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Water information systems

WaterML2.0 – part 2, leveraging 
international standards
Developing water data transfer standards, procedures and tools to meet the 
Bureau of Meteorology’s data processing requirements.

BUREAU SPONSOR:	Tony Boston 

COLLABORATORS:	� Open Geospatial Consortium, USA 
	 World Meteorological Organization (WMO), Switzerland
	 US Geological Survey
	 Aquatic Informatics Canada
	 UK Centre for Ecology and Hydrology
	 KISTERS AG Germany
	 Consortium of Universities for the Advancement of Hydrologic Science Inc., USA

PROJECT LEADER:	 Peter Taylor

Challenge
Water observation data, such as river flow and 
groundwater level, are a key element 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 
the water observation data will make it more accessible 
and more useful, and will allow integration of these data 
sources into the Bureau’s water resources assessment 
and water accounting system. This level of automation 
is key to generating information products that are 
accurate, timely and repeatable, at significantly reduced 
cost. Australian standards solve part of the problem, 
but there is a lack of standards at international level. 
Such standards can enhance global effectiveness and 
cut the costs of data exchange.

Solution
To meet the Bureau’s need to collect and process 
water information from more than 200 organisations 
across Australia, the project team developed the Water 
Data Transfer Format (WDTF). WDTF was developed 
for use in Australia, but the work made use of a 
number of existing international standards. The Alliance 
used its experience in developing WDTF to lead the 
development of an international standard, Open 
Geospatial Consortium (OGC) WaterML2.0 part 1. This 
tackled exchange of hydrological time-series, using an 
approach consistent with WDTF. The Bureau is now 
planning to use WaterML2.0 in future versions of WDTF. 
The hydrological software industry is a global market; 

using adopted standards provides the Bureau, and the 
Australian industry, with tools and assistance that can 
directly support ongoing operations. 

The use of open standards and data services allows users 
easier access to water data while improving transparency 
of data. This is especially crucial for hydrological data 
that are derived using techniques such as rating curves. 
There is a concerted push in the hydrological community 
to have better transparency in data sets, with the aim of 
improving understanding of the inherent uncertainty in 
this information. This will lead to more informed decision 
making based on water information. 

Achievements
The development of Part 2 of WaterML2.0 over the past 
12 months, which deals with the transmission of stream 
ratings and gaugings, as well as stream cross-section 
information, has resulted in publication of a public 
OGC Discussion Paper detailing the current proposed 
information model. This allows external stakeholders 
to review the work and contribute to its development. 
The discussion paper sets the stage for development of 
a draft standard, interoperability testing and progression 
into an official standard. 

OGC WaterML2.0 part 1 was formally adopted by the 
OGC in September 20121. This was the culmination of 
a sustained collaborative effort, led by CSIRO and the 
Bureau. Software vendors and hydrological agencies 
around the world have either implemented, or are looking 
to implement, WaterML2.0 part 1. 

1 http://www.opengeospatial.org/pressroom/pressreleases/1696
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WIRADA is transforming the way we 
measure and analyse water information.

In November 2012, WaterML2.0 part 1 was 
presented to the World Meteorological Organization 
Commission for Hydrology (WMO CHy). This resulted 
in a recommendation to adopt WaterML2.0 as a joint 
WMO/ISO Standard2. The resolution from WMO put 
in place mechanisms for global hydrological agencies 
to test implementation and use of WaterML2.0 with 
the goal of future adoption. This is a positive outcome 
for the Bureau, as it would lead to widespread use of 
WaterML2.0, ensuring ongoing vendor support for 
the standard.

Next steps
The next phase of work on WaterML2.0 will:

•	 set up and run an OGC Interoperability Experiment 
to test the current WaterML2.0 part 2 draft against a 
number of scenarios

•	 progress the draft into a candidate OGC standard

•	 continue liaising with the WMO CHy Advisory 
Working Group on testing and implementation of 
WaterML2.0 part 1 and 2. 

2 http://www.opengeospatial.org/pressroom/pressreleases/1742

“WaterML2.0 is the first public, 
open source, global standard for 
the exchange of water information 
through the Internet. It is critical for 
linking local, regional, national and 
global water information sources 
into connected water information 
networks throughout the earth.”
Dr David Maidment, Center for Research in Water 
Resources, University of Texas at Austin
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Water information systems

Bedding down the Geofabric: design, 
implementation and production of the 
Australian Hydrological Geospatial Fabric
Developing infrastructure, methods and tools to ensure a robust and 
maintainable Geofabric that is interoperable with other systems used by 
the Bureau of Meteorology.

BUREAU SPONSOR:	Tony Boston

COLLABORATORS:	 �Sparx Systems
	 OGC/WMO Hydrology Working Group
	 Joint Research Center of the European Union
	 Geoscience Australia
	 ANU Fenner School of Environment and Society

PROJECT LEADERS:	Nick Car, Paul Box

Challenge

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

The key challenge for the Australian Hydrological 
Geospatial Fabric (Geofabric) 2012–13 project is to 
achieve consistent use of information such as measured 
parameters, monitoring site identifiers, catchments 
and reporting units, and supporting metadata, across 
all components of the Bureau’s Australian Water 
Resources Information System (AWRIS). These different 
types of information need to be bound together at 
points of commonality and they should be usable 
together through brokering services. This usage must 
allow long-term discovery and use of water resources 
information, despite the continuous development of new 
datasets and new versions of existing datasets. 

Solution

The Geofabric project team is continuing the development 
of methods and tools from the 2011–12 Sustainable Water 
Information Models (SWIM) project that are based on the 
principles of the model-driven architecture. This aims to 
ensure that the Bureau’s information systems can evolve 
into the future. The solution is built around the ability to 
centrally register information resources along with the 
components of a conceptual model that describes the 
information resources.

In support of the model-driven architecture, the 
components of a broader Information Identifier 
Architecture have also been developed by, or have had 
their development in other projects assisted by, the 
Alliance Geofabric project. 

The Geofabric is a key information resource designed 
using these methods and tools. It is intended to be 
the authoritative source of Australian hydrological 
features and the relationships between them. Version 
1 Geofabric products were released in October 2010 
and Version 2 in November 2011. Future versions of the 
Geofabric will use automated support tools also built by 
the Geofabric project team.
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Geofabric Product Suite V2.1

The Geofabric is publicly available and can be used as an 
authoritative source of data, suitable for a wide range of 
water information applications. The Geofabric comprises 
six integrated data products developed specifically for 
hydrological visualisation, analysis and reporting.

These Geofabric products are supported by a collection 
of documentation including a product guide, product 
schemas, data product specifications, data dictionaries, 
tutorials and a view of the product relationships.

Achievements

The Geofabric project assisted the continued 
development of Solid Ground, a suite of tools for creating 
and managing information models in a consistent fashion. 

The completion of the Geofabric Conceptual Model has 
enabled the creation of a coherent suite of Geofabric 
products. Since then, new and extended data products 
have been implemented and delivered using the existing 
modelling tools. 

The team continued to lead the design of the Geofabric 
by contributing specialist knowledge of complex 
hydrological modelling concepts. This has led to new, 
useful entities such as Virtual Diffuse Nodes. They 
also contributed to the successful delivery of the 
Geofabric Version 2.1 products in 2012 and improved 
the automated generation, reliability and validity of 
those products. These efforts have also focused on 
implementing extended scientific workflows through 
the use and development of components for The 
WorkBench (TWB) project. This work will support 
Geofabric production and evolution, and allow the 
Geofabric products to act as pathfinders for the Bureau’s 
use of its Identifier Architecture and data web services.

Next steps

Continued use of the resulting products at the Bureau 
will be supported through technical expertise and 
training, specifically:

•	 the evolution to Version 3 of the Geofabric products 
will need support, during their building and during 
their parallel deployment with Version 2 products

•	 the model and identifier architecture will need 
maintenance and minor extension for new and 
extended products

•	 further automation of Geofabric production 
processes will need to be implemented

•	 the Geofabric services’ compliance with the National 
Plan for Environmental Infrastructure (NEII) standards 
will need to be monitored. This relationship should 
be bi-directional as the design of the Geofabric 
and its supporting architecture should also inform 
NEII design.



Water Information Research and Development Alliance Annual Report 2012–1312

Water information systems

Spatial Information Services Stack for the 
Bureau of Meteorology
Helping the Bureau make its water and environmental information easy to 
discover and use.

BUREAU SPONSOR:	 Rob Argent

COLLABORATORS:	  Australian National Data Service

PROJECT LEADER:	  Ryan Fraser

Challenge

The Bureau has been adopting the principles of 
interoperability. Interoperability is concerned with 
making data easily discoverable, accessible and usable. 
That is, data are easy to find and are provided in a well 
understood, community-agreed format that allows it to 
be combined with other data sources of the same type. 
The Bureau will use the Spatial Information Services 
Stack (SISS), developed under AuScope and further 
funded by the Australian National Data Service (ANDS), 
to share its data with the research community.

Solution

The project team deployed SISS to help the 
Bureau deliver its spatial and time-series data in an 
interoperable, open-standards manner. The intention 
was to enable the Bureau to align with initiatives such 
as WaterML2.0 and INSPIRE (Infrastructure for Spatial 
Information in Europe), and to further help the Bureau 
deliver its water and environmental information.

The team worked with the Bureau to deploy SISS with a 
number of key data products to make them accessible 
on the web using open standards.

The collaboration focused on four key areas: 

1.	 Developing extensions to SISS to support the 
open-standards Sensor Observation Service. This 
activity concentrated on how to effectively deliver 
time-series information via open standards. The SOS 
v2.0 standard was crucial to the implementation and 
delivery of time-series data.

2.	 Helping the Bureau to deploy SISS Vocabulary 
Service (‘SISSVoc’) to support vocabulary/controlled 
term delivery via the web.

3.	 Working with the Bureau to develop a Persistent 
Identifier Service to support the delivery of identifiers 
of products/features/concepts.

4.	 Training staff in the Bureau in the necessary skills 
involved in SISS deployment, ongoing operation and 
maintenance, and sustained interoperability. This will 
remove long-term reliance on the CSIRO SISS team 
and empower the Bureau to independently manage 
similar interoperability projects. 

Achievements

Building on work completed in 2010–12, the SISS4BoM 
team continued deployments of SISS technology into 
the Bureau with added support for time-series data 
delivery. Using SISS, the Bureau was able to:

•	 Demonstrate the use of the Sensor Observation 
Service (SOS v2) to deliver time-series observations 
via open-standards (WaterML2.0). This was 
deployed against the Bureau water storage dataset 
and another collaborator’s dataset (IMOS – Moorings 
dataset).

•	 Use SISSVoc to support the delivery of vocabularies 
and controlled terms via the web. SISSVoc was set 
up in an operational environment in the Bureau to 
serve WDTF vocabularies and later, also used by the 
soils group for Australian Soil Resource Information 
System (ASRIS) vocabulary deployments by the 
Bureau (under the National Plan for Environmental 
Information).

Next steps 
•	 There is potential to further work with the Bureau to 

help with additional SISS deployment 

•	 Further work is required to deliver time-series data 
via open-standards effectively and reliably. The SOS 
implementation delivered as part of the project is 
at ‘pilot’ level; some work will be needed for it to be 
effectively operationalised for many large datasets.
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Tools and documentation 
Describing and transforming ad hoc water data
Making metadata work: developing methods and tools to support water information 
systems at the Bureau of Meteorology.

BUREAU SPONSOR:	Tony Boston 

COLLABORATORS:	 SIRF  
		  Sparx Systems

PROJECT LEADERS:	Will Francis, Geoffrey Squire

Challenge
Complex and varied metadata is needed to document many 
aspects of water resource data, while management processes 
are needed to collate and deliver the data. CSIRO and the 
Bureau developed a suite of tools (Solid Ground) to help create, 
register and reuse modular information models. The goal is 
a more comprehensive metadata management strategy to 
support interoperability between the water sector’s different 
information systems. 

The WDTF, developed by CSIRO and the Bureau, is a common 
format for the sharing of water data, which the Bureau is 
promoting for provision of data required under the Water Act 
2007 and delivery of data assembled in the national water 
database. Five to ten per cent of the data provided to the Bureau 
is in a non-standard or ad hoc format, for example, in data 
provider-specific spreadsheets. A system is needed to translate 
this data into the WDTF.

Solution
The Tools and Documentation project is continuing to refine 
and develop the tools and methodology from Solid Ground to 
give the capacity for software applications to evolve easily as 
requirements for new data also evolve.

The Describing and transforming ad hoc water data project 
(Adhoc) is developing a user-friendly web-based system 
to enable water data to be automatically translated into the 
WDTF required by the Bureau. 

Modelling methodology and management

The WDTF enables cost-effective delivery of the Bureau’s 
water information management mandate. Under the WDTF 
standard, it is crucial to precisely define the semantics, 
structure, use of controlled vocabularies and additional rules 
governing the data combinations required to deliver various 
data categories. The challenges of maintaining such a standard 
include management of many related ‘artefacts’, such as 

definitions, rules and vocabularies. This project has refined 
current prototype tools for modelling and model management 
to support the Bureau’s modelling practice. 

Publishing models to linked data for the web

This project publishes registered content to deliver model 
elements, including feature definitions, relationships, and 
controlled vocabularies, to a web-based application using linked 
data approaches, the Feature Type Catalogue. The current 
WDTF documentation system will use the information model as 
a basis for managing the connection to other documentation 
products and product generation systems. Key new research 
will explore how to extend the existing standards to produce 
other semantic representations such as RDF/XML based Web 
Ontology Language (OWL). 

Ad hoc model integration

The Adhoc project team’s solution enables providers 
to translate data from their own spreadsheet formats to 
standard WDTF for provision to the Bureau, complying with 
requirements and regulations. The system is model-driven, 
using information models from Solid Ground to help users 
describe their data, using terms and concepts they are 
familiar with from the water domain. 

Achievements
•	 Developed modelling tools and methods to support the 

WDTF and the Geofabric.

•	 Developed model publication methods using a feature‑type 
catalogue approach and OWL publishing to support the 
WDTF documentation system and other systems.

•	 Integrated the Adhoc model-driven data tool with the 
information model management methods and tools, 
ensuring consistency and capacity to upgrade as 
requirements evolve. 

Next steps 
Methods and tools for information model management and 
publishing support standard modelling under ISO TC211/
OGC standards for Geospatial Information and can be used 
by future versions of WDTF and other information models 
generated by the Bureau.

With the handover of the Adhoc system to the Bureau, evaluation 
and beta-testing can continue with use of archived ad hoc water 
data or a trial with a select group of data providers. Further 
work will be required to develop the software into an operational 
system for externally accessible use.
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Water assessment and accounting

Data and models for water 
resource assessment
Developing modelling tools and operational systems to underpin national water 
resources assessments, water accounts and water resources situation reports.

BUREAU SPONSOR:	Louise Minty 

COLLABORATORS:	� Monash University
	 University of New South Wales
	 Deltares, Netherlands
	 VU University, Netherlands
	 Group on Earth Observations and Global Earth Observation System of Systems
	 Global and Energy and Water Cycle Experiment

PROJECT LEADERS:		Matthew Stenson, Neil Viney, Luigi Renzullo

Challenge

Water assessments and water use accounting need 
ever more comprehensive information on the generation, 
storage, distribution and use of water resources. 
This information needs to include local detail and to be 
accurate and current. It also needs to be produced in 
a robust and transparent manner. Information of this 
nature is not presently available for all areas in Australia 
or for all required water resource variables. Further, the 
information that is available must be drawn together in a 
consistent way.

Solution

Three projects contribute to the Australian Water 
Resource Assessment (AWRA) modelling system 
development. Together the project teams are delivering 
the world’s first integrated system for detailed water 
balance analysis from continental to sub-catchment 
scale. The AWRA system draws on a wide range of 
on-ground and remotely sensed data to retrospectively 
estimate water balance terms required for reporting and 
product generation purposes.

When complete in the near future, the system will be 
capable of providing regular updates on soil water and 
groundwater storage, on generation of streamflow, on 
vegetation water use and on other components of the 
water balance.

Achievements

The teams have integrated the landscape, river and 
groundwater components into an operational system 
(AWRA V3) that is currently being implemented in the 
Bureau. All information is generated daily with national 
coverage at around 5 km resolution. This information 
underpins the Bureau’s contribution to the annual 
National Water Account and the Australian Water 
Resource Assessment Report, providing valuable 
information to water management practitioners, policy 
makers and researchers. 

All components of the system continue to be improved 
through calibration, assimilation and evaluation against 
a range of observations. These observations include on-
ground measurements such as river gauges, irrigation 
diversion metering, vegetation water-use experiments, 
and soil moisture sensors. 

Observations also include satellite measurements of 
vegetation cover, soil moisture and evaporation. 
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Australian Water Resources Assessment reports and the National Water Account

Two major water reports are produced by 
the Bureau: the Australian Water Resources 
Assessment report and the National Water 
Account. The information in these reports 
is underpinned by the Australian Water 
Resource Assessment modelling system 
developed through the Alliance.

Australian Water Resources Assessment 
reports provide:

•	 scientifically robust analysis and 
interpretation of changes in Australia’s 
water availability and use 

•	 consistent reporting across the nation 
and over time, enabling spatial and 
temporal comparisons 

•	 enhanced understanding of Australia’s 
water resources unconstrained by 
jurisdictional boundaries. 

The reports highlight patterns, trends and 
variability in water quantity at regional to 
national scales and over time scales of 
months to decades. They monitor water 
flows and stores and publish statistics for 
key reference sites. The first Australian 
Water Resources Assessment report, for 
2010, was published in 2011  
(www.bom.gov.au/water/awra/2010) 
and the 2012 report will be published 
in late 2013. The reports will assist 
understanding of the impact of past and 
present water management practices 
and inform the design of water resource 
policies and plans, supporting the goals 
of the National Water Initiative. 

The National Water Account is an annual 
publication. The second report was 
released in October 2012  
(www.bom.gov.au/water/nwa/2011/). 
The next report, covering July 2011 
to June 2012, is due to be released in 
late 2013. The National Water Account 
provides information on water stores 
and flows, water rights and water use. 
The National Water Account breaks 
new ground by taking a national and 
standards-based approach to water 
resource reporting. It provides transparent 
information on volumes of water traded, 
extracted and managed for economic, 
social, cultural and environmental 
purposes across Australia. 

Next steps 

The focus will be on consolidation of the current system 
and transfer of responsibility for the system to the 
Bureau through:

•	 refining the model structure and integrating the 
surface water and groundwater components in a 
conceptually rigorous way to support the Australian 
Water Resources Assessment reports

•	 developing an integrated regulated system 
model for all the National Water Account regions 
across Australia

•	 working with the Bureau hydrologist, IT and system 
support staff to implement and support the AWRA 
system within the Bureau’s IT infrastructure

•	 transferring responsibility for, and ongoing 
maintenance of, the AWRA system to the Bureau

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

The focus for the next year will be to get the National 
Landscape Model (AWRA-LG) parameterised to support 
the production of the next round of the AWRA report, 
and to get the Integrated Regulated System Model 
(AWRA-LRG) parameterised to support the production 
of the next round of National Water Accounts.

Components of the AWRA modelling system 
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Water forecasting

Water forecasting and prediction – 
flood and short term
Developing methods and tools to enhance the Bureau’s operational flood 
forecasting and generate continuous short-term streamflow forecasts.

BUREAU SPONSOR:	Dasarath Jayasuriya 

COLLABORATORS:	� Centre for Australian Weather and Climate Research

PROJECT LEADER:	 David Robertson

Challenge

Reliable water forecasts help in 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 
Bureau’s current flood forecasting system, which relies 
on an event-based hydrological model and makes 
limited use of numerical weather predictions, lacks 
accuracy at extended lead times. A forecasting system 
that continuously simulates streamflow and accounts for 
soil moisture variability, routinely uses numerical weather 
prediction outputs and quantifies forecast uncertainty 
would allow for more accurate forecasts with extended 
lead times.

Solution

The project team is developing methods and tools 
to improve the Bureau’s national operational flood 
forecasting capacity and to generate short-term 
(up to 10 days ahead) ensemble streamflow forecasts 
with uncertainty envelopes. A new ensemble 
short‑term forecasting service has been evaluated 
for 10 catchments across Australia and is currently 
being transitioned into an experimental service. The 
service integrates continuous hydrological modelling, 
real-time rainfall and streamflow observations and 
numerical weather predictions to produce 10-day 
streamflow forecasts.

New applications have been developed to support 
operational delivery of and research into these new 
services. Short-term Water Information and Forecasting 
Tools (SWIFT) enables semi-distributed continuous 
hydrological modelling for forecasting applications, while 
the Rainfall Post-Processor (RPP) corrects biases in and 
quantifies uncertainty of numerical weather predictions. 

Achievements

The performance of ensemble short-term streamflow 
forecasting systems running at time steps of 1, 3, 6 
and 24 hours up to 10 days ahead was evaluated 
for 10 catchments across Australia for the 22 month 
period between August 2010 and May 2012. A key 
outcome from this evaluation was that the ensemble 
forecasts have greater skill in longer lead times than 
simpler deterministic forecasts. Other key outcomes 
from this evaluation include recommendations on the 
appropriate time step and ensemble size for operational 
forecasting systems.

A method to generate bias-corrected ensemble rainfall 
forecasts by post-processing deterministic weather 
predictions was developed. The method was applied 
to ACCESS-G numerical weather predictions and 
the performance evaluated for 10 catchments across 
Australia. The ensemble rainfall forecasts were shown 
to be more skilful and have lower bias than the raw 
ACCESS-G predictions.

One of the key challenges in developing forecasting 
systems that run at sub-daily time steps is obtaining 
a consistent time series of historical rainfall data for 
calibrating hydrological models. A method for estimating 
consistent time series of sub-catchment rainfall from rain 
gauge observations has been developed and applied 
at daily time steps. This rainfall supports more robust 
calibration of hydrological models and potentially leads 
to increases in the skill of streamflow forecasts.
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Evaluating short-term forecasts of streamflows

Users of flood and short-term streamflow 
forecasts need estimates of forecast 
uncertainty so they can assess the 
potential risks of their management 
actions. Ensemble forecasting is the most 
appropriate method of quantifying forecast 
uncertainty if water managers are to use 
the forecasts in operational models. 

An ensemble short-term streamflow 
forecasting system has been evaluated 
using 10 catchments that cover a wide 
range of climatic and hydrological 
conditions. The ensemble forecasting 
system post-processes deterministic 
numerical weather predictions to 
produce ensemble rainfall forecasts 
that are bias‑corrected and quantify the 
uncertainty of rainfall forecasts. Streamflow 
forecasts for lead times of up to nine days 
are then generated by forcing an initialised 
hydrological model with the ensemble 
rainfall forecasts.

The forecasting system was evaluated 
between August 2010 and May 2012. 
The ensemble streamflow forecasts were 
shown to have greater skill and longer lead 
times than simpler deterministic forecasts.
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Next steps 

The project team will continue to develop and evaluate 
methods and algorithms for ensemble forecasting that 
suit the fast-paced operational forecasting environment 
for inclusion into SWIFT and ancillary tools. Immediate 
priorities include:

•	 evaluating the benefit of using other sources of 
forecast rainfall, including the seamless rainfall 
product developed by the Centre for Australian 
Weather and Climate Research, in improving the skill 
of streamflow forecasts

•	 examining the performance of ensemble 
streamflow forecasting systems for predicting flood 
events and developing methods for improving 
hydrological models

•	 extending methods of estimating sub-catchment 
rainfall from rain gauge observations to sub-daily time 
steps, and demonstrating the benefit of the improved 
rainfall for hydrological modelling.
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Water forecasting

Water forecasting and prediction – 
seasonal
Developing new methods and tools to provide accurate and reliable seasonal 
forecasts of inflows to river systems across Australia.

BUREAU SPONSOR:	Dasarath Jayasuriya 

COLLABORATORS:	� Centre for Australian Weather and Climate Research
	 South Eastern Australian Climate Initiative

PROJECT LEADER:	 QJ Wang

Challenge

Many water users value forecasts of streamflows for 
a range of forecast periods and lead times – including 
emergency services, hydroelectricity generators, 
irrigators, rural and urban water supply authorities 
and environmental managers. Forecasts of seasonal 
streamflows can inform tactical management of water 
resources, allowing water users and managers to plan 
operational management decisions and assess the risks 
of alternative water use and management strategies.

Solution

The project team is developing new methods and tools 
to provide accurate and reliable seasonal forecasts. 
Already the Bayesian joint probability (BJP) model, 
developed through the Alliance and the South Eastern 
Australia Climate Initiative, has been adopted as the 
operational model for official seasonal streamflow 
forecasts by the Bureau. A dynamic forecasting system 
is also being implemented for experimental forecasts. 
The forecast service is being extended nationwide 
from its current 70 sites, mainly in south-eastern 
Australia. The forecasting systems are being enhanced 
through better climate and hydrological modelling, 
effective merging of forecasts from multiple models, 
and extension of capability to forecasting monthly time 
series of streamflow out to nine months.

Achievements

The Bureau uses the BJP model to produce official 
seasonal streamflow forecasts. Forecast skill of the BJP 
model has been improved by incorporating output of a 
dynamic monthly water partition and balance (WAPABA) 
model. The Bureau is now using this improved BJP 
model for its operational service.

The use of multiple models with different climate 
predictors through Bayesian model averaging is further 
improving the BJP modelling approach. Forecast skill is 
increased for some locations and seasons. Importantly, 
the multiple model approach appears to moderate the 
worst forecast errors.

A modified analogue statistical downscaling approach 
has been implemented on the Bureau system, which 
can generate seasonal rainfall forecasts nationwide at a 
5-km grid. The rainfall forecasts are then used as inputs 
to a dynamical hydrological model for monthly and 
three-monthly ensemble streamflow forecasts. A new 
ensemble forecast scheme has been implemented and 
compared against the previous work using the Predictive 
Ocean Atmosphere Model for Australia (POAMA), which 
shows the monthly streamflow forecasts were improved.

Seasonal streamflow forecasts from statistical and 
dynamical approaches by the Bureau can be merged 
to provide end users with a single set of forecasts. A 
Bayesian model averaging method has been evaluated 
for merging the forecasts. 

Methods for producing long lead forecasts of monthly 
rainfall and streamflow are being developed by using 
a combination of calibration and bridging of dynamical 
climate model outputs and using a monthly catchment 
water balance model.
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Australia’s first seasonal streamflow forecasting service

Alliance research helped create the 
Seasonal Streamflow Forecasting Service, 
launched by the Bureau in 2010. The 
seasonal forecasts predict how much 
water is expected to flow into rivers and 
water storage systems. Forecasts are 
available at 70 sites across Australia and 
the service will expand to become national. 

Forecasts are updated each month. 
The service uses relationships between 
climate indicators, past catchment 
conditions and site-specific historical 
rainfall and streamflow to forecast future 
streamflows. A new dynamic modelling 
approach being developed applies climate 
predictions from global climate models 

to hydrological models to forecast future 
streamflows. The service gave crucial 
guidance to water managers in the 
southeast Murray–Darling during the very 
wet conditions of 2010–11. The forecast 
results during this period were significantly 
better than using historical or climatology 
based forecasts. 

Next steps

The project team will focus on research to support 
further development of the Bureau’s seasonal 
streamflow forecasting service, with the intention of:

•	 extending current forecasts of total streamflow 
volumes in the next season to forecasts for the next 
12 months at monthly resolution

•	 extending current forecasts at key forecast points to 
the whole Australian continent, and from forecasting 
rainfall and streamflows to examine soil moisture and 
hydrological drought indices.

HOURS DAYS WEEKS MONTHS YEARS DECADESHOURS DAYSAA WE MONTHS

Flood and short-term 
forecasting

Seasonal 
forecasting

Emergency Services  
(floods)

Setting water 
allocations

Informing  
cropping 
strategies

Operating a 
diversified 

supply scheme

Policy 
settings

Optimising 
water ordering 
and delivery

Informing 
markets

Land 
management 

planning

Informing environmental 
watering strategies

Setting 
restrictions on 
water supply

Planning 
supply 

augmentations

STREAMFLOW 
FORECASTING:  
INFORMATION FROM 
DAYS TO SEASONS 
Streamflow forecasting 
research is targeted to 
allow accurate and reliable 
forecasts, from hours to 
months in advance, to inform 
water planning decisions.
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Water forecasting

Hydro-meteorological research to 
support rainfall forecasting
Improving the accuracy, usability and range of Australian rainfall forecasts.

BUREAU SPONSOR:	Dasarath Jayasuriya 

COLLABORATORS:	� Centre for Australian Weather and Climate Research; Met Office (UK)

STREAM LEADER:	 Beth Ebert

PROJECT LEADERS:	Alan Seed, Kamal Puri, Harry Hendon

Challenge

The Bureau needs to improve the accuracy, range 
and usability of its rainfall forecasts so that it can 
provide robust and reliable water information for flood 
forecasting and water resource management. 

Solution

The Alliance is working with the Centre for Australian 
Weather and Climate Research on three rainfall forecast 
research projects. The projects cover:

•	 seamless production and presentation of forecasts 
across different space and time scales

•	 improvements in modelling cloud processes and 
convection to provide more accurate forecasts

•	 research into a unified approach to extend rainfall 
forecasts out to 30 days with improved skill. 

The advances in rainfall forecasting delivered by the 
projects will lead to more accurate water estimates and 
help Australian water users make more informed risk-
management decisions.

Achievements

The Bureau uses the ACCESS model to generate 
rainfall forecasts for a number of spatial and temporal 
resolutions and lead times. This is an important 
source of information for extending the usability of 
hydrological prediction, but increases in the model grid 
spacing for longer lead times present a challenge for 
hydrological models. 

Work has been directed to developing a technique 
for blending forecasts from a number of models and 
resolutions into a single ‘seamless’ forecast. Stochastic 
models of forecast errors are then used to generate 
ensemble predictions from the deterministic forecasts. 

This project has generated a year of ensemble forecasts, 
blending the high resolution regional model and lower 
resolution global model for two domains in Queensland 
and southeastern Australia. Each daily forecast has 50 
ensemble members with hourly output at 2 km resolution 
out to seven days. These will provide input to the flood 
and short-term streamflow forecasting project.

A development framework, the ‘precipitation test-bed’, 
was completed, which uses satellite data (focusing 
heavily on CloudSat) to allow exploration of the ACCESS 
model physical parameterisation representation of 
precipitating systems. CloudSat’s importance here is its 
ability to provide information about the vertical structure 
of rain systems. 

However, the relatively low number of passes of 
the satellite also poses challenges, so compositing 
techniques were introduced to maximise use of this 
data. A one-month trial of the high-resolution (1.5 km) 
version of the ACCESS model run over southeast 
Queensland has been completed for December 
2010. Rainfall‑rate‑based‑composites of the model 
forecasts have been compared to their satellite-based 
counterparts, across two regional domains.

Work has also been directed to introduce higher temporal 
resolution radiation schemes into ACCESS. The first of 
these uses a novel single-layer model to update, within a 
level of acceptable approximation, the surface radiation at 
every model time-step. This new scheme has been tested 
in stand-alone mode, and subsequently implemented 
within the ACCESS model code. 

The second approach has been to evaluate a United 
Kingdom Meteorological Office (UKMO) ‘reduced 
fidelity’ multi-level radiation scheme that can be applied 
more frequently ‘between’ full radiation updates. Three 
trials using different radiation configurations inside the 
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Forecast skill for month 1 using 
ACCESS1.3 atmosphere model 
only, ACCESS1.3 fully coupled 
atmosphere-ocean model, and 
the current operational version 
of POAMA (M24). Forecasts 
were initialised on 1 September, 
1 October and 1 November 
during 1980–2009. Skill is 
measured using correlation for 
Precipitation, and maximum 
and minimum surface 
Temperature. ACCESS1.3, 
particularly the coupled version, 
which will be the basis for 
POAMA3, shows improved skill 
throughout eastern Australia 
compared to POAMA M24. 
This is encouraging given 
that the ensemble generation 
strategy for ACCESS is 
not optimal. Greater gains 
will be expected when the 
full initialisation strategy is 
implemented in POAMA3.

global version of ACCESS have been completed. Initial 
evaluation suggests that the impact on domain/time 
averaged rainfall is small, as would be expected. Current 
evaluation work is focusing on local impacts and on 
timing of the diurnal cycle.

On longer time scales, multi-week rainfall forecast 
skill was assessed using ensembles of hindcasts 
for 1982–2009 from different configurations of the 
ACCESS climate model, and skill was compared to the 
operational version of POAMA. Rainfall forecast skill 
for the first 30 days was found to be generally superior 
to POAMA. 

The preliminary coupled version of ACCESS provided 
improved forecasts compared to the uncoupled version, 
which is a promising result because the full ocean-
atmosphere initialisation of the coupled model was 
not yet included. The overall improvement in ACCESS 
skill appears to stem from an improved depiction of 
the mean climate, which presumably reflects improved 
resolution and model physics in ACCESS compared 
to POAMA. 

Despite these promising results, ACCESS poorly 
represents and predicts the Madden-Julian Oscillation, 
so a key recommendation is that the upgrade of POAMA 
be based on the new physics developments at the 
UKMO that have yet to be implemented in ACCESS.

Next steps

The teams will now:

•	 complete the verification of the ensembles of 
seamless rainfall forecasts and regenerate the 
forecasts once the blending parameters have been 
tuned in the light of the verification results

•	 complete the analysis of the ACCESS 1.5 km 
Dec‑2010 simulations, and draft a report describing 
their evaluation via the precipitation test-bed

•	 complete the rainfall analysis of the reduced-fidelity 
radiation trials, focusing on smaller/shorter scales

•	 take the initial implementation of the surface‑radiation 
scheme in ACCESS to the point where initial 
full‑length NWP simulations can be run

•	 prepare a final report that:

-- documents the expected capability of multi-week 
rainfall forecasts using ACCESS

-- recommends final configuration of ACCESS for 
implementation in POAMA3 that maximises rainfall 
forecast skill and minimises computing costs

-- summarises the capability of ACCESS to predict 
the key teleconnections that drive Australian 
rainfall variability to provide guidance for future 
model improvements.
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Performance report

Finance and resources
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The 2012–13 $9.817m investment was allocated to 
Water Information Systems – 20.2%; Water Accounting 
and Assessment – 41.4%; Water Forecasting and 
Prediction – 22.3%; Precipitation Forecasting – 10.2%; 
and Management – 5.8%.

The end of year financial position for WIRADA is an 
under expenditure of $0.126m.

Alliance budget performance
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The Alliance budget plan for 2012–13 proposed 33.9 full 
time equivalents to be allocated to the 10 research projects 
(not including CAWCR sub-projects). Total expended effort 
for the program was 33.6 full time equivalents.

Delivery and productivity

WIRADA had 139 deliverables across 10 projects 
scheduled for completion in 2012–13. By the end of 
the financial year, 124 (89%) deliverables had been 
submitted, with 83 (67%) of those accepted, and a 
further 15 deliverables to be completed in early 2013-14.

Over 2012-13 the Alliance produced:

Journal papers published.............................. 11
Journal papers accepted................................. 1
Conference papers........................................30
Technical reports........................................... 11

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

Alliance outputs 08-09 09-10 10-11 11-12 12-13 TOTAL
Journal published 17 13 11 19 11 71

Journal accepted 3 1 4

Books 1 1 2

Conference papers 45 32 84 79 30 270

Published reports 41 26 16 7 10 100

Unpublished reports 21 41 4 7 1 74

TOTAL 125 112 115 116 53 521

A full listing of Alliance research outputs is available at 
www.csiro.au/partnerships/WIRADA 
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Alliance Report Card 2012–13

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 assessments, national water 
accounts, flood forecasts and water availability outlooks.

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

ACHIEVED: Majority of the Alliance 
deliverables have been accepted by 
the Bureau.

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

ACHIEVED: Project Agreements 
refreshed for 2012–13 and presented to the 
Management Committee at their 18 June 
2012 meeting and approved shortly after.

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 (e.g., Water ML2.0). Alliance 
communication plan for 2012–13 developed 
jointly by Bureau and CSIRO communication 
teams based on Project agreements.

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: Planning for transitioning 
research into operations embedded in all 
individual project plans for 2012–13.

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

ACHIEVED: 2012–13 Communication Plan 
developed between CSIRO and Bureau and 
embedded in Directors project agreement. 
All major objectives implemented; Annual 
report published, web site updated, 
fact sheets renewed and Achievements 
Brochure published.
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Alliance Report Card 2012–13

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, Technical Lead and 
Team members roles defined 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 operating for all research 
and development streams. Bureau staff 
member seconded to CSIRO streamflow 
forecasting research team. CSIRO actively 
engaged with Bureau to align IT systems.

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

ACHIEVED: Three projects established 
with CAWCR to improve precipitation 
input to hydrological models. Objectives 
and progress tracked through 
Alliance SharePoint and regular joint 
governance meetings with streamflow 
forecasting projects.

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

ACHIEVED: WaterML2.0 Working Group 
in OGC led by CSIRO and involving 
CUAHSI and WMO, Water ML2.0 OGC 
Standard approved in June 2012 and 
submitted as a WMO/ISO candidate in 
December 2012.

No skills gaps or shortage of capabilities to 
meet demand.

ACHIEVED: 99% of planned 33.91 
full time equivalents (FTE) applied to 
2012–13  program.

2.2 Harness 
collaboration

Objective 2: Harness and add value 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 CAWCR projects in 
2012–13 portfolio. GA hosting DEM data 
products. Simplified eWater source rivers 
model embedded in AWRA modelling 
system. Water ML2.0 standard developed 
in partnership with CUAHSI.

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. 
The Alliance presented scientific progress 
to influential end users through meetings 
of the Jurisdictional Reference Group on 
Water Information.
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Alliance Report Card 2012–13

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.

NOT ACHIEVED:  89% of Alliance 
deliverables submitted and 67% 
accepted for the full year, with remaining 
deliverables due for completion early in the 
following quarter.

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

ACHIEVED: WDTS being used 
operationally; Short-term water forecasting 
technology released to registered users; 
Seasonal streamflow forecasting service 
expanding; AWRA version 3.0 transferred 
to the Bureau in preparation for National 
Water Account 2012 and Australian Water 
Resource Assessment 2012.

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

ACHIEVED: Independent panel review 
of the Alliance conducted in 2012–13 with 
positive result. Formal review of Water for a 
Healthy Country review in 2013.

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

NOT ACHIEVED: The Alliance team 
included 14.7 Research Scientist (RS) 
equivalents in 2012–13 while 11 journal 
papers were published.

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: 30 conference papers at 12 
key national and international conferences.  
Water ML2.0 Part 1 released internationally 
as an OGC standard.

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

ACHIEVED IN PART: 2012–13 Annual 
Report drafted for approval by the 
Management Committee.

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

ACHIEVED: Alliance renewed for 3 years 
to 2016 and Implementation Strategy 
2013–2016 revised and submitted to the 
Management Committee for approval in 
June 2013.
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