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1 Introduction
1.1 About this report
Australia is an internationally recognised leader in water policy development and water resource
management under water scarce conditions. Fundamental to this has been a commitment to
evidence-based decision making, achieved by investing in tools and methods that support the collection,
analysis and presentation of water related data.
The Australian Government is committed to sharing its experience, tools and methods to assist
governments and water authorities to build their capacity in water resource management and to
address the issues of changing climates and increasing water scarcity. This Guide, written by eWater,
Geoscience Australia and the Australian Bureau of Meteorology describes how tools have been a
fundamental part of Australia’s water reform journey, and aims to support others to adopt a similar
commitment to evidence-based decision-making.
This Guide is not a comprehensive catalogue of all water models and tools and their application,
nor does it explore all the steps between information and policy that shaped Australia’s water reforms.
Rather, the Guide focuses on three tools that are currently shaping Australia’s future direction for
managing its scarce water resources. These three tools are:
• eWater Source – Australia’s National Hydrological Modelling Platform, a planning and operational
hydrological modelling tool which integrates hydrology and the policy/legal dimensions;
• Digital Earth Australia (DEA) and Open Data Cube (ODC) technology for organising remotely sensed
information into analysis-ready forms to identify water availability and use; and
• The Bureau of Meteorology Water Forecasting Tools and the associated Australian Water Resource
Information System (AWRIS).
Collectively these are referred to as the Australian WaterTools.
These tools are the focus of this Guide because they represent the culmination of Australia’s investment
in water management tools and play a key role today in the management of our scarce water resources.
They reflect the lessons learnt over the last 30 years. A key feature of all three tools is they have a
national focus, they are not designed to meet local or niche needs, but to be adaptable and applicable
across Australia’s diverse range of natural and built environments, climates and water management
needs. They are all built on the best available science and developed with robust and repeatable
processes. Features that make them readily adaptable for use elsewhere in the world.

1.2 Tools for a new paradigm
Tools for collecting, managing and using water data and related information have always played an
important role in Australia’s approach to water management. As water management needs have
become more complex, so to have our tools, evolving to meet the needs of each of Australia’s major
water reforms.
Two initiatives were particularly important, the 2007 National Plan for Water Security1 and the 2008
National Hydrological Modelling Strategy.

1 h
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National_Plan_for_Water_Security
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The Water Act 20072 (Commonwealth) (updated in 2011) was a key component of the National
Water Plan for Water Security. Two aspects of the Water Act provided the impetus for significant tool
development.
The Act gave the Bureau of Meteorology additional functions for collecting, holding, managing,
interpreting and disseminating Australia’s water information. The Act also required the Bureau to
provide regular forecasts on the future availability of Australia’s water resources. To support the
Bureau to undertake these new tasks, the Australian Government, through the National Plan for
Water Security, committed substantial funding to improve and enhance Australia’s water information
and forecasting tools.
The Act also required the Murray-Darling Basin Authority (MDBA) to develop, in consultation with the
Murray-Darling Basin governments (NSW, Victoria, Queensland, South Australia and the Australian Capital
Territory), an integrated water model for the Murray-Darling Basin that would replace the different State
based models.
Further, to implement the other requirements of the Act, such as environmental needs and water
trading, there was consensus amongst the lead water management agencies that existing modelling
technology did not have the functionality required to meet these new challenges.
This led to the Council of Australian Governments (COAG)3 via the Water Sub-Group to request a review
of Australia’s hydrological modelling approaches and needs. The findings of the review were presented
to the COAG in November 2008 and led to the development of the National Hydrological Modelling
Strategy (NHMS)4.
A key element of the NHMS was to recommend a single hydrological modelling platform, capable of
meeting Australia’s current and future water management needs. The NHMS recommended the Source
Integrated Modelling System be the national platform. Source was the culmination of more than 25 years
of research, development and collaboration by governments, water authorities, private industry and
Australia’s leading hydrologic and ecological scientists.
The NHMS was reviewed and updated 10 years later in 2018. Governments recommitted to Source as
the National Hydrological Modelling Platform (NHMP).
At the same time, satellite-based technologies were significantly increasing the type and volume of data
available to governments and research organisations, providing valuable information but not always
easily accessible. In response, Geoscience Australia, in partnership with the Commonwealth Scientific
and Industrial Research Organisation (CSIRO) began a process of making Landsat satellite data more
assessable (the “Unlocking the Landsat Archive.” project). From this, the Australian Geoscience Data Cube
(AGDC) platform was developed as a tool to enhance access to the Landsat archive. This proved highly
successful, the subsequent version of the AGDC was released as the Open Data Cube (ODC). Digital Earth
Australia and associated governance structures were set up to ensure continuing long-term support of
the work.

2 h
 ttps://www.legislation.gov.au/Details/C2012C00229
3 COAG is Australia’s peak intergovernmental forum, consisting of the Prime Minister, the Premiers/Chief Ministers of each State and Territory
and the head of the Australian Local Government Association.
4 https://www.coag.gov.au/meeting-outcomes/coag-meeting-communiqu%C3%A9-29-november-2008
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1.3 Why these three tools?
This Guide will focus on three tools that have come to the fore over the last ten years and are leading
the way for the ongoing management of Australia’s scarce water resources:
• eWater Source – Australia’s National Hydrological Modelling Platform
• Digital Earth Australia (DEA), Australia’s Open Data Cube
• Australian Bureau of Meteorology’s Water Forecasting Tools
Although the tools were developed independently, they share some unique features that make them
a vital component of Australia’s water management toolkit and suitable for application in other parts
of the world.
All were developed in collaboration with leading research organisations and in accordance with robust
scientific processes. Source arose out of the work of three Cooperative Research Centres (CRC),5 the CRC
for Catchment Hydrology, the CRC for Freshwater Ecology and the eWater CRC. DEA was developed
through a collaboration between Geoscience Australia, the CSIRO and the National Computational
Infrastructure (NCI). The Bureau of Meteorology’s water and streamflow forecasting tools are based on
the work of the Water Information Research and Development Alliance (WIRADA), which was established
in 2008 between the Bureau of Meteorology, the CSIRO and various Australian universities.
Each of the tools was developed to be adaptable, to meet a wide range of needs and work across
Australia’s diverse range of climates, natural and built environments and government boundaries.
They all have strong governance arrangements in place and are supported by governments and industry
to ensure their ongoing development, maintenance and use.
They are all developed to modern IT standards that require consistent and repeatable processes.
In addition, although they were designed individually and work independently, the three tools also
complement each other. Recent work to integrate the tools is suggests a range of promising opportunities
to increase the amount and type of water data and information available to support improved water
management, both in Australia and internationally.

1.4 Outline
Chapters Two to Four describe each of the tools and how they are used to support water management.
Chapter Five showcases the potential opportunities arising from integrating the three tools, with a
case study on how the tools have worked together to produce hydrological drought indicators for the
Regional Drought Mechanism, a project of the United Nations Economic and Social Commission for
Asia and the Pacific.
In Chapter 6, we consider how WaterTools fits within broader decision-making processes by exploring
the links between WaterTools and WaterGuide (Aither, 2018).

5 CRCs are collaborative research programs that bring together universities, government agencies and the private sector. They promote high
quality research, aimed at solving industry identified problems and commercialising research outcomes. The CRC for Catchment Hydrology,
the CRC for Freshwater Ecology, and the eWater CRC all contributed to the development of Source.
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2 eWater Source – Australia’s National
Hydrological Modelling Platform
2.1 The National Hydrological Modelling Platform
The NHMS 2008, and re-endorsed in 2018 laid the pathway for developing a National Hydrological
Modelling Platform that is:
• based on modern tools and the best available research;
• relevant for all aspects of water quantity, quality and environmental management;
• suitable for all regions of Australia;
• adaptable and updateable in the light of new policy, drivers, or knowledge;
• flexible and able to link to new and existing models and other information systems; and
• supported through documented methods and guidelines and a community of practice.
As the national platform, Source is used by all Australian government water management agencies
and is increasingly being adopted by water corporations/authorities and the private sector (Figure 1).

Figure 1. Source application across Australia (Source: eWater, 2018)
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2.2 What is Source?
Source is an integrated hydrological modelling system designed to model water flow and water quality
at the catchment and river system scales. It is designed to provide transparent, robust and repeatable
approaches to underpin a wide range of water planning and management purposes (Argent et al., 2005,
Welsh et al., 2012).
Source has several major components:
• catchment runoff;
• river system networks;
• surface water (e.g. rivers and floodplains)/groundwater interactions;
• water quality;
• river regulation and storages;
• urban, irrigation and environmental demands; and
• river management rules.
Source is primarily a link-node model but with a wide range of simulation components, from lumped
conceptual to semi-distributed rainfall-runoff models. Source includes a wide range of river routing
approaches, groundwater/surface water methods, water quality and salt transport algorithms. Source is
typically applied on a daily time step for river basin sharing work in Australia but can be applied at shorter
or longer time steps, if the data allows and the problem requires different parameters.
The main elements of the Source software are shown in Figure 2, it can be used for all aspects
of Integrated Water Resources Management, including:
• water balance studies from catchment to river basin scale;
• water resource assessment;
• water accounting;
• analysis of supply/demand balances, including agricultural, hydropower, urban, industrial
and environmental demands;
• allocation policy development and planning, including trade-off analysis of different sharing options;
• system operations, such as multi-objective reservoir operations;
• low flow and drought management;
• water quality analysis based on catchment land-use scenarios;
• impacts of climate change;
• bulk water systems planning, operations and optimisation, such as analysis of multiple supply options
(reservoir/recycling/desalination); and
• groundwater-surface interactions.
A key strength of Source is its ability to incorporate water governance requirements, for example,
to assign water to users according to agreements and entitlement/allocation policies. This allows
the impacts of different policy and management options to be tested and compared. Source can
also track water according to different sharing or ownership arrangements, including across state
and country boundaries.
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Source maintains its flexibility by allowing for ‘plug-ins’. Plug-ins provide a way to add specific needs and
requirements to be added to Source while maintaining the overarching framework. They can be turned
on or off depending on needs. Plug-ins have been developed for a range of purposes,
for example, the Western Australia Department of Water developed a ‘farm dam plug-in’ that allows for
the influence of farm dams on catchment water quantity and quality to be considered. Plug-ins have also
been developed to allow Source to work with other models, such as the continuous rainfall-runoff model
GR4H.
Plug-ins are open and freely available through a repository and are often updated by the modelling
community as new applications arise. This also makes Source ideal as a research tool where a new
method can be brought into the platform for comparison and testing against other methods rather
than building an entirely new model. Plug-ins also allows for leading research to be brought into the
community of users more rapidly through the shared plugin repository.

Figure 2. Source is an integrated hydrological modelling platform (Source: eWater, 2019)
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2.3 Source in practice
Source is designed to be adaptable so that users can build a model based on available data and design
it fit-for-purpose. The following sections describe the main ways Source is used.

2.3.1 Source as a planning model
Planning models allow water managers to understand the available water resources in a catchment.
From this, a baseline can be constructed against which the implications of different water policy or
management actions (typically referred to as scenarios) can be considered. For example:
• reliability of supply under different development scenarios;
• how climate change might affect inflows to storages or water user demands;
• impacts of development, such as a hydropower station or new dam on downstream flows;
• how changes to allocation rules affect different water user groups;
• possible demand changes due to population growth or new or changed water use, for example
a change in crop type;
• how management actions might affect water quality;
• access the potential benefits or impacts from different environmental flows; and
• to account for water use.
Source planning models are being developed across Australia. One of the most significant is the
Source Murray Model (SMM)(Figure 3). The SMM covers the entire 2,500 km length of the Murray
River and incorporates the inter-state policies and agreements that govern its management. It allows
water managers to test different policy and management options against a range of different
planning scenarios.

Figure 3. Schematic view of the Source Murray Model (Source: eWater, 2018)
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The SMM will be used by the New South Wales, Victorian and South Australian Governments to
demonstrate how they meet their obligations under the Basin Plan for the New South Wales Murray
and lower Darling, Victorian Murray and South Australian Murray catchments.
The SMM and integrated State Source models will provide a range of improvements over the existing
models, such as:
• representing management and operational rules and environmental flow processes at a daily
time step;
• consideration of social and economic impacts of water trade and changes in water availability;
• more accurate modelling of interconnected systems, including water trade and delivery;
• greater transparency, efficiency and understanding through sharing a common modelling platform;
• better model outcomes through a more visual and transparent modelling framework; and
• application of contemporary software technology that meets current and future modelling needs.

2.3.2 Source for river operations
Managing rivers to meet irrigation, urban, hydropower and environmental demands, over long distances,
under changing climates is complex. A Source operations model provides a powerful tool for responding
to this complexity, allowing river managers to plan for operations under many different scenarios and to
simulate the potential impacts of different operational decisions, on a daily or seasonal basis.
A Source operational model can support river managers with a range of activities, including:
• allocating water to different users (for example States) according to water sharing rules;
• tracking water as it moves through the river system according to its bulk ownership;
• predicting inflows under different rainfall and runoff scenarios;
• considering options for meeting different demand forecasts;
• exploring the impacts of new or changed operations;
• ensuring operations are efficient and losses are minimised;
• managing the delivery of water from multiple storages; and
• tracking the concentration of salinity and other constituents through a river system.
River operations is not a standardised process. Flexibility is required to adapt to ever-changing conditions
in the weather, demands and inflows. Many decisions require the operator to exercise personal
judgement, based on their knowledge of the system and how similar conditions have been managed
previously. A Source operations model can complement the skills and experience of an operator giving
them a powerful tool to test their ideas and understand the range of potential implications.
A Source operations model is also a valuable tool for increasing transparency, providing repeatable,
documented and data-based decision making support.

8

WaterTools A Guide to three national level platforms that support the management of Australia’s scarce water resources

2.3.3 Source for urban and bulk water supply
Source can also be used in an urban or bulk water supply setting. Source offers the advantages of being
able to make water resource planning decisions with consideration of the whole network; storages,
distribution networks (pipes, channels or rivers) and demands. Urban/ bulk water supply Source models
are being used to:
• determine water allocations of individual entitlement holders;
• consider the impacts of population growth and other changes to demands;
• analysis of environmental demands;
• estimate the likelihood of restrictions;
• consider opportunities to trade (either to buy or sell water); and
• optimise system operations.
Many Australian water utilities have developed or are in the process of developing Source models
to assist in their planning and operations, including in SA Water (South Australia), Power and Water
(Northern Territory), Melbourne Water and Barwon Water (regional Victoria).

2.3.4 International adoption
Source is also being used internationally, with models in place or being developed in a wide variety
of countries, including India, Lao, Cambodia, Myanmar and Afghanistan.
In Myanmar, as part of the first State of the Basin Assessment for the Ayeyarwady River Basin, Source was
used to provide a baseline of the basin’s water resources (eWater 2018). The model is run with historic
climate data (1981-2016), land-use (in 2014) and storage capacity (2016). It includes representations of
agriculture, domestic, urban and hydropower water use.
The baseline gives water managers a description of the basin’s hydrology, based on five hydro-ecological
zones and 13 sub-basins. It will be a key tool to support the future management of the basin’s water
resources, making it possible to:
• simulate components of the hydrological cycle at points in the Ayeyarwady River Basin where observed
values are not available;
• combine outputs from the model together with observed values, to provide an overall assessment
of water availability and uses across the Ayeyarwady River Basin;
• have a baseline for support the ongoing assessment of the Basin’s water resources and to examine
possible future scenarios and possible implications, for example with climate change or increased
agricultural use; and
• identify information gaps and inform future data collection initiatives.
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Figure 4 is an example of the type of information produced by the Ayeyarwady River Basin Source Model,
it shows the different components that make up baseline and dry season flows.

Percentage of flow at end of Lower Ayeyarwady

100%
90%
80%

Loss to net evaporation

70%

Inflow from net evaporation

60%

Water going to storage

50%

Water coming from storage

40%

Total Extractions

30%

End of system streamflow

20%

Catchment runoff

10%

Inflow from upstream

0%

Baseline – Annual Baseline – Annual Dry Season – Water
Water Sources componets of water
Sources
balance

Dry Season –
components of
water balance

Figure 4. An example of the information produced by the Ayeyarwady River Basin Source Model
(Source: eWater, 2018)

2.4 Some unique features
2.4.1 Governance
A feature of the various Australian governments’ commitment to the National Hydrological Modelling
Strategy and Source was the creation of eWater Limited as a government-owned, not for profit company,
responsible for the ongoing development, adoption and commercialisation of the Source software and
modelling platform.
eWater’s founding owners were the Australian Government and the State governments of New South
Wales, Victoria, South Australia and Queensland. In July 2019, the Australian Capital Territory and
Western Australia governments also became owners of eWater.
eWater’s government ownership and not for profit status are valued by international governments
wanting to access Australia’s water expertise and tools. eWater is increasingly working with international
clients to develop Source models and build their water management capacity.
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2.4.2 Free access
Due to its status as the national hydrological modelling platform, eWater’s government owners have
agreed to make a limited functionality version of Source available for free, accessible via the eWater
Toolkit6. To date, the free version has been downloaded by more than 5,000 users.
The free version is used by many universities to introduce the concepts of water modelling and is
ideal for experienced water modellers interested in exploring what Source has to offer. It is also used
by small commercial firms, local government and non-government organisations to support small
hydrology studies.
There is also a range of publicly available supporting materials available online7.

2.4.3 Community of practice
The collaborative nature of the national approach to hydrological modelling has led to a strong
community of practice and a culture of knowledge sharing, both within Australia and with the growing
international community of Source users. The shared platform provides opportunities for users to work
together to solve problems, discuss ideas and share improvements, such as plug-ins.
Compared to the historic practice of building models for use within specific states or areas, the national
approach creates opportunities for modellers to work in a variety of sectors and increases Australia’s
overall modelling capability.
The strong community of practice is highlighted at the annual eWater Software Conference,
where more than 100 users of Source from across Australia and overseas gather to share improvements,
developments and lessons from their use of Source (Figure 5).

Figure 5. Delegates from across Australia and the world at the 2018 eWater Software Conference
(Source: eWater, 2018)

6 h
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7 https://wiki.ewater.org.au/display/SD49/Source+User+Guide+4.9
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3 Digital Earth Australia Open Data Cube
3.1 Making the most of space-based data for water management
Reliable data is fundamental to good water management. Traditionally, water managers have relied on
on-ground networks, such as rainfall and streamflow gauges to answer questions like how much water
is there and how much is being used? However, on-ground networks can be challenging to install and
expensive to maintain.
The growth of space-based data has significantly increased the amount of data available to water
managers but presents new challenges with regards to storing and using such large quantities of data.
Open Data Cube (ODC) is a ground-breaking approach to organising, storing, and analysing vast quantities
of earth observation data. ODC uses an open source platform to organise satellite datasets into an
analysis-ready form, for specified geographic areas and time periods. It makes data storage and analysis
easier, lowers the technical barriers to using satellite data and reduces the overall cost for users.
An ODC can be used for a wide range of purposes such as understanding, assessing and monitoring
vegetation, water coverage and quality, land use, and urban development. ODCs are used in research,
land use planning, policy development, water and natural resource management.
An ODC can also connect with other software, such as hydrological models. ODC allows for satellite data
to be collected, processed and fed into hydrological models for further analysis. A novel example of this
is described in Chapter 5, where an ODC has been integrated with the Bureau of Meteorology’s tools
for rainfall and streamflow forecasting and the Source hydrological modelling platform to produce water
availability estimates.

3.2 The global Open Data Cube initiative
The global ODC8 initiative is a non-profit, open source project borne out of Australia’s “Unlocking the
Landsat Archive” and Australian Geoscience Data Cube projects. It seeks to increase the value and use
of satellite data, by giving users access to free, open source data management technologies and analysis
platforms and support, through documentation, how-to-guides, tutorials and support from expert users.
The initiative is supported by six partners:
• Geoscience Australia;
• Commonwealth Scientific and Industrial Research Organisation (CSIRO);
• NASA / Committee on Earth Observation Satellite (CEOS);
• United States Geological Survey;
• Catapult Satellite Applications; and
• Analytical Mechanics Associates.
ODC technology has the potential to provide significant benefits to developed and developing countries.
In developing countries, it can help overcome issues that limit the uptake of satellite data, such as lack
of appropriate infrastructure, expertise and the high costs of storing and managing large volumes of
data. In developed countries, it can increase functionality and use, by reducing the investment needed
to prepare large volumes of data for use. In 2018, there were three operational ODCs (Australia, Colombia
and Switzerland), seven under development and almost 30 being considered.
8 www.opendatacube.org
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3.3 Digital Earth Australia – Australia’s Open Data Cube
Australia’s ODC, known as Digital Earth Australia (DEA)9, was one of the first operational data cubes in
the world. It organises and prepares satellite data into stacks of consistent, time-stamped observations,
which can provide Governments and industry with information about a range of environmental factors.
DEA includes more than 30 years of satellite data, taken every two-weeks at 25 metres squared
resolution, ultimately it will include new information every five days at a resolution of 10 metres
squared. Applications include the identification of soil and coastal erosion, crop growth, water quality
and availability, and changes to the spatial footprint of cities and regions. Australian governments and
businesses are using DEA data and tools to inform policy and investment, and to develop new products
and services.
The DEA program has published more than 17 analysis-ready data products which are being used by
Australian governments and industry to inform decisions and increase productivity. Examples of DEA
products include:
• National Intertidal Digital Elevation Model – a three-dimensional map of the entire Australian coastline,
used to map habitat, identify areas at risk of coastal erosion, flooding, storm surges and permanent
inundation from sea-level rise.
• Intertidal Extents Model – uses 30 years of data to map the extent and topography of Australia’s
intertidal mudflats, beaches and reefs.
• High and Low Tide Composites – a visual representation of Australia’s coasts, estuaries and reefs at low
and high tide.
• Fractional Cover – maps the Australian land surface in terms of green (leaves, grass and growing crops),
brown (branches, dry grass, hay or dead leaf litter) and bare ground (soil or rock). The fractional cover
algorithm was developed by the Joint Remote Sensing Research Program.
• Water Observations from Space – a product that shows the percentage of time surface water has been
observed in Australia since 1987 to the present.

3.4 DEA and water management
Understanding the location, amount, and quality of water within Australia, and how this water has
interacted with the landscape and climate during the past, is crucial for managing water resources into
the future. DEA provides a range of data, free of charge, in accessible and easy to use formats for all
Australians, supporting:
• Government and regulatory bodies to better target over half-a-billion-dollar annual investment in
monitoring, protecting and enhancing Australia’s land, coasts and oceans;
• Australian industry to develop innovative applications for water management and increasing Australia’s
digital economy;
• Australian farmers can see their land, and how their dams and other water storages fit into their
environment; and
• the wider community to understand how and where water is used.

9 www.ga.gov.au/dea
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More specific applications include:
• mapping of irrigated cropping extents;
• assessing and monitoring of water-based coastal vegetation (mangrove) ecosystems;
• understanding decadal changes in river size, location, and shape;
• monitoring allocated water use, and the potential for misuse, in a highly regulated area;
• quantifying surface water availability within Australia, with emphasis on monitoring drought;
• monitoring of wetland health;
• understanding flood risk, to inform flood warnings and flood damage estimates;
• measuring the response of vegetation to environmental watering;
• preliminary developments into monitoring water quality; for example, the extent and timing of algal
bloom events; and
• experimental studies into measuring the volume of water bodies by linking satellite data to stream or
lake gauges.
The following sections focus on water management tools supported by DEA

3.4.1 Water Observations from Space
An example of a water product generated by DEA is Water Observations from Space (WOfS). WOfS is a
continent-scale product that shows the percentage of time surface water has been observed within the
Australian landscape from 1987 to the present. It gives an understanding of how often water is present,
ranging from never detected to always detected. It can inform our understanding of water availability,
historical flood inundation and environmental needs.

Figure 6. Frequency of surface water observations in the Menindee Lake Storages, New South Wales
(Source: Geoscience Australia, 2018)
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WOfS uses an automated water mapping algorithm that has been developed to detect the absence or
presence of surface water from satellite images, to determine the percentage of time water is present.
It uses satellite data from the United States Geological Survey (USGS) Landsat 5, Landsat 7, and Landsat
8 satellites, has a 25 metre resolution, and the data is updated every three months. Each grid cell water
reading has an associated confidence measure.
An example of a typical image from the WOfS is at Figure 6, the red colour indicates areas where water
is very rarely observed, through to the blues and purples that indicate where water is regularly or
always detected.

3.4.2 Tracking water flows through the Australian landscape
One use of space-based water observations and metrics that is becoming increasingly important
in Australia, is tracking the flow of water as it moves through a river system and across floodplains.
Observations can be used for a range of purposes, for example, you can:
• follow the movement of floodwaters to give advance warning to downstream communities;
• allow environmental water managers to see the extent of inundation of wetlands and floodplains; or
• track the removal of water from rivers, to enforce compliance with water extraction rules.
The series of images in Figure 7 is an example of how water flows can be tracked from space, the top
left corner is just before a flood event, the top right corner the peak of the event, the bottom left
shows the vegetation response not long after the flood and the bottom right image shows the return
to normal conditions.

Figure 7. Satellite observations of the Diamantina River showing the movement of water through
the landscape before, during and after a flood event (Source: Geoscience Australia, 2018)
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3.4.3 Water availability at a range of different scales
Satellite data has been used to understand, assess and then quantify the amount of surface water
available within Australia at a range of different scales. Australia is the driest inhabited continent and
experiences severe drought and bushfires. Understanding the amount of water that is available is
important for a wide range of environmental, domestic, industrial, agricultural, recreational and aesthetic
uses. DEA has been used to monitor and manage water bodies within Australia and then understand
changes to the landscape over the last 30 years. This type of analysis could be further used to understand
the resilience of the land during times of drought or to understand water extraction/insertion as a line of
evidence to monitor water misuse.
DEA has been used to track over 108,000 waterbodies across the Australian State of New South Wales
(NSW) and the Murray Darling Basin; how they have changed over the last three decades and how they
continue to change today. The DEA generated a web-based, Waterbody Area Mapping and Monitoring
(WAMM) tool (Figure 8) which can be used to geo-locate surface water bodies and see how they change
over time. When a dam is selected, a time series graph showing the percentage of water in the dam over
time is produced. Figure 9 is the time series graph for the dam shown in Figure 8, it shows that the dam
was constructed around March 1997 and has been filled and emptied many times since then.

Figure 8. The web-based Waterbody Area Mapping and Monitoring (WAMM) tool used to locate
water bodies within the Murray Darling Basin (Source: Geoscience Australia, 2019)
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Figure 9. A time series graph created by clicking on a water body within the web-based WAMM tool
(Source: Geoscience Australia, 2019)
The use of DEA to quantify water availability is not labour intensive and enables the systematic
and replicable assessment of water resources. In addition to understanding the presence of water,
DEA has been used to assess the absence of water for large scale drought assessments. Snapshots of
the relative water body levels across NSW (Figure 10) have been used to understand the amountof water
that is present, the intensity of drought, and then provide information to primary producers on stock
water availability.

Figure 10. A snapshot of the average area of farm dam storages across NSW
(Source: Geoscience Australia, 2019)

WaterTools A Guide to three national level platforms that support the management of Australia’s scarce water resources

17

3.4.4 Inland Water Quality and the DEA
The DEA program, in collaboration with the CSIRO, is in the preliminary stages of developing an
operational capability to monitor inland water quality using satellite data. Monitoring water quality is
an important part of understanding environmental health and is vital to protecting water resources and
aquatic ecosystems from degradation. Water quality monitoring can help communities and governments
predict and learn from natural processes in the environment and determine human impacts on the
aquatic ecosystem. Water quality measurements can also assist in restoration projects or to investigate
compliance with environmental standards.
One aspect of water quality is the presence of algae within a water body. High levels of certain types
of algae within a water body can result in algal blooms. These can have devastating impacts on aquatic
ecosystems by depleting oxygen levels within the water, causing large scale fish die-offs, restricting
sunlight required to support subsurface vegetation, and can release toxic substances into waterways.
Satellites can provide insight into a range of water quality metrics. For example, different algorithms can
be used to estimate the levels of Chlorophyll-a in the surface of a water body, which can help inform
managers and scientists on the extent and timing of algal bloom events.
Figure 11 demonstrates the use of remote sensing data from the Sentinel 2 satellites to help identify
possible harmful algal blooms within Lake Cawndilla, NSW. The left-hand image shows a true colour
Sentinel 2 satellite image of the lake during an algal bloom. The right-hand image shows a metric called
the Normalised Difference Chlorophyll Index (NDCI) which can be used to identify elevated Chlorophyll-a
levels, indicative of an algal bloom event.

Figure 11. Normalised Difference Chlorophyll Index (NDCI) can identify algal blooms through satellite
imagery (Source: Geoscience Australia, 2018)
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4 Australian Bureau of Meteorology – water
forecasting
4.1 Overview of water data and information responsibilities
Australia’s Millennium Drought (2001-2009) highlighted the need for reliable water information,
that was consistently collected and broadly available. As part of its response to the Millennium Drought
the Australian Government gave the national weather and climate agency – the Bureau of Meteorology
responsibility for compiling and disseminating comprehensive water information (Vertessy, 2013).
Under the Water Act 2007, the Bureau is working with water managers across Australia to deliver high
quality, national water information to government, industry and the community. A wide range of water
data, status and forecast products and services are available, including:
• an extensive online database of historic and current water related information;
• the National Water Account;
• national and regional water resource assessments;
• water use information;
• flood forecasts and warnings; and
• 7-day and seasonal streamflow forecasts.
Most of these products and services are freely available at www.bom.gov.au/water.
The science underpinning these services has been developed jointly by the Bureau of Meteorology
in partnership with the CSIRO and the university sector through the Water Information Research
and Development Alliance (WIRADA). These developments have been guided by the water industry
throughout Australia to ensure that they are fit for purpose and support sharing of water information
to meet the needs of the community, industry, agriculture and environment.
As a result, over the last ten years there has been impressive improvement in the type and quality of
information available to support water policy development, water and environmental flow management
and research. The information is used for a wide variety of purposes, such as designing infrastructure,
mitigating floods, water supply forecasting, river management, environmental flow planning, water
sharing plans, policy advice and investment planning Helping answer questions like:
• How is water availability changing over time – days to weeks to seasons, and long term?
• Where is water being used, and how is water use changing?
• How much water might flow downstream in the next week, or the next few months?
• What is the status of our aquifers and reservoirs?
• How much water is being traded?
• What is the soil moisture status and how is it changing?
• How is water management influencing water use?
• How do current conditions compare to the past, and what might the future look like?
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A significant part of the Bureau’s new role has been to ensure consistency in the collection of water
data, lessons from this work have been shared through the Good Practice Guidelines for Water Data
Management Policy (BOM 2017), which was produced as part of Australia’s involvement in the United
Nations High-Level Panel for Water. The guidelines aim to help governments develop and implement
water information strategies, to support improved water policy, planning, management and operation.

4.2 Water forecasting tools
Australia is a dry continent, with highly variable rainfall and streamflow. Traditionally, water authorities
managed their operations by considering historical averages and variation over planning horizons
which invariably contain large uncertainties. The Millennium Drought highlighted the urgent need in
Australia for continually generated streamflow forecasts to narrow down the range of flow conditions
likely to occur, to enable more targeted operational water management and decision-making.
Understanding how much water is available now, and how this might change in the short to medium
term is key to helping water managers and users plan for and manage this uncertainty.
The demands by policymakers, water managers, and other stakeholders with respect to the prognostic
capabilities of the water forecasts have become increasingly sophisticated. The Bureau is required to
produce water forecasts nationally in a spatially distributed fashion in near real-time and at a level
of accuracy not demanded previously. These required water forecasting services are voluminous and
extensive in scope. At weeks to seasonal time scales, water managers assess issues relating to water
supplies through an objective assessment of the current water availability (through water accounts)
and water demand. Robust methods also permit them to estimate evaporation and transmission
losses. The key unknown which remains a challenge for water managers is likely inflow into storages
and unregulated tributaries – next week, next month, and next season. The Bureau of Meteorology
has addressed this gap through its newly developed water forecasting services that provide short-range
streamflow forecasts up to 7-days updated daily, and seasonal streamflow forecasts up to three months
updated monthly (Jayasuriya et al., 2015; Tuteja, 2015).

4.2.1 7-day streamflow forecasts
The 7-day streamflow forecasting service provides water managers and users with information on likely
flows for the next seven days, updated daily. They give an indication of whether a river is likely to rise,
fall or stay the same in the coming week. They also show how the current flow compares to the average
flow for that time of the year.
The forecasts are generated automatically by combining real-time observations of rainfall and streamflow
from Australia’s national network of rain and river gauges with the Bureau’s rainfall forecasts. This data
is then fed into hydrological models that calculate how much runoff is likely at key locations (Figure 12).

20

WaterTools A Guide to three national level platforms that support the management of Australia’s scarce water resources

Figure 12. Process for generating the 7-day streamflow forecast (Source: Bureau of Meteorology 2019)
Currently, 7-day streamflow forecasts are provided to registered users for 210 locations and to the public
for 168 locations across Australia. A screenshot of the 7-day streamflow forecast is shown in Figure 13.
Note that work is in progress to transition the current deterministic 7-day streamflow forecast service
to provide probabilistic streamflow with uncertainty and that the upgraded service is planned for release
in late 2019.
The 7-day streamflow forecast help water managers, especially river/reservoir operators and
environmental water managers to make decisions about the best use of water, for example to:
• inform reservoir release decisions, for example, if river flows are rising, operators might reduce
releases from storages and use natural flows to meet demands or conversely increase releases
to help manage high flows into a storage;
• plan transfers between reservoirs, for example, to boost downstream storages ahead of predicted
low stream flows;
• plan releases to minimise evaporation and other transmission losses; and
• identify opportunities to combine environmental water releases with natural flow events,
reducing the volume of managed releases required to achieve environmental outcomes.
The 7-day forecast also provides useful information to water users, for example, combined with other
rainfall forecasts, they can help irrigators make better decisions about when and how much water
to order.
The forecast also provides important information to the general community. For example, if river levels
are likely to rise, it can help people living next to rivers make decisions about moving stock or equipment
to higher ground or to plan for reduced access to certain areas. Conversely, if lower water levels are
forecast, they might need to move pumps in order to access water. The information is also used by
the broader community, for example, to understand how flows might affect fishing, boating or other
recreational activities.
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Figure 13. Screenshot of the 7-day streamflow forecast web portal
(Source: Bureau of Meteorology, 2019)
Case study 1: Using the 7-day streamflow forecast to improve environmental
outcomes
Environmental flows are needed to sustain and improve aquatic ecosystems. In many cases,
water is deliberately released from water storages to create flow conditions that support aquatic
ecosystems, for example, to create conditions that will encourage fish to breed or support riparian
vegetation.
On the Goulburn River in Victoria, Australia, environmental water needs to be released from the
upstream storages in a way that creates a gradual rise and fall in river levels. The responsible water
manager, Goulburn-Murray Water (GMW) and the environmental manager, Goulburn-Broken
Catchment Management Authority (GB CMA) need to plan these releases when they are confident
there will not be a significant rainfall or natural flow event, which could affect environmental
outcomes and cause the releases to impact private property, businesses and infrastructure
bordering the river. They also need to consider flows in the Murray River, which if high can
cause higher river heights in the lower reaches of the Goulburn River.
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It takes approximately four days for flows from the upstream storage, Lake Eildon to reach the lower
reaches of the Goulburn River. GMW and GB CMA also need to allow for inflows from tributaries
entering the Goulburn River downstream of the storage. Taking into consideration the travel time
and the planning and approval process, reliable estimates of natural flows for at least five days
ahead are needed to ensure that planned releases do not coincide with significant natural inflows
from rainfall.
Before 7-day forecasts became available, GMW used expert judgement based on forecast rainfalls
and knowledge of catchment wetness conditions. To determine the potential of the 7-day
streamflow forecast to provide extra information to support environmental water release planning,
a series of forecasts were retrospectively generated to analyse an environmental flow release that
was considered in for the Goulburn River in July 2014 (Figure 14). The retrospective streamflow
forecast was generated for Seven Creeks at Euroa, from 2010 to 2015, it was informed by historical
rainfall forecasts. Seven Creeks flows into the Goulburn River at Euroa, just upstream of where the
environmental flows are targeted.
The top graph in Figure 14 shows that there were relatively low flows in early June 2014, followed
by a rise in the last week of June. As this natural flow started to recede, water managers considered
making a planned release to extend the natural flow event. However, due to a combination of wet
catchment conditions, the forecast rainfall and relatively high flows in the Murray River, the planned
event was cancelled on 10 July. This decision is validated by the retrospective streamflow
forecasts generate by the Bureau. The bottom graph in Figure 14 shows that the Bureau would
have forecast that a significant rise in streamflows at Seven Creeks was likely in the days leading
up to 10 July 2014.
The 7-day forecast for Sevens Creek is now a key information source for GMW and GB CMA
when planning environmental releases in the Goulburn River.

Figure 14. Discharge for Goulburn River at Seymour and Seven Creeks at Euroa with forecasts,
for June-July 2014 (Source Bureau of Meteorology, 2017)

WaterTools A Guide to three national level platforms that support the management of Australia’s scarce water resources

23

4.2.2 Seasonal streamflow forecasting
The seasonal streamflow forecast applies a statistical approach, using the relationship between climate
indicators, past catchment conditions and historical rainfall and streamflow at a location to forecast
its total streamflow volume (Wang et al., 2009). It gives likely streamflow volumes for the next month,
two months and three months, for 340 locations across Australia. Locations are chosen for their water
resource potential, economic, environmental and social significance. Many of them are important water
management locations and water control infrastructure, such as water storages.
Seasonal streamflow forecasts are used by water managers and users to consider different scenarios for
the coming months and feed this into their decision-making processes. For example, they can provide an
indication of possible storage inflows, from this water managers can gain an understanding of likely future
volumes, if there is a need to transfer water between storages, apply restrictions to manage drought or
conversely to plan for flood conditions. An irrigator might use the information to gain an understanding
of their water allocation for the next year, which might inform their decision to plant/not plant a crop,
to carry unused water over for later use or to buy or sell water.
Seasonal streamflow forecasts are available to all via the BOM’s webpage. They are updated on a monthly
basis. The seasonal forecast is probabilistic, showing the likelihood of high, near-median or low stream
flows. They also include information on forecast accuracy, such as the typical forecast quality for that time
of year and compare past forecast volumes with observed volumes. A screenshot of the web portal is
shown in Figure 15.
The Bureau has also implemented a dynamic streamflow forecasting system combining rainfall forecasts
from the Bureau’s seasonal climate prediction system, Australian Climate Community Earth System
Simulator (ACCESS-S) Model with the conceptual rainfall-runoff model GR4J (Tuteja et al., 2011;
Woldemeskel et al., 2018). The hydrologic model is calibrated using the Bayesian Total Error Analysis
(BATEA) framework to quantify hydrologic uncertainty (Kavetski et al., 2006; Kuczera et al., 2010).
An ensemble of streamflow forecasts is generated each month which is then post-processed by an
auto-regressive method to remove any residual bias in streamflow. Finally, a method has been developed
to merge the two forecasts into a hybrid forecast that optimizes for forecast accuracy and reliability for
each site and for each forecast period. The entire seasonal forecasting system WAFARi (Shin et al., 2015)
is a stable operational service that runs continually at the Bureau of Meteorology, delivering results via
an attractive web site.
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Figure 15. Screenshot of Seasonal Streamflow Forecasts web portal (Source: Bureau of Meteorology)
Case study 2: Using the seasonal streamflow forecast to help manage flows in the
Murrumbidgee Valley
The Bureau of Meteorology and WaterNSW, the major water supply authority in the Australian State
of New South Wales have worked together for many years to develop seasonal streamflow forecasts
to support operations and management in the Murrumbidgee River.
Efforts have focused on four key streamflow forecast locations:
• unregulated inflows into Burrinjuck Reservoir – the main water storage for substantial irrigation
areas west of Wagga Wagga;
• unregulated inflows into Blowering Reservoir- stores water released from further upstream for
electricity generation. It also releases water via the Tumut River to supply the western irrigation
areas;
• Murrumbidgee River flows just upstream of the town of Wagga Wagga; and
• Goobarragandra River at Lacmalac.
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Water released from these reservoirs, along with flows from the Goobarragandra River and
other tributaries to the Murrumbidgee River are managed to collectively supply water for
irrigated agriculture, town and domestic needs, industry, environmental flows, flood mitigation,
recreation and hydropower.
The seasonal streamflow forecasts of the unregulated flows into the reservoirs help water managers
predict how the reservoirs will behave over the main winter-spring filling period.
The forecast for the Goobarragandra River provides information on flows into the Tumut River
downstream of Blowering Reservoir, which is used to inform release decisions from the reservoir.
For example, if flows are high additional water might not be needed to meet downstream demands
and will be stored in the reservoir for later use. The forecasts support efficient operations,
balancing the needs of irrigators, the environment and other water users with minimal water
wastage (Figure 16).
The collaboration has identified improvements to increase the use of the seasonal streamflow
forecast, for example, WaterNSW is now provided with a monthly streamflow forecast to support
their monthly operational planning and the Bureau is working on enhanced streamflow modelling
methods to improve the accuracy of the forecast.
More case studies on how the 7-day and seasonal streamflow forecasts are used can be found at
http://www.bom.gov.au/water/ssf/case_studies.shtml.

Figure 16.Using seasonal streamflow forecasts to inform the operation and management of the
Murrumbidgee River
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International case study: Towards improved water forecasting services in India
The Australian and Indian Governments have collaborated in a project to share Australia’s expertise
and build India’s capacity in water forecasting. The project aims to improve water forecasting in India
for floods and drought, and support informed decision making for water sharing in interstate rivers.
Water forecasting experts from the Australian Bureau of Meteorology and CSIRO worked
collaboratively with Indian experts from operational and research agencies. The project involved
workshops and onsite training to share the Australian experience in water forecasting. Hands on
training was provided to Indian scientists using the Bureau of Meteorology’s water forecasting tools
to model Indian catchments.
The project outcomes included a water forecasting development framework (Figure 17)
and recommendations for improving various areas of user needs and analysis, data sharing
needs, water forecasting science and systems and communications and adoption approaches.
This framework underlines the approach adopted by the Bureau of Meteorology in developing the
water forecasting tools in Australia. Based on the recommendations, a new project is planned to
develop a forecasting system and service capable of generating hourly forecasts for the next 7-days
and a feasibility study for a 30-days ahead water forecasting service for the Godavari Basin in India.
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Figure 17. Streamflow forecasting system development cycle in India
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5 Australian WaterTools Working together to
Support Scarcity Management – Piloting with the
ESCAP Drought Mechanism
5.1 The ESCAP pilot
The tools discussed in this guide were developed independently, through different initiatives and are
typically used separately. However, there is potential for a range of new approaches and techniques
to be developed by integrating the three tools, especially for managing water scarcity on the basis of fit
for purpose modelling outcomes, foresight and compelling visualisation. For example, to make better
use of space-based data and utilise streamflow forecasting with water balance modelling. To investigate
this potential further, eWater, Geoscience Australia and the Bureau of Meteorology, with the support
of the Australian Water Partnership have come together to pilot integrating the three tools to produce
hydrological drought indicators for the United Nation’s Economic and Social Commission for Asia and
the Pacific (UN ESCAP) Regional Drought Mechanism pilot project in Cambodia.
The Drought Mechanism provides a range of indicators for meteorological drought, that is droughts
caused by a lack of rainfall and dry soil conditions. The mechanism has limited capacity to predict low
water availability or low water levels, sometimes referred to as a hydrological drought. Low water
availability, which is represented by lower than average storage volumes, groundwater levels or river
flows means there is less water available for farmers and the community and can be a sign of possible
drought conditions. Hydrological drought indicators can also provide water users and managers with
important information, for example, if storage levels are significantly lower than usual, hydropower
releases might be cut back, which in turn reduces river flows, with potential impacts on navigation or
water available to irrigate crops like rice.
This pilot project aimed to integrate the three tools; Open Data Cube, streamflow forecasting tools and
Source, with the intent of using space-based water observations, combined with on-ground gauges to
provide data to forecast streamflows and water availability estimates in the Cambodian pilot catchments.
These are then used to produce new indicators for the Drought Mechanism.
This first phase of the project demonstrated the potential of the tools to work together for a few select
catchments, using relatively simple data and techniques. Ultimately, the aim is for a fully integrated and
automated operational modelling tool for producing accurate water availability estimates, that can input
into simple tools to help inform Cambodian farmers of drought risk.

28

WaterTools A Guide to three national level platforms that support the management of Australia’s scarce water resources

5.2 Australian WaterTools – working together
5.2.1 Overview
The project involved:
• preparing a Cambodian Open Data Cube (Cambodia ODC) to manage space-based water information;
• data processing, by connecting the Cambodian ODC and available on-ground data with the Bureau’s
tools for producing bias corrected rainfall estimates and streamflow forecasts;
• developing workflows to allow the three tools to share and visualise information, for example, to allow
Source to use the bias-corrected streamflow forecasts to estimate water balance and flows; and
• generating and presenting drought indicators in a user-friendly format.
At a conceptual level, the Cambodian ODC stores the space-based data and makes it available for use.
Satellite rainfall data from the Cambodian ODC is extracted, the Bureau of Meteorology’s tools are used
to improve the rainfall estimates and generate streamflow forecasts. Finally, Source extracts information
from the Cambodia ODC and generates hydrological water balance models, which produces water
availability estimates (Figure 18).
Cambodia ODC created to store and
manage satellite data

Bias-corrected satellite rainfall and streamflow
forecasts are added to the Cambodia data cube

Cambodia Source model estimates water availability

Information published on the ESCAP
Cambodia web dashboard

Figure 18. Integrating ODC technology, streamflow forecast and Source to support drought
management in Cambodia
Simple water balance analysis tools that compare current conditions with past conditions produce a
range of projections for future water availability and if drought conditions are likely to worsen or improve.
The aim is to indicate likely water availability outcomes based on experience in past years. It introduces
the concept of uncertainty in water balance assessments and the need for a risk management approach.
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5.2.2 Cambodia Open Data Cube
Geoscience Australia prepared the Cambodia ODC, which stores a wide range of space-based data,
including:
• Annual Landsat Geomedian imagery (1988-2017);
• Water Observations from Space (WOfS) grid (percentage summary of all Landsat data between
1987 to 2017);
• Catchment Land Use Categories;
• Digital Elevation Model (DEM) for Cambodia;
• Potential Evapotranspiration (PET) grids 1979 to 2016;
• Tropical Rainfall Measuring Mission;
• Corrected rainfall grids 2000 to 2012;
• Temperature grids 1979-2016;
• Landsat 5,7,8 data between 1987 to 2017; and
• Standardised Precipitation-Evapotranspiration Index10 (SPEI) grids 2000 to 2012.

5.2.3 Data processing
The rainfall gauge network for Cambodia is relatively sparse, making it difficult to estimate rainfall
and subsequent streamflow over regions with low coverage. An alternative to gauged data is to use
daily gridded rainfall data available from the Tropical Rainfall Measuring Mission (TRMM) satellite
(Huffman et al., 2007). The Bureau of Meteorology used TRMM data to produce bias corrected
satellite rainfall and streamflow forecasts, which were subsequently stored in the data cube.
The TRMM dataset was further improved by combining with locally observed rainfall data
with the modelled data through data assimilation (the Successive Correction Method (SCM)
(Bouttier and Courtier, 2002).
The improved data is then fed into tools developed by the Bureau of Meteorology that combine
the satellite-based rainfall estimates with locally measured rainfall stations to generate new,
statistically corrected layers within the Cambodia ODC.

5.2.4 Streamflow forecasting
The next step in the integration process is to use the corrected rainfall estimates in combination with
conceptual hydrological modelling to generate one month ahead probabilistic streamflow forecasts.
In the Cambodian pilot, streamflow forecasts were made for three sample catchments, each draining
to Lake Tonle Sap; Bak Trakoun, Kralanh, Kampong Thmar. The catchments were selected because of
their data availability, each has:
• observed flow and water level records for a reasonable time period;
• discharges are not significantly influenced by the backwater from the downstream lake;
• rating curves that are relatively stable; and
• observed rainfall measuring stations in nearby regions.
10 S PEI measures drought severity according to its intensity and duration. can identify measures drought severity according to its intensity and
duration. The SPEI can identify the onset and end of drought episodes and allows for comparison of drought severity through time and space
since it can be calculated over a wide range of climates (Thornthwaite 1948).
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The monthly streamflow forecasts are estimated using a conceptual GR4J hydrological model that
is calibrated with the improved TRMM rainfall data, potential evaporation and available streamflow
data. The model is run at a daily time-step, historical rainfall scenarios are used to produce raw daily
streamflow forecasts, which are accumulated into monthly volumes. A statistical post-processing method
is used to produce the probabilistic streamflow forecasts.
Significantly, the method gave forecasts that simulated the inter-annual and intra-annual variation of
monthly streamflow volumes quite accurately with a reasonable estimation of the underlying forecast
uncertainty. Figure 19 compares monthly ensemble streamflow forecasts for Kampong Thmar catchment,
the red boxplots show the distribution of forecast ensembles, the blue dots represent observed
streamflow volumes and the background blue bands show the distribution of historical streamflow data
during the same month over 10 years. For the most part, the forecasts are generally within the bounds of
the historical streamflow data, suggesting that the forecast is a reasonable estimation.
Note that more sophisticated methods using climate forecasts directly into the hydrological models were
not used for the Cambodia pilot and that more accurate and reliable seasonal streamflow forecasts are
possible as discussed in Chapter 4.

Figure 19. One-month ahead monthly streamflow forecast ensembles and observation data at the
outlet of the Kampong Thmar catchment in Cambodia (Source: Bureau of Meteorology, 2018)
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5.2.5 Generate water balance and flow estimates
A workflow was developed so that a Source model (which includes catchments and rivers) can be
generated rapidly from the data contained within the Cambodia ODC. To create the model, the Cambodia
ODC provides Source with:
• satellite data layers for the three catchment projects using the Web Map Service Interface Standard
(WMS);
• a Digital Elevation Model using the WMS to create sub-catchment boundaries and river networks; and
• climate data including rainfall and evapotranspiration data for rainfall-runoff modelling.
The Cambodia Source model takes the bias-corrected rainfall in the Cambodia ODC and uses this data
to estimate water balance and flows at the watershed/basin level. This allows for the calculation of
seasonal and annual water balance estimates. The Source model runs 26 years of daily data in between
8 and 27 seconds depending on the complexity of the land cover. These outputs are then incorporated
into an interactive web dashboard.

5.2.6 Communication
An interactive dashboard, with a user-friendly interface, has been created to communicate a range
of drought and water availability information. The dashboard is publicly available at
http://escap.ewater.org.au and can be accessed via any web-connected device, including smartphones.
The dashboard allows users to look at historical information across Cambodia and more detailed
information including forecast streamflow for the three trial catchments. Once you click on a catchment,
you are provided with a range of climate data, including; rainfall, potential evapotranspiration and the
Standardised Precipitation-Evapotranspiration Index (SPEI). Information is also provided on the severity
of drought in each catchment.
It includes interactive time series plots, which allows users to select a time period and get detailed
information for that period. This allows for comparisons between years, for example, to see how droughts
may have worsened in some years and not in other years, giving water managers and users a better
understanding of the range of potential water availability outcomes that could occur.
Examples of the information available on the dashboard are shown in Figures 20-24. The dashboard
opens with a map of catchments (Figure 20), users select a catchment (shown in pink) and summary
information for the last month, three and six months are shown on the right. Users then drill down into
the information they are interested in, including SPEI (Figure 21), forecast monthly flows (Figure 22) and
potential flow variation (Figure 23). When the system is operational, users will be able to generate water
availability forecasts by entering in local rainfall data (Figure 24).

Figure 20. ESCAP dashboard – Map of catchments
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Figure 21. ESCAP dashboard – Standardised Precipitation-Evaporation Index

Figure 22. ESCAP dashboard – Forecast monthly flows

Figure 23. ESCAP dashboard – Potential variation in monthly flow
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Figure 24. ESCAP dashboard – Water Availability Analysis forecast

5.2.7 Outcomes
The project successfully demonstrated that the three tools can work together and provided new
hydrological drought indicators for the Regional Drought Mechanism. Providing information on low water
availability risks, in a relatively simple format, to a wide audience via the internet, has the potential
to significantly improve water management, at all scales, from basin managers to individual farmers.
Helping people to understand and use the information is an important next step, we are looking to
work with Governments and civil society to explore how best to do this.
The integrated tool improved the quantity and quality of data available. Using the integrated tool could
allow water managers in areas with limited on-ground data to collect more data at less cost by focussing
on where data can most effectively improve outcomes. This potentially opens up a range of improved
water management practices, for example, more accurate storage and river level forecasts. Noting, that
this is a small study and that similarly reliable estimates may not be generated in other catchments or
different conditions.
Establishing a hydrological model can require large volumes of data and be very time consuming to
assemble. By connecting the water forecasting data and Source to the Cambodia ODC, many of the inputs
to the Source model were automatically generated. This dramatically reduced the time required to build
the model, potentially making modelling more accessible to water managers.
The process does not replace long term reliable records from ground stations, but it does utilise the
best available information to support decision making at the present and can be updated as additional
information becomes available over time.
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6 Using tools for better decision making
Through this report, we have showcased three tools used in Australia to support water management..
Water management, however, is influenced by a complex suite of economic, social, political and
environmental factors, the best technical solution is not necessarily the best overall solution. To be
effective, the information made available by tools needs to be applied within the broader frameworks
for water management. In this chapter, we will explore how Australian WaterTools fits within Australia’s
approach to water management policy, as described in WaterGuide: Setting a path to improved water
management and use under scarcity (Aither, 2018).

6.1 WaterGuide
WaterGuide is an organising framework for improving water management in response to water scarcity.
It is intended to be used primarily by national or local governments, in countries where water security is
a present or future threat to human health, economic development and/or environmental sustainability.
It can be used to:
• engage stakeholders and set a vision for outcomes from water management;
• determine strengths, weaknesses and gaps in current water planning, allocation and use
arrangements;
• set a pathway for improved water policy and management;
• identify the type and timing of policy interventions, management arrangements and infrastructure
investments needed to achieve desired outcomes; and
• understand and communicate the benefits of water reforms.
WaterGuide sets out six fundamental practical elements of improved water management (Figure 25).
These elements have been central to water policy and management reform in Australia but are broadly
applicable to other countries dealing with similar issues. WaterGuide is a framework, each element does
not need to be implemented sequentially, users can enter the process at different points, depending on
their situation and needs.

Figure 25. The WaterGuide Framework (Aither, 2018)
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6.2 Linking WaterGuide and WaterTools
WaterGuide outlines a framework for better water management, successful implementation of many
of these elements rely on sound data, information and analysis. Without this, decisions will be made
without fully appreciating the range of potential options available, how each option could impact
different stakeholder groups and the trade-offs that need to be considered. Tools, such as those
discussed in this Guide provide this information and analysis.
Table 1, considers the elements of the WaterGuide framework and how WaterTools can contribute
to successfully implementing each of the elements. WaterTools contribute to varying degrees to each
of the elements, providing the information needed for equitable, transparent, efficient and effective
water management.
Table 1. Links between WaterGuide and WaterTools
WaterGuide Element
element 1
Confirm a vision for water
management and the value
of water
element 2
Understand changing water
availability and demand
over time

How WaterTools contribute
WaterTools can help you understand current and emerging water
management issues – understanding this ‘baseline’ provides the
foundation for working out where you want or need to be.
Each of the WaterTools provides vital information for helping to
understand water availability and demands, and how they are
changing.
ODC technology provides the platform for storing and using spatial
information related to key water information, such as the extent of
surface water, crop data, changes in land cover and crop types.
Streamflow data and forecasts inform water balance assessments
and water availability forecasts.

element 3
Allocate water between
different uses
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Source provides the hydrological modelling required to bring together
all the data to understand historic water availability and demand and
to run different scenarios to show the implications of changes.
Source allows you to test different allocation policies and identify
their potential impacts on water users and the environment,
providing an important source of information for determining
the best approach.

element 4
Ensure effective water
policies and institutions
element 5
Develop resilient water
infrastructure and services

ODC technology can provide easy access to information on water use.
ODC technology and Source can help water managers monitor
and evaluate the effectiveness of their policies and identify
non-compliance with policies.
Source can help water managers optimise the operation of existing
assets and determine the best infrastructure and services to meet
future needs.

element 6
Pursue increasingly efficient
water management and use

Streamflow data and forecasts can inform infrastructure
investment decisions.
Source can compare different water saving options and identify
efficiency improvements for infrastructure operation. It can also
evaluate the effectiveness of measures.
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6.3 Adopting Australian WaterTools
Through this report, we have given practical examples of how the three tools known as
Australian WaterTools can be used to inform better water management policy and practice.
While their implementation in Australia is advanced, their development and application started simply
and was a first step in the journey of improved water management practice. The tools are adaptable
and can be adopted at a pace that meets individual needs and priorities, starting out small and becoming
more sophisticated as needs change and confidence in using tools increases.
Australian WaterTools are designed to provide a comprehensive approach, that can be used in a wide
variety of purposes, in different environments and can consider data of varying quality and quantity.
As a result, despite being designed with the Australian context in mind, they can be adapted for use
elsewhere, as shown in the UN ESCAP Drought Mechanism pilot project.

Figure 26. Young water professionals from Myanmar learning to use Source (Source: eWater, 2018)
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Conclusions
WaterTools highlights the tools and methods Australia has used for collecting, managing and using water
data to support evidence-based water policy and management.
WaterTools is not a comprehensive catalogue of water management tools and their application but
showcases three tools that are shaping Australia’s management of its scarce water resources:
• eWater Source – Australia’s National Hydrological Modelling Platform;
• Digital Earth Australia and Open Data Cube technology; and
• Australian Bureau of Meteorology’s Water Forecasting Tools.
While developed for the Australian context, these tools are suitable for application in other parts of the
world. They are national level platforms, designed to be adaptable and applicable across a wide range of
natural and built environments, climates and water management needs. Built according to the highest IT
standards, they are robust and reliable, with a modern software architecture that provides a consistent
framework that can be tailored to meet local needs or to adopt new science and information.
While Australia’s use of WaterTools is advanced, they can be introduced gradually, starting out simple
and becoming more sophisticated as more data is collected and confidence in using the tools increases.
As shown through the UN ESCAP Drought Mechanism pilot project in Cambodia, by using WaterTools
together, there are opportunities to overcome issues of poor quality or limited data to fast-track the use
of tools to support evidence-based decision making.
The data, information and analysis made available from tools such as these have underpinned Australia’s
water reforms and its unique approach to water management. They have been designed to manage
water resources that are highly variable, where scarcity is common and where choices must be made
to provide for the needs of the environment and improving the wellbeing and livelihoods of people.
By linking WaterTools with the water management framework set out in WaterGuide, water managers
have the opportunity to leapfrog many of the challenges that typically face those wishing to improve
their water management policies and systems. Through WaterTools and WaterGuide, water managers
can leverage Australia’s experience and expertise in using tools to inform and implement water policy and
management solutions. Together they provide an evidence-based pathway to balance the complex suite
of economic, social, political and environmental factors that influence all water management decisions.
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