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Presenter
Presentation Notes
Imagine this is the organizational DNA structure of the Bureau. If it was, then the white genes would represent data and data analysis and the red genes would be forecasting.

Forecasting is part of the Bureau DNA.

We have been forecasting the weather for over 100 years, we have been forecasting floods for over 50 years and we have been doing seasonal outlooks for more than 20 years and by comparison we have been doing seasonal streamflow forecasts for just 11 months.

You saw this morning in Rob’s presentation the affect that humans are having on our world and what to expect in the future.

We already have highly variable rainfall and streamflows and dealing with potentially worse droughts and floods along with a growing population will only increase pressures on water supply and demand. 

In these circumstance a reliable forecasting service has even more value and is even more important.
 
The key to success of water availability forecasting is leveraging what the Bureau does well and building linkages between meteorology, climatology and hydrology at the science, systems and service level.



Key to advances in water 
availability forecasting

Linking the meteorological and hydrologic sciences, systems and services

• Predicting rainfall

• Supercomputers and physics 
based modeling

• Global scale

• Probabilistic ensembles

Meteorology 
and climatology Hydrology

• Predicting streamflow

• PC based conceptual models

• Local or catchment scale

• Deterministic 
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To model streamflow, we model the catchment conditions or wetness, the upstream or observed streamflows and apply forecast rainfall.

So it is common sense to bring the meteorology and hydrology closer together and during this presentation I hope you will see how much progress we have made in the last 4 years.

Some of our hydrology models are now running on supercomputers, 

we take forecast outputs from the global weather and climate models and we use them as inputs to our traditional conceptual hydrologic models 

and we are presenting our forecasts with uncertainty and using probabilities.



Rainfall forecast improvement

3-day forecast now 
as accurate as 
1-day forecast in 
1990s!

Presenter
Presentation Notes

The great thing for streamflow modellers is that rainfall forecasts are improving. 

This chart shows that in some parts of Australia our 3 day forecasts are now as accurate as our 1 day forecast from the 90s.

And they will continue to improve as we improve the model science, 

as we incorporate more remote sensing and realtime data 

and we use faster super computers to run the models at higher resolutions and produce more model ensembles.

Equitable threat score (Gilbert skill score)-  where   
Answers the question: How well did the forecast "yes" events correspond to the observed "yes" events (accounting for hits due to chance)? 
Range: -1/3 to 1, 0 indicates no skill.   Perfect score: 1. 
Characteristics: Measures the fraction of observed and/or forecast events that were correctly predicted, adjusted for hits associated with random chance (for example, it is easier to correctly forecast rain occurrence in a wet climate than in a dry climate). The ETS is often used in the verification of rainfall in NWP models because its "equitability" allows scores to be compared more fairly across different regimes. Sensitive to hits. Because it penalises both misses and false alarms in the same way, it does not distinguish the source of forecast error. 
In the example above, ETS = (82-34) / (82+23+38-34) = 0.44. ETS gives a lower score than TS. 



Aspire to seamless forecasts
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These sort of rainfall forecasting improvements will drive the future success of water forecasting.

We aspire to produce seamless forecasts for all timescales from days to years and we want these forecasts to be useful, skillful and reliable 

The users are different across the different time scales and the benefits are also different but the key message from this diagram is about forecast uncertainty. 

As we go out to longer time scales the uncertainty is greater. 

But if we can improve the skill, quantify the uncertainty and present it in a way that is understandable then we believe you can make better decisions by using our forecasts.

In todays presentation I will be looking at the short term flow and seasonal streamflow forecasts that fit into this area of the diagram.
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Short-term flow forecasting

• Continuous 7-day streamflow 
forecasts

• Combine hydrological models 
with weather forecasting 
models

• Ovens pilot catchment

• Modelling system developed by 
WIRADA (SWIFT)

• Unregulated inflows to 
regulated systems

SWIFT: Short–term Water Information Forecasting  Tools
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What we are aiming to provide are continuous 7 day streamflow forecasts that are updated daily and using inputs of observed streamflow and rainfall and forecast rainfall

We need to drive the hydrologic models with rainfall forecasts from Numerical Weather Prediction models.

We have started this service with a pilot that provides forecasts for 3 sites in the Ovens river in the South East Murray-Darling.

The screen grab on the right is an example forecast from last week and shows how the forecast is presented as a probabilistic forecast giving some measure of the uncertainty.

The hydrologic modelling has been developed by CSIRO as part of the WIRADA alliance and the system is called SWIFT.

SWIFT has been implemented within the FEWs framework as part of the pilot project and runs each day to collect the data, run the model and update the password protected website.

This service is aiming at sites that are unregulated and upstream of a storage or irrigation scheme. 



Benefits of short- term flow 
forecasts

• Assist water managers to 
manage releases to meet 
operational requirements

• Help with timing of 
environmental flow releases 

• Advanced notice of high flow 
events

• Assist in emergency 
management and dam operations
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Short term flow forecasts are aimed at several users groups including water managers, dam operators and emergency services.

A reliable and skilful forecast will assist water managers to manage releases to meet operational requirements

They will help with timing of environmental flow releases

Provide advanced notice of high flow events. This can be useful for water quality and fisheries who need to sample on the falling limb of a flood.

They may even assist in emergency management and dam operations during flood events.



Rainfall forecasts from ACCESS

• Rainfall forecasts from Bureau’s 
ACCESS models

• Models run on range of spatial 
resolutions 

• Ongoing research program 

Regional 37.5 km 3 days

Global 80 km 10 days

TropicalCyclone 15 km 3 days

Australian 12 km 2 days

Tropical 37.5 km 3 days

City-based 5 km 1.5 days
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The short term service is using the Bureaus ACCESS model for rainfall forecasts. 

The ACCESS model is what we call a Numerical Weather Prediction model. These types of models are examples of what we call a dynamic models because they are mathematically modelling the processes or physics involved rather than using the statistics or relationships. 

ACCESS is a grid based mathematical model that models the whole world at different resolutions.

The 10 day forecast is based on an 80 KM square grid of the world, but ACCESS also include a 5km square grid of our major cities that produces forecasts out to 36 hours.

In the coming months we will be increasing the resolution of ACCESS models and the 10 day forecast will move to using a 40km grid of the world. 

The key for using these forecasts in hydrologic models is merging these higher and lower resolution models to get a seamless forecast out to 7 days. 

ACCESS has a very strong ongoing research commitment from the Bureau and its research partners such as CSIRO and a well planned development path.

We expect to continue to see improvements in rainfall forecasts over the coming years.



Operational Seasonal Streamflow 
Forecasts

• Public release in December 
2010

• Now providing forecasts for 36 
sites in NSW and Victoria

• Using CSIRO developed 
statistical model

• Further testing on sites in all 
states and territories

• Aim to extend to 70+ sites over 
the next year
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Public release in December 2010

Now providing forecast for 36 sites in NSW and Victoria using a statistical modeling approach developed by the CSIRO as part of WIRADA.

We have tested this approach on sites in all states and territories and aim to extend to 70+ sites over the next year

To do this extension will use both statistical and dynamic modeling.




Benefits of seasonal forecasting

• Water allocations and outlooks

• Cropping strategies

• Water market planning

• Environmental flows

• Operating a diversified water 
supply scheme

• Planning for water supply 
restrictions
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Skilful and reliable seasonal streamflow forecasts can help water managers make better water allocations and allocation outlooks

We have starting working with stakeholders to look at how streamflow forecasts can affect cropping strategies and affect farming profits

They can be used by water traders on the water market and can help with making better decisions on environmental flow management.

Water supply managers are seen as an important user group because we believe they can use the forecasts to make decisions about increasing an decreasing desalination water and plan for setting water supply restrictions.




Mature set of products
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The Seasonal Streamflow Forecasting website has many mature products that present the forecast as maps, plots and tables. 

The products were designed based on user input during the development phase and we present the forecast in different ways for different users. Eg as detailed exceedance probability and as tercile pies on a map for an overview or higher level.

If you want the details then we provide observed data and forecast at the site level.

We also provide all the background scientific papers, FAQs and glossaries for those wanting to understand the modelling at a deeper level.

And we are very up front about skill and you will find all the details about the model performance in terms of skill scores and reliability.



Rainfall forecasts from POAMA

• Using POAMA rainfall to drive 
hydrologic models 

• Multi-week and seasonal 
forecasts out to 9 months

• Will be operational in the 
National Climate Centre

• Future integration with ACCESS
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While we have been building the statistical modeling system we have also been building a  dynamic modeling system. 

In this system we use the output from the Bureaus POAMA model. 

The POAMA model is an example of what we call a Global Climate Model and it models the ocean and atmosphere of the world on a 250km grid.

The POAMA model provides us with forecasts from multi-weeks to months and seasons out to 9 months.

Because this model is using a 250km grid we need to downscale the gridded forecast to the catchment scale before we use it to drive traditional hydrologic or dynamic models.

The use of POAMA as input to dynamic hydrologic models to produce seasonal forecast has been evaluated and it looks good. We are seeing skill in different months to the statistical modeling and the skill is complementary.

The POAMA model has a well defined development program and future versions will become integrated into the ACCESS model and at that point we will have an integrated land, ocean and atmosphere model that drives both weather and climate forecasts.





Combination of statistical and 
dynamic modelling 

Existing operational 
statistical modelling

Dynamic modelling
system

Blended 3 month 
Seasonal forecast 
updated monthly

1-month forecast 
updated fortnightly

• Better skill

• Scale to more 
sites

• Greater product 
options

• Future skill 
improvements
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The future of seasonal forecasting will be built on both statistical and dynamic models

We will take the forecasts from the two systems and blend them to produce a more skilful ensemble of both. The reason we combine is we get better and more consistent skill across more months of the year.

The dynamic modelling can be used at more sites than the statistical modelling and offers us the ability to scale to more new locations.

The dynamic model will also be used to provide monthly forecasts but we can also look at new products for different lead times based on what POAMA and ACCESS can provide.

And it offers us some level of future proofing because when the rainfall forecast improves so will the streamflow forecast.



Next steps in site selection

High quality 
streamflow 
reference 
stations
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To select which sites we extend to, we will use the results of the High Quality Streamflow Reference Stations project.

This project has developed guidelines for selected high quality stations based on the quality of the site, rating table, historical record, land use change and amount of water use.

This map shows some of these sites and we will select the next sites for seasonal streamflow forecasting based on this and user need and also skill. 


Pristine
Good site – may have some land use change
Good site – possible future land use change
Reasonable site – may be some land use impacts
Suggested by stakeholder – minimal land use change
Suggested by stakeholder – possible land use impacts
Seasonal use only – located in unimpaired region
Remove – good site, planned closure
Remove – poor rating curve and land use change




Jurisdiction Organisation 

New South Wales New South Wales Office of Water (NOW)
Sydney Catchment Authority (SCA)

ACT Actew AGL

Victoria Department of Sustainability and Environment (DSE)
Melbourne Water

Queensland Department of Environment, Resources and Management (DERM)

South Australia South Australia Department for Water

Northern Territory Department of Natural Resources, Environment, the Arts and Sport (NRETAS)

Western Australia Western Australia Department of Water, Water Corporation

Tasmania Department of Primary Industries, Parks, Water and Environment

Murray-Darling 
Basin

Murray-Darling Basin Authority
Commonwealth Environmental Water Holder
The Australian Government Department of Sustainability, Environment, Water, 
Populations and Communities (SEWPac). 

Stakeholder consultation
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To select the high quality streamflow reference stations we did an extensive stakeholder engagement in all jurisdictions. 

Probably some of you in this room were involved.

This engagement process allowed us to remove sites with known problems but also add sites that were important to you and needed to be investigated.








Seasonal Streamflow Forecasting 
Service
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Ok that’s we are now and where we are heading so let me finish by showing you the latest seasonal forecasts for November to January.

We currently provide public forecasts for 36 sites in NSW and Victoria. 

The sites are in an area covered by these boxes on the map and include catchments in the Murray-Darling and South East Coast Drainage Division.

We have started investigating sites in QLD and have started doing some experimental forecasts in the Barron and Burdekin catchments and we hope to extend into QLD catchments during 2012. 



Catchment conditions
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Along with rainfall, an important facter that affects seasonal streamflow forecasts are the current catchment conditions. 

One way of looking at catchment conditions is using the AWAP soil moisture modelling and we use this to provide a visual presentation of the catchment wetness in the upper layer and lower layer soil moisture. 

These maps show the soil moisture for NSW catchments in the upper layer on the left and lower layer on the right.

The area highlighted covers the upper Lachlan and Murrumbidgee and the Macquarie and Hawkesbury catchments and you can see that soil moisture levels are below average to very much below average in these areas.

By contrast the areas in northern NSW are still quite wet in the upper layer and holding significant moisture levels in the lower layer.






Catchment conditions

Dry in upper and lower layers in Lachlan, 
Murrumbidgee, Macquarie, Hawkesbury
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What are terciles?

Sort and rank

Historical record Sorted historical record

Group into 
thirds for terciles

Lower 
tercile

Middle
tercile

Upper 
tercile 

Terciles  1 to 3
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Over the next few slides I will use the term tercile a few times. A tercile is like a decile except instead of grouping the sorted historical record into tenths we group it into thirds.

In our forecasts we are providing the likelihood of the observed streamflow in the next three months falling within each of these tercile ranges.






Victoria

Presenter
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This is a map of our forecasts using a pie chart to present the likelihood of low, near median and high flows. 

The larger the slice of the pie the more likely it is – based on our forecasts.

In this case you can see that the forecasts are generally favouring low to near median flows at most sites with some stronger tendency towards lower flows in the Loddon.



Southern New South Wales
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And as we go further north we can see a slight trend towards low to near median flows in the Lachlan and Gwyder with near median to high flows more likely at the sites Richmond and Manning catchments. 



Northern New South Wales
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If we move a little north you can see that the Murrumbidgee and Shoalhaven are also favouring near median flows for November to January 2012.



World class forecasting science, 
systems and services

Presenter
Presentation Notes
I started with the DNA analogy and said that the white genes represented data and the red forecasting. This diagram also shows that key relationship between data and forecasting. The forecasting services rely on data for inputs, verification and as part of explaining the context and messages around the forecast.  

The Bureau is well positioned to provide water availability forecasting services because we have a strong record with 60 years of flood forecasting and 100 years of weather forecasting.

We have made significant progress in the past three years and are building towards a seamless service from days to years.

We are developing and extending our services with the best available technology using world class research and utilizing both dynamic and statistical modeling 

The Bureau has always built its services by working with its partners such as CSIRO and Universities on the research side and water and response agencies on the service side and we will continue to work with our partners in the future.

I hope you have seen today that we have been successful in developing the fusion of meteorology and hydrology at science, systems and service level.

You will have seen thru my presentation how important rainfall forecasts are for our streamflow forecasting service so Jim Davidson is here to tell us about the seasonal outlook for November to January 2012. 



Thank you …

www.bom.gov.au/water
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You have just seen how important rainfall forecasts are to our service, so lets see what Harvey Stern has to say about the rainfall and temperature outlook for the next three months.



Rainfall outlook

Aaron Coutts-Smith 
Manager NSW Climate Services Centre



Rainfall conditions and outlook

• Recent conditions 

• Current state of key climate drivers

• Rainfall outlook



Calculating deciles?

Historical record

Sorted historical record Deciles 1 to 10

1 2 3 4 5 6 7 8 9 10

Group into 
tenths for 

decilesSort and rank

Presenter
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 Before we launch into the rainfall forecast I will take a short moment to explain how we present some of our rainfall information.
Now you have heard a bit about terciles for stream flow forecasting. When looking at rainfall trends we use deciles. We take the historical record sort it from lowest to highest and then break it into 10 evenly spaced bins if rainfall over the nominated period falls with in this 10th bin it is said to be very much above average. 



Three and ten year rainfall

3 year rainfall 10 year rainfall
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Message: the three year graph is showing the effects of the 2010 rain whilst the 10 year graph shows there has been long-term below average rainfall in southwest western Australia and Eastern Australia  
Looking at the 3 year rainfall we can see that rainfall was very much above average for most of Australia with the exception of SW WA.
Much of the rain responsible for these very much above average conditions fell last spring and summer.
Moving over to the 10 year rainfall the long term deficits of the last decade become apparent with rainfall in the SW WA and SE Australia very much below average.



A tale of two years: rainfall

August – October 2010August – October 2011

Upper soilUpper soil October 10October 11

Presenter
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Explain maps: three month rainfall
Explain what colours show and how the two are different

So moving onto the last 3 months we can see that much of eastern Australia received average rainfall, with some areas recording above or below average rainfall. Large areas of western Australia were very much above average. As a consequence soil moisture in SE Australia is about average.

This is a stark contrast to last year, which saw most areas of Australia recording very much above average rainfall and large areas recording highest on record rainfall. As a consequence this time last year we saw large areas with very high soil moisture, with the exception of SWWA and SE Australia. 



October 2011 rainfall
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So now just looking at the month of October we again see rainfall in eastern Australia sitting around the average with large areas of western Australia very much above average.



Rainfall conditions and outlook

• Recent conditions 

• Current state of key climate drivers

• Rainfall outlook



Sea surface temperatures

Very warm Indian Ocean

Northern Australian sea 
surface temperatures close 
to normal. This area was 
warmest on record at same 
time 2010

Cooler than normal tropical 
Pacific sea surface 
temperatures 
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We have a very warm Indian ocean, with the tropical Indian ocean warmer than this time last year. It is the Indian ocean that is currently driving the majority of the rainfall in our seasonal outlook. It is also this very warm Indian ocean that has contributed to western Australia being wet over the past few months and provided some relief to SW WA.

The La Nina in the tropical Pacific is re-enforcing the signal from the Indian Ocean, however, the La Nina is not as ‘strong’ as this time last year, with impacts on Australian rainfall tending to be proportional to the ‘strength’ of the event)

The sea surface temperatures to the north of Australia are less favourable for rainfall generation than at the same time last year

4. At this time in 2010, sea surface temperatures around northern Australia, including the Coral Sea, were 1 to 2 degrees above average. Currently sea surface temperatures in this region are close to normal. Warmer waters to Australia's north increase evaporation and humidity, and hence moisture available to rain.
 
5. The tropical Indian Ocean is currently warmer than at this time last year. This is driving the wetter than normal outlook for southern QLD and northern NSW, in comparison this time last year the seasonal rainfall outlook was being driven predominately by the La Nina event in the Pacific Ocean.




El Niño

La Niña

Sea surface temperature forecast
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The Nino 3.4 index is currently at to slightly above La Nina thresholds, with our dynamical forecast system predicting the central equatorial pacific ocean to cool further this month before returning to neutral in February March.

In contrast this time last year the central equatorial pacific ocean was 1.5C cooler than average, so we were already in strong La Nina territory.

For those familiar with the Southern Oscillation Index it is currently siting around 8 while this time last year it was already at 20.



El Niño

La Niña

Sea surface temperature forecast

This time last year
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The Nino 3.4 index is currently at to slightly above La Nina thresholds, with our dynamical forecast system predicting the central equatorial pacific ocean to cool further this month before returning to neutral in February March.

In contrast this time last year the central equatorial pacific ocean was 1.5C cooler than average, so we were already in strong La Nina territory.

For those familiar with the Southern Oscillation Index it is currently siting around 8 while this time last year it was already at 20.



Rainfall conditions and outlook

• Recent conditions 

• Current state of key climate drivers

• Rainfall outlook



Rainfall outlook: December to 
February

Presenter
Presentation Notes
The November - January seasonal outlook suggests a firm chance of above average rainfall over parts of northern and eastern Australia. 
 
There is not a direct correspondence between enhanced probabilities and rainfall amounts - a risk of flooding is in place whenever such conditions are forecast. By simple fact that we are expecting rainfall to be above the median.




Outlook confidence
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Explain what this means

We continually asses the skill of seasonal forecast by looking at how well it performs. The dark green shows high confidence or where the model has skill, while the white and pink areas show where the skill is low and we have 50-50 chance.

What we can see is that for the areas where we are forecasting a firm chance of above average rainfall we have good skill.

Comment that we continually assess our prediction “skill” and make this information publicly available



Rainfall has varied locally

http://www.bom.gov.au/watl/rainfall/ranges.shtml
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Key points
Now the green shading indicates above median rainfall and the orange below median.
The grey dashed line indicates last years rainfall and the blue line rainfall for the year to date.

On the left is year to date rainfall for Wagga Wagga, in the centre Geurie near Dubbo and on the right Gunnedah.

Together these three figures show how variable the rainfall has been throughout the year to date and from the south to the north of NSW.

Southern areas received well above median rainfall early in the year in contrast to northern NSW which was well below median .
These three areas saw low rainfall through Late Autumn to the end of winter, with Geurie and Gunnedah receiving much needed rain in September.
Because of these differences the rainfall outlook will mean different things for these different areas.
If it is very wet in the final months of the year Wagga Wagga will likely have above median rainfall, Geurie median rainfall and Gunnedah below median rainfall for the year. 
If it is very dry in the final months of the year Wagga Wagga will likely have median rainfall, Geurie below median rainfall and Gunnedah very much below median rainfall for the year. 



Temperature outlook: December 
to February

Maximum temperature Minimum temperature
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The temperature outlook for the November to January period is for firm chance for above median day time temperatures in southern NSW and below average temperatures in the north east of NSW. 

For night time temperatures there is a 50 50 chance of exceeding the long term average 

(Impact significant for water managers)
Influence soil moisture, run off, storages



Key points

1. La Niña established in Pacific but indicators much 
weaker than at this point in 2010

2. Outlook for wetter conditions in Western Australia, SE 
QLD and NE NSW over summer

3. The 2010 and 2011 summer outlooks may be very 
similar but the situation is quite different
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Thank you…

www.bom.gov.au/climate/ahead
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