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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, approving the annual research 
program and budget, and overseeing the 
effective delivery of the research program. 

The committee comprises two executive 
representatives each from the Bureau 
of Meteorology 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 Tom Hatton,  
Director Water for a Healthy Country 
National Research Flagship  
(to November 2009)

Dr Ian Prosser,  
Acting Director Water for a Healthy 
Country National Research Flagship  
(from November 2009)

The committee meets at least quarterly. 
In 2009/10, the committe met on 29 July 
2009, 30 October 2009, 4 February 2010, 
20 May 2010 and 25 June 2010.
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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.

Water resources information is currently collected and 
reported by more than 200 organisations across Australia, 
using a variety of methods. The range of collection and 
reporting methods and arrangements for accessing water 
data has made it difficult to monitor the status and use 
of Australia’s water resources and reliably forecast water 
availability. This has compromised the effectiveness of 
water resources management and planning.

Improved accessibility, integration and use of national 
water resources information will result in better informed 
policy and infrastructure decisions and better evaluation 
of water sector reforms. This will also lead to greater 
confidence in how Australia manages this vital resource. 
These outcomes require substantial innovation and 
this can only be achieved through a world-class water 
information research and development program.

The Water Information Research and Development Alliance 
(the Alliance) will transform 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) nation-
leading expertise in water and information sciences with 
the Bureau’s new operational responsibilities in water 
information. Through the Water for a Healthy Country 
Research Flagship around 40 leading CSIRO researchers 
will focus on topics including data interoperability, 
hydrologic modelling, water accounting and water 
resources assessment and water availability predictions. 

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

About the
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Robust science will provide the means and credibility to 
build user confidence in the Bureau’s water information 
outputs. The program is demonstrably gathering 
momentum with the Water Data Transfer Format widely 
adopted by water data providers, an experimental 
seasonal streamflow forecast service strongly 
underpinned by Alliance research and completion of a 
new digital elevation model for Australia that has been 
tailored for water resources applications.  

Delivery of the innovative, high quality of the research 
outputs embodied in water information products and 
services is a critical reputational and credibility issue 
for WIRADA and the Bureau. Basing the products and 
services on a body of high quality scientific publications, 
independently peer-reviewed, is a critically important 
outcome for the partnership.

I would like to extend my sincere gratitude to the 
leadership and guidance of the management committee 
members, in particular Tom Hatton (Flagship Director) 
and Ian Prosser (acting Flagship Director), with Dr Bill 
Young joining the committee from July 2010.

The management committee is looking forward with 
anticipation to another exciting and productive year 
ahead.

Dr Greg Ayers

Director of Meteorology 

Message from the Chair

the Water Information Research and 
development Alliance was launched by the 
then minister for climate change and Water 
the hon. penny Wong on 4 september 2008.

The partnership provides the necessary mix of research 
expertise and operational experience to deliver high 
quality water information products and services. This 
Alliance is an exemplar of how to develop and deliver 
a collaborative program having national reach, where 
Bureau and CSIRO teams undertake their activities in an 
especially integrated and focussed manner.

The Alliance has had a productive year, with an 
impressive and growing list of research outputs and 
achievements. In the context of my 35 years experience 
with delivery of research and development, I rate this 
program as performing well on all measures. The 
research is ambitious and exciting with significant 
opportunity for impact as the program begins moving 
towards implementation and adoption. 

While there remain many scientific and technical 
challenges ahead, our researchers have proven they 
are up to the task. The overall challenge of meeting the 
ambitious plans and timelines for the Bureau to provide 
Australia with high quality water resources assessment, 
accounting and forecasting information services also 
remains, and I am confident will be met. 

Greg Ayers
Director of 
Meteorology

dr Rob vertessy 

(Deputy Director Climate and Water)

The Bureau has just passed the three-year mark of a decade-long journey 
to establish a best-of-breed national water information service for Australia. 
It is imperative that such a service is underpinned by world-leading water 
science and informatics technologies. The Water Information Research 
and Development Alliance has already yielded valuable outcomes that 
have made their way into our operational services. From the development 
of water data transfer formats to models for seasonal streamflow 
forecasting, WIRADA scientists are contributing to virtually every aspect of 
the operational services under development in the Bureau.
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Alliance Director’s report

excellent progress has been made across 
the Alliance’s portfolio in our second full year 
of operation. our productivity is high, with a 
healthy balance between technical outputs 
and peer reviewed journal and conference 
papers. 

Our research portfolio aligns well with the key functions 
and responsibilities of the Bureau.

Water information systems projects have defined 
an operationally robust water data transfer standard 
to support the Bureau’s data ingestion and delivery 
requirements; experimental workflow solutions that 
link hydrological data, models and reporting systems 
are realising the Bureau’s automation requirements; 
and created the Solid Ground toolset for implementing 
repeatable and evolvable information model and 
metadata management. 

Our researchers received international agreement on 
the ‘Harmonising standards for water observation 
data’ report which is a significant milestone towards 
transitioning the Water Data Transfer Format (WDTF) to 
the proposed international standard WaterML2.0. 

Foundation data products projects are providing 
enhanced data and methods to operationally generate 
rainfall, evapotranspiration and digital elevation model 
data sets that will be part of the Australian Hydrological 
Geospatial Fabric (Geofabric) spatial database. 

The DEM-H version 1.0 completed in June 2010 
provides the first hydrologically-correct digital elevation 
model (DEM) for the continent at one-second resolution 
(~30m). It supports the construction of drainage 
networks and corresponding catchments at a wide 
range of scales. The assessment of this product has 
demonstrated clear improvements in network structure 
and the representation of catchment topography 
compared to the nine-second DEM.

A prototype system can generate daily rainfall estimates 
at 9pm AEST (a lag period of about 12 hours). In early 
March 2010 the research team developed a near real-
time implementation of a new blending algorithm for 

extrapolating continental rainfall estimates using gauge 
and satellite data. This system will be transferred to the 
Bureau in 2010/11. 

Water resources assessment and accounting 
research is developing new methods and prototype 
systems for comprehensive national water assessments 
and water accounts. A prototype water balance system 
of models has been completed and is ready for testing 
by the Bureau. 

A prototype system can generate daily water balances 
estimates across Australia using a grid-based 
landscape water balance model which exploits a vast 
array of remote sensing, measurement and modelling 
technologies. This system will be transferred to the 
Bureau in 2010/11. 

Water forecasting has the greatest potential to add 
economic and social value to Australia. Our projects are 
focusing on enhanced flood and continuous streamflow 
forecasting, and using statistically-based seasonal 
forecasting methods. 

An experimental seasonal streamflow system is 
generating seasonal (three months ahead) streamflow 
forecasts every month. Forecasts have been achieved at 
single sites with improved forecast skills using enhanced 
representation of initial catchment conditions and zero 
flows. This seasonal streamflow forecast services is 
scheduled for release in 2010/11.

Finally, some well deserved thanks are due to the 
research and Bureau operational teams who are at the 
heart of this program’s success over the past year. Your 
efforts are already having an impact, well done!  To the 
Water Division leadership team – thank you for your 
guidance and support to get the research program 
focused. Your continued involvement is vital.

Building on the solid foundations laid down over the last 
two years, the year ahead is set to be just as successful 
– I’m looking forward to it!

Warwick McDonald

Alliance Director

Warwick 
McDonald
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 (CUAHSI), 
USA

 Open Geospatial Consortium (OGC) Hydrology Domain Working Group, USA 
 World Meteorological Organization (WMO), Switzerland 

projeCt leADer: Gavin Walker

Water Information Systems

challenge

Water observation data, such as river flow and 
groundwater level, are key elements of a water 
resources information system. At present these data 
are collected by many organisations in different formats 
using a range of methods. Standardising the format 
of water observation data will make water information 
more accessible and more useful, and will underpin 
the development of a state-of-the-art water resources 
assessment and accounting system. This will streamline 
the management of Australia’s water resources data. 

solution

To meet the Bureau’s immediate need of collecting 
and processing water information from more than 200 
organisations across Australia, the project team is defining 
and developing the Water Data Transfer Format (WDTF). 
This standard will allow water data providers including 
government agencies, water suppliers, catchment 
management authorities and municipal councils to 
efficiently deliver water observation data to the Bureau 
in a format that is easily loaded into the Australian Water 
Resources Information System (AWRIS), and is consistent 
with information submitted by other providers.

The Bureau is promoting WDTF as a format for data 
exchange between organisations. WDTF will give water 
managers, decision-making agencies and researchers 
easier access to water data, which in the past has been 
manually assembled and converted from numerous 
formats before it could be used.

The project team is also working with the international 
hydrological community to develop a water data 
encoding standard (WaterML2.0) that will be used 
worldwide. WaterML2.0 will include features from WDTF.

Achievements

A highlight of the Alliance’s second year was the 
official release of the Water Data Transfer Format v1.0 
(see coloured box). It enables water data providers to 
efficiently deliver water observation data to the Bureau.

The types of water information to be provided to the 
Bureau under the Water Regulations 2008 have been 
classified. WDTF 1.0 covers eight categories:

Category 1 (surface water resource information) •	

Category 2 (groundwater resource information)•	

Category 3 (information on major and minor water •	
storages)

Category 4 (meteorological information)•	

Category 5 (water use information)•	

Category 7 (information about urban water •	
management)

Category 9 (water quality information)•	

Category 10 (descriptive and reference information •	
about water information in other categories). 

To achieve WDTF 1.0, the project team overcame 
significant technical challenges by:

adapting world’s best practice for water observations •	
through the Open Geospatial Consortium’s 
Observations and Measurements standard

capturing, encoding and applying the Bureau’s •	
business rules relating to water data to fully validate 
data files received from the agencies

providing a mechanism for registering and relating all •	
WDTF artefacts (schema, models, vocabularies, hand 
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Harmonise 
& re-usewritten documentation and related metadata) in order 

to maintain consistency of information.

The project team also reached several significant 
milestones towards evolving the Water Data Transfer 
Format to an international standard (WaterML2.0) by:

CSIRO’s Dr David Lemon being appointed as co-•	
chair of the Open Geospatial Consortium (OGC) 
Hydrology Domain Working Group by the World 
Meteorological Organization (WMO). The Working 
Group provides an open forum for developing 
best practice standards for describing and sharing 
hydrological data that the WMO’s Commission for 
Hydrology can endorse

gaining international agreement to CSIRO’s •	
‘Harmonising standards for water observation 
data’ report. The report defines the process 
for incorporating a number of competing water 
standards proposals from other countries 

next steps

Over the next year the team will:

enhance WDTF by adding water trading information •	
(Category 6 -  rights, allocations and trades) and 
additional metadata (descriptive and reference 

new tool turns six million jigsaw pieces into a picture of Australia’s water resources

FiGure 1: WaterML2.0 
design methodology

As part of developing 
WaterML 2.0 the 
WDTS team is taking 
de facto standards 
from Europe and the 
USA, identifying core 
concepts, harmonising 
them under the OGC and 
ISO Observations and 
Measurements standard. 
The contributing countries 
will in turn evaluate 
WaterML2.0 with the 
prospect of replacing or 
augmenting their own 
standards.

GML = Geography mark-
up language 
SWE = Sensor web 
enablement

information about water information in other 
categories) based on Bureau requirements 

architecture to integrate the Model Driven •	
Architecture Approach into WDTF development

assist the development of the Australian Water •	
Information Dictionary

move WaterML2.0 through the OGC standards •	
process and broadening its scope

develop and trial a web services architecture for data •	
delivery

develop tools to translate ad-hoc data formats into •	
WDTF.

A highlight of the Alliance’s second year 
was the official release of the Water Data 
Transfer Format (WDTF). It provides the 
Bureau with the means to more efficiently 
receive and process water resources 
information supplied by more than 200 
organisations. The Bureau has received 
more than six million files over the past 12 
months in many formats.

Data providers currently use a variety 
of methods ranging from enterprise 
data management systems to ad hoc 
spreadsheets. 

The format specifies a standard encoding 
for information about surface water and 
groundwater observations, transfers of 
water between storages, observation sites 
and samples, water quality, channel profiles 

and time-series streamflow observations, 
as well as conversion tables.

WDTF is now the Bureau’s preferred 
format for water data delivery and is being 
promoted as the standard format for 
data transfer. A number of commercial 
companies have already embraced WDTF 
by including data input and export functions 
in their water information software. 

Dr David Lemon celebrating 
the demonstrated value of 
informatics research both 
nationally and internationally at 
the WDTF launch event on 25 
March 2010. 

Image credit:  
Randal Photography.
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Sustainable Water Information Models
developing methods and tools for ensuring interoperability between the 
different water information systems needed to support the water sector.

BureAu sponsor: Peter Gigliotti 

CollABorAtors:  AuScope GRID

projeCt leADer: David Lemon

challenge

The water community uses disparate and independent 
water information systems to support specific business 
processes within customised operating environments. 
These systems are not easily linked as the information 
models underpinning them are incompatible and 
inconsistently documented. This presents many technical 
challenges for users and developers of hydrological 
applications that need to integrate data from multiple 
sources. The key challenge for the Sustainable Water 
Information Models (SWIM) project is to provide standards 
and tools that work together to allow efficient access, 
retrieval and publishing of water information while the 
information systems and applications evolve to meet new 
requirements into the future. 

solution

The SWIM project team is developing methods and 
tools, based upon the principles of Model Driven 
Architecture, to allow AWRIS and the Geofabric to 
evolve. These methods are built around the ability 
to centrally register components of an information 
model to describe particular information resources. 
The registry and associated client tools support reuse 
of components within different systems, version 
management of components as requirements change 
and modularisation of information models reducing 
risk of the need for wholesale change as requirements 
change. This capability will be essential to allow AWRIS 
and the Geofabric to meet new needs in the future 
and avoid ending up as legacy systems that become 
increasingly costly and difficult to maintain. 

Achievements

“Solid Ground”

The SWIM project team has developed “Solid Ground”, 
a suite of tools for creating and managing information 
models in a consistent fashion. These tools:

are implemented as an add-in to an information •	
modelling tool accessing a registry service for 
publishing reusable information model components

allow users to manage model components within •	
a central registry and manage separate versions of 
these components

are being trialled by international groups including: •	
Natural Resources Canada, the Open Geospatial 
Consortium (OGC) and OneGeology.

Geofabric Conceptual Model

The SWIM project team has developed a number of 
components of the Geofabric including:

a conceptual architecture, which separates the •	
concerns of data maintenance and individual derived 
products. It has been adopted by the Bureau for 
Geofabric Phase 1.

the model to enable the Geofabric to consistently •	
support data applications at many different scales 
(continental to local) and support multiple use-cases

a Data Product Specification template, which is •	
the first step towards providing end-users with the 
ability to automatically generate purpose-built data 
products from the Geofabric. 

Water Information Systems
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next steps

The project team will:

deliver the next version of the Geofabric Conceptual •	
model, which will include applications for 
groundwater data

move management of the Geofabric conceptual •	
information model and related product models into 
the Solid Ground framework, ensuring consistency 
between current and future products

begin work on an appropriate management of feature •	
identifiers within dynamic information environments 
such as AWRIS and the Geofabric

apply the Solid Ground framework to managing •	
reference metadata captured during the AWRIS data 
ingestion process.

FiGure 2: Solid Ground tools 

The Solid Ground tool set manages the relationship between 
related information products through explicit management of the 
information models that underpin these products. 
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Hydrologists Workbench
developing tools to automate common scientific workflow processes to enable 
hydrologists to easily perform complex and repetitious tasks in hydrological 
data and model integration.

BureAu sponsor: Louise Minty 

CollABorAtors:   Consortium of Universities for the Advancement of Hydrologic Sciences, Inc. 

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 data volumes 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, efficiently and 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 resources 
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 is a desktop application that allows users to 
discover and integrate hydrological models, common 
work processes and hydrological data (including data 
held in the Australian Water Resources Information 
System [AWRIS] and the Geofabric) into a workflow. It 
can automate repetitive tasks, not only reducing the time 
taken to perform them but also providing consistency 
and repeatability. The HWB also allows workflows to 
be saved and re-run at a later date, making the process 
of developing water resources assessments and water 
accounts transparent and auditable.

HWB will be fully compliant with the standards and 
protocols being developed by the Sustainable Water 
Information Models (SWIM) and the Water Data Transfer 
Standards (WDTS) projects and also able to exploit other 
workbenches (such as ArcGIS) and modelling tool boxes 
(e.g. eWater Source tools).

Achievements

Significant progress was made this year with the team 
developing and deploying Hydrologists Workbench v1.0. 
HWB provides workflows to support monthly water 
situation reporting. The first release supports full 
geoprocessing capability that can exploit ESRI’s ArcGIS 
tool set. Workflows can be shared as self-contained 
components or accessed through a central library. HWB 
uses numerous processing scripts developed by the 
Bureau. This achievement was made possible through 
advances in:

understanding and addressing design and reusability •	
requirements inherent in composing workflows

developing automation tools that provide full •	
integration with external scripting languages and 
ESRI’s ArcGIS desktop—the latter providing full 
geoprocessing capability to workflow composers

developing multiple deployment strategies that •	
support rapid implementation within the Bureau’s 
working environment

understanding and developing a framework for the •	
governance arrangements required to use HWB as a 
collaboration tool.

Water Information Systems
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Rainfall 
runoff 
grids

the advantage of scientific workflows

next steps

The focus of future research will include:

addressing workflow provenance requirements, and •	
managing domain specific metadata

developing design heuristics (rules-of-thumb) for •	
workflow construction e.g. how to approach the 
design of scientific workflows

designing a common scientific data model consistent •	
with relevant hydrology data modelling efforts, 
to facilitate the interoperability of heterogeneous 
modelling and analysis tools in HWB

developing hydrological modelling capability within •	
the HWB.

FiGure 3: Hydrologists workbench

Example of how data flows through a scientific workflow to produce 
information products for a Water Situation Report. 

A simple example of a workflow is the 
series of steps you follow when purchasing 
a product over the internet using the 
‘shopping cart’ process. 

A scientific workflow usually involves 
computation and flow of large volumes of 
data, but is based on the same principles 
as the ‘shopping cart’—clear sequencing of 
tasks, minimal manual intervention reducing 
the risk of error and efficient throughput. 

Take the current practices in hydrology 
rainfall-runoff model calibration as an 
example. There is a heavy reliance on 
individuals and manual steps for the 
‘process’ to sustain itself, often with 
inefficient use of technical skills and 
increased risk of non-reproducible results.

Information on model configuration and 
input parameters comes from a variety 
of dispersed sources, ranging from ‘wiki’ 

sites to notes jotted onto bits of paper. Using 
these sources typically requires a high level 
of manual intervention to bring them together.  
Repeating the process requires “off-line” 
documentation.  This documentation is often 
lost within an organisation once a project is 
completed. Workflow systems provide the 
information management tools to create, 
store and retrieve workflows so that they can 
be reused.
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One-second Digital Elevation Model 
for Australia
preparing a one-second (~30m) resolution digital elevation model (dem) for the 
nation for use in hydrological applications.

BureAu sponsor: Tony Boston 

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

projeCt leADer: John Gallant

challenge

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

solution

The project team is developing new techniques for 
‘cleaning up’ the SRTM data and deriving the best 
possible hydrologically-sound digital elevation model 
(DEM). This will result in a new and improved terrain data 
set for the Geofabric.

Achievements

The project team has developed a range of new 
techniques for treating the sensor artefacts, gaps, 
offsets due to trees and noise in the SRTM data. Building 
on the work of the previous year, the team has produced 
another two DEM products:

a smoothed digital elevation model (DEM-S) that •	
better represents the land surface 

a hydrologically enforced digital elevation model •	
(DEM-H) that includes river networks.

The highlight of the project’s second-year is the 
delivery of the best resolution hydrologically-enforced 
digital elevation model (DEM-H v1.0) available for the 
Australian continent that includes river networks (see 

coloured box). The drainage networks, catchments 
and topographic attributes from DEM-H will form the 
foundation data layers in the Australian Hydrological 
Geospatial Fabric (Geofabric).

The project team:

produced the DEM-H by building on the adaptively •	
smoothed elevation model, DEM-S, that was based on 
the bare-earth DEM completed in the previous year

developed a new adaptive smoothing algorithm that •	
can be applied to a variety of noisy spatial data

successfully completed a proof-of-concept •	
demonstration of a conflation tool, which will 
accurately identify matching links in river network 
data of differing spatial resolution. The conflation tool 
enables the transfer of attribute information when the 
river network data in the Geofabric is updated.

next steps

The project team will:

publish, package and deliver the DEM processing •	
tools to the Bureau and Geoscience Australia to 
support ongoing development of the one-second 
DEM

complete the conflation tool to identify matching •	
links in different representations of the hydrological 
network, with implementations in the Bureau and in 
Geoscience Australia

explore methods for extracting information from the •	
DEM to support hydrological and hydraulic modelling, 
such as better information in floodplain areas and the 
impact of different sized streamflow events on the 
degree of flow connectivity. 

Foundation Data Products
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FiGure 4: Hydrologically-enforced Digital Elevation Model 

The hydrologically-enforced one-second DEM-H v1.0 showing Lake 
Tandou and the Darling River and its many anabranches in south-
western New South Wales.

hydrologically-enforced digital elevation modelling

The hydrologically-enforced digital 
elevation model (DEM-H v1.0) supports 
the construction of drainage networks and 
corresponding catchments at a wide range 
of scales.

The assessment of this one-second 
product has demonstrated clear 
improvements in network structure and the 
representation of catchment topography 
compared to the nine-second DEM 
(~250m resolution).

The DEM is a key data layer within the 
Bureau’s Geofabric database. This new 
information on Australia’s river network will 
be incorporated into the Geofabric in 2011 
to assist the Bureau to generate water 
assessments, accounts and forecasts for 
the continent.
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Precipitation and Actual 
Evapotranspiration products
developing national data sets of daily rainfall 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

Rainfall (precipitation) and evapotranspiration are 
two of the most important elements of the terrestrial 
water balance. At present there is no rainfall data 
set at a resolution in time and space with the 
accuracy required to adequately meet the Bureau’s 
hydrological assessment and forecasting needs. There 
is no agreement on the most suitable methods of 
computing actual evapotranspiration for hydrological 
modelling. The Bureau needs rainfall data products 
and improved methods for routinely estimating actual 
evapotranspiration suitable for water accounting, 
assessment and reporting applications.

solution

The team is critically assessing existing methods and 
developing new techniques to produce gridded (~5 km, 
daily) rainfall and evapotranspiration data products. The 
project team will deliver algorithms for blending multiple 
sources of rainfall data (both measured and derived) to 
produce enhanced gridded surfaces of daily rainfall. The 
project team will produce an assessment of the temporal, 
spatial and physical suitability of various algorithms for 
estimating actual evapotranspiration at scales of 1-5km at 
a range of sub-monthly timescales. Prototype operational 
systems will be delivered to routinely generate rainfall and 
evapotranspiration data sets.

Achievements

Rainfall 
The project team has:

developed a prototype system for near real-time •	
implementation of a new statistical-based algorithm 
for blending ground-based rain gauge observations 
and satellite-based rainfall retrievals to generate daily 

rainfall estimates across the continent (see box)

conducted research to produce better rainfall data •	
sets by optimally combining all available information 
on rainfall

applied novel statistical techniques that exploit the •	
accuracy of station-level rain gauge measurements 
and the spatial coverage of gridded rainfall products 
(including satellite, radar and numerical weather 
prediction data) to produce near real-time blended 
rainfall estimates for Australia.

Actual evapotranspiration 
A significant achievement of the project’s second-
year was the benchmarking platform that has been 
developed to provide a new capability for CSIRO and the 
Bureau to evaluate evapotranspiration gridded data sets. 

The project team:

compiled and ingested a time series of •	
twenty variants of eight different continental 
evapotranspiration estimation methods into a 
common framework for automated analysis

individually characterised and evaluated each data •	
set against independent observations, including 
in-situ measurements and against annual catchment 
water balances

developed a capability to conduct direct regionalised •	
comparisons between data sets

evaluated available techniques to support calibration •	
and verification of a satellite-based estimation of 
actual evapotranspiration and concluded that large 
aperture scintillometry has potential and would bear 
further investigation.

Foundation Data Products
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next steps

The project team will:

develop a framework to •	
quantitatively assess these 
blended rainfall products 
against the network of 
ground-based rain gauge 
and some existing gauge-
only daily rainfall analyses

deliver to the Bureau•	  
prototype methods using 
rain gauge observations 
and satellite-based rainfall 
retrievals data to represent 
precipitation at daily and 
5km resolution

determine the set of •	
evapotranspiration 
estimation methods that 
are the most effective for 
operational use

deliver to the Bureau •	
an evapotranspiration 
prototype system which will 
be operational within the 
Bureau by March 2011. 

FiGure 6: Estimating actual evapotranspiration

The variety of different methods for estimating actual evapotranspiration produce a wide range of results 
depending on input data sets, time step and underlying model. The goal of this activity is to characterise these 
differences in order to identify a group of methods that can be used most reliably at continental scale.

near real-time daily rainfall surfaces generated 

Researchers have developed a prototype 
system for near real-time implementation 
of a new statistical-based algorithm (Li and 
Shao 2010, J Hydrol.) for blending ground-
based rain gauge observations and 
satellite-based rainfall retrievals to generate 
continental rainfall estimates. As a result, 
twenty-four hour accumulations of rainfall 

(to 9am local time) can be generated for 
the whole country at approximately 5 km 
resolution.

In collaboration with the Bureau, a 
framework is being developed to 
quantitatively assess these blended rainfall 
products against existing rainfall gauge-

only gridded rainfall estimates, as well as 
an independent network of rainfall gauge 
data. This algorithm benchmarking activity 
is essential before adoption within the 
Bureau’s operational systems.

FiGure 5: Blended rainfall product

Near real-time continental daily 
rainfall estimates for 1 March 2010. 
From left to right: daily accumulation 
from a NASA multi-satellite rainfall 
product (3B42RT); ground-based rain 
gauge only analysis of daily rainfall 
from the Australia Water Availability 
Project (AWAP); and blended gauge 
and satellite rainfall estimate. The 
figure shows the rain front that led 
to widespread flooding in southern 
Queensland and northern New South 
Wales.
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Water Resources Assessment  
and Accounting
developing prototype 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) 

projeCt leADer: Albert van Dijk

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 the whole of Australia. This information needs to 
have local detail, accuracy and currency, and it needs 
to be produced on demand in a robust and transparent 
manner. At present, this data is not available for all areas 
and water measurements, and what is available has to 
be collected from a variety of sources.

solution

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

The project team continues to assess the performance 
of the variety of existing models that describe parts of 
the water cycle, and integrates the best methods within 
a flexible modelling system. The research 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 being generated.

Accounting and Assessment
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An Australian Water Resources Assessment system – what can it tell us?

How much water has been produced?•	

How much water is used by the •	
environment or irrigation?

How much water have we got left?•	

How does this compare with the past?•	

Is a trend or shift emerging?•	

How can we expect water availability to •	
change?

What are the observed impacts of •	
extractions, land use, farm dams and 
bushfires on water security and the 
environment?

Achievements

The project team has produced the prototype Australian 
Water Resources Assessment (AWRA) system that is 
currently being implemented within the Bureau (see 
coloured box). All information is generated on a daily 
time step with national coverage at around 5km grid 
resolution (see Figure 8 on page 19). This information will 
underpin 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 rainfall and 
evapotranspiration information of unprecedented 
quality and detail. The system includes a landscape 
hydrological model that describes the vegetation and 
soil water balance. The landscape water balance model 
is coupled to models to estimate water use and the river 
and groundwater processes. 

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.

The project team has:

continued to improve all components of the system •	
through evaluation against a range of observations 
(e,g, on-ground measurements such as river gauges, 
irrigation diversion metering, vegetation water 
use experiments, and soil moisture sensors; and 
satellite observations of vegetation cover, flooding, 
soil moisture, rainfall, evaporation and groundwater 
dynamics)

developed a decision framework to choose the most •	
suitable method to estimate uncertainty in each of the 
many terms in the water accounts

developed a method to reconcile terms in the water •	
accounts without a residual closure term

developed statistical methods to estimate farm •	
dam numbers and volumes where mapping is not 
available. 
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next steps

The project team will focus on research into:

System integrationa) 

Model developmentb) 

Dynamic land cover and landscape water datac) 

Model-data fusiond) 

a) System integration

The project team will:

build a scalable and robust framework from which •	
the water accounts and assessments can be 
implemented to aid the transfer of the AWRA system 
into the Bureau’s operations

integrate new models and data streams as they •	
become available 

develop a data and workflow tracking system that •	
ensures an effective audit trail, repeatability and data 
concurrence

integrate AWRA with river modelling tools in a •	
conceptually robust way.

b) Model development

The project team will:

investigate and implement improvements to the •	
AWRA system and develop new system components 
where required (including improved groundwater 
representation in AWRA by developing and 
integrating new model components to describe 
aquifer dynamics, and groundwater–surface water 
system interactions)

conduct performance benchmark tests to •	
assess improvements in the existing landscape 
hydrology model in an objective and rigorous 
manner (improvements can include incorporation 
of alternative modelling approaches, improving 
parameter estimation techniques and the 
representation of hydrological processes).

FiGure 7: Landscape hydrology model 

Conceptual diagram of the Landscape hydrology model in the AWRA system (AWRA-L). Shown are: the model inputs (purple); water losses 
from the model domain (red); water transfers (blue); energy and vapour transfers (red) and other relationships (grey); water balance model 
components (blue boxes); surface radiation and energy balance (orange); vapour fluxes (cyan); and vegetation phenology (green).
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FiGure 8: Water storage anomaly

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

c) Dynamic land cover and landscape water data

The project team will develop:

dynamic land surface condition data for integration •	
in the AWRA system, using satellite observations, 
including spatial estimates of hydrologically different 
land cover types and dynamic observations of 
biophysical properties

methods to estimate spatial landscape water •	
dynamics, including surface water storage dynamics 
and excess evapotranspiration (using additional river 
or groundwater) in irrigated areas, floodplains, off-
reach wetlands and off-reach storages

methods to sharpen this information using high •	
resolution satellite data.

d) Model-data fusion

The project team will develop:

statistical approaches to integrate AWRA model •	
estimates with additional supporting or corroborating 
data. Data is available from on-ground observations 
at locations (e.g. stream gauge data) and satellite 
observations and products, but cannot be directly 
inserted into models

sophisticated model data-fusion techniques to •	
combine model and observations, drawing on data 
assimilation methods applied in numerical weather 
prediction and other statistical data reconciliation and 
fusion approaches.

Water storage anomaly
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Short-term Water Forecasting
developing methods and tools to enhance 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 (CAWCR)

projeCt leADer: Thomas Pagano

challenge

Reliable water forecasts are critical for the management 
of extreme events and for optimising river and water 
resources management. These forecasts need lead-
times ranging from hours to weeks to be of value. While 
the current hydrological model used by the Bureau 
for flood forecasting is event-based, a model that 
continuously simulates streamflow and accounts for 
soil moisture variability would allow for more accurate 
forecasts with extended lead-times. To meet new water 
availability forecasting requirements, a continuous 
flow forecasting service is being developed to operate 
alongside the Bureau’s flood forecasting and warning 
services.

solution

The project team is developing methods and tools 
to enhance 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 in development 
to support these services. The team is developing 
techniques to:

increase accuracy of streamflow forecasts•	

extend forecast lead-times •	

produce a diverse suite of new products including •	
forecasts of low (as well as high) streamflow 
conditions

calculate the forecast uncertainty.•	

Achievements

The project team has:

developed the SWIFT application (see coloured box), •	
which now has a rich palette of rainfall-runoff models 
including some that are well-established and some 
that are newly developed

used eight measures of forecast quality to compare •	
the performance of six of these models on 240 
Australian rivers. This includes models that have 
similar hydrological behaviour to those used currently 
at the Bureau for operational flood forecasting. 
This comparison has informed model configuration 
recommended to the Bureau

assessed that the new continuous models perform •	
consistently well at simulating past flow events

retrospectively generated 33 years of short-range •	
streamflow forecasts from the new models, to test 
and validate real-time forecast accuracy. The team is 
the first to measure short-term streamflow forecasting 
skill in over 125 Australian catchments

measured the benefits of using many models at once •	
and combining the result (multi-model combination), 
as opposed to adopting just one model

proposed and tested a new method for correcting •	
both slow and quickly varying errors

reviewed the use of weather forecasts in streamflow •	
forecasting.

Water Forecasting and Prediction
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next steps

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

a test bed for comparing the performance of •	
alternative methods of streamflow forecasting 
(including ensemble approaches) and to quantify 
improvements

software applications that match operational •	
needs that can be run within the Bureau’s existing 
forecasting systems

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

The project team will develop and test new products to 
take advantage of additional information such as real-
time observations of streamflow. 

A major focus will also be on the use of numerical 
weather predictions using the expertise of CAWCR 
to provide rainfall forecasts from the Bureau’s latest 
weather models. 

FiGure 9: Short-term water information forecasting tools

Short-term Water Information Forecasting Tools (SWIFT) 
is a software application that provides streamflow 
forecasts with lead-times up to several days. SWIFT has 
been used to compare the performance of six different 
rainfall-runoff models. Shown is the performance of one 
of these models (GR4J), relative to a baseline of assuming 
average flow (blue colours indicate where the model 
works best at simulating streamflow).

sWIft application generating experimental forecasts for ovens catchment, victoria 

The Bureau is putting research into 
practice through the adoption of the new 
Short-term Water Information Forecasting 
Tools (SWIFT) application to generate 
experimental forecasts for the Ovens 
catchment in Victoria. Predictions are 
made for three key locations that will be 
updated on a daily basis. 

SWIFT is a software application that 
provides streamflow forecasts with lead-
times up to several days. The user has 

the option to combine any of 13 well-
known rainfall-runoff models included 
with a selection of river routing models 
to generate streamflow at the catchment 
outlet. The application has several in-built 
methods for automatic calibration of model 
parameters. 

Through the use of CSIRO-developed 
adapters, SWIFT can run within the 
Bureau’s hydrological forecasting system 
environment under development. Many 

functions have been designed specifically 
to support real-time forecasting. For 
example, at the press of a button 
data is gathered, control files are 
prepared, SWIFT’s models are run and 
the results are analysed. The process is 
seamless and transparent to the operator. 

Once configured by the operator, at 
the press of a button data is gathered, 
SWIFT’s models are run and the results are 
analysed and presented.
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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 driest and most variable climates 
on Earth, with most of its water resources fully allocated. 
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 flows. This will 
optimise water management while managing risks, and 
inform water trading and water futures markets. It will 
also inform the development of future water policy and 
lead to improved environmental watering outcomes.

solution

The project team is developing new methods to 
provide accurate and reliable seasonal and long-term 
water forecasts to assist in understanding the impacts 
of climate variability and climate 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. Probabilistic 
forecasting of multi-site inflows for major water resources 
systems in Australia is being developed using a Bayesian 
statistical approach. The team is also developing a 
second approach based on dynamic hydrological 
modelling using rainfall downscaled from forecast 
outputs from 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 second-year is the 
Bureau’s adoption of the new Bayesian joint probability 
(BJP) statistical seasonal streamflow forecasting 
research, at multiple sites. 

The experimental seasonal streamflow service, available 
through the Bureau’s web site, was developed in 
collaboration between the Bureau, CSIRO and water 
managers. The Bureau’s Extended Hydrological 
Prediction team officially commenced issuing 
experimental forecasts to registered users during 
December 2009 with a public operational release 
scheduled for January 2011.

Using a statistical approach to forecasting of 
streamflows at key points, the project team has:

developed the BJP modelling approach through •	
joint research of the Alliance and the South Eastern 
Australian Climate Initiative (SEACI) 

used the BJP approach in initial catchment •	
conditions (such as antecedent streamflow and 
rainfall) and indices that describe patterns of weather 
or climate (such as the El Niño-Southern Oscillation 
ocean temperature patterns and the Indian Ocean 
Dipole) to predict future streamflows and inflows to 
water storages

evaluated the BJP modelling approach on historical •	
events with results suggesting that it will produce 
forecasts with sufficient skill to be useful for practical 
applications for many catchments for much of the year.

The BJP modelling approach has been further 
developed and applied to meet additional research 
challenges (see coloured box). 

Water Forecasting and Prediction
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Using dynamic hydrological modelling as a second 
approach to seasonal forecasting of streamflows at key 
points, the project team has:

found that by combining conceptual hydrological •	
models and ensemble historical forcings, dynamic 
hydrological modelling is showing promising results in 
forecasting streamflows a month or season ahead at 
selected catchments in southeast Australia

developed a new bias correction technique to •	
improve statistical downscaling methods by matching 
observed and General Circulation Model (GCM) 
climatologies. The team worked with CAWCR 
to assess the performance of existing statistical 
techniques to downscale POAMA rainfall on selected 
catchments and will pursue future research to 
improve existing methods.

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 river and storage systems in Australia

methods for long-term projections of water availability •	
changes in Australia 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 will 
also be developed 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 scale to daily scale

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

further development and application of the bJp modelling approach

The improved BJP modelling approach 
was further developed to:

extend the modelling approach to •	
handle zero flows on intermittent and 
ephemeral rivers

improve the suite of methods for •	
verification of probabilistic forecasts

formulate and implement a predictor •	
selection method. 

The further developed BJP modelling 
approach was successfully applied and 
evaluated on a number of catchments 
including total inflows to Lake Dartmouth, 
unregulated inflows to Lake Hume, total 
flow of Ovens River to Murray River, 
total flow of Kiewa River to Murray River, 

major inflows to the Melbourne Water 
reservoirs, and major inflows to the Hydro 
Tasmania hydroelectric scheme storages. 
Cross validation results show that the 
BJP modelling approach produces 
forecasts that are reliable (in uncertainty 
quantification) and robust (over time and 
event size) and have skills that vary with 
catchments and seasons.

FiGure 10: Total Flow of Ovens River to Murray River – Forecast Period: 
March – May 2010

Experimental seasonal streamflow forecast issued by the Bureau for total flows of the 
Ovens river to the Murray for March to May 2010. Forecast probabilities of receiving 
below average, near average and above average streamflow (left), forecast distribution 
with tercile (three) categories derived from historical record and including observed 
flow (upper right), and the historical distribution with tercile categories derived from the 
historical record (lower right). The probabilistic forecast was produced by using the 
Bayesian joint probability (BJP) modelling approach developed by CSIRO and adopted 
by the Bureau.
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Performance Report

finance and Resources

The 2009/10 $8.97m investment was allocated to 
Water Information Systems—26%; Foundation Data 
Products—22%; Water Accounting and Assessment—
27%; Water Forecasting and Prediction—20%; and 
Management—5%.

The end of year financial position for the Alliance is a 
small under expenditure of $0.018m.

delivery and productivity

The Alliance planned 110 deliverables across eight 
projects for completion in 2009/10. By the end 
of financial year, 89 (81%) deliverables had been 
completed, with a further five deliverables to be 
completed in July 2010. Formal variations deferred 
delivery of 16 deliverables which have been incorporated 
into work plans for 2010/11.

The Program had another productive year with  
121 outputs produced during 2009/10. The WIRADA 
whole-of-life output productivity for the program is 
summarised in the table below:

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

WIRADA OUTPUTS 2008/09 2009/10 TOTAL

JOURNAL PUBLISHED 13 9 22

JOURNAL IN PRESS 3 4 7

BOOKS 1 1

CONFERENCE PAPERS 45 49 94

PUBLISHED REPORTS 51 22 73

UNPUBLISHED REPORTS 25 32 57

WEB PAGES 29 29

DATA SETS 2 5 7

SOFTWARE TOOLS 2 2

TOTAL 169 121 290

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

WIRAdA whole-of-life budget against 
expenditure performance

WIRAdA whole-of-life resource utilisation 
performance

The Alliance budget plan for 2009/10 proposed 35.2 
full time equivalents to be undertake and manage the 
eight research projects. Some 35.4 full time equivalents 
(101%) were applied to the program to 30 June 2010.
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WIRAdA Report card 2009/10

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

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

ACHIEVED:  81% acceptance of 
deliverables. WDTF v1.0 has been adopted by 
the Bureau and increasing number external 
data providers. Strong external interest in 
the expansion of the seasonal streamflow 
forecasting experimental service.

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

ACHIEVED:  Project Agreement for 2010/11 
approved by the Management Committee 25 
June 2010.

WIRADA Communication Plan aligned with 
Bureau’s product adoption plans

ACHIEVED:  WIRADA Advanced Ministerial 
Notification Protocol  approved 30 October 
2009. Bureau Product Adoption Plans being 
developed and shared. Joint conference 
events planned.

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:  Principles for transitioning 
research into operations agreed by the 
Bureau Leadership Team. Transition 
Research to Operations (TROPS) workshop 
in November 2009 identified key success 
factors and refined Bureau and CSIRO team 
responsibilities. 

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

ACHIEVED:  Communication opportunities 
developed jointly by the communication 
teams and approved by the Management 
Committee each quarter.
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WIRAdA Report card 2009/10

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, Technical Lead, 
Bureau Research Team members.

ACHIEVED:  Roles defined and 
implemented:  Project Sponsor, Sponsors’ 
Agent, Business Lead, Technical 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:  Bureau staff ‘seconded’ to 
Seasonal Forecasting Project. Shared work 
plans for Water Data Transfer Format  and 
Geofabric design. Training and installation 
of Hydrologist Workbench v1.0 achieved.

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

ACHIEVED:  WIRADA-CAWCR Hydro-
climate R&D Collaboration progressed 
with a focus in improved precipitation 
forecasting. CAWCR engaged in two 
subcontracts. Collaboration with 
GA ongoing. eWater  collaboration 
arrangements in development.

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

ACHIEVED:  OGC Hydrology Domain 
Working Group established (CSIRO 
co-chair representing WMO), CUAHSI 
collaboration on-going on WaterML2.0

No skills gaps or shortage of capabilities to 
meet demand.

ACHIEVED:  101% of planned  35.2 full 
time equivalents (FTE) applied to 2009/10 
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 IN PART:  Hydro-climate R&D 
Collaboration progressing with the aim of 
presenting two projects to management 
committees in Q2 2010/11.

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

ACHIEVED IN PART:  WIRADA presents 
science to influential end users through 
the Jurisdictional Reference Group on 
Water Information meetings. Collaborative 
research agreement  with Deltares in 
negotiation.
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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:  81% of the 110 deliverables 
completed and accepted by the Bureau. 
Nine deliverables due for completion 
first quarter 2010/11. Risk assessment 
assessments and treatment strategies 
approved by the Management Committee 
quarterly.

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

ACHIEVED:  Adopted: Water Data Transfer 
Format; Bayesian Joint Probability method 
for seasonal streamflow forecasting; DEM 
(Phase 2 of Geofabric); AWRA-L water 
balance model; Hydrologist workbench

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

ACHIEVED:  The Water for a Healthy 
Country Flagship external reviewed in 
September 2009 identified WIRADA 
research as strong in science and impact.

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

NOT ACHIEVED: The WIRADA team 
included 12 Research Scientist (RS) 
equivalents in 2009/10. During the year, 15 
journal papers were prepared which is 1.25 
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:  49 conference papers at 11 
key national and international conferences, 
media take up on assessment technologies 
(Dec 2009) and WDTF launch (Mar 2010)

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

ACHIEVED:  Annual Report approved for 
release by the Management Committee 29 
July 2010.

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

ACHIEVED:  WIRADA Implementation 
Strategy 2010-2013 approved for release by 
Management Committee 20 May 2010.
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Glossary

ArCGis server Organisations use ArcGIS Server to distribute maps 
and GIS capabilities via Web mapping applications 
and services to improve internal workflows, 
communicate vital issues and engage stakeholders.

Australian Hydrological Geospatial Fabric A national geospatial database being developed by 
the Bureau to support water resource analysis and 
reporting.

Australian Water resources information system 
(AWris)

An online information tool (currently under 
development by the Bureau) that will be the 
authoritative repository for water data and reporting  
in Australia.

Bayesian statistics Statistical approaches to parameter estimation that 
use prior distributions of parameters are known as 
Bayesian methods.

Conflation A conflation tool can accurately identify matching links 
in river network data of differing spatial resolution.

Downscaling Downscaling applies statistical and empirical methods 
to derive higher spatial resolution information from 
relatively coarse-resolution data outputs, such as 
global climate models.

evapotranspiration The total water transferred to the atmosphere directly 
(evaporation) and from vegetation (transpiration).

Geofabric See Australian Hydrological Geospatial Fabric

Geonetwork GeoNetwork is a standards-based, free and open 
source catalogue application to manage spatially 
referenced resources through the web. It provides 
metadata editing and search functions as well as an 
embedded interactive web map viewer. 

numerical weather prediction Weather forecasting that uses the current weather 
conditions as the basis for predictions.

Model Driven Architecture Model Driven Architecture (MDA) is a software design 
approach for the development of software systems. 
It provides a set of guidelines for the structuring of 
specifications, which are expressed as models.

provenance Data provenance refers to the history of data. It reveals 
data quality and validity.



29



CPI-VRU	•	WIRADAanrep2010


