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Reliability in hydrological predictions

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

• Probabilistic/ensemble predictions 
increasingly common in hydrology

• Gneiting et al. 2007:
• ‘Sharpness, subject to reliability’
• Reliability can be checked with 

Probability Integral Transforms

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


Reliability and the information value chain

• Reliable forecast probabilities translate directly to 
decisions

– No hedging needed

• Uncertainty can be propagated downstream

• Outputs can be used directly
in decision models



Reliability – probability integral transform

rank histogram

• PIT can use fewer forecast-obs pairs than
rank histograms



Reliability of flood peak magnitude and timing

• Must condition any 
stratification on forecasts 
(Bellier et al. 2017)



Reliability and forecast stratification

Synthetic example replicating Bellier et al 2017
• Obs and forecasts drawn from the same normal distributions 
• ‘Flood threshold’ based on 99% quantile of ‘observations’



• Renard et al. 2010
• alpha-index

• xi-index (coverage)

• Allow easy intercomparison 
of sites/lead times/etc.

• Alpha index widely used in 
hydrology

PIT summary statistics



PIT summary statistics
• Comparison to CRPS 

decomp (Hersbach 2000)



PIT summary statistics behaviour



PIT summary statistics behaviour



PIT used to diagnose temporal/spatial structure

Mean of blue
predictions

Example ensemble member

No autocorrelation Strong autocorrelation



PIT used to diagnose temporal/spatial structure

Shrestha et al. 2020 J. Hydrol



PIT used to diagnose non-stationarity

• If trend in a model 
is not represented 
in observations, 
PIT values will have 
trend

• Can combine with 
standard trend 
assessments:
• Sen’s slope

• Mann-Kendall test



PIT example: the TULIP model

Fig courtesy David Horsley

• Trend and Uncertainty in Long Inflow Predictions 

• Non-stationary inflow climatology with autocorrelation



PIT example: the TULIP model

• TULIP PIT Sen’s slope: 0.004

• Stationary climatology PIT Sen’s slope: 0.018*
*Significant at 5% with MK

• Trend problems?

Obs

50% CI

TULIP trend

Obs trend

Stationary climatologyTULIP

Meadowbank
Powerstation



• PIT uniformity a formal test of reliability

• Requires fewer data points than rank histograms

• Summary statistics are available

• Diagnose issues with spatial & temporal correlations

• Diagnose problems with non-stationarity

Summary
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• Monthly model

• Reliability of 1-year 
accumulated 
inflow

• Autocorrelation?

The TULIP model

Std uniform variate

TULIP Old method

Monthly
Inflow

Annual
Inflow



PIT example: the TULIP model

Old

• Monthly model

• Reliability of 1-year 
accumulated 
inflow

• Autocorrelation?



Probability integral transforms with zeros
P

IT

Standard Uniform Variate



Reliability of flood peak magnitude and timing

• Must condition any 
stratification on forecasts 
(Bellier et al. 2017)
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