible value added of agricultural products. This can
be achieved by water pricing and raising the water footprint awareness among the stakeholders,
particularly farmers and national planning authorities.

With the exception of grapes, crops are not cultivated in all regions due to various reasons in
addition to their suitability to the climate and geography of the area. It can be concluded that the
climate is an important factor, however, the type of grape plays an important role in determining the
water footprints. Wine production grapes yield a higher economic value of water. Wine producing
grapes can be experimented with in NT because this is the only region which does not produce grapes
for wine production and has a water footprint that is 12 times higher than the average of the rest
of Australia. It is also important to note that the lowest economic value of water (which is in NT,
at 693 $/ML) is even higher than the maximum value of water in any other crop and any other region.
A further exploration of crop practices will not only identify more efficient water usage possibilities
but will provide an opportunity to shift towards more efficient crops in terms of water footprints.

Water usage above the median water consumption rate can be used as an indicator to identify
inefficient agricultural practices. Threshold or acceptable water footprint limits for different types
of crops must be established by the government to ensure the efficient use of this valuable resource.
To achieve further increases in the efficiency of the economic value of water, the concept of an open
water market regulated under a focused government strategy can be trialed.

Managing the virtual water trade ensures that trade patterns does not endanger the water balance
of the country. The current virtual trade of water is concerning due to the export of higher volumes of
water used to generate lower economic values, which is neither economically feasible nor sustainable
in the longer term. Although the water security of Australia is extremely volatile and vulnerable to
seasonal and annual fluctuations of freshwater availability, the imbalance of virtual water trade requires
immediate attention. In the case of another severe drought, such as the previous Millennium drought,
the country will not only suffer a water shortage but also face a sharp decline in revenue generation
resulting from the negative economic impacts of the hazard. Further detailed analyses are required
to reduce the export of a substantial quantity of virtual water considering local demands, export
requirements, and production capabilities of Australian resources. A focused vulnerability analysis
of the Australian economy, its goods and services trade, and virtual water trade is recommended to
comprehend and envisage the impacts of any future drought in Australia.

The current study explored water consumption and efficiencies in three major sectors of water
consumption. Further detailed analysis of the major industrial production sectors is already underway.
The first-tier industries include the construction, power generation (particularly the renewable sector),
and the food processing industries to supplement the missing portion of the agricultural sector. Further
investigation of the virtual water trade is being conducted to calculate the internal and external water
footprint at a more precise level. This research ultimately aim to develop a comprehensive framework
of water usage efficiencies for a country, and Australia in particular.
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