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EXECUTIVE SUMMARY

ABOUT WIRADA

For ten years the Water Information Research and
Development Alliance (WIRADA) has been the
innovative force behind the delivery of national water
information products and tools.

Our research partnership brings together CSIRO’s know-
how in water and information sciences and the Bureau'’s
operational role in hydrological analysis and prediction.

2017-18 WIRADA ACHIEVEMENTS

WATER RESOURCES MODELLING

Australia is the driest inhabited continent on earth and
has higher year-to-year changes in streamflow than
most countries in the world. Expanding the capability
of the Bureau’s water modelling is critical for us to
understand changes in the availability and movement
of water across Australia in order to support better
water management.

Responding to water managers’ need for finer
resolution from water models, WIRADA generated and
tested new spatial input layers as part of an updated
Australian Water Resource Assessment (AWRA)
model. These layers allow the model to operate at a
finer spatial scale across the continent — from a 5 km
grid down to a resolution of 1 km. They also allow us
to model hydrological processes for a wider range of
areas that have an important impact on the water
cycle, such as urban soil sealing, water bodies and
irrigated agriculture.

Users can now have greater confidence in the model
to answer questions at the catchment and local scale,
in particular urban and irrigated regions.

FLOW FORECASTING

Reliable streamflow forecasts with lead-times from
hours to 7 days are critical to manage floods and to
optimise river and water resource operations. As part
of continually improving the accuracy, coverage and
application of streamflow and flood forecasting models,
our research focused on adapting existing methods to:

e generate ensemble forecasts of floods and high
flow conditions to support flood warnings; and

e produce ensemble forecasts for ungauged
catchments using gridded hydrological models.

EVAPOTRANSPIRATION ESTIMATES

Reliable estimates of evapotranspiration (ET) are vital
to model catchment water balance. After rainfall,
knowing how much water is lost to ET is the next
largest factor in the water balance equation. On
average, more than 90% of precipitation returns to the
atmosphere, with the remaining water becoming
streamflow or groundwater recharge — the water
humans can access. Even small improvements to the
accuracy of ET estimates can have large implications
for how we manage water.

To enhance the accuracy of the ET grids used in the
Australian Water Resource Assessment model,
WIRADA has successfully transferred CSIRO know-
how into the Bureau's operational systems for two
important drivers of ET:
Daily wind speed observations from existing
Bureau stations can now be used to provide
1 km grid inputs to ET estimates.

Dynamic vegetation cover from MODIS
satellite imagery using CSIRO’s remote
sensing based system.
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WIRADA ACHIEVEMENTS
2008-18

New methods to forecast New models that give daily

streamflow at ungauged sites @ estimates of soil moisture, rainfall,
and to provide ensemble @ runoff, evapotranspiration and deep
forecasts for improved flood drainage at finer resolutions (1 km?)
warnings and for more representative

landscapes across Australia®

L Improved evapotranspiration Australia’s first national seasonal
- O - estimates to enhance our \U=.-  streamflow forecast service running
“THS knowledge of water losses BTt more than 300 sitest
across Australia
% Daily streamflow forecasts for = 5 20 water information products®
the next 7 days now issued at G developed, tested or supported with
more than 200 sites across B WIRADA science
Australia®

5 international data exchange

_f+ Over 32 million data files transferred
standards developed to help IOOIIOdO to the Bureau using WDTF since
users share, analyse and 00110 2009

compare water information?

200 of Australia’s top water scientists More than 33 research projects to

O O O working together over 10 years— I deliver the science behind the
m Bureau’s water information products

representing over 250 person-years

[u

www.bom.gov.au/water/7daystreamflow 4
www.bom.gov.au/water/standards/aboutStds.shtml 5
www.bom.gov.au/water/landscape

www.bom.gov.au/water/ssf/index.shtml
www.bom.gov.au/water

w N
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1 arc-second (~30 m) resolution
Digital Elevation Model developed
for Australia to understand our

landscape and water resources

Spatial model to map relationships
between more than 3 million unique
hydrological features across
Australia—such as storages,
monitoring points, streams and

catchments®

More than $69 million invested over 10
years to advance national water

information science and services

Over 130 international science
journal papers published, 400
conference presentations given, 250

reports written”

www.bom.gov.au/water/geofabric/index.shtml

http://www.bom.gov.au/water/about/waterResearch/publications.shtml

Water Data Transfer Format (WDTF),
to automate sharing of Australia’s
water information, adopted by

industry and lead water agencies

SolidGround: tools to create and
manage information models in a

consistent way

Improved rainfall forecasts at scales

required for streamflow forecasts

World-class science in partnership
with nearly 50 national and

international research collaborators
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HYDROLOGICAL MODELLING
TO ASSESS WATER RESOURCES

BUREAU SPONSOR Robert Argent

COLLABORATORS Monash University; The University of Melbourne; The University of New South Wales;
The University of Newcastle; Murray-Darling Basin Authority; New South Wales Office of
Environment and Heritage; WaterNSW

PROJECT LEADER Jai Vaze

Objective: An integrated modelling system to estimate water flows and stores across
Australia and to provide seamless water balance data for the past and present.

CHALLENGE 2017-18 ACHIEVEMENTS

To meet Australia’s water needs, water managers « Regenerated spatial input layers for AWRA-L from

require good information on the distribution and up-to-date spatial datasets for five hydrological

movement of water in rivers and across the landscape. response units at both the 5km and 1km spatial grid

Given the gaps in water resource observations, we have . . .
resolution scale for the Australian continent

developed the Australian Water Resource Assessment

(AWRA) modelling system to simulate how water moves = Detailed QA for the newly generated spatial input
across the entire continent. We need to estimate water layers

resources at a fine enough scale that is useful to water

. . = Avreport that describes each spatial layer, the
managers, so AWRA modelling continues to be

. . ) source data used to derive the layers and the
developed to improve its accuracy and provide results at

) . processing techniques used
a finer resolution.

SOLUTION

As part of improving AWRA's capability, last year three
new Hydrological Response Units (HRU’s) - that

‘The Australian Water Resources Assessment
modelling system gives estimates of water

represent impervious areas, large water bodies and

irrigation areas - were successfully tested and fluxes and stores to help us understand how
incorporated into the AWRA-Landscape (AWRA-L) model water moves across the Australian landscape.’

structure. These add to the existing HRU's for shallow
and deep rooted vegetation.

This year, to implement these advances at the continental
scale, we regenerated the input spatial layers - land use,
soil properties and topographic information - required to
run the model.

6 Water Information Research and Development Alliance



OUTCOME

Australia now has a model that can consistently
account for important aspects of water resources,
including runoff and river flow, soil water storage,
groundwater recharge and vegetation water use at a

finer spatial resolution for the whole country.
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Real time water estimates at the
Bureau

View our webinar to learn more about how you
can access and apply Australian Landscape
Water Balance data and information for
climatological, agricultural and flood modelling,
water resources assessment, bushfire risk
management and education.

https://e.bom.gov.au/pub/pubType/EO/publD/zzzz5afc1da376b34222/i
nterface.html

Sub-grid variability of mean annual runoff, actual evapotranspiration and mean annual recharge for 1km grids within an

irrigated agriculture HRU 5km grid cell
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FLOOD AND SHORT-TERM
STREAMFLOW FORECASTING

BUREAU SPONSOR Dasarath Jayasuriya

COLLABORATORS The University of Melbourne

PROJECT LEADER David Robertson

Objective: To enhance 7-day streamflow forecast services and establish methods for an

ensemble streamflow forecast service

CHALLENGE

Flood forecasting and water resource operations
require forecasts with lead times from hours to many
days ahead.

Methods developed to generate 7-day streamflow
forecasts can support flood forecasting and warnings
but they require tailoring to ensure ensemble forecasts
for high streamflow conditions, including floods, are
accurate and reliable.

Gridded hydrological models can also be used to
generate forecasts for ungauged regions and require
accurate forcing data. We need to adapt existing
methods to generate accurate and reliable ensemble
flood forecasts, and support the use of gridded
hydrological models.

SOLUTION

To adapt existing methods, our approach has been
to:

e extend post-processing methods to generate

gridded precipitation forecasts;

= identify the hydrological model calibration strategy
that produces the best forecasts of high flow events,
including floods; and

- assess whether correcting variables representing
catchment soil moisture and groundwater stores will
improve forecast performance relative to use of the
existing error correction of model output.

8 Water Information Research and Development Alliance

2017-18 ACHIEVEMENTS

This year we:

adapted post-processing methods to concurrently
estimate parameters for multiple locations. These
methods enable efficient generation of gridded

post-processed ensemble precipitation forecasts.

established an approach to verify ensemble flood
forecasts. We used this new approach to compare
forecasts for high flow events generated using
hydrological models that were calibrated using

different strategies.

reviewed available methods to assimilate a range
of data into hydrological models. We found that
the accuracy of streamflow forecast can be
improved by correcting hydrological model
variables that represent catchment water stores
in addition to applying existing model output
corrections.

h

Water forecasting at the Bureau

View our webinar to learn more about the
variety of water forecasting products offered by
the Bureau, how they are generated, and how
you can access and use them.

https://e.bom.gov.au/pub/pubType/EO/publD/zzzz5afc1da376b34222/i
nterface.html



OUTCOME

Our research has made it possible to create
precipitation forecasts over a broader area much more
efficiently. With the improvements to our methods, we
can now generate ensemble streamflow forecasts for

ungauged catchments.

We have developed, and are currently testing, more
efficient methods to forecast flood and high streamflow
events. This will give greater confidence to flood
forecasters when they issue flood watches and warnings,

particularly for longer lead times.

SIoI0IS

OUR RESEARCH

HAS MADE FORECASTS POSSIBLE
ACROSS THE RANGE OF CONDITIONS

EXPERIENCED IN AUSTRALIA

OUR FORECAST

TECHNIQUES SUPPORT

BETTER MANAGEMENT AND USE OF
SCARCE WATER RESOURCES

MORE THAN

200

OPERATIONAL 7-DAY

STREAMFLOW FORECAST
LOCATIONS ACROSS AUSTRALIA
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2012/02/29 22:00 2012/03/02 22:00

Example ensemble forecast of the high streamflow event for the Murray River at Biggara issued at 2200 UTC on 29th February 2012.
Ensemble members are generated by considering uncertainties in forecast rainfall (right axis and inverted bars), hydrological models
and summarised by the mean (yellow line), the 50% (dark blue), the 80% (mid blue) and the 95% (pale blue) prediction intervals. The

2012/03/04 22:00

2012/03/06 22:00

observed precipitation before the forecast (solid red) and for the forecast period (dashed red) is also shown.
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EVAPOTRANSPIRATION GRIDS
FOR IMPROVED MODELLING

Alison Oke
Tim McVicar

BUREAU SPONSOR
PROJECT LEADERS

Objective: Enhance Bureau evapotranspiration operational products by transferring
technology to generate dynamic wind grids and MODIS vegetation cover estimates.

CHALLENGE

On average, less than 10% of the precipitation that falls
over Australia becomes streamflow or groundwater
recharge which is accessible by humans. Over 90% of
precipitation becomes evapotranspiration (ET). Improving
the accuracy of evapotranspiration measurement
methods will have significant implications for water
management.

SOLUTION

Current ET estimates produced by the Bureau are based
on an area's average climate and do not include dynamic
information on how wind-speed or vegetation cover
changes over time. Our solution to enhance ET accuracy
was to adapt existing algorithms derived by CSIRO for
two important drivers of ET — wind speed and vegetation
cover - so that they can be run in the Bureau's operational
systems.

10  Water Information Research and Development Alliance

2017-18 ACHIEVEMENTS

We successfully transferred CSIRO algorithms into
operational systems at the Bureau to allow routine
generation of:

« daily wind speed grids at 1 km resolution,
interpolated from observations made at Bureau
stations; and

* vegetation cover estimates using 8-day 250 m
MODIS data.

OUTCOME

The Bureau now has the operational ability to
estimate daily wind speed grids and vegetation cover
across Australia. These are available as input into a
variety of ET and evaporation algorithms used by the
water sector such as:

 Penman Potential Evapotranspiration (PET) used in
catchment water balance models;

« crop reference (FAO grass and ASCE Tall crop)
evapotranspiration (ETo) used by irrigation

managers;

* synthetic pan evaporation (using the PenPan
algorithm) for comparison with actual pan
measurements and used in design/operations; and

* Morton’s Shallow Lake evaporation for use by water

authorities and water accounting purposes.

Water managers can now access ET products that
have greater accuracy and optimum biophysical
dynamics to support key decisions.
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Figure 1 (Map) Australia’s near-surface wind environment. The map shows the long-term (1 Jan 1974 — 31 Dec 2017) spatial variability
of daily average wind speed. The graphs show dynamic daily wind speed for 1 Jan 2017 — 31 Dec 2017 for 4 locations compared to the
long-term climatology (the horizontal line). Prior to the enhancements, it was the long-term climatology, not the dynamic wind speed that

formed part of the AWRA and BoM ET calculations. (1) Northern Australia Savannah; (2) Longreach, (3) Cowra, (4) Tasmanian forests
west of Lake St Clair
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PERFORMANCE
REPORT

BUDGET, FINANCE AND RESOURCES

The 2017-18 investment of $1.2 million was allocated to:

DELIVERY AND PRODUCTIVITY

To support new and updated Bureau products and
services WIRADA had 15 deliverables across three

* water resource assessment modelling (21 per cent); ) o
projects scheduled for completion in 2017-18. At year’s

« streamflow forecasting (75 per cent); and end, all deliverables had been submitted with four

) ) awaiting final approval.
e evaporation grids (4 percent).
Over 2017-18 WIRADA:

e produced 8 technical reports; and

e published nine journal papers and presented 20
conference papers.

Total WIRADA scientific output since 2008 is

summarised in the table below.

JOURNAL BOOKS | CONFERENCE PUBLISHED INTERNAL | TOTAL
PUBLISH REPORTS

2008-09 17 1 45 41 21 125
2009-10 13 0 32 26 41 112
2010-11 11 0 91 16 4 122
2011-12 22 1 79 7 7 116
2012-13 11 0 30 10 1 52
2013-14 15 5 50 14 10 94
2014-15 15 0 27 10 11 63
2015-16 9 1 47 13 3 73
2016-17 12 0 16 18 0 46
2017-18 9 1 20 0 8 38
Total 134 9 437 155 106

1 includes extended abstracts*
2 The decrease in total outputs for the 2013-16 phase of WIRADA reflects a reduced investment by the partners

12 Water Information Research and Development Alliance



WIRADA REPORT CARD
2017-18

To maximise impact, streamline delivery and evolve
research, the WIRADA portfolio has three core strategies:

e targeted research;
e quality relationships and collaboration; and

e quality delivery and impact.

OBJECTIVES ACHIEVEMENTS

1: DEFINE RESEARCH DIRECTION

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.

ACHEIVED: New project agreements for 2018-19
developed and approved by Management Committee

The Bureau accepted 73 per cent of WIRADA
deliverables.

2: ALIGN RESEARCH FOR IMPACT

Determine the priority between research investments
and develop path to impact.

ACHEIVED: Research transition plans embedded in all
projects for 2017-18.

3: DEVELOP RELATIONSHIPS

Define and develop relationships to enhance delivery
of the WIRADA program and establish the necessary
governance arrangements.

ACHEIVED: Joint project governance arrangements
operated for all research projects. Dedicated project
activities to transfer research to Bureau operations and
information technology systems exist.

4: HARNESS COLLABORATION

Harness and value-add from relevant research
investment.

PARTIALLY ACHEIVED: Most projects have strong
collaboration with state and national research partners.

5: MANAGE SCIENCE QUALITY

Ensure sound science quality management practices
maintained.

ACHEIVED: All WIRADA deliverables achieved and

73 per cent accepted for the year.

Nine journal papers published.

6: CHAMPION, EVALUATE AND FEEDBACK

Champion the research outcomes, assess impact and
adapt the WIRADA research program.

ACHEIVED: Twenty papers presented at leading
national and international conferences.

2017-18 Annual Report drafted for approval.

2018-19 investment approved.
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