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Australia has highly variable rainfall
We frequently lurch from drought to flood and back
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User needs – water forecasting

• Workshops conducted in each jurisdiction

• Cooperative arrangements with 

Commonwealth agencies (MDBA, CEWO)

• Participants included lead water agencies, 

water utilities, environmental agencies 

• Quarterly meetings with JRGWI since late 

2008 – Jurisdictional Reference Group for 

Water Information

• Identified strategic partners and 

champions in each jurisdiction – ongoing 

engagements



Impact of El Niño conditions on Streamflow



Impact of El Niño conditions on Streamflow



Water forecast services in Australia: www.bom.gov.au/water

(daily updates)

Hydrologic Reference Stations7 Day forecasts Seasonal forecasts

(monthly updates)

(biennial updates)

http://www.bom.gov.au/water


Streamflow

Plumes

Currents

Water 

availability

Now-casts & 

ForecastsSHOC/BGC, ROMS, eReefs Portal

Operational Catchments Service

Concentration

Load

Vulnerable 

Areas

Catchments Website

Great Barrier Reef catchments: water, sediment 

and nutrient now casting and forecasting (2019)



Data challenges: water observations products 
High level functional requirements

Requirement Flood Regulations data

Near real time data – very frequent updates

High availability – Level 1 system support

Accept large volume data deliveries

Interested in retrospective quality edits

Full history of validated data

Extensive station metadata
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• Efforts to correct for:

– Extreme value

– Interpolated

– Constant

– Negative

– Incorrect zero flow

– Extreme rate of change

Processing input data – example 1455 hourly rainfall gauges

Before Quality Assurance After Quality Assurance
Lots of outliers

Different scales



Research challenge – water forecasting

• Do we have the right partners?

• Is the research well targeted?

• Are the researchers well resourced? 

• Short term (tactical) versus long term 

(strategic) research priorities

• Adaptive approach to cater to evolving 

needs

• University sector role is critical

• Competition amongst researchers and/or 

research teams

• Meaningful partnerships between 

specialists from meteorology, climate and 

hydrologic science disciplines 

• What weather and climate forecast 

products do we use?

• Are the research tools consistent with 

operational technology stacks?



Operational Service
http://www.bom.gov.au/water/7daystreamflow/



7-Day ensemble streamflow forecasts

• Operational 

plans: June 2019

• Rainfall 

uncertainty:
• Multi model 

ensemble mean 

(PME)

• ACCESS-GE 

• ECMWF

• Rainfall post 

processing

• Hydrologic 

uncertainty
• Streamflow post 

processing



CRPS of different rainfall products for the 30 catchments

• 2014-16 datasets

• ACCESS-G

• PME

• ACCESS-GE (24 

ensembles)

• ECMWF (51 

ensembles)



CRPS of streamflow generated for 30 catchments



CRPS of ECMWF rainfall for lead-time day-3



Seasonal forecasting – statistical modelling system 

• Statistical modelling - current

Climate indices

Antecedent streamflow 

conditions

Multivariate normal

distribution in

transformed space

Forecast 

month 1

Forecast 

month 2

Forecast 

month 3BJP model (Wang et al.; Robertson et al.)



Seasonal forecasting – dynamic modelling system 

• Dynamic system – Monthly split (June 2018)

ACCESS-S

Rainfall Forecast

GR4J Rainfall

runoff model

BATEA calibration engine

Embedded in wafari system Streamflow

post processor

Antecedent streamflow 

conditions

Forecast 

month 1

Forecast 

month 2

Forecast 

month 3

Rainfall

post processor



CRPS: RPP-S improves CRPS skill-score at most sites
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Case studies: 7 day forecasts

“reinforced the decision to cancel the planned 

environmental release” (Andrew Shields, GMW, 

25th July 2016).



Case studies: seasonal forecasts

Seasonal forecasts influencing timing of 

removing water restrictions in the ACT

Case study used to develop enhance user 

confidence and facilitate adoption
Case study used to support water 

management in the Murrumbidgee basin

Case study used to support water allocation 

planning in the Lachlan basin



Coupling catchment and marine models
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Case study on Cyclone Debbie – performance of 

the catchment and marine models



Overall satisfaction with the Seasonal Streamflow Forecasts

• Completely satisfied: 16%

• Very satisfied: 39%

• Satisfied: 35%

• Somewhat dissatisfied: 9%

• Dissatisfied: 1%

Outcomes of the survey from late 2016: 80 participants



Concluding remarks

• Short range

– Transition deterministic 7 day forecasts to ensemble forecasts

– Trial ensemble flood pilots

– Transition event based deterministic flood forecasting service to include ensembles

• Seasonal and sub-seasonal streamflow forecasts

– Extend seasonal streamflow forecasts from 3 months to 6 months

– Include demand forecasting (rural sector)

– R&D for sub-seasonal streamflow forecasts

• We under estimated the efforts required for

– Communication and adoption

– Transitioning research to operations

– Data and system automation issues



Thank you 

www.bom.gov.au/water 

narendra.tuteja@bom.gov.au
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