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Variability of water resources in Australia
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Major drought conditions

1895-1903 Federation drought

1914-15 Widespread drought, Crop failed
1918-20 Severe drought across all states
1939-45 Drought affects South East & SW
1965-68 Most of Australia affected
1982-83 A short severe drought

1997-2009 Millennium drought
2013-present Parts of NSW and Queensland
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* Intensive water uses in the Murray
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« Large storages in headwaters

« Sensitive ecosystems
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* Intensive water uses in the Murray
Darling Basin

« Large storages in headwaters
« Sensitive ecosystems

» Ratio of wettest and driest year > 50

Key drivers for water forecasting
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Key drivers for water forecasting
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» Supporting decisions related to

« Dam operation
* Environmental flows

Murray River, NSW

Kidston dam, QLD Cubbie Station, QLD



Key drivers for water forecasting

Australian Government
Bureau of Meteorology

» Supporting decisions related to

« Dam operation

« Environmental flows
« Water allocations

« Water restrictions

« Cropping strategies

Murray River, NSW

Kidston dam, QLD Cubbie Station, QLD
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Which river
sites are
in flood?

How are river
levels likely to
change over
the next week?

What is the
seasonal
outlook for
inflow to dams?

What does

long term

water availability
look like?

Extended hydrological predictions in the
Bureau of Meteorology
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outlook

Scenario
analyses
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86 forecast locations
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86 forecast locations

* 3-month outlook of
streamflow volumes

* |Issued every month

5000 ensemble members
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Seasonal Streamflow Forecasting Service

Normalised frequency

Barnard River above Barry (208009)
Forecast period: Aug 2014 - Oct 2014

Forecast
Historical
Reference {1950+)

Hindcast RMSEP = 36
(Moderate skill)
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summary

Forecast
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Forecasts

Cross validation
For individual
seasons

Products

http://www.bom.gov.au/water/ssf/forecasts.shtml

Barnard River above Barry (208009)
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Forecasting models

POAMA Rainfall, Atmosphere,
Global Climate Streamflow Sea Surface
Model Data Monitoring Data

REIEL
Downscaling

Dynamic Models e Statistical Models

Merging

Probabilistic

Forecast of

Streamflow
Monthly and 3 Monthly
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Forecasting models

POAMA Rainfall,
Global Climate Streamflow
Model Data

REIEL
Downscaling

Dynamic Models

Merging

Probabilistic
Forecast of
Streamflow

Atmosphere,
Sea Surface
Monitoring Data

Statistical Models

Monthly and 3 Monthly

Statistical Model (BJP)

Publicly Available
since Dec 2010
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 Statistical model developed by CSIRO

NINO 4 a

e ——> Predictors
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Antecedent streamflow

Wang, Q. J., Robertson, D. E. & Chiew, F. H. S. (2009), A Bayesian joint probability modelling approach
for seasonal forecasting of streamflows at multiple sites. Water Resour. Res., 45, W05407, doi:10.1029/2008WR007355.

Wang, Q. J., Shrestha, D. L. & Pokhrel, P. (2012), A log-sinh transformation for data normalization and variance stabilization. Water Resour. Res., 48, W05514, doi:10.1029/2011WR010973.
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 Statistical model developed by CSIRO

, : Streamflow for
L Rt next 3 months

NINO 4 a

e —> Predictors Predictands
Climate indices
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Laat twelve months of streamfiow
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Antecedent streamflow

Multivariate Normal Distribution

Wang, Q. J., Robertson, D. E. & Chiew, F. H. S. (2009), A Bayesian joint probability modelling approach
for seasonal forecasting of streamflows at multiple sites. Water Resour. Res., 45, W05407, doi:10.1029/2008WR007355.

Wang, Q. J., Shrestha, D. L. & Pokhrel, P. (2012), A log-sinh transformation for data normalization and variance stabilization. Water Resour. Res., 48, W05514, doi:10.1029/2011WR010973.
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Dynamic Model

Forecasting models

Register User
(release Nov 14)

POAMA
Global Climate
Model

REIEL
Downscaling

Dynamic Models

Rainfall, Atmosphere,
Streamflow Sea Surface
Data Monitoring Data

Statistical Models

Merging

Probabilistic
Forecast of
Streamflow

Monthly and 3 Monthly
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« Dynamic approach : GCM Downscaling

POAMA forecast of synoptic Analogue downscaling
variables (~270km, 31 ensembles) (5 replicates of 31 ensembles)

1033

Timbal, B., Li, Z., & Fernandez, E. (2008). The Bureau of meteorology statistical downscaling model graphical user interface: user manual and software documentation.

Shao, Q., & Li, M. (2013). An improved statistical analogue downscaling procedure for seasonal precipitation forecast. Stochastic Environmental Research and Risk



i Forecasting models
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« Dynamic approach : GCM Downscaling

Analogue downscaling Downscaled rainfall

POAMA forecast of synoptic
variables (~270km, 31 ensembles) (5 replicates of 31 ensembles) (5km; 155 ensembles)

A ned s '
1 Vs b 3| My 2004 '
Frwten 4 o s e

Timbal, B., Li, Z., & Fernandez, E. (2008). The Bureau of meteorology statistical downscaling model graphical user interface: user manual and software documentation

Shao, Q., & Li, M. (2013). An improved statistical analogue downscaling procedure for seasonal precipitation forecast. Stochastic Environmental Research and Risk



L Forecasting models

« Dynamic approach : Hydrological modelling

Downscaled rainfall Hydrologic uncertainty (BATEA)
(5km; 155 ensembles) (40 replicates of GR4] model)

Kuczera, G., D. Kavetski, S. Franks, M Thyer. (2006) Towards a Bayesian total error analysis of conceptual rainfall-runoff models: Characterising model error using storm-dependent parameters,
Journal of Hydrology, 331:1-2,161-177



L Forecasting models

« Dynamic approach : Hydrological modelling

Downscaled rainfall Hydrologic uncertainty (BATEA) Post-processed streamflow
(5km; 155 ensembles) (40 replicates of GR4] model) (6200 ensembles)

0 obssived
medianFost
madianfre

1 month & 3 month forecasts

Kuczera, G., D. Kavetski, S. Franks, M Thyer. (2006) Towards a Bayesian total error analysis of conceptual rainfall-runoff models: Characterising model error using storm-dependent parameters,

Journal of Hydrology, 331:1-2,161-177
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Merged forecasts

Forecasting models

POAMA Rainfall, Atmosphere,
Global Climate Streamflow Sea Surface
Model Data Monitoring Data

REIEL
Downscaling

Register User
(release July 15)

Dynamic Models e Statistical Models

Merging

Probabilistic

Forecast of

Streamflow
Monthly and 3 Monthly
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« Merged forecasts:
QMA method developed by
CSIRO

Forecast 1 0.20} Forecast 2

/ (Statistical)
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Merged forecasts:
QMA method developed by
CSIRO
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Merged forecasts:

Forecasting models

QMA method developed by 10
CSIRO
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Merged forecasts:
QMA method developed by
CSIRO
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Verification process
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Cross validation

Model calibration - Model validation
5-year leave-out

Year 1990

Year 1991

Year 1992

1980 1982 2006 2008
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o Skill score: CRPS, RMSE & RMSEP

 Hit rate: Tercile hit rate for low & high flows Forecast quantiles and observations versus year
- Sep-Nov 1950-2010
 Precision: Inter quantile range (10%,90%) | e -
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Dynamic Monthly Dynamic Seasonal

Skill score summary - monthly - CRPS - dm - all flow range (38 sits Skill score summary - seasonal - CRPS - dm - all flow range (38 sites)

e CRPS score
Continuous
Rank Probability
Score

* [Forecast
locations
grouped by
basins

» Better skills of 1
month forecasts
compared to 3
month forecasts

B :0
|:| 0 (= climatology)
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Dynamic Seasonal

Skill score summary - seasonal - CRPS - dm - all flow range (38 sites)
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Dynamic Seasonal

Skill score summary - seasonal - CRPS - dm - all flow range (38 sites)
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Statistical Seasonal

Skill score summary - seasonal - CRPS - bjp - all flow range (38 sl
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Dynamic Seasonal

Skill score summary - seasonal - CRPS - dm - all flow range (38 sites)
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Skill score summary - seasonal - CRPS - dm-bjp - all flow range (38 sites)
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Dynamic and Statistical
approaches have
complementary skill

Comparison

Dynamic-Statistical

Skill score summary - seasonal - CRPS - dm-bjp - all flow range (38 sites)
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iz Communication and adoption
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e QOver 1600 subscribers

* Online survey conducted Iin
Nov. 2013

« 88% of the key stakeholders
expressed satisfaction with the
SSF service

« Monthly National Climate and
Water Briefings



SR Communication and adoption

Australian Government
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« Over 1600 subscribers 2§ | AcTEn e Bursa of Mooy
§§ .......... 10t eossecccer 10th
« Online survey conducted in gl oo
Nov. 2013 23
1
&
« 88% of the key stakeholders ’
expressed satisfaction with the L
SSF service Restrctions remain in place
« Monthly National Climate and
Water Briefings Ot Jan

 Case studies



i Expansion of coverage
Australian Government
Bureau of Meteorology

Current 86 forecast Planned ~ 200
locations (2015)



Conclusion

Bureau of Meteorology

« Variability of water availability is a major challenge in Australia

« Seasonal streamflow forecasts support decision making by providing
insight into future flow conditions

« Engaging with stakeholders meaningfully, establishing R&D alliances
and transitioning research to operations is not trivial

« Communication of forecast uncertainty and performance is indeed
difficult
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The extended hydrological
prediction section (EHP)
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