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Why Forecast Seasonal Streamflow?
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Recreation

Icons: Nikita Golubev; Freepik; dDara from Flaticon.com
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UK Hydrological Outlook
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• Launched 2013

• 3 methods

• Persistence & Analogues

• Ensemble Streamflow 

Prediction

• Gridded Dynamic Rainfall

• Ongoing research 

through NERC projects

• IMPETUS

• ENDOWS

• Hydro-JULES
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Streamflow 
Forecasting
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Streamflow Forecasting

“Climatology”
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Simplest method of forecasting.

Uses only streamflow data.

Provides a 

probability 

distribution of flows. 

Can calculate 

deterministic mean if 

required.
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Streamflow Forecasting

A step further than Climatology.

We know the initial conditions of the catchment.

Ensemble Streamflow 
Prediction (ESP)
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Model flow until 

present day using 

observed climate 

data 

(Rainfall and 

PET)
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Streamflow Forecasting

Ensemble Streamflow 
Prediction (ESP)
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Then drive the model with climate 
data from each historic year.

??

Initial Streamflow 

Conditions

Ensemble of 

Streamflow Forecasts

Provides a probability distribution 

of mean flow

Dashed line = mean of climatology
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Ensemble 
Streamflow 
Prediction 
Skill
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Streamflow Forecasting

Ensemble Streamflow Prediction UKHO 
Model Setup
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314 UK catchments

Calibrated over 1983-2014 

using inbuilt automatic 

calibration function, 

optimising modified KGE

Harrigan, et al. (2018) Benchmarking ESP skill in the UK, HESS
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Streamflow Forecasting

Ensemble Streamflow Prediction UKHO 
Skill
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Harrigan, et al. (2018) Benchmarking ESP skill in the UK, HESS

Skill at a seasonal lead 

time is minimal on 

average across the year.

Especially low in the 

Northwest
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Streamflow Forecasting

Ensemble Streamflow Prediction UKHO 
Skill
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Harrigan, et al. (2018) Benchmarking ESP skill in the UK, HESS

ESP at a seasonal 

lead time IN WINTER 

is quite skilful in the 

southeast.

Max CRPSS of 0.77 

in the Lambourn

No skill in the 

northwest (CRPSS 

0.03)

13th Jan 2022 | Using NAO to Improve ESP | Katie Facer-Childs | @KFacerChilds



UK Centre for Ecology & Hydrology  |  Hydro-JULES 

Why?
• ESP skill over climatology is 

driven by initial conditions in 

southeast (high storage)

• Northwest highly responsive to 

rainfall

• Need to incorporate some form of 

meteorological forecast in NW

• But, forecasts of atmospheric 

circulation patterns are more 

skilful than forecasts of 

precipitation itself
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North Atlantic 
Oscillation 
and UK 
Streamflow
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North Atlantic Oscillation (NAO)

NAO in the UK
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Dominant atmospheric circulation pattern in winter

Large pressure differences in Atlantic = +ve NAO

Westerlies impact northwestern Europe

NW UK sees more rain

Small pressure 

differences in 

Atlantic = -ve

NAO

Westerlies 

impact 

southern 

Europe

NW UK sees 

less rain
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North Atlantic Oscillation (NAO)

NAO in the UK & Streamflow
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North Atlantic 
Oscillation 
Analogue 
Forecasting
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NAO Analogue Forecasting

51 NAO hindcasts from the Met Office Glosea5 model
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Rescale 
NAO 

hindcasts to 
increase 

variability of 
hindcast

ensemble 
mean and 

include 
extreme 
events

Take each 
adjusted 
hindcast

value of DJF 
average 

NAO

Find a non-
consecutive 

DJF sequence 
where 

average 
observed NAO 

= hindcast
value

e.g. 
December 

1992, 
January 
2003, 

February 
1965

Repeat 10 
times per 

NAO 
hindcast = 

510 
analogue 

date 
sequences

Extract 
catchment 
averaged 

rainfall and 
PET for 

each 
sequence

Run each 
data 

sequence 
through 

GR4J as a 
DJF 

hindcast
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NAO driven 
ESP Hindcast
Results
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NAO ESP Hindcast Results

CRPSS
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ESP skilful in 

southeast
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NAO ESP Hindcast Results

CRPSS
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ESP skilful in 

southeast

Increased skill in 

northwest

Moderate increases: 

CRPSS ~0.2 over ESP
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NAO ESP Hindcast Results

CRPSS
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ESP skilful in 

southeast

Increased skill in 

northwest

Moderate increases: 

CRPSS ~0.2 over ESP

Combined skill over 

much of the country 

Exceptions in northeast 

and far southwest
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NAO ESP Hindcast Results

Density Plots
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No increase in skill 

ESP ~ Climatology 

~ NAO
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NAO ESP Hindcast Results

Density Plots
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Increase in skill 

from ESP

NAO ~ ESP
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NAO ESP Hindcast Results

Density Plots
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Increase in skill 

from NAO

ESP ~ Climatology
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Case Studies
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Case Studies

2010-2011 (-ve NAO) [-3.3 CRU, -18.4 adjusted Glosea5]
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Standard ESP NAO driven ESP Observed Flow
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Case Studies

2015-2016 (+ve NAO) [2.3 CRU, 8.6 adjusted Glosea5]
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Standard ESP NAO driven ESP Observed Flow
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Operational-
ising the NAO 
forecasts
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Operationalising the NAO forecasts

Presentation title 30
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Run for:

Dec-Feb

Jan-Mar

Feb-Apr
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ULYSSES 
Multi-Model 
Seasonal 
Forecasts
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Comparing ULYSSES Global Hydrology Model Forecasts with ESP – May 2021

Presentation title 32
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Calculated error metrics for each of the 4 

ULYSSES models (HTESSEL, JULES, mHM, 

PGB) and the GR4J ESP for the May 2021 one-

month forecast.

Performance varied a lot by catchment, but 

generally the ULYSSES models showed lower 

error than ESP.

Generally JULES and PGB perform the 

best, HTESSEL is often too wet

JULES and HTESSEL show “sharp” 

forecasts, mHM and ESP have wider 

distributions, PGB in between
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Next Steps
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Next Steps

Error Research – Can we Predict NAO ESP Predictability?

34

13th Jan 2022 | Using NAO to Improve ESP | Katie Facer-Childs | @KFacerChilds



UK Centre for Ecology & Hydrology  |  Hydro-JULES 

Using NAO analogues for all seasons

Winter +ve NAO

= warm & wet

Summer +ve NAO

= warm & dry

Winter –ve NAO 

= cold & dry

Summer –ve NAO

= cold & wet
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Further work with JULES

• Run a catchment-based JULES in 

“ESP” mode

• Consider feasibility of running 

JULES operationally as part of 

the UK Hydrological Outlook

• Explore the ULYSSES hindcast

data for more robust conclusions 

on climate forecast driven global 

hydrology model skill in the UK

• Work on model blending and 

data assimilation – more from 

Michael next!
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Thank you for listening
katsmi@ceh.ac.uk

@KFacerChilds

https://eip.ceh.ac.uk/hydrology/outlooks

www.hydoutuk.net
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