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The Bureau’s products and services are underpinned by 

world-class research and development (R&D). In August 

2015, we released our Research and Development 

Strategy 2015–2020. The strategy sets clear direction and 

key targets for the R&D program and this annual report 

shows great progress towards these goals. Our R&D is 

transforming our services as we improve the accuracy 

of our forecasts and the warning lead time for significant 

weather and climate events. Our research covers the full 

extent of the value chain—from greater use of advanced 

observational methods, processing for meteorological 

insight, and input into state-of-the-art modelling systems 

running on our high-performance computing systems—

through to decision support and product dissemination. 

These advances help deliver on the Bureau’s strategic 

goals and to grow our capability and impact. 

Our national and international partnerships ensure we 

have the best science and leverage key international 

efforts. Sophisticated weather and climate modelling 

involves ‘big science’ with large teams, and generates  

big data. It is best addressed through large consortiums 

and partnerships, such as those we enjoy with CSIRO, 

the UK Met Office (UKMO) and our Unified Model 

partnership with the Korean Meteorological Agency, 

National Institute of Water and Atmospheric Research and 

the Indian National Centre for Medium Range Weather 

Forecasting. Other key links include collaboration with  

the Australian Research Council’s Centre of Excellence  

for Climate System Science and the US National  

Oceanic and Atmospheric Administration. We are also 

investing in the next generation of scientists with our 

university partners, with 21 PhD students working on 

Bureau/university projects.

We are developing updated models of the atmosphere, 

ocean, land surface and rivers that capture variability from 

hours to decades. These systems are key to the Bureau 

meeting its commitments to the Australian Government, 

as per the Agricultural Competitiveness White Paper 

and the supercomputer program. This modelling and 

forecast guidance along with world class science is 

improving forecasts and warnings, which impact the 

lives of all Australians. Our work also enables business 

development, with complex projects supporting the 

agriculture, aviation and resource industries as well as the 

Government. This year we have made significant progress 

in our ability to understand and forecast extreme events, 

supporting better risk management in relation to floods, 

droughts, bushfires and tropical cyclones. We have also 

continued to provide information and advice on climate 

variability and climate change to Government and the 

broader community. 

Dr Peter May 

Head of Research

FOREWORD
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The overarching goal of the Bureau’s R&D activity is to provide science and technology for 
environmental insights—information to support decision-making over timescales from  
minutes to decades.

CAPABILITIES

Our national weather, ocean and climate services are 

supported by advanced modelling and forecasting 

systems. These systems generate the gridded high-

resolution spatial information that underpins production 

and delivery of forecasts for Australia. Similarly, the 2015 

national climate projections—the most comprehensive 

ever released for Australia—were supported by our 

research on weather and climate processes. 

Our scientists and engineers have a significant and 

direct role in enabling us to improve our understanding 

of physical processes, use this knowledge to produce 

new and improved products, enhance the uptake of 

our services, reduce production costs, attract external 

investors in our science, and provide solutions that  

allow more staff to work on functions of higher value to 

the organisation.

Through formal representation at national and 

international levels we contribute valued advice and 

direction across environmental domains. A significant 

breadth of organisational business needs are serviced by 

our R&D capabilities. These include modelling, analysis, 

observations, assessment, prediction and infrastructure; 

climate, water and environmental information; weather 

and other forecasts; and warnings; and hazards. The R&D 

service suite also includes advice on weather, river floods 

and flows, climate and climate change, ocean and marine 

conditions, and space weather.

OUR PARTNERS AND COLLABORATIONS

The Bureau has many national and international 

partnerships, in research, development, industry and 

delivering science into service, including:

•  UKMO, the US National Oceanic and Atmospheric 

Administration, and the meteorological agencies of 

Japan, Korea and India;

•  CSIRO;

•  business, industry and consultants;

•  universities and research centres;

•  the Australian Antarctic Division;

•  Australian Government and State government 

investors and companion departments;

•  Australian Government cooperative research centres; 

and

•  other international bodies and agencies, in research, 

policy and operations.

RESEARCH THEMES

The Bureau is driven by increasing demands from a 

growing population and economy to extend and improve 

our standard services as well as to provide better 

warning of high-impact events. Meeting these demands 

requires a cohesive and synergistic approach to our R&D. 

This approach integrates knowledge of fundamental 

processes across our business domains with modelling 

and assimilation of associated natural phenomena, 

using rapid-refresh observational systems to provide 

accurate information on current and past conditions. 

These are brought together within a scientific computing 

environment that delivers the services required to 

produce positive outcomes for Australian communities.

RESEARCH AND DEVELOPMENT 
AT THE BUREAU
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Delivered to operations forecasting 

system improvements for: 

numerical weather prediction 

(NWP) ACCESS model, guidance 

post-processing, and Rainfields 

quantitative precipitation estimates 

and nowcasts

Doubled numerical weather  

model spatial resolution, and 

quadrupled seasonal forecast 

model spatial resolution

Improved ACCESS-G and 

ACCESS-R forecast lead  

time by six and three  

hours respectively

Provided new forecast products 

for the sub-seasonal (multi-week) 

range in support of the Improved 

Seasonal Forecasting Services 

project 

Developed the world’s first 

prototype seasonal prediction 

system for lightning

Improved model systems to  

drive forecasting of waves,  

storm surge, ocean parameters, 

and water quality

Delivered a coastal forecast system 

for the Great Barrier Reef that 

models the hydrodynamics and 

impacts of river flows

Delivered a new, high-resolution 

(1 km) wave model around the 

Australian coast

Worked with the Department of the 

Environment and Energy, CSIRO, 

universities and others to establish 

the National Environmental 

Science Programme’s Earth 

Systems and Climate Change Hub

Increased access to an expanded 

set of national water information 

products and services, including 

groundwater, surface water and 

data services

AT A GLANCE: 
RESEARCH AND DEVELOPMENT  
ACHIEVEMENTS 2015–16
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Improved flood, short-term  

(7-day) and seasonal streamflow 

forecasting models.

Improved quality control of radar 

data, leading to more accurate 

rainfall estimation

Validated algorithms and products 

from Himawari-8 satellite data

Improved understanding of 

processes responsible for  

high-impact weather

Delivered Earth system  

and climate change science to  

inform Australia’s policy and 

management decisions

Predicted climate drivers relevant 

to Australia, including the  

El Niño–Southern Oscillation

Provided information and advice 

to a range of priority internal and 

external stakeholders to inform 

decision- and policy-making

Improved solar and terrestrial 

radiation calibration techniques, 

instruments and processes

Improved the accuracy of  

post-processed NWP model output

Improved climate change projections 

for northern Australian rainfall
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SCIENCE INTO SERVICES:  
IMPROVING FORECAST AND WARNING SERVICES

Objective: We conduct R&D to improve the observations-based and model-based 
guidance and forecasting systems that provide high-quality forecast and warning services. 
In delivering science into service, our R&D is directed to producing practical outcomes for 
users, including decision support and advice.

STATISTICAL POST-PROCESSING TO ENHANCE 
MODEL OUTPUT

We improved our statistical post-processing system 

known as Operational Consensus Forecasts (OCF) to 

further increase the value and usability of multi-model 

NWP outputs. In particular, we developed better guidance 

for coastal temperature and probabilistic rainfall forecasts. 

The new system reduces the occasional previous ‘over-

forecasting’ of rainfall probabilities, and will better inform 

users about the likelihood of heavy rain events.

Testing and verification of the post-processing system 

includes preparing ‘hindcasts’ over the past year of 

data. Following IT improvements this year, these can 

now be run 16 times faster, enabling rapid prototyping 

and a more efficient transition to operations. Over the 

coming year, we will continue to refine and implement 

further improvements to the rainfall guidance and coastal 

temperature forecasts, and begin to trial NWP ensemble 

predictions within the blended guidance.

SUPPORTING GREATER AUTOMATION OF 
WEATHER FORECASTS

Advances in automation are changing the way forecasters 

work, enabling them to focus on higher-value tasks. 

In consultation with forecasters, we developed a new 

verification system designed to compare forecasts 

from different sources and evaluate automated forecast 

procedures. We can now easily compare official forecasts 

of probability of precipitation prepared by forecasters 

using the Graphical Forecast Editor (GFE) with OCF 

automated guidance to determine where human input 

can add the most value. The verification results are 

improving forecaster knowledge/confidence in the quality 

of the automated guidance. Over the coming year, we will 

apply these techniques to additional forecast elements; 

and develop, test and refine new automated processes in 

the GFE in hindcast mode.

This year we also continued to support and improve  

the operational GFE by ensuring that enhancements  

to the forecast process are solidly underpinned by the  

latest R&D.

FORECASTING AVIATION HAZARDS

Fog has a major impact on airline safety and economics. 

Formation of fog depends on physical processes that 

extend from the very small to the large scales, making 

accurate fog prediction challenging. This year, our  

high-resolution ACCESS modelling study of fog events at 

Perth Airport has helped us better understand physical 

processes there and identify where improvements in fog 

modelling should be targeted.

The Bureau produces advisories for airborne volcanic 

ash—a significant safety risk for aircraft—based on ash 

detection in satellite data and its forecast movement 

from an atmospheric dispersion model. We improved the 

physics for the dispersion model by applying a particle 

size distribution, investigated the impact of wet deposition 

processes on amount of volcanic ash in the air column and 

developed inverse modelling techniques to better integrate 

the satellite observations with the dispersion model. 

We also demonstrated an ensemble-based dispersion 

modelling system to better quantify the risks and 

uncertainties in forecasting the movement of volcanic ash.
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Improvements to rainfall guidance

The Poor Man’s Ensemble (PME) rainfall guidance provides key inputs to the Bureau’s official rainfall 

amount and probability, and is one of the outputs of the Operational Consensus Forecast system.  

A variety of improvements developed this year will lead to forecast gains of between 12 and 24 hours.  

This means that forecasts for a six-day lead time will soon have the same skill (accuracy) as current 

forecasts at five days, as measured by the Brier Score. This remarkable degree of improvement normally 

takes a decade or more to achieve.

Some of the improvements resulted from better calibration, following reports from forecasters that PME 

probabilities were too high in certain situations. In the example below, the operational guidance (left) 

shows some ‘spotty’ excessively high rainfall probabilities in northern and eastern Australia that have 

been improved in the trial (new) guidance (right). Other planned improvements include better weighting  

of multi-model inputs, use of the ACCESS global ensemble, doubling of the spatial resolution and 

improvements to the models themselves.

ADDED 12–24 
HOURS EXTRA 
LEAD TIME TO 

PROVIDED 
OBJECTIVE 
VERIFICATION

MADE MORE
ACCURATE 
PREDICTIONS 
OF FOG AND 
VOLCANIC ASH.

PRECIPITATION 
FORECASTS FROM 
POST-PROCESSED 
NUMERICAL WEATHER 
PREDICTION MODELS

WHICH WILL INFORM 
THE BUREAU'S MOVE 
TOWARDS GREATER 
FORECAST AUTOMATION

(COMPARED FORECASTS 
WITH OBSERVATIONS) 
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SCIENCE INTO SERVICES:  
MITIGATING WEATHER AND CLIMATE HAZARDS

Objective: Australia experiences many natural hazards, including tropical cyclones, 
bushfires, severe thunderstorms, heatwaves, heavy rain and floods. We research the 
processes of high-impact weather because better understanding ultimately leads to better 
forecasts, helping people to respond appropriately to protect lives and livelihoods.

BUSHFIRES

Intense bushfires interact strongly with the atmosphere, 

affecting their intensity and how quickly they spread.  

We used very high resolution (<1 km) atmospheric 

modelling to simulate how fire plumes can loft and 

transport embers across long distances. They may also 

generate large clouds called pyrocumulus that affect 

atmospheric circulations near the fire. Next year, we aim 

to develop forecast processes that make use of this  

new understanding.

TROPICAL CYCLONES

We developed new techniques to bias-correct the 

representation of tropical cyclones in a global ensemble 

prediction system, enabling more reliable probability 

forecasts. We also developed a new higher-resolution and 

longer-range tropical cyclone NWP system. Both systems 

include a wave model to support the prediction of ocean 

conditions under tropical cyclones, with application to 

offshore industry, shipping and coastal erosion. These 

systems were demonstrated in a near real-time trial and 

are now moving into operations.

We continue to conduct studies to better understand 

and predict tropical cyclones, including heavy rain, rapid 

intensification and secondary eye-wall formation. We 

are also exploring the factors at the climate and climate 

change scale that affect the total tropical cyclone activity 

over the oceans around Australia and worldwide.

THUNDERSTORMS AND HEAVY RAIN

We developed an improved thunderstorm forecast 

guidance product, Calibrated Thunder, based on NWP 

predictions of rainfall and atmospheric stability, and 

calibrated using lighting data. Calibrated Thunder  

replaces part of the National Thunderstorm Forecast 

Guidance System and will be operational in time for the 

2016–17 severe weather season.

We used a long time series of polarimetric radar data 

collected near Darwin to evaluate and improve forecast 

models, particularly their representation of convection, in 

collaboration with university and international researchers.

Spatial measurements of precipitation provide an important 

input for flood forecasting, understanding water availability, 

and agricultural applications. We provided improvements 

to Rainfields, a system which quality-controls radar 

rainfall estimates and blends them with rain gauge data, 

which will be implemented next year. We also worked on 

developing a new generation of the Short-Term Ensemble 

Prediction System for short-term radar-based forecasts.

GAINED BETTER 
UNDERSTANDING 

CALIBRATED
THUNDERSTORM
FORECASTS FROM NWP

IMPROVED TROPICAL 
CYCLONE FORECASTS 
TO ASSIST COASTAL AND 
OFFSHORE INDUSTRIES

OF FIRE PLUME INTERACTIONS 
WITH ATMOSPHERIC PROCESSES
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Improving forecasting of East Coast Lows

During autumn and winter months the eastern coast of Australia is periodically affected by rapidly 

developing and intense extratropical low pressure systems known as East Coast Lows. These bring 

damaging winds and heavy rainfall with flooding. Due to their rapid development and compact size, it 

is difficult to forecast their path, and the intensity and location of maximum winds and rainfall. The use 

of ensembles can help in overcoming these challenges and improve forecasts. 

To test this we generated a 24-member high-resolution ensemble simulation of the severe East Coast 

Low of 20–23 April. This event was devastating for the Dungog and Maitland areas, with at least four 

deaths reported and widespread damage. The ensemble mean forecast rainfall (fig. a) was in good 

agreement with observed rainfall (fig. b), and better than any individual forecast. By computing 

probabilities of extreme rainfall from the forecast ensemble we identified Dungog as the area at 

significant risk of extreme rainfall (fig. c). This shows great promise for ensembles to improve the 

forecasting of these severe events.

a) b)

c)
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MODELLING AND DATA ASSIMILATION

Objective: High-resolution and ensemble-based Earth system modelling lies at the heart 
of most of the Bureau’s products and services. R&D in numerical modelling and data 
assimilation, across key components of the Earth system (including atmosphere, oceans 
and coasts, and land surface), provides forecast guidance and physical insight into 
weather and climate on timescales from hours to centuries.

NUMERICAL WEATHER PREDICTION

Key forecast-guidance improvements were introduced 

through the transfer from research into operations of the 

Australian Parallel Suite 2 (APS2) versions of the ACCESS 

global (ACCESS-G) and regional (ACCESS-R) models. Both 

systems featured significant upgrades to model physics, 

and assimilated greater data volumes together with new 

data types—particularly infrared sounders to capture 

moisture and temperature information. Supported also 

by the resolution increase for ACCESS-G (to 25 km from 

40 km), these new systems provide significant forecast 

lead-time gains over their APS1 counterparts: gains of 

six hours for ACCESS-G, and three hours for ACCESS-R. 

Trials of the APS2 candidate systems for the city-based 

(ACCESS-C) and global ensemble (ACCESS-GE) systems 

continued, with the former continuing to demonstrate 

significantly more accurate forecasts than its APS1 

counterpart, particularly for precipitation.

Development of the new APS3 systems was focused 

primarily around implementation of an entirely new 

system infrastructure. This work will underpin APS3 

development in 2016–17, and has already delivered early 

prototypes for the APS3 global and global-ensemble 

systems, including the introduction of critical ensemble-

based (‘hybrid-VAR’) methods for data assimilation.

MULTI-WEEK TO SEASONAL PREDICTION

With Australian Government support under the 

Agricultural Competiveness White Paper, the Bureau 

commenced a four-year project to develop a significantly 

improved seasonal climate outlook service for the 

agriculture industry. Climate outlooks provide agricultural 

users with information about the expected temperature 

and rainfall conditions in the coming weeks to months, 

providing essential information for planning and 

investment decisions. A major deliverable this year was 

the development of a dynamical multi-week to seasonal 

prediction system called ACCESS-S, which uses the 

ACCESS coupled model with a horizontal resolution in 

the atmosphere of around 60 km. This is a major increase 

in model resolution compared to the current system 

POAMA-2, which has approximately 250 km resolution. 

This first version (ACCESS-S1) is largely based on the 

seasonal prediction system used at UKMO and will 

become operational in 2017. Further enhancements in 

the model, and the introduction of our scheme for most 

accurately initialising the model based on observed 

conditions, are expected to lead to significant increases  

in outlook accuracy.

IMPROVED ACCESS-G AND 
ACCESS-R FORECAST LEAD TIME

DOUBLED NUMERICAL WEATHER 
MODEL SPATIAL RESOLUTION, AND 
QUADRUPLED SEASONAL FORECAST 
MODEL SPATIAL RESOLUTION

IMPLEMENTED A NEW, 
HIGH-RESOLUTION (1 KM)
WAVE MODEL AROUND 
THE AUSTRALIAN COAST

BY SIX AND THREE 
HOURS, RESPECTIVELY
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OCEAN MODELLING

The ocean and marine forecasting systems received 

upgrades to resolution and physics that resulted in 

improved predictive skill. The OceanMAPS3 global ocean 

forecasting system achieved uniform high resolution, 

yielding significant improvements in all verification metrics.

Our ability to model and forecast sea surface temperature 

and other ocean properties in the complex environment 

of the Great Barrier Reef has grown significantly. The 

enhanced storm surge capability project is ready for 

transfer to operations, following trial hindcasts based on 

eight tropical cyclones. An ensemble-based system to 

address storm surge during tropical cyclones will undergo 

operational trials during the 2016–17 storm season.  

We have also implemented a new, high-resolution 

(nominal 1 km) wave model around the Australian coast, 

supported by the Australian Renewable Energy Agency 

project for renewable wave energy.

Sea surface velocity 
magnitude map of the 
Pacific Ocean from 
OceanMAPS2(left) and 
OceanMAPS3 (right) 
for the same day. 
OceanMAPS3 shows 
high-resolution across 
the whole area, including 
areas that were coarsely 
resolved in OceanMAPS2.

Improved accuracy of 
the APS2 ACCESS-G 
model

Through a combination of 

improved model physics, 

greater volume and types of 

data assimilated, and increased 

resolution, APS2 ACCESS-G 

provides a significant increase 

in forecast lead time.
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FUNDAMENTAL PROCESSES

Objective: Research into processes, dynamics and physics provides foundation knowledge 
upon which our modelling capabilities are evaluated and our services are based, and through 
which improvements are made—especially in relation to high-impact events and extremes. 
This research also underpins our ability to explain the cause of severe weather and climate 
events and predict future changes in their frequency, intensity, duration and size. 

LIGHTNING PREDICTION

Bureau research into seasonal forecasting of lightning and 

thunderstorm activity was published in Nature Scientific 

Reports. The results provide the first demonstration 

of seasonal forecasting of thunderstorms throughout 

tropical and temperate regions of the world.

Seasonal lightning activity was examined for an 18-year 

period (1996–2013) based on global satellite observations. 

It was found that the El Niño–Southern Oscillation is 

the dominant driver of seasonal thunderstorm and 

lightning predictability. These new forecasting capabilities 

are expected to help disaster risk reduction efforts 

throughout Australia and the world, through improved 

resilience to and preparedness for the impacts of 

thunderstorms, lightning and bushfires. 

An example of the lightning seasonal prediction method applied to fire weather conditions with a lead time of three 
months prior to the start of the fire season. Forecast accuracy is shown here as the percentage of predictions that are 
correct for the period 1996–2010. (Unshaded areas do not have a significant relationship between fire weather conditions 
and the El Niño–Southern Oscillation.) 

IMPROVED UNDERSTANDING OF 

THE CLIMATE CHANGE IN AUSTRALIA 
WEBSITE, DEVELOPED THROUGH THE 
BUREAU’S R&D, ACHIEVED MORE THAN 

71 000 
UNIQUE 
U S E R S

•  THE FUNDAMENTAL DRIVERS OF HIGH-IMPACT 
WEATHER EVENTS: DROUGHTS, 
TROPICAL CYCLONES, FIRE WEATHER, 
HEATWAVES, EAST COAST LOWS, 
AND SEVERE THUNDERSTORMS

•  KEY PROCESSES DRIVING CLIMATE 
CHANGE AND VARIABILITY IN AUSTRALIA

Accuracy of seasonal prediction of fire weather, 
for the months September–November
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THE INFLUENCE OF CO2 LEVELS ON EXTREME 
TEMPERATURES IN AUSTRALIA

In 2014, Australia experienced daytime temperatures 

during October–November that were a record 2.47 °C 

above the 1961–1990 mean. This year, the seasonal 

forecasting system was used to simulate a forecast for 

this period with and without the effects of changed levels 

of CO2 in the atmosphere. The results show that the 

same weather systems in a climate with lower levels of 

CO2 (such as in the 1960s) would have been warm over 

the southeast, but not record-breaking. Quantifying the 

influence of increasing atmospheric greenhouse gases 

on extreme weather events is an important component 

of communicating and planning for future climate change. 

This new method also lays the groundwork for attributing 

future extreme events in near real time.
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Analysing flood history in coastal southeast Australia

We documented the history of severe flooding in a 1500 km coastal strip from Brisbane, through Sydney 

down to Eden in southern NSW, dating back to the mid-19th century. Deaths from freshwater flooding 

increased during La Niña years, relative to El Niño years, by 220 per cent. Our research established that  

La Niña substantially increases the frequency of severe flooding (and associated loss of life) along 

Australia’s southeastern seaboard. 

The long-term average of the number of major floods, East Coast Lows (ECLs) and weather systems involving tropical 
interactions (TIs), and deaths for La Niña and El Niño years.

The distribution of Australia-wide temperature predicted for 
October–November 2014 in the present climate (red bars), 
and the forecast from the same initial conditions, but in a 
low-CO2 environment, which also incorporates corresponding 
cooler ocean temperatures, equivalent to 1960 (blue bars). 
Increasing CO2 acted to shift the distribution of likely 
outcomes around 1 °C warmer.
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Objective: Research into observing systems, platforms and networks makes our analysis, 
modelling, forecasting and warning procedures more robust, and feeds into nowcast 
and forecast improvement directly and through data assimilation. It also realises benefits 
from investment in observations, and informs future observing system changes and 
developments.

ADVANCED RADAR

Radar provides valuable data for understanding, detecting 

and forecasting rain and severe weather. We developed 

new quantitative techniques and services for advanced 

polarimetric radars, particularly detecting the presence 

and size of hail, and measuring horizontal and vertical 

wind speed and direction (‘3D winds’). These will be 

ready for the first operational implementation of a dual-

polarisation radar next year. We also developed satellite-

based calibration and monitoring tools that will be applied 

to our radar network next year.

Using the unique meteorological research radar on board 

Australia’s new research vessel  RV Investigator, we 

collected a 35-day dataset to help us better understand 

the interactions between clouds, precipitation, aerosols 

and radiation over the Southern Ocean. Analysis of this 

dataset will continue over next year and will help improve 

the accuracy of the ACCESS climate model.

MARINE OBSERVATIONS

Marine observations are collected for the oceans around 

Australia from satellites, ships and moored buoys. This 

activity is conducted as part of the Integrated Marine 

Observing System program. We generated sea surface 

temperature (SST) products from satellite data, analysed 

ship-based observations of SST and meteorological 

observations from a fleet of around ten vessels, as well 

as a moored buoy in the Southern Ocean.

AUTOMATIC FORECASTING OF INTENSE 
SOLAR FLARES

Intense solar flares are the initial source of many space 

weather effects on earth, including solar energetic 

particle events, which pose a threat to aviation and 

satellites. Solar flares are ranked according to x-ray 

intensity. Our research has developed a technique for 

making accurate predictions of the strongest solar flares 

using solar magnetograms recorded by the helioseismic 

and magnetic imager on the Solar Dynamics Observatory 

spacecraft. The magnetograms are analysed automatically 

to estimate the probability of solar flares occurring within 

the next 24 hours, with predictive skill increasing with the 

intensity of the flare. This new prediction system will be 

implemented during 2016–17.

OBSERVING SYSTEMS

INCREASED RESOLUTION 
(FROM 10 KM GRID TO 4 KM GRID) 
OF THREE-DAY OCEAN FORECASTS

GAINED A SIGNIFICANT UNDERSTANDING 

ESTABLISHED A NEW 
DATA-SHARING AGREEMENT 
WITH THE GLOBAL IONOSPHERIC RADIO 
OBSERVATORY FOR OVER 60 IONOSONDES TO DRIVE 
OUR REAL-TIME IONOSPHERIC MAPS AND MODELS

THROUGH A 
COMBINATION OF 

THE GREAT BARRIER REEF
OF THE MANY PROCESSES AFFECTING 

O B S E R V A T I O N S , 
DATA MANAGEMENT, 
MODEL SIMULATIONS 
AND ANALYSIS
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A full suite of instruments (left) has been integrated to the RV Investigator to study cloud processes in order to reduce 
systematic errors in surface radiation over the Southern Ocean in most climate models. First results from this research  
voyage indicate that this bias results from compensating errors in low-level and multi-layer cloud coverage.

1

2

3

4

Meteorological instruments on the RV Investigator

Weather watch radar

Micro rain radar

Microwave radiometer

2

1

Lidar4

3 Cloud radar

Disdrometer
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Objective: Scientific computing underpins all of our R&D activity. It enables modelling, 
effective service delivery, efficient running of operational and research model suites, 
automated processing and next generation computing. Advances in modelling and 
observations are driving a revolution in computing resource and data volume requirements.

RESEARCH DATA SERVICES

Enabling access to model and observational data 

products is an essential activity that underpins R&D, 

and provides pathways for collaboration with our partner 

organisations and the wider research community. We 

continued to provide several entry points to our data 

products, including the research OPeNDAP service and 

associated data portals. We also curated datasets of 

national interest through the Research Data Services 

(RDS) project hosted at the National Computational 

Infrastructure (NCI) in Canberra. The RDS node hosted at 

NCI has established the National Environment Research 

Data Collection, which comprises more than 8 000 000 

GB of data and provides access to Bureau products such 

as ACCESS model reference data, ocean and marine data, 

national water data assets, tropical cyclone scenarios and 

observational data.

HIGH-PERFORMANCE COMPUTING 
OPTIMISATION

The ACCESS Optimisation project is a collaborative  

effort between the Bureau, NCI and Fujitsu Australia.  

This project aims to improve Australia’s modelling 

capacity in climate change and Earth system science, 

and to advance high-impact research in Australia through 

high-performance computing (HPC). Through this project, 

R&D has delivered significant computational performance 

enhancements that have enabled the Bureau to deliver 

high-resolution operational forecasting systems. The 

HPC optimisation of scientific computing and modelling 

systems has lowered the computational cost of model 

development and deployment which has a positive impact 

on the Bureau’s ability to deliver improved environmental 

information products and services.

ACCESS-R data visualisation of a large tropical storm based 
on wind speed, using advanced 3D graphics rendering 
techniques. The data visualisation software was developed 
for analysing in-development and operational Earth system 
model products.

SCIENTIFIC COMPUTING

FULLY ADOPTED STANDARD 
METHODS FOR CODING, 
CODE MANAGEMENT, 
RELEASE MANAGEMENT, 
AUTOMATED TESTING
AND ISSUE TRACKING

DELIVERED THROUGH THE OPeNDAP 
DATA SERVICE: 

30 000 

I0I00
00II0

0I0I

143 000 GB OF DATA; 
109 363 042 REQUESTS RECEIVED; 
60 400 GB OF DATA SERVED

C A T A L O G S 
REPRESENTING
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Objective: The Bureau’s Improving Water Information Programme relies on innovative 
science delivered by the Water Information Research and Development Alliance 
(WIRADA)—a research partnership with CSIRO—as well as research partnerships 
supported by the Australian Research Council.

WATER RESOURCES MODELLING

With record rainfall deficiencies in many areas in Australia 

in 2014–15, the need for consistent, continental-scale 

water balance assessment products was clear. We use 

water balance analysis to produce reliable estimates of 

the generation and movement of water across Australia, 

to support water resource policy and planning. 

This year, WIRADA research:

•  improved the Australian Water Resource Assessment 

model;

•  created a continental dataset of groundwater recharge 

estimates to benchmark water balance model 

outputs; and

•  developed a method for river flow model calibration 

that dynamically weights flow observations, to better 

utilise good data and rely less on lower-quality data.

Australia now has a model that can consistently account 

for all key aspects of water resources, for all areas. The 

publicly accessible model outputs are increasingly being 

adopted by natural resource management agencies.

FLOW FORECASTING

WIRADA research delivered flow forecasting 

improvements across timescales ranging from  

days to seasons.

At the daily-to-weekly scale, we improved forecast 

accuracy and reliability, to produce better forecasts,  

more frequently, for more sites. Our research delivered 

post-processors that increase rainfall forecast accuracy 

and better reflect the probabilities of different rainfall 

values. We also supported the future expansion of  

flow forecasting services by testing the techniques  

that we have developed for perennial streams on 

ephemeral streams.

Over the monthly-to-seasonal forecast timescales, we 

developed techniques to generate flow forecasts at least 

seven days earlier without significant loss of overall skill, 

enabling the Bureau to deliver forecasts to users a week 

ahead of the current schedule. We also extended our 

ability to forecast beyond three months ahead, especially 

for dry catchments, and developed methods to provide 

forecasts broken down to monthly flow volumes in the 

three months ahead. These advances help the Bureau 

deliver better, more detailed and extended forecasts for 

more sites across Australia.

WATER RESEARCH

MADE 7-DAY STREAMFLOW 
FORECASTS AVAILABLE FOR 
126 LOCATIONS

MADE SEASONAL STREAMFLOW 
FORECASTS AVAILABLE FOR 
270 LOCATIONS
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PERFORMANCE REPORT

FINANCE AND RESOURCES

The 2015–16 appropriated research investment of $18.5 million was allocated to the Bureau under eight different programs.

Observations and Infrastructure

Environmental Information Services

Extended Hydrological Prediction

Climate Services

Weather and Environment Prediction

Water Information

Climate Change and Variability

Earth Systems Modelling2%1%

34%

18%

20%

10%

7%
8%

OPERATIONAL SYSTEMS IMPROVEMENTS

The R&D branch budget had over 122 full-time-equivalent researchers, scientists and IT professionals in 2015–16,  

allocated across the research areas of ocean/marine, weather, climate dynamics, water and Earth systems modelling. 

Over 2015–16 we implemented the following 

improvements to operational systems:

•  Interoperable Forecast Systems project is delivering 

information on where the forecaster adds value to 

guidance.

•  Improvements to gridded Operational Consensus 

Forecast (OCF) rainfall probability guidance in trial 

have added 12–24 hours of skill.

•  APS2 ACCESS-G was commissioned in March.

•  APS2 ACCESS-R was commissioned in April.

•  Gridded and site-based OCF have been updated to 

use ACCESS-R2 and G2.

•  OceanMAPS2 was upgraded to OceanMAPS3 and 

made operational.

•  AUSWAVE was upgraded and made operational.

•  APS2 versions of AUSWAVE and ACCESS-G and R 

were made available in the GFE.

•  Products from Himawari-8 satellite data replaced 

those from MTSAT, which was decommissioned  

in March.

•  There has been a significant R&D contribution 

to porting of operational systems to the new 

supercomputer ‘Australis’.

•  Rainfields3 software is ready is for operational 

implementation.

•  ACCESS-S1 is ready for operational implementation.

•  APS2 ACCESS-C and GE are ready for operational 

implementation.
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CORPORATE GOVERNANCE:  
R&D OVERSIGHT BOARD

The R&D Oversight Board was established as per the 

recommendation from the 2014 review, ‘A way forward 

for R&D in the Bureau’.

This board was established to ensure that the Bureau 

plans and undertakes high-quality R&D that advances our 

operational mission. It is responsible for:

•  approving the Bureau R&D strategy;

•  oversight of implementation of the R&D strategy;

•  reviewing emerging trends and opportunities arising 

for R&D;

•  providing guidance on the R&D portfolio;

•  assessing the transition of R&D to operations, and

•  assessing the adoption and use of R&D within 

operations.

PUBLISHED RESEARCH OUTPUTS

Over 2015–16 we produced and published:

•  116 journal publications;

•  27 technical reports; and

•  2 books/chapters.

PERFORMANCE METRICS

•  Delivered major upgrades to six key forecast systems.

•  Published over 145 peer-reviewed research outputs.

•  Involved over 50 scientists in the leadership bodies of 

several international and national programs, working 

groups and expert teams.

•  Partnered in over eight national research grant bids 

and projects, from areas as diverse as air pollution and 

ocean-sea ice modelling.

•  Delivered over 95 per cent of externally funded 

deliverables on time, to the satisfaction of 

stakeholders.

•  Delivered and closed six large externally funded 

projects, including one that was extended due to 

exceptional customer satisfaction.

•  Established 16 new externally funded research 

projects with a total budget of over $7.5 million—

clients include: Royal Australian Navy, Defence 

Science and Technology Group, CSIRO, rural fire 

services, Great Barrier Reef Marine Park Authority, 

State governments, INPEX, water corporations, surf 

life saving organisations, the Australian Government 

and universities.

•  Presented or represented Bureau research over  

500 times in national and international forums.
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