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Australia is a continent with a highly variable climate where 
water is often a limiting factor for the environment as 
well as the livelihood of local communities. The Australian 
environment has naturally evolved to deal with the 
“boom and bust” of water availability, however, increased 
use of water to support a growing population, a range 
of industries and more mechanised irrigation farming 
systems is placing untenable strain on rivers, aquifers 
and other waterbodies. To improve the management of 
waterways, Australian governments have established a 
series of plans controlling access to water. In NSW, the 
State Government has created the Natural Resources Access 
Regulator (NRAR) which is responsible for enforcement of 
water regulations on issued access licences and associated 
approvals for a range of government and non-government 
entities. NRAR is also responsible for approving controlled 
activities undertaken beside or in NSW waterways.

Decisions relating to water access rights and enforcement 
can potentially affect the yearly productivity of irrigators, 
the wellbeing of local communities, and the health of 
local ecosystems. As decisions made now can also have 
potential long-term implications on future activities and 
licence requirements, there will be a continuing, and 
potentially increasing need for an improved ability to 
consider likely future conditions when monitoring water 
access rights and any related regulatory enforcement. 
Conversely, a lack of appropriate regulatory decision 
making and/or enforcement can create a perception of 
“winners and losers” or a lack of procedural fairness. 
This has the risk of creating unnecessary stress and 
division within and between local communities. As 
such, it is important that decisions made now and in the 
future are as transparent and balanced as possible. 

The size and geographical location of Australia has resulted 
in a wide variety of environments which have been divided 
into a number of Natural Resource Management (NRM) 
clusters (Figure 1). The variations between these clusters 
can have a differing impact on local urban communities 
and agricultural production. A significant influence 
and difference in each NRM cluster is the availability 
and ability to use water. Due to the potential long-
term impacts of decisions made now relating to water 
availability and use, it is important that future needs, 
impacts and drivers are also considered to future proof 
decisions as much as possible. This is vital due to the 
widely recognised potential impacts of climate change, 
advancements in technology and the analysis of data to aid 
decision-making processes, and the existing and possible 
future expectations of communities and industries.

To assist NRAR in understanding any potential 
future ambiguities, this report provides an analysis 
of six agreed key Uncertainties that were examined 
for the current situation in each uncertainty as 
well as information on potential, plausible future 
considerations for issues within each Uncertainty.

Introduction

The six Uncertainties selected are:

• Climate Change

• Social Expectations

• Agricultural practices 
and irrigation needs

• Water technologies

• Environmental requirements

• Data management and analysis
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Figure 1. Australian Natural Resource Management clusters.

(sourced from CSIRO and Bureau of Meteorology 2015)
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Uncertainty #1: 
Climate Change

Australia is a continent that has a naturally variable 
climate (Figures 2 & 3) and future climate modelling has 
predicted that this variability will be exacerbated by 
climate change. The amount of impact that will occur will 
depend strongly on global efforts to reduce emissions 
and reach the best emissions target possible. As of 2019, 
the potential success of reducing emissions could vary 
widely from very little reduction to very strong actions.

NRAR will need to continually monitor changes in the 
climate across the different NRM clusters within NSW 
as well as considering the influence these impacts 
could have on its compliance monitoring and any 
required enforcement remediation activities. 

Figure 3. Rainfall anomalies across NRM regions covering NSW. (black line is 5 year running average)

Source: Bureau of Meteorology website

Figure 2. Trend in mean temperatures across NSW 1940-2018.

Source: Bureau of Meteorology website

2 Summary Report: Horizon Scan to Inform NRAR Strategic Management and Planning



Natural climate variability will dominate until 2030

NSW will continue to be influenced by the existing 
natural climate variability along Australia’s east coast 
up till at least 2030 with continuing cycles of dry and 
wet periods that could last for periods of a few years 
through to decades. Thus, NRAR’s regulatory activities 
are likely to remain linked to the Bureau of Meteorology’s 
short-term climate predictions till at least 2030.

Climate Change impacts will 
vary across NRM clusters

After 2030, impacts from climate change will become more 
dominant, particularly in those NRM clusters away from the 
coast. These non-coastal clusters are predicted to become 
progressively drier, particularly in the winter periods 
in the Murray-Darling Basin. The magnitude of rainfall 
decreases in many other areas, however, remains less clear.

Climate Change could make coastal 
regions either wetter or drier

Current climate change modelling has indicated that 
climate change post-2030 could cause either a wetter or 
drier climate. The uncertainty regarding water availability 
in coastal regions could have implications for farming 
and urban uses by either enabling greater productivity 
through increased water availability, or becoming more 
restricted due to long-term reductions in rainfall.

Temperatures are already increasing 

The Australian climate is already becoming increasingly 
warmer, in line with global warming trends. 
This increased warming will continue as climate change 
impacts become more prominent (Table 1). Predicted 
temperature increases in the range of 1.3°C to 5.6°C 
have been predicted by 2090 depending on the NRM 
cluster within NSW and the RCP level reached.

Increasing temperatures will have 
an impact on water uses 

Increasing temperatures will create higher rates 
of evaporation, decreased soil moisture, and 
cause increasing heat stress on urban and rural 
communities, crop and animals. This increasing heat 
stress has implications for water demand and use.

The extent of climate change impacts 
is dependent on global efforts to 
reduce greenhouse gas emissions

As there is a high level of uncertainty on the potential 
global success to reduce carbon emissions to sustainable 
rates. NRAR should therefore use the worst case 
scenario (RCP 8.5) as the base case for all planning 
from 2030 and beyond until it becomes clearer on 
the success of global carbon reduction efforts.

Table 1. Climate model predictions for temperature changes in 
the NRM sub-clusters that cover the NSW state boundaries.

NRM CLUSTER UP TO 2030 2090 RCP4.5 2090 RCP8.5

Eastern Coast 
South

0.5 to 1.3 °C 1.3 to 2.5 °C 2.9 to 4.6 °C

Central Slopes 0.6 to 1.5 °C 1.4 to 2.7 °C 3.0 to 5.4 °C

MDB 0.6 to 1.3 °C 1.3 to 2.4 °C 2.7 to 4.5 °C

Rangelands 
North

0.6 to 1.5 °C 1.5 to 3.1 °C 3.1 to 5.6 °C

Rangelands 
South

0.6 to 1.4 °C 1.3 to 2.6 °C 2.8 to 5.1 °C

Key Findings
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Water availability and use in Australia is intimately 
interwoven in the fabric of Australian society. Australians, 
new and old, are cognisant of the variability of the 
climate and for the Australian Continent to be “A land 
of drought and flooding rains” (Dorthey Mackellar). 
Recent experiences and lessons from the 1996-2010 
Millennium drought showed that the opinions, 
attitudes and actions of the general community 
can have a major influence on water security. The 
opinions and attitudes of communities are a central 
consideration for NRAR with a core requirement to 
maintain public confidence in water management 
and regulatory activities. It can be expected that high 
public confidence can assist with good compliance 
behaviours (and the opposite if there is low confidence).

Uncertainty #2:  
Social Attitudes to Water

There are also indirect influences on NRAR via 
communities and organisations impacted by regulatory 
decisions made by NRAR, as well as through social, 
media or “political” pressures brought to bear in 
response to enforcement decisions. Enforcement 
decisions, in particular those causing any perceived (real 
or not) impacts on communities and industries, that 
are considered to have been made without adequate 
consultation or consideration of community needs 
could lead to public backlash. Actions such as continual 
community engagement, partnering with stakeholders 
combined with openness, transparency, and timeliness 
around all decisions and regulatory activities will be key 
to successfully managing the attitudes of the diverse 
communities influenced by NRARs regulatory activities.
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Communities will expect to be engaged 
in water decision making and that there 
will be transparency in regulations

Experiences during the Millennium Drought has shown 
that a failure to have early engagement with communities 
on water decision making, as well as failing to be open 
and transparent about government regulations, can 
lead to non-acceptance of water sustainability plans and 
options. Anecdotal evidence exists that communities that 
believe they have not been a part of any decision making 
processes can have increased levels of stress, anger and 
potentially deliberate non-compliance behaviour.

Urban residents are willingness to 
reduce water use through a range of 
demand management processes 

Water saving actions such as demand management can 
succeed as long as it is clear that there is a transparent 
level of fairness and equity. This desire for water 
sustainability remains post-drought, but continuing 
success can be dependent on effective and appropriate 
communication of water reduction information.

Rural communities have complex issues 
influencing social attitudes

There are many interlinked issues that cross the bounds 
of irrigation and farming requirements, the needs 
of small rural towns, and the basics requirements 
of the environment. The variability in attitudes and 
resilience in rural communities has been linked to 
existing financial stress, levels of education and time 
spent on the land. Those most at risk due to these 
stressors can also be considered to be a higher risk 
of non-compliance behaviours due to desperation, 
or through increased levels of resistance to changes 
to existing water management structures.

Farming communities have a high perception 
of the risk associated with water availability

The heavy reliance on water for livelihoods in rural regions 
highlights the potential impact shortages of water can have 
on local regional communities. This can cause impressions 
of “winners” and “losers” which has the potential to further 
increase stress and anger within impacted communities.

Farming communities expect consistent, 
clear water regulations

Farming communities have indicated that they expect 
licencing and regulations on water use to be consistent and 
transparent with clear accountability on water management 
and regulation. These expectations also include that 
incidences of non-compliance will be investigated in 
an open and transparent manner, and that any enacted 
enforcement measures undertaken are appropriate.

Key Findings
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Uncertainty #3: 
Agricultural Practices and 
Irrigation Needs

In Australia’s variable climate, providing sufficient 
water for all, including the environment, is frequently 
a concern for regulators and water users. This is 
particularly an issue for the supply of water for 
agricultural purposes. Agriculture will continue to 
be an important sector of the Australian economy 
(Figure 4) and agriculture not only provides food for 
the Australian market, but is also a significant export 
earner. Because of this, a requirement for a workable 
balance between the needs of agriculture and other 
water users will need to be maintained. NRAR has a 
principal role in this balance through the monitoring 
of compliance for all who access water for beneficial 
uses. This need for balance will remain challenging 
during periods of low water availability, but will 
also be equally important (and potentially equally 
challenging) during times of high flow due to the 
need to ensure that wetlands, swamps, aquifers and 
reservoirs are given the opportunity to recharge.

Figure 4. Comparison of (a) the amount of water (ML) used by selected agricultural sectors and (b) the value of for each commodity 
sector ($million) for 2017-2018 year.

(a) (b)
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Agriculture uses the majority of water 
accessed from the NSW environment 

In NSW, agriculture used more than 70% of the water 
extracted from the environment in 2017-18 (Figure 5).

Cotton, grains and rice are the largest 
users of irrigation water in NSW

Cotton, grains and rice used 75% of the water accessed 
for agricultural irrigation. However, the value from 
these three agricultural commodities was only 59% of 
the value of livestock and 40% of the value of all other 
agricultural commodities produced in 2017-2018.

Cotton and rice also consume the largest 
amount of water per hectare irrigated in NSW

The volume of water (ML) used per hectare was 
the highest for rice and cotton with water use 
by both commodities increasing to above 2009 
levels in 2012. Rice then declined after 2013 but 
irrigation volumes for cotton has remained high.

Changes in the climate will require further planning 
to ensure on-going compliance to water access

Increasing temperatures and decreasing water availability 
caused by climate change will further impact agricultural 
systems and place increasing demands on irrigation. 
Soil conditions are also declining with increased salinity, 
acidification and erosion. Continual planning will be 
needed for dealing with a drying climate that includes 
monitoring for increasing incidences of water theft, 
over-extraction and other non-compliance behaviours.

Managing water access will require more 
than just regulating compliance

Regulating compliance will not be sufficient to manage 
water extraction in regions impacted by climate change. 
It will become increasingly important to support adaptation 
measures that can assist farmers and rural communities. 
Improved irrigation water supply efficiencies, irrigation 
application methods and technologies that improve 
water use efficiencies are already being supported.

Advances in technology will assist both farmers 
and regulators to manage water use

Increasing availability and use of automation, robots, 
sensors and analysis of big data will assist both farmers 
and regulators to adapt to climate change by increasing 
the efficient use of water while improving agricultural 
outputs. Sensor technology combined with improvements 
in the analysis of collected data will be especially 
important for farmers in more remote regions to adapt 
to changing climatic conditions, and for regulators to 
monitor compliance in areas where currently regular 
communication and information sharing is difficult.

Key Findings

Figure 5. Proportion 
of water use in NSW 
by different sectors 
in 2017-2018.
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Uncertainty #4: 
Water Technologies

Human-based systems are becoming increasingly 
controlled by a range of technologies that are making 
work processes, transport, health, communications 
and lifestyles fundamentally different from what 
was experienced in previous generations. Many of 
these technologies are advancing at accelerating 
rates of development, driven, in part, by the 
ever-increasing computational capability.

There will be a number of new technologies and 
innovations that will be developed for the water 
industry that will have a beneficial impact on the 
community use of water and for regulators such as 
NRAR through improvements in the monitoring of 
water use efficiencies and compliance monitoring.
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Advances in technology will have broad 
impacts on the Australian Community 

A range of technology advances will improve the 
sustainability and wellbeing of communities. Some 
of these innovations will either directly or indirectly 
impact water use. These impacts and advances 
will benefit both urban and rural communities.

Technology advances are frequently market 
driven and thus uptake is difficult to predict

Technology availability and uptake in will depend on 
devices becoming commercially available. Both urban 
and rural water are large markets and as such, it can 
be expected that this will influence manufacturers 
to produce new technologies and innovations 
that will have a significant influence on reducing 
water use and/or improve water sustainability.

Urban water use will decrease through 
improvements in sustainable housing 
and improved water management

Improvements in urban water use can be expected 
to include the increased use of smart meters and a 
range of sensors within dwellings. Improvements 
in treating water will also have a major influence 
on urban water systems, increasing the potential 
for a circular water economy based on the capture, 
treatment and reuse of alternative waters such as 
wastewater and the harvesting of urban stormwater. 

Advances in automation, robotics, real-time 
sensors and information technology will 
improve water use in agricultural industries

Automation and sensors will assist irrigators and other 
agricultural industries by providing new mechanisms 
to precisely and timely apply water that maximises 
yields within set water allocation levels. The increased 
use of automation and sensors could either reduce 
water demand through improvements in efficient 
water use, or conversely increase water use by enabling 
larger areas to be cropped with reduced labour.

Real-time sensors and information 
technology will be of significant value and 
benefit for regulators such as NRAR

Real-time sensors and improved data analysis will 
enable information on water extraction and use to be 
viewed at distance in real time. This can assist NRAR 
to monitor and detect any non-compliance events 
quickly and enable enforcement remediation activities 
to be undertaken in a timely, transparent manner.

The current requirements for irrigators to 
install smart meters is already demonstrating 
the benefits of real-time data access

The requirement for all non-urban water users to be 
metered using a smart meter will facilitate improvements 
in water accountability. This requirement is also influencing 
the market in smart meters with a range of improvements 
in meter design already reaching the market.

Key Findings
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Uncertainty #5: 
Environmental Requirements

Australian communities are increasingly expecting that 
Australia’s natural environment will be safeguarded, 
and in some instances of evident human impact, that 
the environment will be remediated. There will always 
be a trade-off for Australia’s rivers and waterways as 
they also frequently provide essential input into many 
economic assets for local communities and industry. 
The balance required between the need to extract water 
for economic uses and maintaining water in water ways 
for essential environmental processes will become even 
more problematic in a future impacted by climate change. 
Studies have determined that, for example rivers within the 
Murray-Darling System are ecologically impacted (Table 2). 

Water levels dropping below that which can support 
essential ecological requirements can cause highly visible 
detrimental impacts. An awareness is also needed that 
a health river system with sufficient water that can also 
support valuable ecosystem services such as indigenous 
spiritual connections to country, land and waterways, 
increased tourism, and improved recreational benefits. 

Agencies such as NRAR who carry responsibility for 
ensuring compliance for regulations relating to access to 
water resources, in part to protect environmental systems, 
will need to develop continual community consultation 
and ground-truthing as part of this regulatory purposes.

Table 2. Summary of regional ecological status and trends in the Murray-Darling Basin based on long-term published data sets and 
comparison with the Sustainable Rivers Audit Ecosystem Health Rating. (Copied from CSIRO 2012)
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The ecological condition of the rivers 
in the Murray-Darling Basin have 
been declining for some time 

Declines have been observed in a number of habitats 
within the Murray-Darling Basin with impacts measured 
on a range of flora and fauna in the Basin, both in-
stream and those reliant on river water. Overfishing 
and removal of large volumes of floodplain timber 
resources has also compounded the ecological 
decline of the Murray-Darling riverine system.

Rivers, aquifers and waterways are being 
affected by a combination of impacts

The combination of a naturally variable climate, an 
increasingly strong influence from climate change, and the 
amount of water extracted for human-based activities has 
been causing damage to rivers and waterways. This has 
not only reduced water flows but increased salinity and 
acidity levels. Over extraction has also affected soil 
structure resulting in the movement of large amounts of 
sediment and nutrients in to waterways. Monitoring of 
compliance for water extractions will therefore remain 
vital to ensure there is a fair distribution of water between 
irrigators, rural communities and the environment.

Ecosystems can recover when 
provided sufficient water

Ecological studies have highlighted the importance 
of regular flooding for the lifecycle of many native 
flora and fauna. Where sufficient water has been 
reallocated back to ecological icon sites within the 
Murray-Darling Basin, significant improvements in 
the health of those sites have been recorded.

Many rivers and aquifers are interconnected

There are many rivers and groundwater systems that are 
often interconnected, both within the Murray-Darling 
Basin and elsewhere in NSW. A combination of 
continued human use and the influence of climate 
change will have a detrimental impact on these 
groundwater-surface water dependent ecosystems 
through reduced water flows into rivers and lakes, and 
rising sea levels increasing the salinity of groundwater.

Support for water sustainability 
is easier during a crisis

It is easier to gain support for increased provisions of 
water for the environment during drought and at times 
when there are low water levels in rivers. Recent studies 
have shown that it will be more difficult to do so 
when there is larger volumes of water flowing in rivers 
during wetter periods. A continual dialogue with local 
communities will remain important at times when 
water levels are not at extreme low levels to ensure 
support for providing equity between human-based 
needs and adequate provision for the environment.

There is economic value in protecting environments

Economic assessment of environmental values 
has shown that improving ecological systems 
can add millions of dollars in value to regional 
areas through increased ecosystems services. 
This information can assist in engendering good 
compliance behaviour within local communities.

Key Findings
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The increasing data management and analysis 
capability becoming available to Governments and 
businesses will have the potential to create major 
changes in the way data is stored, analysed and 
used. The ability to analyse big volumes of data 
from a range of potentially disparate sources (Big 
Data) holds hold significant potential to provide 
new avenues for monitoring and providing insights 
into interconnected subjects. Machine learning and 
artificial intelligence is already being used to work 
through large data sets and on ways communities 
communicate. Activities are underway to develop even 
better methods and tools that can enable governments 
and businesses to make much more use of data than 
at present. Combined with real-time sensors and 
other data collection processes, this will speed up 
the processing of information and provide improved 
ways to do business and manage regulations. 

Collecting and analysing data in new more efficient 
ways will be important for regulators such as NRAR 
as it will provide a capability to monitor compliance 
remotely, especially from more isolated regions. 
Improved analysis of data will also improve the 
detection of incidences of non-compliance behaviour 
and fraud. It will also enable enforcement remediation 
activities to occur in a more timely and transparent 
manner. If used correctly, the collection and 
analysis of data by NRAR can also help build closer 
partnerships with farmers, industry and other large 
water users, which in turn can help build greater trust 
and reduce the risk of non-compliance behaviour.

The benefits of managing and analysing Big Data 

Improvements in the way large data sets (Big Data) from 
a series of different, disparate sources are managed 
and analysed has the potential to provide better ways 
to employ important resources such as water, for 
the benefit of both water users and regulators.

Methods and tools for managing large data 
sets are already being developed

The Australian Bureau of Statistics and the Bureau of 
Meteorology are already developing methods and tools 
to analyse large data sets from a range of disparate 
sources and stakeholders for broad use (e.g., Figure 6). 
Both these agencies already partner with a range of 
stakeholders in the development of these new methods 
and tools. Further broadening of these partnerships will 
inevitably bring benefits across all levels of government.

The ability to combine data from many different 
sources will be a great use to regulators such as NRAR

Combining the application of sensor technology that provide 
real-time data, information from smart meters, and data from 
a range of other sources including satellite images, social 
and financial data from the ABS, and climate projections 
from BoM will enable NRAR to produce more accurate and 
transparent regulatory decisions in a timely manner.

Blockchain technology will help link 
water use to other transactions

The use of innovations in blockchain technology such as 
distributed ledgers will assist NRAR in ensuring water 
extraction compliance over a range of timeframes 
through the ability to be able to track all transactions 
involving water extraction, amounts of commodities 
produced and sold, and any water market interactions.

New ways to collect and analyse data will reduce 
opportunities for fraud and other illegal activities

The ability to analyse large data sets and to trace 
transactions in any associated distributed ledgers will 
reduce opportunities for fraudulent activities relating to 
water extraction and use, and activities in the water market 
by making it more difficult to hide illegal activities.

Uncertainty #6: 
Data Management and Analysis

Key Findings
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Figure 6. Web-based soil and moisture tool available on BOM website.
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