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Governance

The Alliance was established in April 2008 
under an umbrella research collaboration 
agreement and is governed by a 
management committee.

The management committee’s key role is 
setting the strategic direction for the Alliance. 
It also approves the annual research 
program and budget, and oversees the 
effective delivery of the research program.  

The committee comprises two 
executive representatives each from 
the Bureau and the CSIRO, with the 
Director of Meteorology as Chair. 

The members of the committee are:

Bureau of Meteorology

Dr Greg Ayers 
Director of Meteorology

Dr Rob Vertessy 
Deputy Director Climate and Water

CSIRO 

Dr Andrew Johnson  
Group Executive Environment

Dr Bill Young 
Director Water for a Healthy Country 
National Research Flagship

The committee meets at least quarterly. 
The committee met on 29 July 2010, 
8 November 2010, 11 February 2011, 
28 April 2011 and 17 June 2011.
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Water Information Research  
and Development Alliance

Through the Water Act 2007, the Australian 
Government has given the Bureau of 
Meteorology (the Bureau) responsibility for 
compiling and delivering comprehensive water 
information across the water sector in Australia.

The past decade of severe drought and the recent 
extreme climatic events of 2010/11 in Australia 
demonstrate the major challenges we face improving 
the management of our water resources and improving 
the accuracy of water forecasting in both time and 
location. The need to accurately monitor, assess 
and forecast the availability, condition and use of our 
water resources continues to be a top national priority. 
Water resources information is being provided by more 
than 200 organisations across Australia to the Bureau 
which is providing a range of new services based on 
this information. 

Improved accessibility, integration and use of national 
water resources information supports better informed 
policy and infrastructure decisions and better evaluation 
of water sector reforms. This is leading to greater 
confidence in how Australia manages this vital resource. 
These outcomes require substantial innovation and 

are achieved through a world-class water information 
research and development program.

The Water Information Research and Development 
Alliance (the Alliance) is transforming the way 
Australia manages its water resources by delivering 
value-added water information products and tools 
based on a comprehensive and robust nationwide water 
information system.

The Alliance brings together the Commonwealth Scientific 
and Industrial Research Organisation’s (CSIRO’s) 
nation-leading expertise in water and information 
sciences with the Bureau’s operational responsibilities 
in water information. Through CSIRO’s Water for a 
Healthy Country National Research Flagship around 
40 leading researchers are addressing topics including 
data interoperability, hydrologic modelling, water 
accounting and water resource assessment and water 
availability predictions. 

The Alliance is guided by a Science Plan which outlines 
the scope of research, and an Implementation Strategy 
which provides a pointer to tactical investment priorities. 
The latter maps out at high level how the research may 
unfold and identifies processes to facilitate the transition 
of research into the Bureau’s water information policies, 
systems, products and services.

ABOUT THE

http://www.csiro.au/resources/WIRADA-Science-Plan.html
http://www.csiro.au/resources/WIRADA-Implementation-Strategy.html
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progress we invited the Symposium delegates to peer 
review what we believe is an impressive body of work. I’m 
pleased to report that we had 216 delegates, representing 
39 organisations from 10 different countries; the Alliance 
really has made a mark.

While we reflect on three years of progress we also can 
look ahead. With the breadth of knowledge available 
we asked Symposium delegates to look forward to 
the remaining two years of the alliance agreement and 
potentially beyond; to examine the remaining research 
challenges and opportunities to inject fresh ideas and 
shape research directions. I would particularly like to thank 
our distinguished international guests for their contributions 
and enthusiasm. Their inputs ensured that we will have a 
truly international perspective as we plan for the future. I 
look forward to finalisation of the Symposium Proceedings 
later in the year as a key milestone for the Alliance.

Finally, I would like to extend my sincere gratitude to the 
leadership and guidance of the management committee 
members, all of whom provide valuable feedback and 
guidance to ensure the Alliance remains focussed on its 
objectives. We all look forward to another exciting and 
productive year.

Message from the Chair

The Water Information Research and Development Alliance is now past the half 
way mark, having completed three years of a five year program. It is a time to 
reflect on progress and start planning for the future.

Greg Ayers
Director of 
Meteorology

Dr Rob Vertessy 

(Deputy Director Climate and Water)

It is critical that water information services developed by the Bureau are underpinned by 
the best quality science and informatics technologies. That’s why it was a pleasure to have 
the Alliance research exposed to our esteemed peers from around the world at the recent 
WIRADA Science Symposium. Highlights for me that reinforced the value of the Alliance were 
that in many areas of our research we are leading the world. There was also a clear signal 
about the value of improved water information in building environmental intelligence, which 
reinforces the emerging role of the Bureau. Finally, the Symposium has created wonderful 
opportunities for building new international collaborations, from which we can all benefit. I’d 
like to acknowledge the effort of the organising committee, the Alliance scientists and our 
international guests in making this an event to be remembered.

Dr Greg Ayers

Director of Meteorology 

At the end of year three of the Alliance journey, we can 
begin to reflect on progress and assess the impact of 
our achievements. I am both pleased and impressed 
with the body of work that has already been completed.  
The Alliance is an exemplar of how to develop and 
deliver a collaborative program having national impact. 
It combines the Bureau’s operational experience with 
CSIRO’s research capacity to undertake an integrated 
portfolio of research with a clear path to impact and 
adoption. The challenge for the Alliance is to provide the 
research solutions for the next generation of information 
tools and products necessary for improved water 
resource management in this country. 

Perhaps the biggest challenge for scientists working in 
leading edge technology is to achieve impact through 
adoption. We are already seeing strong evidence of 
this impact from the Alliance, which is reflected in part 
by the gradual increase in water information available 
through our public website but also by the increase in 
tools available to Bureau staff to underpin our legislative 
reporting requirements. I am convinced that our 
investment has been spent wisely. I suggest though, it is 
still early days and the quality of this work will be reaping 
benefits and having real impact over the next decade 
and beyond. 

The inaugural WIRADA Science Symposium was held 
from 1-5 August this year in Melbourne. The Symposium 
was designed as an essential element in the scientific 
method we have endeavoured to apply to all Alliance 
research projects. In celebrating and reflecting on our 
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Alliance Director’s report

The leadership of the Water Information Research and 
Development Alliance has seen some changes during this 
year with Warwick McDonald moving to his new role at 
the Bureau to head up Environmental Information Services 
Branch in March 2011 with Ross Ackland stepping in as 
acting Alliance Director. In the spirit of team work this report 
comes to you from both of us.

Successful R&D partnerships are easily identified by 
their excellence in science, delivery, relationships and 
governance. These are the hallmarks of the Water 
Information Research and Development Alliance. Motivated 
individuals working in effective teams sit at the heart of their 
success. Last year we featured the DEM on the front cover 
because it provided a powerful image of our excellence 
in our science and delivery. This year we are proud of the 
cover as the artwork has encapsulated the co-operative 
and creative effort of the ‘WIRADA family’ as part of our 
annual strategic planning activity. The Alliance exemplifies 
‘collaboration realised’.

Progress this year has been both of consolidation 
of previous years’ work and setting up some new 
areas of research to feed the pipeline of outputs into 
operational deployment. 

Our research portfolio continues to be well aligned with the 
key functions, responsibilities and priorities of the Bureau.

Water information systems projects are being adopted 
and having increasing impact on both the Australian scene 
as well in the international arena with the leadership roles 
being played by Alliance scientists in the Open Geospatial 
Consortium’s WaterML2.0 Standards Working Group. 

The bulk of the technical effort to define the Water Data 
Transfer Format (WDTF) is now completed and being 
adopted by industry, with many data providers using this 
format to supply data to the Bureau and also to share data 
within the industry. 

The establishment of the WaterML2.0 Standards Working 
Group will ensure that WaterML2.0 becomes an industry 
standard internationally and governed by an appropriate 
body (the Open Geospatial Consortium) consisting of 
experts from organisations around the world.

Foundation data products projects established the 
routine generation of a daily blended precipitation dataset 
that provides a key input to water balance models needed 
for the Bureau’s water resources assessment and national 
water accounting products. 

Completion of the evapotranspiration (ET) inter-comparison 
assessment provides a basis for generating actual ET data 
products routinely on a monthly basis, using the same 
underlying IT framework developed to deliver the blended 
daily precipitation product. 

Yet another success includes the final testing and 
completion of the hydrologically enforced digital elevation 

model (DEM-H) version 1.0. This completes the full suite of 
DEM data products that will be made available for public 
access through Geoscience Australia as the official data 
custodian. The DEM-H is a vital and intelligent data set 
used by the Bureau to create and manage the drainage 
networks and corresponding catchment boundaries 
within the Geofabric. 

Water resource assessment and accounting 
projects have installed the AWRA-L (Australian Water 
Resource Assessment landscape model) at the Bureau 
in preparation for operational services and, in parallel, at 
CSIRO (enhanced experimental mode). A key learning from 
this year has been the recognition of the need to establish 
a solid governance process at business, engineering 
and scientific levels. This is essential to ensure a smooth 
transition of this increasingly complex modelling system. 
Evaluation has demonstrated that the AWRA-L biophysical 
model operating at continental scale can compete with 
regional, locally calibrated lumped hydrological models. 

Water forecasting has the greatest potential to add 
economic and social value to Australia. It is pleasing to 
see this area of research now having impact and being 
adopted. After an extensive 12 months trial and evaluation 
period, the seasonal streamflow forecast service was 
launched in December 2010 and made available to the 
public via the Bureau website. 

The service provides reliable and accurate forecasts of 
streamflow and was used extensively during the record 
flows that occurred during the months of December 2010 
and January 2011 in Victoria. User interest has been strong 
with nearly 60,000 visitors to the Seasonal Streamflow 
Forecasting website since the December release. 

Hydro-meteorological research was developed as 
a new area of WIRADA research investment over the 
course of the year. Three new projects in 2011/12 will 
deliver research that improves multi-week and seasonal 
rainfall forecasts generated routinely and consistently. 
The Centre for Australian Weather and Climate Research 
(CAWCR) will conduct these projects. Improvements in 
streamflow forecasting are anticipated by using better 
climate and weather predictions as input components to 
hydrology models.

All-in-all a very successful year for WIRADA which 
continues to evolve and progress in the science, 
operationalisation and partnership. 

Warwick McDonald
Alliance Director

Warwick McDonald

Alliance Director 
(to February 2011)

Ross Ackland

Acting Alliance Director 
(from March 2011)

Ross Ackland
Acting Alliance 
Director
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Water Data Transfer Standards
Defining and developing water data transfer standards and procedures to meet 
the Bureau’s data ingestion requirements.

BUREAU SPONSOR: Tony Boston 

COLLABORATORS:  Consortium of Universities for the Advancement of Hydrologic Science, USA
 United States Geological Survey
 KISTERS AG
 Open Geospatial Consortium (OGC) Hydrology Domain Working Group, USA 
 World Meteorological Organization, Switzerland 
 Natural Resources, Canada

PROJECT LEADER: Gavin Walker

Water Information Systems

Challenge

Water observation data, such as river flow and 
groundwater level, are key elements of water resources 
information systems. At present, organisations collect 
these data in different formats using a range of methods. 
Standardising the format for exchange of water 
observation data will make it more accessible and useful. 
It will also allow the development of a state-of-the-art 
water resources assessment and accounting system, 
streamlining the management of Australia’s water 
resources data.

Solution

To meet the Bureau’s need to collect and process 
water information from more than 200 organisations 
across Australia, the project team has developed the 
Water Data Transfer Format (WDTF). This format allows 
water data providers – including government agencies, 
water suppliers, catchment management agencies and 
municipal councils – to efficiently deliver water observation 
data to the Bureau in a form that is easily loaded into 
the Australian Water Resources Information System. 
A standard format also allows automatic validation of the 
data against a set of rules and constraints that ensure the 
data is fit for purpose.

WDTF benefits the water industry as a format for 
data exchange between organisations. It gives water 
managers, decision-making agencies and researchers 
easier access to water data, which in the past has been 
assembled and converted from numerous formats before 
it could be used.

The project team is also using the data models and 
common vocabularies established by WDTF to create 
productivity tools for translating the water data that is still 
in non-standard ad hoc formats.

While WDTF is specific to Australian needs (as defined 
in the Water Regulation Act 2008), the project team 
is leading international efforts to develop a water data 
transfer standard (WaterML2.0). WaterML2.0, which will 
be used worldwide, will include features from WDTF.

Achievements

A version of WDTF including water trades is being 
prepared for release. It will capture information around 
Category 6 (see box) concerning the water regulations, 
entitlements, allocations, trades and permits. 

A tool to translate non-standard formats has reached 
prototype stage. It uses the constraints of the business 
and information models underlying WDTF to help data 
providers map their non-standard formats to WDTF.

The project team reached a significant milestone 
this year with the formation of the OGC WaterML2.0 
Standards Working Group. The group, which currently 
has 47 registered participants, is aiming to submit a 
candidate standard to OGC later this year. 
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The OGC Surface Water Interoperability 
Experiment is also well underway, and 
implementations of services making use of 
draft versions of WaterML2.0 are becoming 
available. This experiment has been 
continuously providing feedback to the working 
group, focusing on three core use cases: 

•	 cross-border data exchange within Europe

•	 feeding stream flow forecast systems within 
the United States

•	 estimation of monthly and yearly discharge 
from rivers to oceans. 

The OGC Ground Water Interoperability 
Experiment has concluded. Its final report 
outlines the implementation of WaterML2.0, 
and describes issues discovered with the 
existing suite of OGC services. This experiment 
provided a number of recommendations and 
insights to the WaterML2.0 working group.

Capturing Water Trading Rules

The Bureau of Meteorology is tasked 
with collecting and providing consistent 
reporting of water trading information 
under Category 6 of the water regulations.

Each state and territory has its own 
legislative and administrative arrangements 
in place to facilitate market operations 
that reflect their water resources and 
trading demands. The water products 
and transactions available in each 
jurisdiction vary, as does the terminology. 
There is also great variety in the scale of 
Australia’s water markets, ranging from 
numerous smaller, unconnected markets 
to extensive connected markets within 
the Murray–Darling Basin, which covers 
five jurisdictions (Queensland, New South 
Wales, the Australian Capital Territory, 
Victoria and South Australia).1

From this diversity of information, the 
Bureau has produced a common set of 
products, transactions and terminology, 
which is being used to request 
information from jurisdictions in the form 
of a spreadsheet. However, use of the 
spreadsheet has been inconsistent and 
difficult to validate. 

Only a few countries have national water 
trading systems. This has meant that 
there has been no international basis 
for an Australian standard. Building on 

the success of the Water Data Transfer 
Format, an Extensible Markup Language 
(XML) based representation has been 
developed for water trading data. 
This commenced with a formal model 
in Unified Modelling Language, aligned 
with Open Geospatial Consortium (OGC) 
and International Standards Organisation 
(ISO) models used in WDTF. From this, an 
XML schema was generated, which will 
allow simpler validation and consistency 
checking in the data.

Permits Features Water Trades

Announcements Entitlements
FIGURE 1: WDTF will 
soon cover entitlements, 
allocations and trades

1  National Water Commission, 2009. Australian Water Markets Report 2008-2009, page 2.

The OGC/WMO Hydrology Domain Working 
Group meets regularly to develop global 
water information standards. The workshop, 
led by members of the WDTS project in Delft, 
Netherlands, 11–14 April 2011, included 
a meeting of the WaterML2.0 Standards 
Working Group. Image credit: David Lemon.
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Next steps

Over the next year, the Water Data Transfer Standards 
team will:

•	 move WaterML2.0 to an OGC-endorsed standard, 
and harmonising WaterML2.0 with other scientific 
data standards such as NetCDF

•	 continue investigations into standards for exchange 
of rating and gauging information

FIGURE 2: WaterML2.0 design methodology

In developing WaterML2.0, the Water Data Transfer 
Standards team is taking local standards from 
Europe and the USA, identifying core concepts 
and harmonising them under the Observations and 
Measurements standard from OGC and International 
Standards Organisation (ISO) to produce WaterML2.0. 
The original countries will in turn evaluate WaterML2.0, 
with the prospect of replacing or augmenting their 
own standards.
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Common

•	 improve rules capture, with rules spanning WDTF 
documents and data stores

•	 examine the potential to exploit harvested 
provenance information to support transparency, 
traceability and auditability requirements with 
AWRIS products

•	 develop tools to help convert the 5–10 per cent of 
data in a broad variety of formats into WDTF.

Water Information Systems
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Water standards having impact 

The WDTF and WaterML2.0 have both had impact: 

The WDTF was released on 29 March 2010. Since then 
it has been adopted by over half of the providers.

The WaterML2.0 tool has been implemented in a 
number of places including:

•	 Groundwater Interoperability Experiment

 - Implementation at US Geological Survey: 
http://infotrek.er.usgs.gov/ogc-ie/index-gwie-usgs.jsp

 - Implementation at Natural Resources Canada: 
http://ngwd-bdnes.cits.nrcan.gc.ca/service/api_
ngwds/en/sosform.html#d246e91a5065

•	 Surface water Interoperability Experiment

 - Implementation at US Geological Survey: 
http://nwisvaws02.er.usgs.gov/ogc-swie/

 - KISTERS prototype implementation (in 
development): http://kiwis.kisters.de/KiWIS/

Industry Quotes: 

“It was previously impossible for distributed 
hydrological archives and processes 
to exchange data based upon open 
standards. The WaterML2.0 standardisation 
effort adds high value to the water industry 
and has the strength to integrate data and 
interdisciplinary processes. Use cases from 
different parties and nations have been 
considered during the standardisation 
process. All requirements were 
professionally managed and considered in 
the development of the standard.” 
Michael Natschke (KISTERS AG)

Googong Reservoir Murrumbidgee catchment, New South Wales. Image credit: Greg Heath CSIRO

http://infotrek.er.usgs.gov/ogc-ie/index-gwie-usgs.jsp
http://ngwd-bdnes.cits.nrcan.gc.ca/service/api_ngwds/en/sosform.html#d246e91a5065
http://ngwd-bdnes.cits.nrcan.gc.ca/service/api_ngwds/en/sosform.html#d246e91a5065
http://nwisvaws02.er.usgs.gov/ogc-swie/
http://kiwis.kisters.de/KiWIS/
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Sustainable Water Information Models
Developing methods and tools to ensure robust and maintainable 
interoperability between the different systems needed to support the various 
operations of the Climate and Water Divisions of the Bureau of Meteorology.

BUREAU SPONSOR: Tony Boston

COLLABORATORS:  AuScope GRID
 Sparx Systems (ESRI plug-in)

PROJECT LEADER: Paul Box

Challenge

The water sector uses a variety of disparate information 
systems, which were developed to support specific 
business processes within customised operating 
environments. The systems are not easily linked, because 
the information models underpinning them are inconsistent 
and documented in different ways. This presents 
many technical challenges for users and developers of 
hydrological applications.

The key challenge for the Sustainable Water Information 
Models (SWIM) project is to achieve consistent use of 
information, such as measured parameters, monitoring 
site identifiers, catchments and reporting units, across all 
components of the Bureau of Meteorology’s Australian 
Water Resources Information System (AWRIS). This usage 
must be stable over time to allow long-term discovery 
and use of water resources. It must also include the 
ability to monitor trends and perform spatio-temporal 
aggregations of data through workflows, disparate 
modelling environments and other automated procedures. 
This can be achieved using standards and tools that work 
together to allow access, retrieval and publishing of water 
information as systems and applications evolve.

Solution

The SWIM project team is developing methods and 
tools based upon the principles of a self-documenting 
‘model-driven’ architecture to successfully realise 
AWRIS and ensure that it can evolve into the future. The 
solution is built around the ability to centrally register the 
information resources along with the components of an 
evolving model that describes the information resources.

The Australian Hydrological Geospatial Fabric 
(Geofabric) is a key AWRIS component designed using 

these methods and tools. The Geofabric is intended to 
be the authoritative source of Australian hydrological 
features and the relationships between them. The data 
set is composed into a suite of related spatial data 
products that provide different, yet consistent, views 
of the hydrological features and their relationships.  
Phase 1 Geofabric products were released in 
October 2010. AWRIS will be spatially enabled using 
the Geofabric to discover, query, report and model 
water information.

Achievements

The SWIM project team has developed a suite of tools 
for creating and managing information models in a 
consistent fashion. Known as ‘Solid Ground’, the suite 
comprises a model registry and tools built as plug-ins 
to the Enterprise Architect Unified Modelling Language 
(UML) modelling toolset1. Solid Ground supports 
interoperability within systems of systems through 
the creation, registration, management and reuse of 
modular information, model components and other 
information resources.

The Geofabric conceptual model consistently supports 
users working at many different scales, from continental 
to local. Contracted nodes are a key element of the 
conceptual model, and enable multiple, consistent 
representations of features in the Australian hydrological 
system, using different geometries, topologies and 
scales across the Geofabric product suite.

For the past year, the SWIM team has been helping 
the Bureau to design Phase 2 Geofabric data 
products. Significant effort has focused on developing 
processing algorithms and business rules to create 
and ensure the persistence of contracted nodes in the 
Geofabric. To meet the requirement for groundwater 

1  See: http://www.sparxsystems.com/ 

Water Information Systems
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data products, the Geofabric conceptual model 
has been extended to incorporate groundwater 
features. The hydrological concepts and their 
descriptions contained within the conceptual 
model have been aligned with relevant international 
hydrology domain models. The conceptual 
model has also been proposed as a candidate 
for the World Meteorological Organization (WMO) 
Hydrology model through the Open Geospatial 
Consortium/WMO Hydrology Domain Working 
Group. The SWIM team is currently formalising a 
draft specification that will align the information 
model with accepted definitions from the WMO 
International Glossary of Hydrology.

FIGURE 3: Geofabric 
‘contracted’ nodes

Persistent reference 
points within the Australian 
hydrological system that can 
be reliably identified across 
multiple representations.

Ensuring interoperability between different water information systems

The Sustainable Water Information 
Models (SWIM) project has delivered a 
conceptual architecture for the Geofabric. 
The architecture comprises a consistent 
set of modular information models 
that separate the concerns of data 
maintenance and end user products. 
This enables the Geofabric to ‘operate’ at 
many scales and support multiple use cases.

SWIM has also helped the Bureau deliver 
Phase 1 Geofabric, which was based on 
the Geofabric conceptual architecture, and 
delivered the Solid Ground toolset to users 
within the Bureau and other organisations.

Based on the tools and functionality 
of Solid Ground, Sparx Systems has 
developed built-in functions to support 

the ESRI user community, to automatically 
create Unfied Modelling Language (UML) 
models from ESRI geodatabases and 
generate schemas from UML models. 
This functionality is anticipated to be 
broadly adopted by the geospatial 
community working with ESRI geographic 
information systems.

Next steps

The SWIM project is focused on applying research to 
operations through three activities:

1. ‘Consolidated Ground’ – consolidate and further 
the use and adoption of the model management 
approach and tools within the Bureau

2. Registry exploitation – registration, access, 
and use of information resources described by 
information models in the context of an emerging 
AWRIS architecture 

3. Geofabric design and implementation – research 
and technical support for the design, creation and 
provision of core Geofabric Phase 2 products, and 
their use in key reporting processes.

Multiple representations based on different feature types, geometries, topologies and scales
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Hydrologists Workbench
Developing tools to automate common scientific workflow processes, which 
will enable hydrologists to easily perform complex and repetitious tasks in 
hydrological data and model integration.

BUREAU SPONSOR: Louise Minty 

COLLABORATORS:   Microsoft Research 

PROJECT LEADER: Susan Cuddy

Challenge

Developing a water account or undertaking a water 
resources assessment involves many activities using a 
variety of tools and data sets. The process involves large 
volumes of data and often includes activities that are 
highly repetitive and labour intensive. To produce regular 
national water accounts and assessments, the Bureau 
needs tools to automate many of these activities so they 
can be performed easily and efficiently, in a repeatable, 
transparent manner.

Solution

The Hydrologists Workbench (HWB) is a productivity 
tool that uses scientific workflow technologies to link 
and manage the activities involved in water resource 
assessments and the production of water accounts. It 
provides a way to describe, link and execute processes 
involving a range of models, geographic information 
system (GIS) packages and other tools.

The HWB can be run as a standalone desktop tool or 
through a central server. It allows users to integrate 
models and analytical and visualisation tools with 
common work processes and data into a workflow – 
including data held in AWRIS and Geofabric. The HWB 
can automate repetitive tasks, not only reducing the time 
taken to perform them but also ensuring consistency 
and repeatability. It also allows workflows to be saved 
and re-run at a later date, making the process of 
developing water resource assessments and water 
accounts transparent and auditable.

In addition to building components within the HWB 
that are specific to Bureau requirements and work 
processes, it provides full access to other workbenches 
(e.g. ArcGIS) and modelling tool boxes (e.g. eWater 
Source tools).

Achievements

The team has made significant advances during the 
year, most of which are implemented in the latest HWB 
software release. These advances include: 

i. packaging the ability to integrate existing code 
(scripts) using eWater tools and models into the 
one tool – making the richness of the eWater toolkit 
available to HWB workflow composers

ii. developing workflows that demonstrate the utility 
of the HWB for building and managing the model 
calibration process, including using the power of 
high-performance computing

iii. developing a workflow to automate parts of AWRA 
model execution process. 

A number of training workshops and seminars have 
been conducted to raise awareness and help scientists 
familiarise themselves with this new technology.

Next steps

The HWB has been adopted by a number of projects 
in the Alliance and outside the Alliance. Anticipated 
activities within these other projects are to:

•	 automate the building of some Geofabric products

•	 expand the calibration workflow into a calibration and 
benchmarking framework for AWRA.

Water Information Systems
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Realising productivity gains using the Hydrologists Workbench

FIGURE 4: Conceptual representation of the AWRA-L modelling workflow as implemented in the HWB

Thinking in workflows has underpinned 
the development of a model calibration 
tool with a high level of flexibility, which has 
traditionally been only available through 
direct programming. The tool makes use 
of the workflow canvas to visualise the 
chain of calibration processing steps. It 
also uses the inherent functionality of HWB 
to configure and store multiple executions 
of the calibration workflow. Together, 
these aspects of the model calibration tool 

provide a robust and extensible ‘sandbox’ 
in which to trial alternate calibration 
methods and parameterisation. 

The tool demonstrates HWB’s ability to 
deliver cutting-edge science without the 
overheads of extensive programming 
and interface development. This shortens 
the delivery chain between research 
and implementation. The scientific 
workflow is easily shared and adapted, 

opening the way for a more collaborative 
relationship between research providers and 
research users. 

These features promise real productivity 
gains, both for research providers and 
users. Co-development of workflows 
by researchers and users is the ultimate 
goal, using the workflow as a canvas 
for designing solutions to modelling or 
reporting requirements.

Pre-Process 
Data

Run AWRA 
Model

Transfer 
Results

Visualise 
Results
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One-second Digital Elevation Model 
for Australia
Preparing a one-second (~30 metres) resolution national digital elevation model 
(DEM) for use in hydrological applications.

BUREAU SPONSOR: Tony Boston 

COLLABORATORS:  Australian National University
 Geoscience Australia
 Defence Imagery and Geospatial Organisation

PROJECT LEADER: John Gallant

Challenge

The Bureau needs high-resolution elevation 
(topographic) data for the Australian continent to support 
water forecasting, assessment and accounting. In the 
past, this was only possible at a nine-second (~250 
metres) grid resolution. The Shuttle Radar Topographic 
Mission (SRTM) data obtained through the Australian 
Defence Imagery and Geospatial Organisation provides 
elevation data at much better resolution of one second 
(~30 metres).  However, the data has several limitations 
that must be resolved before it can be used for 
hydrological modelling.

Solution

The project team has developed a suite of methods and 
tools for ‘cleaning’ the SRTM data and deriving the best 
possible, hydrologically sound DEM. This has produced 
a new and improved terrain data set for the Geofabric.

Achievements

The project team has developed a range of new 
techniques for treating sensor artefacts, gaps, offsets 
due to trees, noise and lack of hydrological connectivity 
in the SRTM data. In this final year of the project, 
the team has completed the hydrologically enforced 
DEM (DEM-H), which uses a combination of mapped 
streams and DEM-derived streams (see coloured box). 
The drainage networks, catchments and topographic 
attributes from DEM-H will form the foundation data 
layers for the Geofabric.

The project team has:

•	 developed a method to selectively use the coarse 
1:250,000 scale stream-line mapping in low -relief 
areas, and fill the gaps in high-relief areas, using flow 
lines derived from the preceding smoothed DEM 
(DEM-S) 

•	 produced DEM-H from DEM-S and the combined 
stream networks

•	 delivered the first working version of a ‘conflation’ 
tool, which accurately identifies matching links in river 
network data of differing spatial resolutions (see box). 
The conflation tool enables the retention of attribute 
information as the Geofabric is progressively updated 
to finer resolution drainage networks.

Next steps 

This was the final year of the one-second DEM project 
within the Alliance in terms of research investment. The 
project team will deliver the suite of DEM processing 
tools to Geoscience Australia and continue to support 
them through a project outside the Alliance, as they 
maintain and update the one-second DEM products, 
derive catchments from DEM-H and use the conflation 
tool to update the Geofabric. 

Foundation Data Products
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FIGURE 5: DEM Conflation Diagram

Results from the conflation tool in part of the upper Murrumbidgee showing how the relatively coarse 
nine-second digital elevation model (DEM) catchment boundaries (black lines) can be identified to allow 
attribute transfer to the one-second DEM catchments (coloured polygons), even though there is a much 
higher level of detail in the catchments and network (light grey lines).

Conflation tools speed up the quality assurance process

Conflation is the process of identifying 
and matching spatial features that are 
described differently in separate data sets, 
but represent the same geographic feature 
on the ground. 

Automating this process is essential when 
dealing with continental -scale data sets 

such as the Geofabric. The conflation tool 
will enable features to be automatically 
transferred from one representation of a 
river network to another representation 
of the same network. This allows the 
Geofabric to be progressively improved 
with better elevation and stream-line data, 
but with minimal manual effort.

The tool will also allow legacy data and 
modelling based on other representations 
of the river network to be linked to 
the Geofabric, providing a consistent 
framework for reporting a wide variety of 
hydrological information.
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Precipitation and Actual 
Evapotranspiration Products
Developing national data sets of daily precipitation and evapotranspiration 
with improved accuracy and spatial representation.

BUREAU SPONSOR: Louise Minty 

COLLABORATORS:  Centre for Australian Weather and Climate Research
 University of Queensland
 University of New South Wales

PROJECT LEADER: Luigi Renzullo and Edward King

Challenge

Precipitation and evapotranspiration are two important 
elements of the terrestrial water balance. The Bureau 
of Meteorology needs precipitation data products 
suitable for water accounting, assessment and reporting 
applications, and improved methods for routinely 
estimating actual evapotranspiration. However, current 
gridded estimates of daily rainfall are only reliable in 
the well gauged parts of the country. Despite the many 
algorithms and products available, there has been no 
agreement on the most suitable methods of computing 
actual evapotranspiration for hydrological modelling.

Solution

The project team has developed new methods and tools 
to produce precipitation data sets, and is evaluating actual 
evapotranspiration data products to underpin hydrological 
assessment and forecasting across Australia. Pilot 
operational production systems will demonstrate these 
products, enabling the Bureau to quantify the resourcing 
requirements for full implementation. The data sets will 
help the Bureau’s hydrological monitoring and modelling, 
thereby improving water management and reporting.

Achievements

Precipitation

A major focus for this activity in 2010-11 has been the 
testing of a number of statistical techniques for blending 
the less accurate yet spatially-comprehensive coverage 
of satellite-derived rainfall products, with the more 

accurate point observation of rain gauges to generate 
enhanced daily rainfall products for the Australia. 
One of the better performing and novel techniques 
was developed under the Alliance by project members 
Drs Ming Li and Quanxi Shao1. Subsequent analysis by 
the team2 was able to highlight the parts of the continent 
where the estimation of rainfall is likely to be improved 
from the addition of satellite rainfall products (Figure 
6).  The team found that for regions where there are 
less than four gauges per 10,000 km2 (white areas in 
Figure 6) the satellite data improved estimation by up 
to 20% compared to estimates based on gauge data 
alone. This work has shown the potential for satellite 
precipitation products to improve rainfall estimation in 
the areas of low gauge density.

Actual evapotranspiration

An important milestone this year was the completion 
of an investigation evaluating eight different continental 
actual evapotranspiration products over six years. 
The products were evaluated against in situ flux 
measurements and multi-annual water balance 
estimates from 585 catchments. They were also 
compared with each other to determine average 
behaviour and to identify outliers by both season and 
location. The study concluded that products based on 
water balance analysis work well in areas of Australia 
where evapotranspiration is limited by rainfall. However, 
estimation is improved dramatically when using a 
method based on dynamic remote sensing in areas that 
have significant lateral flow.

1  Li and Shao 2010, J Hydrol.
2  Renzullo et al 2011, in Proc. 34th ISRSE

Foundation Data Products
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FIGURE 7: Ensemble behaviour of evapotranspiration methods

Ensemble behaviour calculated using all eight actual evapotranspiration methods for 
the Murray–Darling Basin Division in spring (October), summer (January), autumn 
(April) and winter (July). The ensemble mean (Mean), standard deviation (SD) and 
coefficient of variation (CoV) are shown.

Recommendation for operational Actual Evapotranspiration (AET) 
production system

A direct result of the assessment of available actual 
evapotranspiration methods is that it has become clear 
that the most effective approach to providing estimates 
for the whole of Australia is by combining multiple 
products based on methods appropriate to regional 
conditions. This Alliance research has determined 
the practical pathway for the development of an AET 
product for all of Australia. 

The investigation recommended the adoption of the 
CMRSET method1, not just because it performs well, 
but because it is based on two mature products from 
the MODIS sensors, which have a planned replacement 
roadmap in the VIIRS sensor series due for launch 
in late 2011. The data from this method will be used 
wherever and whenever water flows laterally, and will be 
combined with water balance-derived estimates from 
the AWRA model elsewhere. The project team is now 
implementing a pilot system for the Bureau to deliver this 
combined product.

1  Guerschman et al 2009, J. Hydrol.

FIGURE 6: Areas of the country (in white) where the density of gauges 
is less than four gauges per 10,000 km2, and where satellite data are 
likely to aid in the estimation of rainfall amounts

Next steps

In collaboration with the Bureau, 
the project team will develop 
a framework to quantitatively 
assess the blended rainfall 
products against the network of 
ground-based rain gauges and 
some existing gauge-only daily 
rainfall analyses. 

The team will deploy pilot 
operational systems to 
demonstrate routine production 
of improved precipitation and 
actual evapotranspiration 
products. The systems will 
be implemented in a shared 
environment, allowing the Bureau 
to become familiar with technical 
and resourcing issues, as well 
as providing a routine supply 
of data for the Australian water 
assessment. The outcome 
will enable a smooth transition 
from CSIRO research into 
Bureau operations.
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Water Resources Assessment  
and Accounting
Developing systems to help generate comprehensive national water resources 
assessments, water accounts and water resources outlooks.

BUREAU SPONSOR: Louise Minty 

COLLABORATORS:  Monash University
 University of New South Wales
 Deltares, Netherlands
 VU University, Netherlands
 Technical University Vienna, Austria
 The Group on Earth Observations (GEO) and the Global Earth Observation   
 System of Systems (GEOSS)
 Global and Energy and Water Cycle Experiment (GEWEX)

STREAM LEADER: Albert Van Dijk

PROJECT LEADERS: Matthew Stenson, Neil Viney, Russell Crosbie, Juan Pablo Guerschman, 
 Tim McVicar, Brent Henderson, Luigi Renzullo

Challenge

State-of-the-art water resources assessments and water 
use accounting require comprehensive information on 
the generation, distribution and use of water resources 
across Australia. This information needs to have local 
detail, accuracy and currency. It also needs to be 
produced on demand in a robust and transparent 
manner. At present, this information is not available for 
all areas and water measurements, and what is available 
has to be obtained from a variety of sources.

Solution

The project team is delivering the world’s first integrated 
system for detailed water balance analysis from the 
continental to the sub-catchment scale. The AWRA 
system couples modelling with observations to provide 
new insights into trends, drivers and interactions in 
Australia’s water systems. The system draws on a wide 
range of on-ground and remote sensing data, and will 
provide unprecedented accuracy and coverage.

The project team also continues to assess the 
performance of various existing models that describe 
parts of the water cycle, and integrate the best 
methods within a flexible modelling system. The team is 
developing innovative methods to deal with incomplete 
data and uncertainty in measuring and estimating the 
water balance, and to summarise and interpret large 
volumes of water data.

Achievements

The project team has delivered the landscape 
components integrated as an operational system 
currently being implemented within the Bureau. All 
information is generated daily with national coverage at 
about 5 km resolution. This information will be used for 
the Bureau’s annual National Water Account and regular 
water resources assessments, providing valuable and 
timely information to water management practitioners, 
policy makers and researchers. 

The assessment system uses daily precipitation and 
evapotranspiration information of unprecedented quality 
and detail. It includes a landscape water balance model 
that describes the vegetation and soil water balance. 

Accounting and Assessment
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Comparing Rainfall–Runoff models to Land Surface Models

Figure 8 compares the model predictive 
performance for monthly streamflow 
in 72 unregulated catchments in 
southeastern Australia. The grey shaded 
region represents the performance of 
a selection of five lumped rainfall-runoff 

models (validation data using parameters 
from the nearest gauged catchment). 
The solid lines represent the performance 
of the distributed landscape hydrological 
model AWRA-L. The calibrated AWRA-L 
(i.e. single set of parameters optimised 

on catchments across the continent) has 
significantly improved predictive power 
(blue) over the uncalibrated version using 
default parameters (red). The calibrated 
AWRA-L performs as well as the 
lumped models.

The landscape water balance model is currently being 
coupled to models to estimate water use and river and 
groundwater processes. 

All components of the assessment system continue 
to be improved through evaluation against a range 
of observations, and model–data fusion techniques 
bring the model and observations into agreement. 
The observations include:

•	 on-ground measurements such as river gauges, 
irrigation diversion metering, vegetation water use 
experiments and soil moisture sensors

•	 satellite observations of vegetation cover, flooding, 
soil moisture, precipitation, evaporation and 
groundwater dynamics. 

The system is capable of providing regular updates 
on soil water and groundwater storage, generation 
of streamflow, vegetation water use and other main 
components of the water balance.

A system of this scale and complexity requires a 
sophisticated governance framework. This has been 
established to guide the operational deployment of 
AWRA, which will progressively roll out new features and 
capabilities in the coming years. 

FIGURE 8: Landscape 
hydrology model 

A distributed landscape 
hydrological model (AWRA-L) 
has significantly greater 
predictive power for daily 
streamflow over the uncalibrated 
version using default 
parameters. The calibrated 
AWRA-L performs as well as a 
selection of lumped catchment 
rainfall–runoff models. 
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Next steps 

The project team will focus on:

•	 system integration

•	 model development

•	 dynamic land cover and landscape water data

•	 model–data fusion. 

a) System integration

Researchers will help transfer the AWRA system into the 
Bureau’s operations for implementing water accounts 
and assessments. The key research challenges are:

•	 implementing AWRA within the Bureau in a 
fast, scalable and robust manner, including the 
integration of new models and data streams as they 
become available

•	 developing a data and workflow tracking system 
that ensures an effective audit trail, repeatability and 
data concurrency

•	 integrating AWRA with river modelling tools in a 
conceptually robust manner

•	 developing flexible calibration and benchmarking 
tools and techniques to help assess model 
performance and ensure best practice.

b) Model development

Researchers will improve the AWRA system and develop 
new system components where required. This includes 
improving groundwater representation in AWRA by 

developing and integrating new model components to 
describe aquifer dynamics and groundwater–surface 
water processes. Performance benchmark tests will 
objectively and rigorously test potential improvements in 
the existing landscape hydrology model. Improvements 
may include incorporation of alternative modelling 
approaches, better parameter estimation techniques 
and better representation of hydrological processes.

c) Dynamic land cover and landscape water data

Using satellite observations, researchers are developing 
dynamic land surface condition data for integration in 
the AWRA system. The data include spatial estimates 
of land cover types and dynamic observations of their 
biophysical properties such as albedo, greenness, leaf 
area index and vegetation height. These observations 
are used to constrain the water and energy fluxes in 
the landscape – particularly in forested systems, where 
AWRA performance needs improving.

Methods are being developed to estimate landscape 
water dynamics, including surface water storage 
dynamics and excess evapotranspiration (using 
additional river water or groundwater) in irrigated areas, 
floodplains, and off-reach wetlands and storages. 
Researchers are developing tools to ‘sharpen’ this 
information using high-resolution satellite data. 

Researchers will also use remote sensing to provide 
AWRA with estimates of water volume from flood events 
and their uncertainty bounds. This information will be 
used to better quantify river flows and diversions in 
ungauged catchments.  

Accounting and Assessment
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FIGURE 9: Water storage anomaly

Total water storage anomaly map for 1 February 2010 (lines indicate river basins). Total storage includes water 
in vegetation, soil, groundwater and surface storage combined. Anomalies are calculated with reference to the 
mean values for the same day in the years 1980–2009.

d) Model–data fusion

Researchers will further develop statistical approaches 
to integrate AWRA model estimates with additional 
supporting or corroborating data. Data is available 
from on-ground observations at particular locations 
(e.g. stream gauge data) and satellite observations and 
products, but cannot be directly inserted into models. 
Sophisticated model–data fusion techniques will be 
developed to combine models and observations, 
drawing on data assimilation methods applied in weather 
forecasting and other statistical data reconciliation and 
fusion approaches. 

These methods will extend the data assimilation from 
single time series to simultaneous assimilation of multiple 
gridded data sets. Science highlights for 2010–11 include:

•	 coupling AWRA-L with a river routing model  

•	 investigating existing data assimilation platforms 
(Open Data Assimilation Toolbox See 
http://www.openda.org/joomla/index.php, 
Land Information Systems LIS)   

•	 improving approaches for characterising errors in 
observational data before their assimilation into models

•	 forward modelling of brightness temperature.

Water storage anomaly

+250 mm

-250 mm
0 250 500 1,000 km
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Short-term Water Forecasting
Developing methods and tools to improve the Bureau’s operational flood 
forecasting and generate continuous short-term streamflow forecasts 
across Australia.

BUREAU SPONSOR: Dasarath Jayasuriya 

COLLABORATORS:  Centre for Australian Weather and Climate Research

PROJECT LEADER: Thomas Pagano

Challenge

Reliable water forecasts are critical for managing 
extreme events and optimising river and water resources 
management. For water forecasts to be of value, they 
require lead times ranging from hours to weeks. The 
current event-based hydrological model used by the 
Bureau for flood forecasting lacks accuracy at extended 
lead times. A model that continuously simulates 
streamflow and accounts for soil moisture variability 
would allow for more accurate forecasts with extended 
lead times. Existing forecasts are also single-valued and 
there are new methods for reliably expressing forecast 
uncertainty and possible range of outcomes. To satisfy 
these growing needs the Bureau’s flood forecasting and 
warning services are expanding to include new tools and 
forecast products.

Solution

The project team is developing methods and tools 
to improve the Bureau’s national operational flood 
forecasting and to generate short-term (up to seven 
days ahead) streamflow forecasts at selected sites 
across Australia. A new application called Short-term 
Water Information Forecasting Tools (SWIFT) is being 
developed to support these services. The team is 
developing techniques to:

•	 increase the accuracy of streamflow forecasts

•	 extend forecast lead times 

•	 produce a diverse suite of new products, including 
forecasts of low and high streamflow conditions

•	 calculate forecast uncertainty.

Achievements

The SWIFT application (see coloured box) now has a 
rich palette of rainfall–runoff models, including some 
that are well known and some that are newly developed. 
A comparative analysis of model performance was 

undertaken using data from nearly 2000 catchments 
around the world. This led to the development of a set of 
practical recommendations on the use of these models 
in operational forecasting situations across Australia. 

The team also developed a method to make reliable 
statements about forecast uncertainty. The usual 
method for quantifying river forecast uncertainty, which 
has been an industry standard for several decades, 
makes overconfident forecasts that often do not capture 
the full range of likely futures. The new method involves 
a simple and easy adjustment to give the correct level 
of uncertainty to any standard model’s ensemble 
output. The adjustment method is especially well suited 
for operational forecasting and will compete in an 
international inter-comparison this year. 

What sets SWIFT and this group’s research agenda 
apart from other river modelling applications is the focus 
on forecasting. The team has retrospectively generated 
33 years of short-range streamflow forecasts from the 
new models, as if they were being created in real-time. 
This dataset for nearly 150 catchments in south-east 
Australia has given unprecedented insights into how 
quickly forecast skill disappears at longer lead times.

Next steps

The project team will further develop the SWIFT 
application and ancillary tools to suit the challenges of a 
fast-paced forecasting environment, including:

•	 methods for calibrating and downscaling numerical 
weather predictions of rainfall and generating rainfall 
forecast ensembles

•	 methods for quantifying hydrological uncertainty as 
well as calibrating and updating model parameters

•	 integration of rainfall and river flow observations, 
rainfall predictions and hydrological modelling to 
produce reliable ensemble river flow forecasts

•	 verification methods that specifically focus on criteria 
matching service needs.

Water Forecasting and Prediction
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FIGURE 10: Average area rainfall for Wangaratta

Accumulated rainfall forecasts from the Bureau of Meteorology’s ACCESS 
weather model for the Ovens catchment in Victoria. The figure shows the 
area-average above Wangaratta station during August-September 2010. 
The thick black line is the observation. Coloured lines indicate forecasts 
starting from different issue times (marked by coloured circles).

SWIFT in action: Using weather forecasts to predict streamflow in Victoria

Building on work from the past year, the 
Bureau is running SWIFT in-house to 
generate real-time experimental forecasts 
for the Ovens catchment in Victoria. 
Figures 10 and 11 show some examples of 
rainfall and streamflow forecasts produced 
during a large flood in 2010.

CSIRO and the Bureau jointly prepared 
the data and set up the model. More than 
20 years of hourly rainfall and streamflow 
data at dozens of stations was sourced 
from state agencies and quality controlled 
using a hybrid automated/manual 
system. The quality control system 
detects erroneous data and infills missing 
and bad values. A visually interactive 
application called the SWIFT ‘Army Knife’ 
was developed to streamline the quality 
control system. This application will be a 
tremendous asset when the short-term 

streamflow forecasting service is rolled out 
nationally to 15–20 additional catchments.

The Bureau’s adoption of SWIFT has seen 
several advances:

•	 Progress in calibrating model 
parameters: Automated parameter 
calibration methods using common 
skill scores from the scientific 
literature gave unsatisfactory results. 
These automated methods were refined 
by the project team to better reflect 
the calibration objectives and produce 
superior results.

•	 Use and evaluation of the Bureau’s 
numerical weather predictions 
for streamflow forecasting: The 
experimental forecasting service 
takes rainfall forecasts of 5 and 12 km 
resolutions and forces them through 

the Ovens river forecasting model. 
The team has also developed a 
numerical weather prediction verification 
system that could serve as a starting 
point for a real-time verification system 
suited for hydrological applications.

•	 Development of a high performance 
adapter: The Bureau uses SWIFT 
within Deltares Flood Early Warning 
System (FEWS). SWIFT communicates 
with FEWS through the use of adapters. 
CSIRO used top-tier programming 
practices to develop the fastest, most 
flexible and robust adapter possible. 
The performance and reliability of 
the new adapter exceeded initial 
expectations, far outperforming an 
earlier prototype. It has been designed 
to be easily changed as SWIFT and 
FEWS evolve.
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FIGURE 11: Forecast streamflow at Wangaratta

As per Figure 10, but for forecast streamflow at Wangaratta. The thick 
black line is the observation and coloured lines indicate forecasts starting 
from different issue times (marked by coloured circles). Several days 
ahead, general warning was possible and the forecasts improved as the 
event got closer.
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Seasonal Water Forecasting
Developing new methods and tools to provide accurate and reliable seasonal 
and long-term water forecasts of inflows to river systems across Australia.

BUREAU SPONSOR: Dasarath Jayasuriya 

COLLABORATORS:  Centre for Australian Weather and Climate Research (CAWCR) 
 South Eastern Australian Climate Initiative (SEACI)

PROJECT LEADER: QJ Wang

Challenge

Australia has one of the most variable and driest climates 
on Earth. New seasonal (from several weeks to several 
seasons) and long-term (decades) water forecasting 
methods will provide information to better understand 
and predict the effects of climate variation and change 
on water flows. This will improve water management 
while managing risks, and inform water trading and 
water futures markets. It will also inform the development 
of future policy on water supply and use, and guide 
environmental watering outcomes.

Solution

The project team is developing new methods to 
provide accurate and reliable seasonal and long-term 
water forecasts to improve understanding of the 
impacts of climate variability and change on water 
availability. The initial focus of the project is on seasonal 
streamflow forecasting.

Two approaches for seasonal forecasting of streamflows 
at key points – and possibly forecasting runoff across 
the Australian continent – are being investigated. 
A Bayesian statistical approach is being used to 
develop probabilistic forecasting of multi-site inflows for 
Australia’s major water resources systems. The team is 
also developing a second approach based on dynamic 
hydrological modelling, using rainfall from historical 
analogue years or downscaled from forecast outputs of 
the Bureau’s Predictive Ocean Atmosphere Model for 
Australia (POAMA).

For long-term forecasts, the project team will develop 
methods and tools to construct hydrological scenarios 
using rainfall–runoff models driven by climate modelling 
outputs. The scenarios will be updated as climate 
change projections continue to be improved.

Achievements

One of the highlights of the project’s third year 
was the public release of the seasonal streamflow 
forecasting service by the Bureau’s Extended 
Hydrological Prediction team. The seasonal streamflow 
forecasting service is underpinned by the Bayesian 
joint probability (BJP) statistical seasonal streamflow 
forecasting research. 

The BJP techniques have been employed to produce 
seasonal rainfall forecasts for all of Australia, using 
climate indices and forecasts from POAMA as 
predictors. A hierarchical Bayesian model averaging 
approach has been developed to combine these 
forecasts. The skill of the combined forecasts extends 
over a greater number of seasons and spatial extent 
than the individual predictors.

The dynamic approach to forecasting streamflow at key 
points, by forcing conceptual hydrological models with 
historical climate ensembles and downscaled POAMA 
forecasts, shows useful skill in forecasting streamflows 
a month or season ahead at selected catchments in 
south-east Australia.

The project team has developed a new bias correction 
technique to improve statistical downscaling methods 
by matching observed and general circulation model 
climatologies. The team also assessed the performance 
of existing statistical techniques to downscale POAMA 
rainfall on selected catchments.

Water Forecasting and Prediction
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Forecasting rainfall for seasonal streamflow prediction

One of the major challenges in 
forecasting seasonal streamflows is 
obtaining skilful and reliable forecasts 
of seasonal rainfall. Seasonal rainfall 
can be forecast statistically using 
climate indices as predictors and using 
dynamic climate models. However, 
statistical rainfall forecasts typically 
have relatively low skill, and forecasts 
from dynamic climate models can be 
biased, with probability distributions 
that do not reflect the historical 
frequency of events. 

The BJP modelling approach has 
been used to produce seasonal rainfall 
forecasts, using as predictors many 
different climate indices (e.g. the Indian 
Ocean Dipole or Southern Oscillation 
Index) and rainfall forecasts from the three 
operational versions of POAMA. A new 
hierarchical Bayesian model averaging 
(BMA) approach has been developed 
to combine the forecasts made using 
the different predictors, according to the 
performance of forecasts for historical 
events made using each predictor.

Combined forecasts for historical events are 
skilful for much of the country and for many 
seasons. Overall, the forecast probability 
distributions reflect the historical frequency 
of events. The hierarchical BMA produces 
forecasts that have more widespread skill 
than any of the individual forecasting models.

The combined rainfall forecasts will be 
valuable input to both dynamical and 
statistical streamflow forecasting methods. 
The hierarchical BMA will be useful in 
combining forecasts made using different 
forecasting approaches.

FIGURE 12: Rainfall forecast for May–July 2010

Rainfall forecast for the May–July 2010 season 
using the Bayesian joint probability modelling 
approach to establish statistical models (top left) 
and to calibrate POAMA forecasts (top right), and 
using the hierarchical Bayesian model averaging 
approach to merge forecasts (lower left).
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Next steps

The project team will develop:

•	 statistical, dynamic and hybrid methods for 
probabilistic forecasting of seasonal streamflows 

•	 a suite of methods for verification of probabilistic 
forecasts in terms of predictive skills, reliability 
and robustness

•	 applications of the forecast and verification methods 
to major Australian river and storage systems 

•	 methods for long-term projections of Australia’s water 
availability due to climate and land use changes

•	 a method to couple hydrological modelling with 
both downscaled POAMA forecasts and ensemble 
historical forcings to forecast streamflow for weeks 
to seasons 

•	 an advanced model updating approach to improve 
the modelling and error corrections in forecasting

•	 a new statistical downscaling method for 
POAMA to improve the predictability of dynamic 
hydrological models

•	 a data disaggregation method for data simulation 
from monthly to daily scale 

•	 a method to efficiently handle multiple climate models 
in statistical and dynamic downscaling.

FIGURE 13: South-east Murray-Darling seasonal streamflow forecasts for July to September 2011, www.bom.gov.au/water/ssf

The locations on the map are either site-based forecasts or total catchment inflow forecasts.  
Forecast site information provides details on which locations are site-based or total inflow forecasts. 
Key: dark blue = likelihood of high flow (%); light blue = likelihood of around median flow (%); orange = likelihood of low flow (%)

Water Forecasting and Prediction
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Seasonal streamflow predictions 
available from Bureau website

The service has been providing reliable and accurate 
forecasts since its official launch in December 2010. 
The months of December and January were a time of 
very high and record streamflows, resulting in strong 
user interest with nearly 60,000 website visitors on 
the seasonal streamflow forecasting website since its 
operational release. More than 150 external users have 
subscribed to receive monthly email updates about the 
seasonal streamflow forecasts

The public launch of the forecast service followed a 
12-month experimental phase in which the Bureau 
and CSIRO consulted closely with water organisations. 
The ACT’s water authority, the ACTEW Corporation, 
collaborated with scientists throughout the experimental 
phase.  At the launch Mark Sullivan, the Managing 
Director of ACTEW said  “We have understood a whole 
lot more about the development of flows in recent 
months than we ever would have without the tool.”

FIGURE 14: Seasonal streamflow forecast of total flow of Ovens River to Murray River, forecast period: July to September 2011. Site specific 
charts can be viewed for each of the locations in Figure 13.
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Performance Report

Finance and Resources

The 2010/11 $11.33m investment was allocated 
to Water Information Systems – 27%; Foundation 
Data Products – 14%; Water Accounting and 
Assessment – 32%; Water Forecasting and 
Prediction – 23%; and Management – 4%.

The end of year financial position for the Alliance is an 
under expenditure of $0.362m.

Delivery and Productivity

The Alliance had 126 deliverables across eleven 
projects scheduled for completion in 2010/11. By the 
end of financial year, 104 (83%) deliverables had been 
completed, with a further seven (7) deliverables to be 
completed in July 2011.  Formal variations deferred 
delivery of fifteen (15) deliverables to first quarter 2011/12 
financial year, the majority rephased to align with the 
Bureau’s work plans.

Over 2010/11 the Alliance produced:

Journal papers published ............................... 8
Journal paper in press .................................. 27
Conference papers ..................................... 109
Technical reports .......................................... 39
Data sets ......................................................... 3

The Alliance whole-of-life output productivity for the 
program is summarised in the table below:

Alliance outputs 08/09 09/10 10/11 TOTAL
Journal published 13 9 8 30

Journal in press 3 4 27 34

Books 1 1

Conference papers 45 49 109 203

Published reports 51 22 8 81

Unpublished reports 25 32 31 88

Web pages 29 29

Data sets 2 5 3 10

Software tools 2 2

TOTAL 169 123 186 478

A full listing of Alliance research outputs is available in a 
companion document to the Annual Report. 

Alliance whole-of-life budget against 
expenditure performance

Alliance whole-of-life resource utilisation 
performance

WIRADA Budget Performance

0

2000

4000

6000

8000

10000

12000

2007/08 2008/09 2009/10 2010/11

Financial Year

In
ve

st
m

en
t $

'0
00

Budget
Expenditure
Bureau
CSIRO

Resource Utilisation Performance

Financial Year

St
af

f t
im

e 
(F

TE
)

0

10

20

30

40

50

2007/08 2008/09 2009/10 2010/11

Allocation

Effort

WIRADA Budget Performance

0

2000

4000

6000

8000

10000

12000

2007/08 2008/09 2009/10 2010/11

Financial Year

In
ve

st
m

en
t $

'0
00

Budget
Expenditure
Bureau
CSIRO

Resource Utilisation Performance

Financial Year

St
af

f t
im

e 
(F

TE
)

0

10

20

30

40

50

2007/08 2008/09 2009/10 2010/11

Allocation

Effort

The Alliance budget plan for 2010/11 proposed 
45.4 full time equivalents to be allocated to the eleven 
research projects. Total expended effort for the 
program was 44.0 full time equivalents.
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WIRADA Report Card 2010/11

Strategy Key Performance Measure Achievement

1  Targeted 
research

Goal:  design an integrated and coordinated research portfolio that targets medium to 
longer term end user needs

1.1 Define 
research 
direction

Objective 1:  Maintain a coordinated research portfolio that delivers knowledge, 
information and tools to vastly improve water data integration, water resource assessments, 
national water accounts, flood forecasts and water availability outlooks

Confirmation by the Bureau that WIRADA 
outputs meet their and their user needs.

ACHIEVED:  83% Acceptance 
of deliverables.

WIRADA Project Agreements refreshed 
and approved annually by the 
Management Committee.

ACHIEVED:  Project Agreements for 2011/12 
approved by the Management Committee 
17 June 2011.

WIRADA Communication Plan aligned with 
Bureau’s product adoption plans.

ACHIEVED:  WIRADA Communication 
Protocol provides the framework to ensure 
timely and consistent messages for product 
releases (eg: WDTF, Streamflow forecasting). 
Communication protocol revised to manage 
CSIRO Bureau communications beyond 
WIRADA projects.

1.2 Align 
research for 
impact

Objective 2:  Determine the priority between research investments and develop 
path to impact

WIRADA Research Transition Plans 
developed for all projects.

ACHIEVED IN PART:  Principles for 
transitioning research into operations agreed 
by the Bureau Leadership Team. Research 
transition will be Bureau-led process and 
incorporated into product development and 
deployment plans.

WIRADA Communication Plan developed, 
reviewed quarterly and progressively being 
implemented.

ACHIEVED:  Communication opportunities 
developed by the communication teams 
and reviewed jointly by the Management 
Committee quarterly.
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WIRADA Report Card 2010/11

Strategy Key Performance Measure Achievement 

2  Quality 
relationships & 
collaboration

Goal:  develop quality relationships and harness added-value from related research 
investments particularly across the Water for a Healthy Country Flagship portfolio, and build 
enduring partnerships with supporting initiatives

2.1 Develop 
relationships

Objective 1:  Define and develop relationships to enhance delivery of the WIRADA 
program and establish the necessary governance arrangements

Processes for Bureau engagement in Project 
design, development and delivery defined, 
agreed and implemented i.e. Project. 
Sponsor, Business Lead, Implementation 
Lead, Bureau Research Team members.

ACHIEVED:  Roles defined and 
implemented:  Project Sponsor, Sponsors’ 
Agent, Business Lead, Implementation 
Lead and Team member to support 
Bureau involvement.

Bureau staff actively engaged in the 
research design and development. CSIRO 
researchers actively participating in R&D 
transition processes to operations.

ACHIEVED:  Joint project governance 
committees established for AWRA and 
CAWCR projects in 2010/11.

Outcomes specified and monitored for 
collaboration with CAWCR, eWater and GA.

ACHIEVED:  WIRADA–CAWCR and 
WIRADA –eWater workshops convened.  
CAWCR staff engaged in projects.  
Collaboration with GA ongoing.

Outcomes specified and monitored for 
collaboration with international initiatives 
including CUAHSI, OGC and WMO.

ACHIEVED:  WaterML2.0 Working Group 
established within OGC, CSIRO nominated 
to lead the group. CUAHSI collaboration 
on-going on WaterML2.0.

No skills gaps or shortage of capabilities to 
meet demand.

ACHIEVED:  97% of planned 45.4 
full time equivalents (FTE) applied to 
2010/11 program.

2.2 Harness 
collaboration

Objective 2:  Harness and value-add from relevant research investment

Action plans for research collaboration 
implemented with particular regard 
to eWater, CAWCR, GA, CUAHSI and 
relevant Water for a Healthy Country 
Flagship Themes.

ACHIEVED:  Three new CAWCR projects 
were planned and introduced in 11/12 
portfolio. GA to host the DEM data 
products. eWater Source Rivers to be 
embedded into AWRA. 

Jurisdictional and industry participation in 
WIRADA research projects and pathways for 
adoption specified (including training).

ACHIEVED IN PART:  WDTF expert 
group established and progressive 
adoption of standards by external data 
providers. WIRADA presents scientific 
progress to influential end users through 
Jurisdictional Reference Group on Water 
Information meetings.
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WIRADA Report Card 2010/11

Strategy Key Performance Measure Achievement

3 Quality delivery 
and impact

Goal – deliver quality science with real world impact and positive peer recognition

3.1 Manage 
science quality

Objective 1: Ensure sound science quality management practices maintained

More than 80% of the WIRADA deliverables 
achieved and accepted to time and budget, 
with the delayed deliverables completed 
within the following quarter.

ACHIEVED:  83% of the 126 deliverables 
completed and accepted by the Bureau. 
Risk assessment framework approved (part 
of the revised Implementation Strategy) and 
assessments reported to the Management 
Committee quarterly.

The majority of WIRADA research 
outputs embedded in, or influential on 
the implementation of Bureau operational 
systems.

ACHIEVED:  WDTS being used 
operationally; DEM-H adopted by Bureau 
to underpin geofabric; seasonal streamflow 
forecasting service launched; AWRA-L 
installed at the Bureau in preparation for 
operational service. 

WIRADA portfolio subject to periodic 
independent peer review and aligned with 
formal reviews of the Improving Water 
Information Program and Flagship Program

ACHIEVED:  WIRADA Science 
Symposium August 2011.

Scientific publication productivity and 
citation index at or above the CSIRO 
benchmark (2 journal papers per 
research scientist).

NOT ACHIEVED:  The WIRADA team 
included 18.7 Research Scientists (RS) 
equivalents in 2010/11. During the year, 
35 journal papers were accepted for 
publication which is 1.9 publications per RS.

3.2 Champion, 
evaluate and 
feedback

Objective 2: Champion the research outcomes; assess impact and adapt the WIRADA 
research program

WIRADA research outcomes reported 
in media coverage, participation in key 
jurisdictional and industry forums and 
contribution to international initiatives.

ACHIEVED:  109 conference papers 
at 16 key national and international 
conferences, media take up on DEM 
release, web site registrations (from public) 
of seasonal streamflow forecasting product.

Research impact assessment undertaken 
and reported in the WIRADA Annual 
Research Report.

ACHIEVED:  Annual Report approved for 
release by the Management Committee.

Five year, rolling implementation strategy 
and investment profile agreed by Bureau 
and CSIRO through the WIRADA 
Management Committee.

ACHIEVED:  WIRADA Implementation 
Strategy 2010–2013 revised May 2011 
and approved for release by 
Management Committee.
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Notes
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