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• E.g. Hydro. Droughts

What is ‘high impact’ or ‘extreme’ in hydrology? 

• Hydro. Extremes are 

‘compound events’

Source: Van Loon (2015) WIREs Water



Ensemble Streamflow Prediction (ESP)

• 2 sources of predictability:

• Initial Hydrologic Conditions (IHCs): (SM & GW)

• Atmospheric: (Skilful) seasonal forecasts (P, T, MSLP…)

Source: Andy Wood, NCAR



Aim

Benchmark how much 
skill is possible from 
IHCs alone

1) When
(FC Initialisation/Lead time)

2) Where
(spatial/Catchment types)



IHCs via Hydrological Modelling

Graphic source: eWater Toolkit WikiGraphic source: University of Tübingen

GR4J (Perrin et al., 2003 JH)



Generation of ensemble streamflow forecasts

Hindcasts for Verification: 1965-2012; Updates 1st Month; 12-Month LT
(564 @ 50 ensmebles -> 30 k per catchment -> 1.3 M series)

1.) IHCs: GR4J run with 4 Yrs Obs P and PET up to               
day of forecast

2.) Historic Climate Sequences : 50 historic climate 
sequences extracted from 1961-2012

3.) ESP: Model forced with historic climate sequences to 
generate a 50-member ensemble of ‘future’ streamflow 



• Skill score based on Mean Squared Error (𝐌𝐒𝐄𝐒𝐒):

• OBS P and PET forced through hydro. model

• REF Climatology (over 1965-2012)

• FC ESP forecast (50-member ensemble mean )

• Lead Time: 1-day to 1-Year

ESP skill evaluation

MSESS = 1 −
MSEFC
MSEREF

• MSESS = 1 (perfect)
• MSESS > 0 (More accurate)
• MSESS = 0 (Accurate as REF)
• MSESS < 0 (Less accurate) 

Murphy (1988) MWR



When is ESP skilful?

• Shorter Lead Times • Longer Lead Times

Boxes Summarise Skill Scores for 45 Catchments



Where is ESP skilful?

Bad case

Good case



Good case – Lud (BFI = 0.9)

Transition zone…
Catchment wet up

Less skilful

More skilful



Bad case – Nevis (BFI = 0.27)

Some skill



Summary: When and where ESP has skill

Summer (dryer) months Winter (wetter) months
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• Surface = YES
• Groundwater = YES

• Surface = Limited
• Groundwater = YES

• Surface = NO
• Groundwater = Limited

• Surface = NO
• Groundwater = YES



Seasonal Atmospheric Predictability?



Next steps and Challenges…

• Integrate ECMWF Seasonal Forecast System 4 

hindcasts

• UKMO GloSea5 – MSLP/NAO (Uni. of Reading)

• Scientific Dev.:

• Improvement of long-range Summer atmos. predictions

 What processes need to be (better) simulated?

 Persistent events (e.g. blocking)?

• ‘Drought termination’ (Parry et al., 2015 HESSD)

• How (best) to downscale these to daily/sub-daily?



Questions / Feedback?
Email:shauhar@ceh.ac.uk

Thank You!


