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Executive summary

The 2013-14 year started
with execution of a new
WIRADA Umbrella Research
Collaboration Agreement.
This affirmed the strong
support of the Bureau of
Meteorology and CSIRO

for the collaborative efforts

The agreement sets our
direction for 2013 to 2016,
and emphasises the twin
virtues of WIRADA—strong
science and a focused adoption environment.

Dr Robert Argent
WIRADA Director

The new umbrella agreement, and organisational changes
within both the Bureau and CSIRO, resulted in a number
of changes to the management of WIRADA. Graham
Hawke and Dr Carol Couch remained on the management
committee, with Graham moving into the Chair, and

Dr Dasarath Jayasuriya and Warwick McDonald joined

as new committee members. The committee has given
strong support and direction through the year as we have
pursued the new phase of WIRADA activity.

The WIRADA Director’s position also moved to the

Bureau early in the year. This location enables better
coordination with project sponsors and an increased focus
on the transition of WIRADA research into operational
applications. In addition to our ongoing focus on high
quality science, this transitioning has been a strong
element of the project activities for the year.

Science plan and communication strategy

We released a refreshed science plan in April 2014, which
builds upon the original WIRADA science plan (2008), and
describes our high-level science objectives. It outlines a
continued focus on informatics, landscape water balance
analysis and streamflow forecasting.

During this time we also released the WIRADA
communication strategy for 2014-2016. This describes

the joint strategy between the Bureau and CSIRO to
communicate our purpose and achievements, to ensure
that stakeholders understand why WIRADA exists and can
recognise the quality of science produced. The aim of the
strategy is to increase acceptance and adoption of our
science and the products and services that use it.

taking place within WIRADA.

International standards for exchanging water data

Without standards, understanding and using water data
obtained from different sources is often confusing, error-
prone and resource intensive. On the back of establishing
an international standard for exchanging time series data
(WaterML2.0 Part 1), our research this year produced draft
standards, tools and web services (WaterML2.0 Part 2)
for describing, sharing and accessing the fundamental
elements of measuring water—rating tables, stream
gaugings and cross-sections.

A national hydrological geospatial fabric

Effective management of national water resources
require an unambiguous identification of the parts of the
water network and how they link together. Identities and
linkages must persist across different data systems and
scales and through time as systems and levels of detail
change. The Australian Hydrological Geospatial Fabric
(Geofabric) provides this. This year saw completion of
development and delivery of Geofabric science within
WIRADA. We added a capability to manage information
on man-made features such as pipes and canals, and
expanded the data services, making the Geofabric
accessible to more and different user systems.

Modelling landscape water balances

The Bureau has a national responsibility to explain the
nature and availability of Australia’s water resources. This
requires an analysis capability that uses the monitoring
data available from many places across the continent, and
which uses modelling to extend the coverage and depth
of analysis to a national scale. This year our science has
delivered an improved model structure for the national
water balance model. The model also has extra capabilities
to manage local water management information, such as
irrigation and water extraction.
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Streamflow forecasting out to seven days

Flow forecasts over lead times up to seven days provide
immediate economic, social and environmental benefits—
ranging from better prepared emergency services

to planning social events. This year we extended the
accuracy and refined the methods we use to produce
these forecasts. Our research led to improved methods
to estimate rainfall in sub-catchments that produce
streamflow, to calibrate flow forecasting models, and
ways to reduce errors and biases.

Streamflow forecasting out to three months

Seasonal-scale forecasts of flow into major storages

and within key river systems provide direct benefits to
water management agencies and water users. Forecasts
increase users' certainty in the likely water supply over
planning and operational timelines. Our research has
improved methods to forecast flows and bring together
methods based on global atmospheric physics and
hydrological processes with those based upon statistical
analysis of climate and catchment conditions. With these
improvements the Bureau is increasing the number and
geographical spread of sites included in its seasonal
streamflow service.

Overall, we have had a very successful year, delivering
outcomes through the Bureau that benefit our society
while continuing to produce and share unique high quality
science of global significance.

///% /47/

Dr Robert Argent
WIRADA Director
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About the Water Information Research

and Development Alliance

Through the Water Act 2007, the Bureau of Meteorology has responsibility to compile and deliver

comprehensive information on national water resources in Australia.

Severe droughts and recent extreme climate events in
Australia show the major challenges we face in managing
our water resources. The need to accurately monitor,
assess and forecast the availability, condition and use of
these resources is an ongoing national priority.

To this end more than 200 organisations across Australia
provide data to the Bureau for use in a range of new
services. Vital information on the nation’s water resources
is now integrated, accessible and easy to use. This is
helping policy, infrastructure and operational decision
makers to respond more quickly and confidently to water
management challenges.

Improving water information outcomes continues to
require substantial innovation. This is achieved through
a world-class alliance between the Bureau and CSIRO:
The Water Information Research and Development

Governance

WIRADA is established under an umbrella
agreement and is governed by a management
committee. Research is guided by a Science Plan
that outlines the scope and themes of research,
and an Implementation Strategy that describes
the approaches used to ensure the success of the
research, development and implementation.

Management Committee

The management committee’s key role is to

set the strategic direction for WIRADA. It also
approves the annual research programme and
budget, and oversees the effective delivery of the
research. The committee comprises two executive
representatives from the Bureau and two from
CSIRO.The members of the committee in
2013-14 were:

Alliance (WIRADA). WIRADA brings together CSIRO's
leading expertise in water and information sciences and
the Bureau's operational role in hydrological analysis
and prediction to deliver value-added water information
products and tools.

WIRADA is transforming how Australia manages its
water resources. Over the five years from 2008 to 2013,
WIRADA delivered much of the scientific and research
innovation required by the Bureau to fulfil its national
water information mandate. Further investment in
WIRADA over the three years from 2013 to 2016 will allow
earlier successful research to be refined, built upon and
delivered to operation. Current research themes focus

on water information systems, water accounting and
assessment, and water forecasting and prediction.

Bureau of Meteorology

Graham Hawke (Committee Chair)
Deputy Director Environment and Research

Dr Dasarath Jayasuriya
Assistant Director
Flood Forecasting and Warning

CSIRO

Dr Carol Couch
Director Water for a Healthy Country
National Research Flagship

Warwick McDonald
Theme Leader
Water Resource Assessment

The committee meets at least quarterly.
The committee met on 25 July 2013,

30 October 2013, 28 February 2014,

1 May 2014 and 23 June 2014.
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Message from the Chair

WIRADA is moving into its final phase of activity,
with six years of successful research and
operational implementation behind us, and two
years to go. WIRADA offers a unique balance of
research expertise and operational experience,
focused on delivering robust and high quality
water information products and services. It is a
truly collaborative programme, with the Bureau
and CSIRO undertaking activities in a manner that
makes best use of their respective strengths.

Graham Hawke

Deputy Director
Environment and Research
Bureau of Meteorology

We have had a fruitful year, with many

significant research outputs and achievements.
In my experience with managing successful operational and strategic
programmes, WIRADA is clearly performing well and producing valuable
outcomes. The research is challenging and rewarding, and is producing clear
operational impacts.

As we enter the last two years of the programme we have a mix of scientific
and operational challenges ahead, and our scientists have a clear track record
of success under these conditions. The Bureau is clearly focused on meeting
the high expectations of the Improving Water Information Programme in water
resource assessment, accounting and forecasting; and WIRADA research is
essential to successful delivery.

WIRADA's high quality research continues to provide the Bureau with a

strong and credible scientific foundation for many of its operational data and
information services. These extend from fundamental building blocks, such as
the Australian Hydrological Geospatial Fabric and the WaterML2.0 international
data transfer standard, to key water information products such as the National
Water Account, the Australian Water Resources Assessment and streamflow
forecasts over periods from seven days to three months.

Delivering research of the highest quality and ensuring that this research is well
used to support the Bureau's water data and information services and products
are critical to the credibility of WIRADA and the Bureau. Scientific peer review
and high quality scientific publications are key elements in achieving this, and
this year has again delivered a strong publishing performance.

| would like to thank management committee members for their guidance
and support through the year, in particular CSIRO Flagship Director Dr Carol
Couch. The committee is looking forward to another exciting and productive
year ahead.

Graham Hawke
Deputy Director, Environment and Research,
Bureau of Meteorology

Water Information Research and Development Alliance Annual Report 2013-14

Dr Carol Couch
Director CSIRO Water for
a Healthy Country Flagship

CSIRO’s longstanding and
strategic partnership with

the Bureau of Meteorology is
absolutely pivotal to creating
value and positive impact for
Australia—through the trusted
delivery of the very highest
quality scientific evidence, advice
and interpretation to government,
industry and the community.

WIRADA continues to provide
Australians with environmental
intelligence for safety,
sustainability, well-being

and prosperity supported

by excellent science and
technology. Our successes

in 2013-14 have built upon
previous years to yield national
and international benefits in
informatics, water balance
assessment and streamflow
forecasting. In addition to
operational adoption of
WIRADA outputs by the Bureau,
our scientific achievements
continue to gain understanding,
acceptance and adoption on an
international stage.

| congratulate the WIRADA team
on their achievements of the past
year and very much look forward
to the delivery of further positive
impacts from the continuation of
this important alliance.




The water information chain and key WIRADA achievements

Our research on standard and persistent
identification of monitoring points reduces
errors in collecting and sharing data.

WIRADA developed an authoritative International data standards that incorporate
national information system of water features WIRADA research reduce errors and he|p us to
that helps to standardise water resources share and understand national water data.

information for sharing and reporting.

The Australian Water Resources
Explore the Australian Hydrological Information System underpins collection,
Geospatial Fabric management and reporting of water data

\Water resources

and aquatic 6cosystems Data ingestion and storage

COLLECT DISCOVER INGEST ASSEMBLE POLISH

Climate and water monitoring

and data collection Water balance analysis

The Australian Water Resources Assessment
modelling system provides continental-scale
analysis of key water balance terms

Understand the Water Data Transfer Format

Our contributions to standards for river gauging
and rating data help users to share information. Our standardised water balance analysis methods

increase Australia’s capacity to explain and
understand our past use of water.

The increased detail we provide in analysis helps
to identify areas where water management could
be improved to deliver societal benefits.
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http://www.bom.gov.au/water/geofabric/index.shtml
http://www.bom.gov.au/water/geofabric/index.shtml
http://www.bom.gov.au/water/standards/wdtf/index.shtml

WIRADA research helps to improve analysis
and reporting, providing better water

information services.

Our research supports easier and broader
access to Australia’s water data.

Access water data online
(registered user access)

Compare water market information

Access high quality data for
hydrologic reference sites

\Water data services

AUGMENT

National water reports use WIRADA research to
give Australians greater insight into the nature of our
water resources and how they are used.

Read the National Water Account

Read the Australian Water Resources Assessments

National water resources reporting

PREDICT REPORT

Streamflow forecasts
and flood warnings

View seasonal streamflow forecasts

View short-term streamflow forecasts
(registered user access)

Seasonal streamflow forecasts based on
WIRADA research support water
management decisions across more than
70 sites in four States and Territories.

Our outputs provide emergency services with
improved warnings of extreme events.

Water Information Research and Development Alliance Annual Report 2013-14
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http://www.nationalwatermarket.gov.au/water-market-reports/index.html
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http://www.bom.gov.au/water/ssf/index.shtml
http://www.bom.gov.au/water/awra/index.shtml
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Water data exchange standards — WaterML2.0 —
Part 2 ratings, gaugings and sections

Develop international data exchange standards and tools to support the Bureau to process and

publish water data.

BUREAU SPONSOR: Tony Boston

U.S. Geological Survey (USGS)
Aquatic Informatics

COLLABORATORS:

Open Geospatial Consortium

World Meteorological Organization

KISTERS

UK Centre for Ecology and Hydrology (UKCEH)

New South Wales Office of Water (NOW)

Murray Darling Basin Authority (MDBA)

Victorian Department of Environment and Primary Industries (DEPI)

Tasmanian Department of Primary Industries, Parks, Water and Environment (DPIPWE)

PROJECT LEADER: Peter Taylor

Challenge

Water data are often converted from raw observations to
other related measurements. For example, observed river
levels are used to derive the amount of water flowing in a
river. Relationships between raw observations and derived
measurements are captured in rating tables.

Rating tables are developed and regularly maintained
using field observations—or stream gaugings—to ensure
that conversions are accurate and up to date. Data users
often inspect available rating, gauging and cross-section
information to investigate issues with record quality and
assess whether records are fit for purpose.

@ WaterML2.0 part 2 - demonstration client
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WaterML2.0 part 2 based web service providing access to rating table and stream
gauging data from the Victorian Department of Environment and Primary Industries

Information from these tables is crucial for operation

of hydrological systems and models, such as in river
operations, flood forecasting and yield analysis. However,
existing methods to communicate changes to ratings

are diverse, are often antiquated, and usually depend on
manual processes. This can result in the use of out-of-
date and erroneous flow data for river operations, flood
warning and water resource planning and management.

Solution

We are developing standard data structures and web
services (WaterML2.0 part 2) for exchange of hydrological
rating tables, gaugings, and river cross-sections in a way
that is consistent, open and accessible. This involves
comparing the definition and usage of these data across
many international groups.

To test this draft standard an experiment (interoperability
experiment) involving data exchange was run for three
scenarios in Australia, the United States and the United
Kingdom. The Australian scenario demonstrates how
web services can enable agencies to retrieve rating
tables on demand. For example, the Murray Darling Basin
Authority can readily and reliably access the latest rating
tables from New South Wales Office of Water, for use in
river operations.

The interoperability experiment enabled us to develop
working prototype software to share data through web
services and access data through browser and integration
clients. Data agencies, commercial vendors and WIRADA
completed development of this software.
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We have successfully conducted an
international interoperability experiment,
resulting in web access to rating tables from
the US, UK and Australia. This will lead to
many improvements in the automation of water
resource monitoring systems.

The project successfully balanced a formal standards
development process with lightweight and iterative
software development, producing quick results. This has
allowed the international working group to refine the
standard carefully and ensure that key requirements

are satisfied.

Achievements

We developed an interoperability experiment software
architecture and deployed four WaterML2.0 part 2 web
services. The web services allow access to rating tables
and stream gaugings for the US Geological Survey;
Tasmania’s Department of Primary Industries, Parks,
Water and Environment; the New South Wales Office
of Water; and the Victorian Department of Environment
and Primary Industries (which also shared river cross
section information). In addition to these services,

we have developed:

e adraft of the WaterML2.0 part 2 specification, for use
in the data exchange experiment;

e a software client at the Bureau that retrieves rating
tables and gaugings on demand from water agencies;

e a web visualisation that allows dynamic interaction
and analysis of rating and gauging data across web
services in the US, Australia and Canada; and

e validation tools that compare software
implementations against the proposed standard.

The prototype tools developed will improve the
accessibility and transparency of derived hydrological
data. Several of the agencies involved in the experiment
will continue to develop their tools for production release,
leading to improved efficiency and accuracy of river
operations and models. Overall, users of water data will
benefit from improved quality and standardisation of
water information published within Australia.

Next steps

Our objective is to have WaterML2.0 adopted by the
Open Geospatial Consortium as an international
standard. We will finish drafting the WaterML2.0 part

2 specification, form a Standards Working Group, and
submit the specification for adoption as a standard.

The results our international testing will be published as
an Open Geospatial Consortium engineering report in the
second half of 2014.

Lawrence Lingam, Murray-Darling Basin Authority Director of Operations Services has been an observer
participant of the data exchange experiment and is especially interested in web access to rating tables.

‘Timely access to the latest ratings is essential for day to day river operations and has been a long term

challenge for the Murray Darling Basin Authority’.

The success of our international data exchange experiment has led the the basin authority to actively pursue
deployment of the WaterML2 Part 2 web services with the New South Wales Office of Water.

WaterML2.0 exchange scenarios

Australia

el

Bureau

DPIPWE

UK

weather service water agencies
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Extending the Australian Hydrological Geospatial Fabric

Deliver the six existing Geofabric spatial data products and new, derived products together as new

services for users.

BUREAU SPONSOR: Tony Boston

COLLABORATORS: Geoscience Australia

ANU Fenner School of Environment and Society

PROJECT LEADER: Peter Taylor

Challenge

To assess and understand the availability of water
resources requires access to accurate spatial information.
For this reason, WIRADA led development of a specialised
geographic information system called the Australian
Hydrological Geospatial Fabric, or the Geofabric, which
comprises six integrated data products. To support a range
of uses, and to provide a spatial context for the Bureau's
Australian Water Resources Information System, the six
Geofabric products must work together. Common points
of interest must be consistent across data products and
accessible in a variety of ways to satisfy different uses.

Hydrological modellers quantify how much water

is available by balancing water going in and out of
catchments. Understanding how man-made structures
such as farm dams, canals and pipes affect water flow is
an important part of this process and must be included in
the Geofabric.

Potential anthropogenic Inter-catchment transfer

Users no longer require specific software
to access the Geofabric, and can create
custom queries based on their individual
requirements. Stakeholders can also be
confident that the underlying dataset will
continue to be accessible, thanks to a
persistant set of identifiers in the
environment.data.gov.au domain.

Given the large scale and dynamic nature of the Geofabric,
it must evolve in a sustainable way that continues to
deliver value to users. This presents a complex information
technology challenge: Users should be able to move to
newer, high-resolution products without major changes to
their systems. This requires careful management of the
release and description of data products.

Solution

We have developed a method for man-made features to
be progressively included into the Geofabric and made
available in a variety of data products for end users.

We are using a web services approach to data delivery.
This allows dynamic access to the data and supports
custom queries to match specific user requirements.
Web services have a lower barrier to entry than earlier
approaches, which required specific software to access
the Geofabiric.

Underlying the web services approach, we have
developed approaches to deliver the Geofabric as an
enduring national dataset. This is being done through
hosting of data and identifiers through the environment.
data.gov.au domain. We are working closely with the
Australian Linked Data Working Group to ensure the
Geofabric requirements are met. This will provide users
with a ‘one stop shop’ for environmental data from
multiple organisations.
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Integrated modelling systems for water resources

assessments and accounts

Develop an operational water balance model to underpin Australian Water Resources Assessments,

the National Water Account, and sub-annual water resources situation reports.

BUREAU SPONSOR: lan Prosser

COLLABORATORS: Monash University

The University of Melbourne

The University of New South Wales

The University of Newcastle

New South Wales Office of Water

New South Wales Office of Environment and Heritage

PROJECT LEADER: JaiVaze

Challenge

To assess water resources and account for their
availability and use at a regional and continental scale
requires comprehensive and consistent information on
water distribution, storage, availability, and use. This
information needs to be accurate and up to date, and
should factor in local climatic and hydrological conditions.
It also needs to be produced in a robust, transparent and
repeatable manner. Such hydrological information is not
currently available for all areas in Australia, or for many
important aspects of our water resources.

Solution

The Australian Water Resources Assessment (AWRA)
modelling system provides water balance estimates at a
national to regional scale. It consists of sub-components
that represent processes between the atmosphere and
the landscape, in gauged rivers, and in groundwater.

AWRA uses on-ground observations and remotely
sensed datasets, combined with hydrological science and
computing technology, to estimate water balance fluxes
and stores. This includes all major water storages, and
the movement of water in and between these, at a 5 km
spatial resolution and daily time step. It is flexible enough
to use all available data sources, whether modelling
data-rich or data-sparse regions, to provide nationally
consistent and robust estimates of water balance terms.

Using the Australian Water Resources Assessment model for bioregional assessments

The Bioregional Assessment Programme is a
partnership between the Department of the
Environment, the Bureau of Meteorology,
Geoscience Australia and CSIRO. Over the next two
years the bioregional assessments will provide a
scientific analysis and baseline information of the
ecology, hydrology, geology and hydrogeology of
key bioregions with focus on assessment of the
potential direct, indirect and cumulative effects of
coal resource development on water resources.
Outputs from the programme will inform the
Independent Expert Scientific Committee on Coal
Seam Gas and Large Coal Mining Development
in developing its advice to regulators on potential
water-related impacts of coal seam gas and large
coal mining developments.

After assessing various modelling options, the
bioregional assessments team has opted to use
the AWRA modelling suite in its surface water
assessment. The landscape components of
AWRA will be used to model the generation of
streamflow from the landscape, and the AWRA
river model, with some modification, will be used
to route these flows down the river networks. The
AWRA modelling team within WIRADA is actively
collaborating with the bioregional assessments
team in this endeavour.
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The AWRA model is a unique example of a coupled landscape, groundwater and regulated
river system model that is implemented at a regional and continental scale. Its outputs provide
valuable information on Australia’s water resources for water management practitioners,

policymakers and researchers.

Outputs from operational versions of the model—

such as estimates for soil water storage, streamflow,
groundwater recharge and vegetation water use—
inform the Bureau's National Water Accounts and its
Australian Water Resources Assessment reports. These
products help Australians to understand the state of
their past and present water resources, and provide an
accessible knowledge base to support future decisions.

Achievements

We have successfully developed and tested hydrological
modelling components of the AWRA modelling system
version 4.0, and are ready to integrate them into the
Bureau's operational system during 2014-15.

We are continually improving all components of the
system through calibration and evaluation against a
range of surface and satellite observations. Surface
measurements include river gauges, irrigation diversion
metering, vegetation water-use, flux towers and soil
moisture sensors; while satellites estimate vegetation
cover, soil moisture and evaporation.

AWRA system outputs

(b) Total storage
percentile by basin

(a) Three-month
streamflow percentile

s T
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Our major achievements for the past year include:

e are-conceptualised AWRA landscape model and
the spatialisation of model parameters based on
catchment attributes;

e an improved approach for regional and continental
calibration of the model; and

e development and implementation of new components
in the river model to estimate water stores and fluxes
for irrigated areas and inundated floodplains.

All the AWRA model components are integrated

within the operational system—a unique example of
implementing a coupled landscape, groundwater and
regulated river system model at a regional and continental
scale. We have rolled out this system in high priority
regions (National Water Account regions) across Australia.

The outputs provide valuable information on Australia’s
water resources for water management practitioners,
policymakers and researchers.

Next steps

Our objectives for the next two years (2014-15 and
2015-16) are to consolidate and extensively test the
modelling system, and to transfer ongoing system
development and maintenance from CSIRO to the Bureau.

(c) Streamflow trend

-» +1 mm/y? _
B -1mmyy?

Typical outputs from the AWRA modelling system, across a range of periods and timescales
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Flood and short-term streamflow forecasting

New methods and tools to generate continuous ensemble short-term streamflow forecasts and enhance

flood forecast capability.

BUREAU SPONSOR: Dasarath Jayasuriya

COLLABORATORS:
The University of Melbourne

PROJECT LEADER: David Robertson

Centre for Australian Weather and Climate Research

Challenge

Forecasts of streamflow for the coming days help
Australia to manage extreme events and optimise water
resource use. The Bureau plans to complement its
existing event-based flood forecast and warning services
with a new continuous short-term streamflow forecasting
service. At first this new service will produce a single,
deterministic prediction of streamflow every day for the
coming seven days at hourly time steps. Methods used
to generate the forecasts integrate real-time rainfall and
streamflow observations with continuous soil moisture
accounting and hydrological models running at hourly time
steps, and rainfall forecasts from the global version of
the ACCESS numerical weather prediction model. In the
future, the service plans to provide estimates of forecast
uncertainty using ensembles—multiple forecasts of
equal plausibility.

Solution

Previous flood and short-term streamflow forecasting
research has developed systems to produce deterministic
and ensemble streamflow forecasts. This project sought
to increase the accuracy of deterministic streamflow
forecasts and refine methods to generate ‘ensemble
forecasts’ that quantify forecast uncertainty, by:

e evaluating a range of alternative rainfall forecast
products at the catchment scale and assessing the
performance of streamflow forecasts that use them;

e refining methods used to calibrate hydrological
models, to obtain better simulations and forecasts of
high streamflow events;

e improving estimates of sub-catchment rainfall, for
calibration and application of hydrological models;

e applying and refining models to describe the residual
error of hydrological model simulations; and

e applying post-processing methods to rainfall forecasts
to correct biases and quantify forecast uncertainty.

We are developing methods and tools that will
increase the quality of continuous ensemble
short-term streamflow forecasts and enhance
flood forecasting capability.

We translated research into real-time forecasting services
through collaboration and software applications. The
Short-term Water Information and Forecasting Tools
software enables semi-distributed continuous hydrological
modelling for forecasting applications, while the

Rainfall Post-Processor corrects biases in and quantifies
uncertainty of numerical weather predictions.

Achievements

Our research has led to improved estimates of sub-
catchment rainfall—a primary requirement for good

flow prediction. These are produced by applying careful
quality control and advanced modelling methods, which
characterise the spatial and temporal structure of rainfall,
to hourly rain gauge observations. Hydrological models
calibrated using our improved sub-catchment rainfall
estimates perform more consistently for independent
periods than models calibrated with derived using existing
methods. We have prototype software that implements
this improved rainfall modelling and are using this to
facilitate transfer of research to the Bureau.
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We assessed deterministic rainfall forecasts from a range
of products to identify better estimates of sub-catchment
rainfall for model calibration. Outputs from the Operational
Consensus Forecast, Poor Man's Ensemble and Seamless
Rainfall Forecast products were compared to catchment
rainfall estimates and used to generate streamflow
forecasts. All rainfall forecast products appear biased to
some extent, and lead to biased streamflow forecasts.
Which product produced the most accurate streamflow
forecasts varied between catchments and showed no
spatial pattern. Future work will investigate the benefits
to forecasting of post-processing these forecast rainfall
products at the catchment scale.

Understanding forecast uncertainty is important when
providing forecast information to users. Applying
traditional error models to streamflow forecasts produces
estimates of forecast uncertainty that are not always
reliable and are susceptible to over-correction.

We developed refined error models that constrain error
corrections under specific circumstances and describe
errors using more appropriate probability distributions.
The refined error models result in fewer over-corrections
and reliably quantify forecast uncertainty for hydrological
models run at daily time steps. This work is now being
extended to the hourly time step models used for
operational forecasting.

Next steps

There is a need to improve components of the forecasting
system further, and to assess the performance of the
integrated system. Results will inform the development
of the Bureau's planned ensemble short-term forecasting
service. Immediate priorities include the need to:

e evaluate the performance of ensemble streamflow
forecasts produced using a system that integrates
recent hydrological modelling research results and a
range of ensemble rainfall forecast products;

e evaluate how refined error models perform for models
running at hourly time steps and to forecast lead times
of up to seven days; and

e understand whether recent advancements in the
hydrological models used in the forecasting system
can improve forecast performance.

Better streamflow forecasts through

improved estimates of catchment rainfall

WIRADA research has developed improved
methods to estimate sub-catchment rainfall that
address issues of missing and poor quality data.
Good quality time series data of historical rainfall
are essential to calibrate and apply hydrological
models in real time—data that are inconsistent
between calibration and operation of models can
compromise the performance of forecasts.

Our new method removes spurious observations
through enhanced quality control procedures
applied to archived rainfall data. We then run
sophisticated models to infer the space-time
structures of rain gauge observations. Fitted
models are used to infill missing observations,
estimate rainfall at ungauged locations and produce
sub-catchment rainfall for both historical periods
and in real time. These models also estimate the
uncertainty of sub-catchment rainfall.

We have demonstrated that the new methods
estimate rainfall at ungauged locations better
than the methods currently used. Hydrological
models that use the improved sub-catchment
rainfall estimates are more consistent between
calibration and validation periods. This contributes
to improved streamflow forecasts.

Validation

Existing sub-catchment rainfall
— New sub-catchment rainfall
— Observed

Streamflow (m?/s)

0.4 0.6

Probability of exeedance

An example flow-duration validation curve for the Upper Murray
catchment. It demonstrates that estimates produced from the
new sub-catchment rainfall technique follow the observed curve
more closely than the curve produced using the existing sub-
catchment rainfall estimates
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Seasonal streamflow forecasting

To increase forecast accuracy, extend lead-times and provide easy-to-use forecast products for

water managers.

BUREAU SPONSOR: Dasarath Jayasuriya
COLLABORATORS:

PROJECT LEADER: Q.J. Wang

Centre for Australian Weather and Climate Research

Challenge

The Bureau provides seasonal forecasts of stream inflows
to major storage and river systems at 74 sites across
Australia. The current service provides monthly forecasts
of the likelihood of a given volume of water flowing into a
stream in the next three months. These help stakeholders
make water resource planning and operational decisions
with more confidence. Such benefits create strong
demand to expand the number of sites. However,
streamflow forecasts at seasonal time scales are subject
to large uncertainty in many locations and seasons.
Adding forecast sites must therefore be accompanied by
improvements in forecast accuracy.

Solution

The current seasonal streamflow forecast service uses

a statistical model developed by WIRADA. This model
captures relationships shown in the past between climate
and catchment conditions and observed streamflows.
The Bureau has also implemented a dynamical model

for seasonal streamflow forecasting, which simulates
processes of climate and hydrological systems.

Our evaluation shows that the statistical model produces
more accurate forecasts for some locations and seasons,
while the dynamical model performs better for others.

To take advantage of the different strengths of these two
models, we have developed an objective way to merge
their forecasts.

Seasonal streamflow forecasts for the Murrumbidgee River Basin

The Bureau is working with Murrumbidgee water
agencies to determine how operational streamflow
forecasts can improve their water planning, co-
ordination and decision making. The Murrumbidgee
holds a significant proportion of the water available
within the Murray-Darling Basin and contains many
sites of environmental importance. Management
of its surface and groundwater resources is the
responsibility of the New South Wales Office of
Water. The State Water Corporation delivers bulk
water for irrigation, vital to the region’s economy.

We have developed three-month streamflow
forecasts for the unregulated inflows to

both Burrinjuck and Blowering Dams in the
Murrumbidgee catchment. When evaluated over the
period 1950-2010, the forecast performance is more
accurate than those based on historical records

and are reliable for all months. Our partners are
currently evaluating these streamflow forecasts

to determine how they can best guide their water
management decisions.

Tercile hit rates
Unregulated inflow to Burrinjuck Dam
1950-2010

W Seasonal streamflow forecast
... Climatology baseline

JEM FMA MAM AMJ MJJ JUA AS ASO SON OND NDJ DJF

Forecast period

Performance of the three-month forecasts for stream inflow to
Burrinjuck Dam in the Murrumbidgee. The tercile hit rate shows
that our forecasts more accurately predict streamflow volume
than those based on historical records (red dotted line).
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Merging forecasts from statistical and
dynamical models leads to more accurate
forecasts and enables an expansion of
forecast site coverage across Australia.

To provide forecasts of monthly streamflow volumes

and extend forecasts out to twelve months, we have
developed the Forecast Guided Stochastic Scenarios
(FoGSS) model. This model uses seasonal climate model
outputs to generate monthly rainfall forecasts, which feed
into a monthly water balance model. A further algorithm
allows for error correction and uncertainty quantification,
to produce ensemble forecasts of monthly streamflows
out to twelve months.

Achievements

We have developed and evaluated two methods to
merge forecasts from statistical and dynamical models—
Bayesian model averaging (BMA) and quantile model
averaging (QMA). Merging improves forecast accuracy
across most locations and seasons. The two methods
perform similarly in terms of forecast accuracy and
statistical reliability. In rare cases, QMA produces better
forecast distributions with less forecast uncertainty.
However, BMA parameters can be estimated far more
efficiently. We have found that a combination of BMA
parameter estimation and QMA merging works efficiently
and robustly, and have recommended this combined
approach for operational application. Our results have
informed a business case for the Bureau to implement the
merging methods in 2014-15.

The development of the FOGSS model to generate
forecast guided stochastic scenarios of monthly
streamflow volumes out to 12 months is a major advance
in forecast modelling capability. It will enable creation of
products that meet the demands of water agencies and
are easy to use.

FoGSS development also led to a new method for post-
processing forecasts from the Bureau's seasonal climate
model—the Predictive Ocean Atmosphere Model for
Australia (POAMA). The new method—called calibration,
bridging and merging, known as CBaM—makes the best
use of both rainfall and sea surface temperature forecasts
from POAMA, to produce catchment rainfall forecasts
that are significantly better than the raw POAMA

rainfall forecasts.

Next steps

We will help the Bureau to refine and implement the
new methods to merge statistical and dynamical
forecasts. We will evaluate the methods further,

at more locations and under a variety of climatic and
geographical conditions.

Further development and evaluation of the FOGSS model
will lead to improved forecasts, especially for locations
and seasons for which current forecast accuracy or
statistical reliability is poor. We will look at ways to
improve rainfall forecasting, hydrological modelling, error
updating and quantification, and post-processing.
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Performance report

Finance and resources

The 2013-14 investment of $5 million was allocated
to water informatics (10 per cent); water resource
assessment modelling (42 per cent); streamflow
forecasting (42 per cent); and management and
communication (6 per cent).

The end of year financial position for WIRADA was an over
expenditure of $3189.

B Water informatics

Water resource
assessment modelling

Streamflow
forecasting

Management
and communication

Delivery and productivity

WIRADA had 50 deliverables across five projects
scheduled for completion in 2013-14. Four deliverables
were stopped, based upon changes agreed with project
sponsors. At year's end, 48 deliverables had been
submitted, with 40 (80 per cent) of those accepted, and
eight under review. All remaining deliverables were due
for completion in July 2014.

Investment ($'000)

WIRADA budget performance

The WIRADA budget plan for 2013-14 proposed 17.0
full-time equivalents to be allocated to the four research
projects. Total expended effort for the programme was
16.99 full-time equivalents. In addition, the Bureau of
Meteorology contributed 6.82 full-time equivalents in kind.
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Over 2013-14 WIRADA produced:

13 journal papers published;
e 2 journal papers in press;
50 conference papers; and
24 technical reports.

The WIRADA whole-of-life output productivity is summarised in the table below. Note that results for prior years have

been updated to reflect changes in publication status.

Period

Journals published 17
Journals in press 0
Books (including in press) 1
Conference papers (includes abstracts) 45
Published reports 41
Unpublished reports/completed internal reports 21
Total 125

2008-9( 2009-10| 2010-11| 2011-12| 2012-13 | 2013-14

TOTAL

13 1 19 1 13 87
0 0 0 0 2 2
0 0 1 0 5 7

32 84 79 30 50 327

26 16 7 10 14 114

41 4 7 1 10 84

12 115 113 52 94

A full listing of WIRADA research outputs is available at www.csiro.au/partnerships/VWIRADA
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WIRADA report card 2013-14

Strategy Key performance meastire

Goal: Design an integrated and coordinated research portfolio that targets

1. Targeted research

1.1 Define research direction

1.2 Align research for impact

2. Quality relationships
and collaboration

2.1 Develop relationships

medium to longer term end user needs.

Objective 1 — Design a coordinated research portfolio that delivers knowledge,

information and tools to vastly improve water data integration, water resource
assessments, national water accounts, flood forecasts and water availability outlooks.

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

ACHIEVED: Over 80 per cent of
WIRADA deliverables have been
accepted by the Bureau.

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

ACHIEVED: New Project Agreements
for 2014-15 approved by Management
Committee on 23 June 2014.

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

ACHIEVED IN PART: 2013-2016
Communications Strategy developed
jointly by Bureau and CSIRO
communication teams. An annual plan of
communication activities was developed
that aligned with Bureau activities.

Objective 2 — Determine the priority between research investments and develop

path to impact.

WIRADA Research Transition Plans
developed for all projects.

ACHIEVED: Research transition plans
embedded in all individual project plans
for 2013-14.

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

ACHIEVED IN PART: Ongoing
communications were reviewed

quarterly and key activities completed.

A communication implementation plan has
been developed and approved for 2014-15.

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.

Objective 1 — Define and develop relationships to enhance delivery of the WIRADA
programme 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 research and development transition
processes to operations.

ACHIEVED: Joint project governance
arrangements operate for all research
projects. Dedicated project activities exist
to transfer research to Bureau operations
and information technology systems.
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2.2 Harness collaboration

3. Quality delivery
and impact

3.1 Manage science quality

Outcomes specified and monitored for
collaboration with CAWCR, eWater,
and Geoscience Australia.

ACHIEVED: Geoscience Australia
collaboration successfully completed.

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

ACHIEVED: WaterML2.0 part 2 Working
Group in OGC led by CSIRO and involving
CUAHSI and WMO.

No skills gaps or shortage of capabilities to
meet demand.

ACHIEVED: 16.99 of planned 170 full-time
equivalents applied to 2013-14 programme.

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

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

ACHIEVED: Streamflow forecasting
research presented to CAWCR.
WaterML2.0 standard development and
interoperability experiment developed in
partnership with CUASHI, USGS, CEH,
Kisters, Aquatic Informatics and Australian
jurisdiction partners.

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

ACHIEVED IN PART. WIRADA presented
scientific progress to influential end users
through meetings of the Jurisdictional
Reference Group on Water Information.
Streamflow forecasting ran two
stakeholder meetings.

WIRADA research project participation and
leadership in communities of practice.

ACHIEVED: WIRADA research project
members are active within a number of
research community groups including the
OGC Hydrological Domain, HEPEX" and
OZEWEX?. Both streamflow forecasting
and WaterML2.0 part 2 work were
presented to their respective community
this year.

Note: "Hydrological Ensemble Prediction

Experiment. ?Australian Energy and Water
Exchange initiative.

Goal - deliver quality science with real world impact and positive

peer recognition.

Objective 1 - Ensure sound science quality management practices maintained

More than 80 per cent of the WIRADA
deliverables achieved and accepted to time
and budget, with the delayed deliverables
completed within 30 days.

NOT ACHIEVED: 96 per cent of WIRADA
deliverables achieved and 80 per cent
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: Short-term water forecasting
technology released to registered users;
Seasonal streamflow forecasting service
expanding; AWRA version 4.0 transferred
to the Bureau for use with National Water
Account and Australian Water Resources
Assessment.
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WIRADA portfolio subject to periodic ACHIEVED: WIRADA science rated as
independent peer review and aligned benchmark for science quality and science
with formal reviews of the Improving impact in Water for a Healthy Country
Water Information Program and Flagship review—August 2013.

Flagship Program.

Scientific publication productivity and NOT ACHIEVED: WIRADA included 9.3
citation index at or above the CSIRO research scientist equivalents in 2013-14
benchmark (two journal papers per while 13 journal papers were published.

research scientist).

3.2 Champion, evaluate Objective 2 — Champion the research outcomes; assess impact and adapt the

and feedback WIRADA research programme
WIRADA research outcomes reported ACHIEVED: 50 conference papers at seven
in media coverage, participation in key key national and international conferences.

jurisdictional and industry forums and
contribution to international initiatives.

Research impact assessment undertaken ~ ACHIEVED: 2013-14 Annual Report

and reported in the WIRADA Annual drafted for approval by the Management
Research Report. Committee.
A rolling implementation strategy and ACHIEVED: 2014-15 investment approved

investment profile agreed by Bureau and in June 2014.
CSIRO through the WIRADA Management
Committee.

Note: OGC (Open Geospatial Consortium), CUASHI (Consortium of Universities for the Advancement of Hydrologic Science, Inc),
WMO (World Meteorological Organization), USGS (U.S. Geological Survey), CEH (UK Centre for Ecology & Hydrology),
WFHC (Water for a Healthy Country Flagship, CSIRO), CAWCR (The Centre for Australian Weather and Climate Research).
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