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ABOUT THE

Water Information Research
and Development Alliance

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

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

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

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

The Water Information Research and Development
Alliance (the Alliance) is transforming the way

Australia manages its water resources by delivering
value-added water information products and tools
based on a comprehensive and robust nationwide water
information system.

The Alliance brings together the Commonwealth Scientific
and Industrial Research Organisation’s (CSIRO’s) nation-
leading expertise in water and information sciences

with the Bureau’s operational responsibilities in water
information. Through CSIRO’s Water for a Healthy
Country National Research Flagship, around 40 leading
researchers are addressing topics including data
interoperability, hydrologic modelling, water accounting
and water assessment and water availability predictions.

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

Governance

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

Management Committee

The management committee’s key role is

setting the strategic direction for the Alliance.

It also approves the annual research
program and budget, and oversees the
effective delivery of the research program.

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

The members of the committee are:
Bureau of Meteorology

Dr Rob Vertessy (Committee Chair)
Director of Meteorology

Dr Dasarath Jayasuriya
Acting Deputy Director Climate and Water

CSIRO

Dr Andrew Johnson
Group Executive Environment

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

The committee meets at least
quarterly. The committee met on
29 July 2011, 25 November 2011,
6 February 2012, 30 April 2012
and 18 June 2012.
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Water Information Research and
Development Alllance Highlights 2011-12

New fine-detail terrain and
water-flow mapping

The one-second hydrologically enforced digital elevation
model, which improves resolution of the national digital
elevation model from 270m to 30m, was launched in
November 2011. The model incorporates rivers and
streams, providing maps of terrain shape and water-flow
paths in unprecedented detail.

Already in use by the Bureau of Meteorology, the model
is available on the Geoscience Australia website and is
being considered by several international agencies.

Water accounting and assessment

Version 2 of the Australian Water Resources
Assessment model was delivered by CSIRO to the
Bureau as an integrated system. It will underpin
the annual National Water Account and regular
water assessments.

CSIRO developed a powerful, user-friendly modelling
platform called the WorkBench. This system reduced
the time taken to perform a calibration of the AWRA
model from over 30 hours to around three hours,
helping improve predictions of water movement,
usage and storage across the continent.

WIRADA Science Symposium
and Proceedings

Held from 1-5 August 2011 in Melbourne, the
Symposium gave researchers the opportunity to
showcase the body of research from the Alliance’s first
three years. More than 200 scientists from around the
world attended, celebrating early achievements and
discussing future challenges.

A peer-reviewed collation of research papers
and challenges identified across the WIRADA
portfolio was published in the WIRADA Science
Symposium Proceedings. They are available
from http://www.csiro.au/WIRADA-Science-
Symposium-Proceedings.

Global water data standard

e On the global stage, WaterML2.0 was adopted
by the Open Geospatial Consortium as an
international standard for water data transfer.

Use of the standard will improve understanding of
available freshwater resources around the world.

Water forecasting and prediction

e A framework incorporating multiple rainfall
and streamflow models, plus observations,
in flood and short-term streamflow forecasts
was developed. This will help make forecast
uncertainty explicit.

e The Bayesian joint probability model developed
through the Alliance, and used by the Bureau to
produce official seasonal streamflow forecasts,
was improved and the new version adopted for
use at forecast sites across Australia.

e Three projects aimed at improving rainfall
forecasts began in partnership with the Centre
for Australian Weather and Climate Research.
Research activities include developing methods
to utilise forecasts from different models with
different space and time scales, modelling
cloud processes and convection, and a unified
approach to extending rainfall prediction out to
30 days with improved skKill.

Interoperable information tools

e The Sustainable Water Information Models project
team continued developing 'Solid Ground’, a
suite of interoperability tools used for creating
and managing information models. This work
has been critical to the ongoing development
of the Australian Hydrological Geospatial
Fabric, a geographic information system for
Australian water resources — available on the
Bureau’s website.



Dr Rob Vertessy
Director of
Meteorology

Message from the Chair

We should be proud of the progress the Alliance has
made in four years. The program has had a growing
impact in Australia and internationally across the research
themes of water information systems, foundation data
products, water resources assessment and streamflow
forecasting. As well as building on existing work, the
Alliance has incorporated new projects this year, including
three rainfall forecasting projects which are being
undertaken through the Centre for Australian Weather
and Climate Research (CAWCR), another partnership
between CSIRO and the Bureau of Meteorology.

The Alliance has had some significant achievements
this year. November saw the official launch of the
one-second hydrologically enforced digital elevation
model (DEM-H) at the Bureau’s offices in Canberra.

John Gallant and his team were nominated for a CSIRO
Chairman’s medal for the excellent work they have done
on the DEM-H and preceding versions of the model.

I look forward to seeing the application of this model in
the Bureau’s systems and beyond.

WaterML2.0 was adopted by the Open Geospatial
Consortium (OGC) as an international standard for
water data transfer. Use of the standard will improve
understanding of available freshwater resources by
enhancing data sharing and exchange. This is a huge
milestone for the Water Data Transfer Standards team.
Congratulations to all involved.

In August 2011 we held the WIRADA Science Symposium,
a celebration of the program’s early achievements and

a chance to discuss future challenges. A key output of

the Symposium was the WIRADA Science Symposium
Proceedings, which provide a snapshot of the state of
research activities across the portfolio in the form of
peer-reviewed papers from presenters at the Symposium.

The Proceedings made clear that the research and
development that has emerged from the Alliance is
relevant internationally. However, the development of an

enduring water information capability is likely to require
a much longer effort than the current life of the Alliance.
In some areas of the research program we are only
starting to scratch the surface and there remains much
to be done.

Looking forward to our final year, there are a number of
milestones | would like to see attained, particularly an
improved water information system operational at the
Bureau. The Bureau used the first version of the Australian
Water Resources Assessment (AWRA) modelling system to
produce the National Water Account 2011 and the Australian
Water Resources Assessment Report 2010. It will be a great
achievement when the fully formed system, incorporating
landscape water, river and groundwater balance
components, is operational before the end of WIRADA.

Additionally, | hope to see enhanced short-term and
seasonal streamflow forecasting tools and technologies
incorporated into the Bureau’s systems, resulting in
improved water resource management and flood
monitoring. We are seeing some great outcomes from
seasonal stream flow forecasting, with the Bayesian joint
probability (BJP) model adopted as the operational model
for official seasonal streamflow forecasts by the Bureau.
This will now be rolled out to new forecast sites across
Australia and renewed for existing forecast sites.

Adoption of the Alliance’s research, both in the Bureau and
the broader water information community, is clear affirmation
of the program’s achievements. | look forward to seeing
continued operationalisation of research activities and wish
allinvolved in the Alliance the best as we head into year five.

M»wbr.

Dr Rob Vertessy

Director of Meteorology

Dr Andrew Johnson
CSIRO Group Executive, Environment

CSIRO is committed to creating positive impact for

The Alliance is improving water resources assessment

Australia through the trusted delivery of the very highest
quality scientific evidence, advice and interpretation to
government, industry and the wider community.

CSIRO deeply values its strategic relationship with the
Bureau of Meteorology, of which an important dimension
is the Water Information Research and Development
Alliance. The Alliance is a clear example of the impact
that results when policy and operations are supported by
excellent science and technology.

frameworks, creating better-coordinated data collection and
sharing, and advancing streamflow and flood forecasting
and prediction. The research emerging from WIRADA is
already enabling the Bureau of Meteorology to deliver a new
generation of water information services to the nation.

| congratulate the Alliance team on their achievements
during the last year and very much look forward to the
delivery of further positive impact from the continuation of
this important alliance.

Water Information Research and Development Alliance Annual Report 2011-12



Alllance Director’s report

Stepping into the role of Alliance Director in July 2011,
I was impressed by the progress that had been
made by the Alliance in its first three years. Reflecting
now on the fourth year, | am pleased to say that the
quality of research delivered has continued to be
outstanding as exemplified by the WIRADA Science
Symposium Proceedings.

Progress in 2011-12 has involved consolidation of
previous years’ work, completion of some projects and
advancement of new areas of research. The Alliance
continues to turn research outputs into operational
services, aligning research with the key functions,
responsibilities and priorities of the Bureau.

Water information systems projects continued to
deliver benefits to the water information sector both
nationally and internationally.

The WaterML2.0 specification for time series, which
defines how observations and measurements apply
to hydrological time series, became an international
standard. In December 2011, the “Water ML2.0
part 1: time series” Request for Comment package
was submitted to the Open Geospatial Consortium
(OGQ) for review by the OGC architecture board.
WaterML 2.0 was subsequently announced as an
international OGC standard.

Water information systems outcomes are also
supporting other Alliance projects. The first stage of
the WorkBench (formerly Hydrologists WorkBench)
calibration system for the Australian Water Resources
Assessment (AWRA) modelling system (discussed
below) has been completed. The calibration system
has already delivered a superior set of parameters for
the AWRA modelling system and is currently being
used to test and calibrate new model components.
The calibration system is capable of doing an entire
calibration run in around three hours, allowing for a
more detailed exploration of model changes.

Foundation data products projects delivered a new
stream of actual evapotranspiration data, running from
2000 to present, to the Bureau. The Bureau will use
the data stream to underpin hydrological assessment
and forecasting across Australia. The data stream
exceeds the original specifications of monthly and
500m resolution by providing actual evapotranspiration
estimates at an 8-day time step and 250m resolution.
This data is also available via the internet and from

a THREDDS (Thematic Realtime Environmental
Distributed Data Services) data server which supports
access via several advanced web data protocols.

November 2011 saw the official launch of the
one-second hydrologically enforced digital elevation
model at the Bureau’s visualisation suite. The model
is the last in a series of DEM products now publicly

available from Geoscience Australia. The DEM-H is an
intelligent data set used by the Bureau to create and
manage the drainage networks and corresponding
catchment boundaries within the Australian
Hydrological Geospatial Fabric (Geofabric).

Water assessment and accounting projects
continued to develop tools and technologies for
enhancing the AWRA modelling system, which is now
running at the Bureau. The AWRA modelling system
provided key input to the Bureau’s releases of the
National Water Account 2011 and the Australian Water
Resources Assessment Report 2010.

Researchers have integrated the first iteration of the
river modelling component, AWRA-R, into the AWRA
system. This will allow for a much more accurate

and detailed water accounts, especially in high
water-value areas.

Work continues on the groundwater modelling
component (AWRA-G), as well as on calibration and
benchmarking activities and on assimilating remotely
sensed data from satellites into the modelling system.

Water forecasting projects continue to deliver
research outputs in support of the Bureau’s streamflow
forecasting services.

The seasonal and long-term water forecasting team
have completed a comparison study that has major
implications for how they can best use POAMA
(Predictive Ocean Atmosphere Model for Australia)
predictions of climate indices and rainfall.

The short-term water forecasting team delivered a high
level framework for ensemble flood and short-term river
flow forecasting to the Bureau. The framework describes
the components of an ensemble forecasting system

and provides a guide for future research and system
development activities for both the Bureau and CSIRO.

Hydro-meteorological research is a new area of
Alliance research conducted in partnership with the
Centre for Australian Weather and Climate Research.
The three hydro-meteorological project teams have
begun research to improve rainfall forecasts out to
multiple weeks, as inputs to hydrological models.
Among the early work completed is a review of the
current capability to make multi-week climate forecasts
across Australia.

P

Dr John Sims
Alliance Director

Dr John Sims
Alliance Director



Water Information Systems

Water Data Transfer 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 Hydrology Domain Working Group, USA
World Meteorological Organization (WMO), Switzerland

US Geological Survey
Deltares Systems Netherlands
KISTERS AG Germany

Consortium of Universities for the Advancement of Hydrologic Science, USA

PROJECT LEADER: Gavin Walker

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 for integration of these data sources
into the Bureau’s water resources assessment and water
accounting system. This level of automation is the key

to generating information products which are accurate,
timely and repeatable, at significantly reduced cost.

Solution

To meet the Bureau’s need to collect and process water
information from more than 200 organisations across
Australia, the project team has developed the Water Data
Transfer Format (WDTF). This standard allows water data
providers, including government agencies, water suppliers,
catchment management agencies and municipal councils,
to efficiently deliver water observation data to the Bureau
in a format that is easily processed without the need for
manual intervention. A standard format allows automatic
validation of the data against a set of rules and constraints
that ensure the data is fit for purpose.

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

The project team is also using the data models and
common vocabularies established by WDTF to create
productivity tools for translating the water data that is still
in non-standard formats that have been established by
individual water agencies across Australia.

While WDTF is specific to Australian needs (as defined in
the Water Regulation Act 2008) the Water Data Transfer
Standards team is also leading the international agenda,
working with the international hydrological community
and standards organisations to develop the water data
transfer standard (WaterML2.0) to be used worldwide.
WaterML2.0 includes features from WDTF.

Achievements

As the base version of WDTF continues to gain widespread
adoption by the water community in Australia, work has
now been completed on the specification of Category 6 of
the water regulations (dealing with entitlements, allocations
and trading). Category 6 support has undergone

trials with three major water authorities: Murray Water,
Murrumbidgee Irrigation and Coleambally Irrigation. The
public release for Category 6 in WDTF is scheduled for
early 2013. This provides a significant enhancement to
WDTF that will capture information critical to the Bureau’s
reporting requirements.

Work has also progressed on the development of a
web-based tool to help water data providers translate
custom and ad hoc data formats. The tool incorporates
a logic reasoner that ensures user data is consistently
mapped to the WDTF data model and the constraint
rules that need to be enforced. The tool minimises the

Water Information Research and Development Alliance Annual Report 2011-12



Making it easier for water data provide

The Water Regulations mandate who must
provide water data, what kind of data is
required and in what preferred format (WDTF).
Unfortunately, many providers are not able

to meet these requirements due to resource
constraints or lack of expertise to create
regulations-compliant data. While they may
not have the technical understanding of WDTF,
they do understand their own data formats.

The WDTS team has developed a web-based
tool that allows providers to describe the
relationships between their data and the data
model used by WDTF. This mapping allows
for subsequent data to be automatically
transformed into a regulations-compliant
format for forwarding to the Bureau.

The tool is based on a familiar spreadsheet
user interface using familiar terms and
concepts. It is able to guide the non-expert
user while also ensuring constraint rules
are enforced.

rs to describe their data

Sample data Web application

Information
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FIGURE 1: Ad hoc data tool system architecture.

effort required to translate arbitrary spreadsheet data
formats while also assuring the data is compliant with
regulations. The ad hoc data tool is now ready to enter
the beta testing phase with a selected group of users.
It is expected that this tool will be used by many of the
smaller water agencies that have developed in-house
solutions for data capture and recording.

In the international arena, WaterML2.0 was submitted
to the OGC as a candidate encoding standard for the
representation of in-situ hydrological observations
data. WaterML2.0 is closely aligned with WDTF

and is implemented as an application schema

of the Geography Markup Language and makes

use of the OGC Observations and Measurements
(O&M) standard. A core aspect of WaterML2.0 is

the description of time series data which relies on
understanding the nature of the process that generated
them. Its official status as an OGC-endorsed standard
has been announced.

WaterML2.0 is the result of an international cooperative
effort of the OGC Hydrology Domain Working Group
led by CSIRO. In addition to CSIRO and Bureau input,
it involved hydrological and government agencies,
software providers, universities and research
organisations from the USA, Canada, Germany, the
Netherlands and other countries.

Next steps

Over the next year the WDTS team will:

e complete the handover of WDTF to the Bureau within
an updated documentation system

e complete the specification for ratings and gauging
information extending WaterML2.0

e harmonise WaterML2.0 with Climate and Forecasting
NetCDF data format

e complete data conversion tools available for use by
water agencies.




Sustainable Water Information Models

Developing methods and tools to ensure robust and maintainable
interoperability between the different systems needed to support the

Bureau of Meteorology.

BUREAU SPONSOR: Tony Boston

COLLABORATORS: AuScope GRID
Sparx Systems
UN-SDI

PROJECT LEADER: Paul Box

Challenge

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

The key challenge for the Sustainable Water Information
Models (SWIM) project is to achieve consistent use of
information, such as measured parameters, monitoring
site identifiers, catchments and reporting units, across all
components of the Bureau’s Australian Water Resources
Information System (AWRIS). This usage must allow
long-term discovery and use of water resources
information. It must also include the ability to monitor
trends and perform spatio-temporal aggregations

of data through workflows, disparate modelling
environments and other automated procedures.

Solution

The SWIM project team is developing methods and
tools based upon the principles of the model-driven
architecture to ensure that the Bureau’s information
systems can evolve into the future. The solution is built
around the ability to centrally register the information
resources along with the components of a conceptual
model that describes the information resources.

The Australian Hydrological Geospatial Fabric
(Geofabric) is a key information resource designed using
these methods and tools. The Geofabric is intended to
be the authoritative source of Australian hydrological

features and the relationships between them. Phase 1
Geofabric products were released in October 2010 and
Phase 2 in November 2011.

Achievements

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

SWIM efforts focused on further refinement of Solid
Ground tools and modelling methods for spatial
information products to support development of the
Geofabric. Prototype modelling tools developed by the
team were adopted by Sparx Systems' and embedded
within its Enterprise Architect Product. This product

is sold globally with over 300,000 licences used by
companies of all sizes.

The completion of the Geofabric Conceptual Model
has enabled the creation of a coherent suite of
Geofabric products, with version 2 of the Geofabric
publicly released in November 2012. The hydrological
concepts and their descriptions contained within the
conceptual model have been aligned with relevant
international hydrology domain models. The conceptual
model has been proposed as a candidate for a World
Meteorological Organization (WMO) Hydrology model
(HY_Features model) through the Open Geospatial
Consortium\WMO Hydrology Domain Working Group.

The team continued to lead the design of the Geofabric
and contributed to the successful delivery of the
Geofabric Phase 2 products. Efforts have also focused
on implementing the Workbench (tWB), a scientific
workflow engine, to support Geofabric production

and evolution.

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

Water Information Research and Development Alliance Annual Report 2011-12



Publishing Geofabric information models to produce a feature-type catalogue

The Australian hydrological system is about the nature of features including and ensures that data products and their
represented in the Geofabric as a set of descriptions of the feature types, the descriptions are synchronised as they are
feature types - real world features such feature attributes and the vocabularies generated from the same models.

as confluences or catchments that have they use.

common properties. There are many

This approach relies on an ability to

) . ) The SWIM project is implementing transform information models for data
different feature types within the Geofabric : : . :
. mechanisms that enable information products from one knowledge representation
and each Geofabric product may . : L
contain different combinations of them models developed and managed in Solid system. Descriptions of feature types
in differ inati . : ) .
Best practice is fo publish a cataloque Ground and used to create and deliver are then published using the CSIRO
ice i i u : : . .
of feaE() o tyDBS Tr?:se foaturet 2 data products, to be published as a Spatial Information Services Stack (SISS)
r . ure- . . :
ure typ P feature-type catalogue. This approach Vocabulary Service as linked data.

catalogues provide information for users

simplifies the documentation of products

FIGURE 2: Control gates on
irrigation supply channel in
the Murrumbidgee Irrigation
Area, near Griffith, NSW.

Next steps

Activities commenced in the SWIM project will continue
in two projects: the Geofabric project and the Tools and

Documentation project.
The Geofabric project will:

e provide continued support to the Bureau to further

evolve the Geofabric product suite through Phase 3

of the Geofabric

¢ implement workflow technologies to support the
production and evolution of Geofabric products.

The Tools and Documentation project combines the
Solid Ground tools and methods components of the

SWIM project with activities to complete the transfer
of the WDTF to the Bureau. The project will focus on
three areas:

1. Modelling methodology—modelling tools and
methods to support WDTF and the Geofabric will be
further developed and transferred to the Bureau.

2. Model exploitation—model publication methods
using a feature-type catalogue approach will be
developed and transferred to the Bureau.

3. Model Documentation—mechanisms that enable
the use of the WDTF model as the basis for the
WDTF documentation system will be developed
and deployed.




Water Information Systems

Australian Spatial Research Data Commons

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

Cha”enge 2. ASRDC will also help the Bureau deploy SISS for
interoperable information delivery of datasets,
which is important to both the Bureau and to the
research community.

This year the Alliance began official collaboration with the
Australian Spatial Research Data Commons (ASRDC)
project, which sits within the CSIRO Minerals Down
Under Flagship with funding from the Australian National - ASRDC will provide training to transfer the necessary
Data Services (ANDS). skills involved in SISS deployment and sustained

interoperability to the Bureau. This will remove
any long-term reliance on ASRDC and empower
the Bureau to independently manage similar
interoperability projects in future.

w

The ASRDC project aims to help organisations share data
with the community by leveraging the work of AuScope,
an infrastructure project funded by the Australian
Government through the National Collaborative Research

Infrastructure Strategy. Achievements

Solution Building on work completed in 2010-11, ASRDC began
deploying SISS technology into the Bureau. Using SISS,

The AuScope project promotes interoperable information the Bureau was able to:

exchange within the geosciences domain through the use

of open standards-based services and community-agreed * expose two catalogues (Geofabric products and
information exchange models. Together, the range of Bureau Services Management System) to Australian
services that facilitate web services-based information researchers via the Australian National Data Service
delivery is called the Spatial Information Services Stack catalogue — Research Data Australia (RDA).

(SISS) (http://siss.auscope.org) e expose various data types via open standards
ASRDC is using AuScope’s SISS technology to allow data (wfs/wms/sos) including the Geofabric and AWRIS
to be delivered interoperably. observational datasets.

For many years, CSIRO staff within the Minerals Down The project team also developed mechanisms for the
Under Flagship and Water for a Healthy Country Bureau to expose their data in a way that can be queried
Flagship have collaborated on developing interoperability and a Bureau data portal for discovery and querying

technology and standards. The ASRDC project provides of datasets.
a further opportunity to assist the Alliance’s activities, in
particular the WDTS and SWIM models. Next steps

The collaboration is focusing on three key areas: * Work with the Bureau to further deploy SISS within

the organisation.
1. Further investigation and profiling of OCG Standards,

which may be necessary for effective data delivery ¢ Operaﬂo.nahse alweb service to dle||ver sensor
from the Bureau's web coverage, web feature and observations which can be used in water monitoring.
web mapping services. Web processing services and e Develop a service to link various Bureau products to
sensor observation service may also be included in each other and their versions/variations.

this work.
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http://siss.auscope.org

Foundation Data Products

Gridded Foundation Data Products

Developing systems to produce national data sets of daily precipitation,

evapotranspiration and flood extent.

BUREAU SPONSOR: Louise Minty

coLLABORATORS: Centre for Australian Weather and Climate Research

PROJECT LEADER: Edward King

Challenge

Gridded data sets of precipitation, evapotranspiration
and flood extent provide information on key inputs,
outputs and storages in the terrestrial water balance.
The Bureau needs precipitation data products suitable
for water accounting, assessment and reporting
applications, and improved methods for routinely
estimating actual evapotranspiration (AET). Monitoring
the movement of surface water over floodplains is
essential to improving knowledge of the state of the
water resource.

Solution

In previous years, the Alliance researchers have
developed new methods for using satellite data in gridded
rainfall products, evaluated evapotranspiration estimation
techniques, and tested new algorithms for detecting
surface water via satellite remote sensing. This project
seeks to take these various methods and algorithms
from the research domain and transition them into a
pre-operational environment.

Achievements
Precipitation

The main focus for this activity in 2011-12 was
deployment of the research system developed

within CSIRO in previous years into a pre-operational
environment at the National Computational Infrastructure
National Facility (NCI-NF). This operating environment

is similar to that within the Bureau, and the excellent
network connectivity and pseudo-operational role of the
facility enables more reliable data supply. The system
ingests satellite and in-situ gauge precipitation data, and
provides a range of products using different algorithms

for blending the input streams. The deployment process
has enabled barriers to portability to be overcome

and resulted in improved documentation to ease the
transition from research into operations. Automation
has been improved and test input and output data

sets have been collated to enable verification of future
deployments of the system. This completes the
development work in this area for the Alliance.

Actual evapotranspiration

The primary AET activity for 201112 built on the
conclusions of the inter-comparison and evaluation of
AET data sets in previous years. The new production
system is able to exploit the massive multiprocessing
capacity of the NCI to produce a decade-long data set in
just a few hours.

Flood extent mapping

An experimental system for using optical and microwave
remote sensing to detect surface water has been

under development within CSIRO for several years.

By combining the flood extent maps with the high
resolution digital elevation model produced by the
Alliance, the project team has produced prototype flood
volume estimates. This system is still experimental.
However, the project team has begun organising the
regular data streams and regularly developing flood
extent maps.

Next steps

This project was completed in June 2012.

11



Foundation Data Products

One-second Digital Elevation Model

for Australia

Preparing a one-second (~30m) resolution digital elevation model for the nation

for use in hydrological applications.

BUREAU SPONSOR: Tony Boston

COLLABORATORS: Australian National University
Geoscience Australia

Defence Imagery and Geospatial Organisation

PROJECT LEADER: John Gallant

Challenge

The Bureau needs high-resolution elevation
(topographic) data for the Australian continent to
support water forecasting, assessment and accounting.
In the past, this was only possible at a nine-second
(~270 metres) grid resolution. The Shuttle Radar
Topographic Mission (SRTM) data obtained through the
Australian Defence Imagery and Geospatial Organisation
provides elevation data at much better resolution of
one-second (~30 metres). However, the data had
several limitations to be resolved before it could be used
for hydrological modelling.

Solution

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

Achievements

The core work of the one-second DEM project

was completed in 2010-11. In November 2011, the
hydrologically enforced digital elevation model (DEM-H)
was officially launched at the Bureau of Meteorology
(see box).

The project team worked with the Australian National
University, the Bureau of Meteorology, Geoscience
Australia and the Defence Imagery and Geospatial
Organisation to complete the model, which is the

last in a series of products based on the SRTM data
collected by NASA during a space shuttle mission in
2000. The SRTM data has been available since 2005,
but its use was limited by elevation offsets from areas
of dense vegetation cover and other artefacts which
misrepresented the pathways for water flow in the
landscape. The first phase in creating a useful DEM
based on this data was thus to remove contaminating
signals. The project team successfully removed these
artefacts from over 90 per cent of Australia’s area to
produce a bare-earth model, which was launched in
2009. Once the landscape model had been stripped
bare, the river network could be added, resulting in the
final product — the DEM-H.

Next steps

The project team has delivered the suite of DEM
processing tools to Geoscience Australia and will
continue to support them through a project outside the
Alliance, as they maintain and update the one-second
DEM products, derive catchments from DEM-H and use
the conflation tool to update the Geofabric.

12
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A fine resolution for managing water resources

DEM-H was launched at the Bureau

of Meteorology office in Canberra in
November 2011. The model incorporates
rivers and streams and provides nearly

10 times finer resolution, thus much
greater detail, than previous Australia-wide
DEMs. DEM-H provides the best ever
maps of terrain shape and water flow
paths across the continent and is expected
to dramatically improve understanding of
Australia’s landscape and water resources.

DEM-H is helping the Bureau provide more
accurate and credible assessments of
national water resources and annual water
accounts. It will contribute to improved
understanding of potential flood extents
and impacts.

The techniques and methods developed
by the team to improve the quality and
usability of the global SRTM data are

expected to have significant international
impact. The technology developed by the
team is being considered for adoption by
several international agencies including
NASA'’s Jet Propulsion Laboratory, the

United Nations Environment Program and
the World Bank.

The DEM-H is now publicly available from
Geoscience Australia.

FIGURE 3:

Dr John Gallant
speaking at the
launch of the DEM-H,
November 2011.

FIGURE 4: The Canberra area, with the Molonglo River and Lake Burley Griffin in the centre of the image and the Murrumbidgee
River on the left, comparing the nine-second DEM (left) and the new one-second DEM-H (right).




Accounting and Assessment

Australian 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

STREAM LEADER:  Luigi Renzullo

PROJECT LEADERS: Albert Van Dijk, Matthew Stenson, Neil Viney, Russell Crosbie,
Juan Pablo Guerschman, Tim McVicar, Brent Henderson

Challenge

Water assessments and water use accounting
increasingly require comprehensive information on the
generation, distribution and use of water resources.

This information needs to have local detail, accuracy and
currency. It also needs to be produced on demand in a
robust and transparent manner. At present, information
of this nature is not available for all areas in Australia and
for all required water resource variables. Further, the
information that is available must be obtained from a
variety of sources.

Solution

Four 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, and will provide
unprecedented accuracy and coverage.

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 delivered the landscape components
integrated as an operational system that is currently
being implemented within the Bureau. All information is
generated daily with national coverage at around 5 km
resolution. This information underpins the Bureau'’s
annual National Water Account and regular water
assessments, providing valuable and timely information
to water management practitioners, policy makers and
researchers.

All components of the system continue to be

improved through 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, flooding, soil moisture, precipitation,
evaporation, and groundwater dynamics.

Next steps

The project team will continue focusing on:

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

14
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Measuring water movement, usage and storage

Two major water reports are produced by
the Bureau: the National Water Accounts
and Australian Water Assessment

report. These reporting products rely on
information about the movement, use and
storage of water within Australia that has
been compiled and assessed within a
national context.

Ideally all this information would be
routinely captured, but Australia’s size
and the complexity of obtaining measured
data make this impractical. The AWRA
modelling system is therefore being
developed to make use of measured
information where it is available, and

to use modelling data to supplement
the measured data where it is either
insufficient or does not currently exist.

The modelling components within

the AWRA system attempt to both
capture and simulate real world physical
processes. In order to produce results
of sufficient quality the models are tuned
so that, as much as possible, outputs
match real world measurements where
they exist.

AWRA's audacious goal is to make
Australia the first country to routinely
monitor, account for and report on all

terms of the national water balance: in
the landscape, underground, in rivers,
and in cities.

In previous years the Alliance has
conducted conceptual research and
practical trials to design the system and
its components, and to determine how
to integrate them (Figure 4).

Integrating (or ‘coupling’) the model
components that describe the
landscape, groundwater, river and
urban water systems is essential to
avoid errors and ensure comprehensive
water accounts.

e developing tools and methods to
support data assimilation to ensure the
best possible model performance

* integrating landscape, river and
groundwater components in a
conceptually rigorous way

e developing flexible calibration and
benchmarking tools and techniques to
assist in assessing model performance
and ensure best practice.

Researchers will investigate and implement
improvements to AWRA and develop

new system components where required.
This includes improving groundwater
representation in AWRA by developing

and integrating new model components

to describe aquifer dynamics and
groundwater—surface water processes.

Statistical approaches will be further
developed to integrate AWRA model
estimates with additional supporting

or corroborating data. The focus for

the coming year will be data from
satellite-derived products. Sophisticated
data-fusion techniques will be developed
to combine models and observations,
drawing on data assimilation methods
applied in earth system science and
weather forecasting.

Operational system

Regulations
data Sso
AWRA-U
(urban)
Satellite ET -——
AWRA-R
(rivers)
,/
Other satellite a4
observations

’

Off-line tools

assimilation

Provenance
tracker

Workflow
controller

’
’

AWRA -L
(landscape)

AWRA-G

. Geofabric,
NGIS
(groundwater)
| Water balance
reports

(N

Calibration | Benchmark
system system

FIGURE 4: Components of the AWRA modelling system, including the
operational workflow and off-line tools that integrate the hydrological model
components, data streams and model-data fusion processes (calibration and
data assimilation). NGIS=National Groundwater Information System.
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Water Forecasting and Prediction

Short-term Water Forecasting

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 assist 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 current event-based hydrological model used
by the Bureau for flood forecasting lacks accuracy
at extended lead times. A model that continuously
simulates streamflow and accounts for soil moisture
variability would allow for more accurate forecasts
with extended lead times.

Solution

The project team is developing methods and tools
to improve the Bureau’s national operational flood
forecasting and to generate short-term (up to

10 days ahead) streamflow forecasts at selected
sites across Australia. A new application called
Short-term Water Information Forecasting Tools
(SWIFT) has been developed to support these
services. The team is developing techniques to:

e increase the accuracy of streamflow forecasts
e extend forecast lead times

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

e quantify forecast uncertainty.

Achievements

A prototype deterministic flood and short-term forecasting
service has been established for the Ovens River in

north east Victoria. Research undertaken to support the
development of the prototype service has included:

e developing the SWIFT application, and associated
tools, to facilitate semi-distributed hydrological
modelling at temporal resolutions from minutes
to months

e evaluating simulation performance of rainfall-runoff
models on over 2000 catchments worldwide to select
the best performing model for the operational system

e assessing existing methods and developing
new methods for correcting errors in simulated
streamflow and forecast streamflows for inclusion in
operational forecasting

e establishing protocols for compiling sub-daily rainfall
and streamflow data sets and calibrating hydrological
models for streamflow forecasting applications

e examining the performance of rainfall forecasts from the
suite of Australian numerical weather prediction models

e verifying retrospective deterministic streamflow forecasts
for the Ovens River produced by integrating raw rainfall
predictions from numerical weather prediction models
with hydrological models in SWIFT.

The team is also developing methods for ensemble
forecasting to quantify forecast uncertainty. A framework
for ensemble flood and short-term streamflow forecasting,
which describes the key components necessary to
quantify forecast uncertainty, has been documented to
guide research, development and operational activities.

16
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Managing uncertainty in flood and short-term streamflow forecasting

Users of flood and short-term streamflow * numerical weather prediction ¢ hydrological modelling methods which
forecasts require estimates of forecast post-processing methods which transform rainfall to streamflows, correct
uncertainty so they can assess risks remove biases and quantify simulations based on recent performance
associated with their management actions. uncertainty of rainfall forecasts and quantify uncertainty associated with

the hydrological modelling.

4. NWP outputs
5. NWP post-processing (bias correction, uncertainty)

6. Rainfall forecast ensembles

Ensembles are the most appropriate method
of quantifying forecast uncertainty where
water managers will use the forecasts in
operational models. The modular framework
allows staged research, development and
implementation of an ensemble streamflow
forecasting service and improvements to
individual components without the remainder
of the system being influenced.

7. Hydrological modelling
Model updating
Bias correction

Hydrological uncertainty

8. River flow forecast ensembles

e data processing methods which relate <

observations of rainfall and river flows to > IS o csing?
1

modelling domains
v

12. River flow forecast ensembles? ->

The framework’s key components include:

e gsystems to ingest and process observed
rainfall and river flows

2. Data processing
3. Processed data
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1. Observed rainfall and river flow
10. Forecast skill and reliability

e numerical weather predictions that
provide objective and quantitative
guidance on future rainfall

FIGURE 5: Framework for ensemble flood and short-term streamflow forecasting.

Next steps ¢ evaluating the benefits to streamflow forecasts of
_ . . integrating catchment-scale deterministic rainfall
The project team will continue to develop and evaluate forecasts, seamless ensemble rainfall forecasts and

methods and algorithms for ensemble forecasting that
suit the fast-paced operational forecasting environment

for inclusion into SWIFT and ancillary tools. Immediate * improving methods of estimating sub-catchment
priorities include: rainfall from rain gauge observations at sub-daily

time steps, allowing for operational conditions where
gauges fail

post-processed ensemble rainfall forecasts

e establishing a flood and short-term forecasting test
bed for 10 rivers. The test bed will be used to evaluate
the modelling approach and the new ensemble
forecasting methods on catchments experiencing a
wide range of climate and hydrological conditions

e defining a suite of forecast verification methods that
specifically focus on criteria that match end-user and
service needs.




Water Forecasting and Prediction

Seasonal Water Forecasting

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

Forecasts of streamflows for a range of forecast periods
and lead times are valuable to many users, 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 water 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 from its current
36 sites in south-eastern Australia to nationwide.

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 BJP model is currently used by the Bureau

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. This improved

BJP model is now being adopted by the Bureau for its
operational service.

A modified analogue statistical downscaling approach
has been developed to allow bias correction by
matching observed and general circulation model
(GCM) climatologies.

An ensemble Kalman filter has been applied to
continuously update initial conditions of dynamic
hydrological models as new observations become
available. Evaluated over 30 catchments in eastern
Australia, the filter has been shown to greatly improve
seasonal streamflow forecast skill.

One of the key challenges for seasonal streamflow
forecasting is the lack of accurate seasonal rainfall
forecasts. To improve rainfall forecasts, a number

of approaches have been explored. These include
merging multiple statistical models, merging statistical
and dynamic models, merging calibration and bridging
models that post-process dynamic climate model
outputs, and merging multiple dynamic climate models.
These techniques have shown that the multiple model
approaches significantly improve rainfall forecast skill.

Next steps

The project team will focus on research to support
development of the seasonal streamflow forecasting
service at the national scale, with the intention of:

* developing a method for merging seasonal streamflow
forecasts from statistical and dynamic approaches

e evaluating the use of the new multi-week POAMA
climate forecasts for seasonal streamflow forecasting

e developing a method for forecasting monthly time
series of streamflows out to nine months.
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Rainfall Forecasting and Prediction

Improving the accuracy, usability and range of Australian rainfall forecasts.

BUREAU SPONSOR: Dasarath Jayasuriya

coLLABORATORS: Centre for Australian Weather, Climate Research Met Office (UK)

STREAM LEADER: Beth Ebert

PROJECT LEADERS: Alan Seed, Kamal Puri, Harry Hendon

Challenge

In order to provide robust and reliable water
information for flood forecasting and water resources
management, the Bureau needs to improve the
accuracy, range and usability of its rainfall forecasts.

Solution

The Alliance is working with CAWCR to
undertake three rainfall forecast research projects.
The projects cover:

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

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

e 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 prototype software to blend and downscale
a number of rainfall forecasts from numerical
weather prediction models into a single ensemble
forecast was received from the Met Office
(UK). The project team successfully compiled
the software and ran it on test data. Much of
the technical infrastructure for a short-range
numerical weather prediction ‘precipitation test
bed’ is now in place.

A version of ACCESS was configured to generate
multi-week hindcasts for the period 1982-2009. An initial
set of forecasts for June 1982 was made and the
production of a 10-member ensemble, initialised on the
19, 11" and 21t of each month, is now in production.

A review was undertaken of the current capability to
make multi-week climate forecasts across Australia with
POAMAZ2 system M24. This review showed that M24 is
a substantial improvement over the POAMA2 seasonal
system (P24) for providing multi-week forecasts. The
review indicated that the existing multi-week forecast
capability at the Bureau is at the lower end of other
international centres with respect to model resolution.
However, the POAMA system for ensemble generation
and coupled assimilation is at the cutting edge.

Next steps

The teams will now:

prepare rainfall forecasts for inclusion in the framework
calibrate the blending model

implement a compositing scheme to enable direct
statistical comparison of model and observational data
on clouds and precipitation

conduct preliminary analysis of forecast skill for
Australian rainfall in weeks 2—6, with a comparison to
the M24 version of POAMA2

assess the forecasting of some of the key drivers
of multi-week climate variability across Australia,
including the Southern Annular Mode and the
Madden-Julian Oscillation.
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Performance report

Finance and resources

Management
6.9%

Foundation
Data

Products
2.6%

Water Accounting
and Assessment
40.9%

The 2011-12 $11.345m investment was allocated

to Water Information Systems — 25.4%;

Foundation Data Products — 2.6%; Water Accounting
and Assessment — 40.9%; Water Forecasting and
Prediction — 24.3%; and Management — 6.9%.

The end of year financial position for WIRADA is an
under expenditure of $0.64m.

Alliance budget performance

12000
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10000 1 m CSIRO Expenditure
8000 A
6000 -
4000 -
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Investment $'000

Financial year

The Alliance budget plan for 2011-12 proposed 45.8
full time equivalents to be allocated to the 10 research
projects (not including CAWCR sub-projects).

Total expended effort for the program was 44.6 full
time equivalents.

Delivery and productivity

WIRADA had 138 deliverables across 10 projects
scheduled for completion in 2011-12. By the end

of the financial year, 132 (95.7%) deliverables had
been completed, with a further six deliverables to be
completed in early 2012-13.

Over 2011-12 the Alliance produced:

Journal papers published ..........cccccevieennn. 15
Journal paper in Press ... 6
Journal paper in reVieW..........cccoeevvieeneenn, 11
Conference Papers.......ccoceevveveieiiieieinees 108
Technical reports ....ovveeiciieiiiice 31

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

8 45

Journal published 13 9 15
Journal in press 3 4 27 6
Books 1 2
Conference papers 45 49 109 108
Published reports 51 22 8 25
Unpublished reports 25 32 31 6
TOTAL 138 116 183 162

40
3
311
106
94
599

A full'listing of Alliance research outputs is available at

www.csiro.au/partnerships/WIRADA
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WIRADA Report Card 2011-12

Strategy Key Performance Measure Achievement

1 Targeted Goal: Design an integrated and coordinated research portfolio that targets medium to
research longer tem end user needs.

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

1.1 Define
research
direction

ACHIEVED: Project Agreements for 2012-13
presented to Management Committee

18 June 2012, minor resolution of project
details requested and resubmitted 4 July.

ACHIEVED: WIRADA Communication
Protocol provides the framework to ensure
timely and consistent messages for product
releases (eg: WDTF, Streamflow forecasting).
Communication Plan for 2012-13 developed
in conjunction with Bureau communication
and adoption team.

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

1.2 Align
research for
impact
ACHIEVED: 2012-13 Communication Plan
developed between CSIRO and Bureau and
embedded in Director’s project agreement.
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WIRADA Report Card 2011-12

Strategy

2 Quality

relationships &
collaboration

Key Performance Measure

Achievement

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

2.2 Harness
collaboration

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.

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

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

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

No skills gaps or shortage of capabilities to
meet demand.

ACHIEVED: Roles defined and
implemented: Project Sponsor, Sponsors’
Agent, Business Lead, Technical

Lead and Team members to support
Bureau involvement.

ACHIEVED: Joint project governance
committees operating for all research
and development streams. Bureau staff
actively engaged in 2012-13 project
planning processes.

ACHIEVED: WIRADA-CAWCR projects
established to improve precipitation
input to hydrological models. Objectives
and progress tracked through

WIRADA SharePoint.

ACHIEVED: WaterML2.0 Working Group
in OGC lead by CSIRO and involving
CUAHSI and WMO, Water ML2.0 Standard
expected to be approved in early 2012-13.

ACHIEVED: 97.3% of planned 45.8 full
time equivalents (FTE) applied to
2011-12 program.

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.

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

Water Information Research and Development Alliance Annual Report 2011-12

ACHIEVED: Three CAWCR projects in
2011-13 portfolios. GA hosting DEM data
products. eWater source rivers embedded
in AWRA modelling system. Water

ML2.0 standard developed in partnership
with CUAHSI.

ACHIEVED: WDTF expert group
established and progressive adoption
of standards by external data providers.
WIRADA presents scientific progress to
influential end-users through meetings
of the Jurisdictional Reference Group on
Water Information.



WIRADA Report Card 2011-12

Strategy Key Performance Measure Achievement

3 Quality delivery

Goal: Deliver quality science with real world impact and positive peer recognition.
and impact q y P P P 9

ACHIEVED: 95.7% of WIRADA
deliverables achieved for the full year with
remaining deliverables due for completion
early in the following quarter.

ACHIEVED: WDTS being used
operationally; DEM-H adopted by Bureau to
underpin Geofabric; Seasonal streamflow
forecasting service expanding; AWRA
version 1.5 transferred to the Bureau in
preparation for operational deployment.

3.1 Manage

i . ACHIEVED: WIRADA Science
science quality

Symposium August 2011 and
peer-reviewed Science Symposium
Proceedings published May 2012. Portfolio
review planned in first half of 2012-13.

NOT ACHIEVED: The WIRADA team
included 19.7 Research Scientist (RS)
equivalents in 2011-12. 2 books and

15 journal papers published, 6 papers
accepted for publication or in-press.
Published WIRADA research from 2008-12
has been cited on average 5.45 times per
journal article

ACHIEVED: 108 conference
papers at 21 key national and
international conferences.

3.2 Champion,
evaluate and
feedback

ACHIEVED: 2011-12 Annual Report
approved by the Management Committee.

ACHIEVED: WIRADA Implementation
Strategy 2010-2013 revised May 2011

and approved for release by Management
Committee. Risk framework and
investment profile revised in 2011-12.
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