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The training pillars

ÅContext of sub-
seasonal and 

seasonal 
hydrological 
forecasting

ÅHydrological 

outlook 

products

ÅThe C3S Water 

service

ÅData access and 

analysis
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Who are we?

3

ÅChristel 
Prudhomme

Å Lead of the CEMS  
Hydrological 
Computational Centre

ÅErvin 
Zsoter

Å Assistant flour expert 
of the Bakery Section 
at ECMWF

ÅChristel 
Prudhomme

Å Lead of the hydrological 
monitoring and 
forecasting team

ÅErvin Zsoter
Å Hydrometeorological 

forecasting expert  

ÅMohamed 
Azhar

Å Hydrologist specialised 
in GIS and data 
management

ÅShaun 

Harrigan
Å Scientist in 

Hydroclimatology



Sub-seasonal and 

seasonal forecasting 
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Source: https://www.nap.edu/read/21873/chapter/5#44
Source: IRI, adapted by E. Gawthrop from 

figure by T. Barnston

Trade-off between decision making and skill

Why do we want outlooks several weeks/ months ahead?

Different temporal scale 

for different decisions
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Where does predictability come from? And what can be expected?

Diagram adapted from original 
by Paul Dirmeyer, GMU/COLA, 

Up to 2 weeks:

Weather events

e.g. storms, blizzards; 

daily timescale; 

2-8 weeks 

S2S extremes

e.g. TC activities; heatwaves; 

storm track; weekly timescale; 

soil moisture & snow cover

1-12 months

Seasonal outlooks

e.g. temperature and precipitation 

anomalies; monthly to seasonal timescales; 

large-scale ocean patterns & SST

Mariotti, A., Ruti, P.M. & Rixen, M. Progress in subseasonal to seasonal 

prediction through a joint weather and climate community effort. npj Clim 

Atmos Sci 1, 4 (2018). https://doi.org/10.1038/s41612-018-0014-z

https://doi.org/10.1038/s41612-018-0014-z
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ECMWF forecasts: an earth-system approach

Coupled Ocean, Land and Atmosphere modelling
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Source: http://www.meteor.iastate.edu/gccourse

Day/ time of 
forecast

+ 1 time step

+ 2 time steps

+ 3 time steps

The aim of a useful forecast is to:

- Identify the range of possible 

outcomes (uncertainty)

- If possible with their associated 

likelihood (probability distribution)

- Including the most extreme 

scenarios

The evolution of the weather with time 

is chaotic

A small change in the initial 

conditions may lead to a large 

difference in the weather trajectory

Uncertainty in weather forecasting: the pinball analogy
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Duration from the forecast start time (t)
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Ensemble 

forecastingStart of the 

forecast ï initial 

conditions

Capturing forecast uncertainty
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1 July 2010

1 July 2011

1 July 2012

Reforecasts: forecasts generated for initial conditions of past dates

1 July 2025

What are they?

- Historical data: reforecasts created by 

running the NWP on historical dates 

- Consistent model: use same NWP 

model and configuration as real-time 

operational forecast

- Reanalysis data: typically used as 

initial conditions

What can they be used for?

- Climatological context: multiple 

realisations of weather to provide 

model-related climatology or thresholds

- Forecast skill : long dataset useful to 

assess the skill of the model over 

different periods

- Diagnostic: understanding when and 

why a model makes certain errors to 

guide future model development
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The ECMWF Integrated Forecasting System

Sub-seasonal forecasts (49R1)

100 perturbed + 1 control fc every day 

issued 00UTC, for next 46 days

Seasonal forecasts (SEAS5)

50 perturbed + 1 control fc every month 

issued 1st month 00UTC, for next 7 

months

Real time

Sub-seasonal reforecasts

10 perturbed + 1 control fc on fixed days of the 

month, every 2 days issued 00UTC, over past 20 

years for next 46 days

Seasonal reforecasts 

25 members (1981-2016) ; 51 members from 2017 

every month for 1st month 00UTC for next 7 

months

Past dates



Hydrological prediction
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1. Atmospheric: (Skilful) seasonal forecasts:

ï SSTs/MSLP Ą Precipitation, Temperature

2. Initial Hydrologic Conditions (IHCs):

1. Soil moisture, groundwater, snow 

accum./melt

Source: Andy Wood, NCAR

Source of predictability
Provided through NRT-update of 

land water status 

Provided through NWP 

forecasts
Weather analysis

best guess of 

atmospheric conditions

e.g. precipitation, temperature, 

evaporation

Hydrological analysis

best guess of land 

water conditions or 

IHCs

e.g. river discharge, soil 

moisture, snow water 

equivalent

Hydrological 

transformation

(full domain 

coverage 

requirement)

Interpolated observations when possible

Reanalysis in NRT good



EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 14

Initial conditions vs forecast uncertainty

Li et al., 2009, JGR,  DOI: 

(10.1029/2008JD010969) 

Stergiadi et al., 

Water 2020, 12(8), 

2255; https://doi.org/10.

3390/w12082255

Importance HIC vs FC varies:

- with leadtime

- with catchment /season

Ensemble experiments to test skill sensitivity

Forecast 

Uncertainty
Perfect HIC

Uncertain 

HIC

Reverse-ESP

Ensemble Streamflow 

Prediction

Perfect forcing

Ensemble 

of historical 

forcing

Ensemble of 

historical initial 

conditions 

(model states)

Calculate the 

skill of each 

forecasts by 

comparing 

with 

observations

https://doi.org/10.3390/w12082255
https://doi.org/10.3390/w12082255
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Forecast generation strategies
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Stationnarity

Observed historical 

streamflow

Streamflow to streamflow

Statistical analyses

Low compute cost

Seasonality

Statistical

Observed historical + NRT 

weather

Weather to streamflow

Physics/ data driven models

Medium compute cost

Initial Hydrological Conditions

=

Stationnarity

ESP

Observed historical + modelled 

future weather

Observed NRT streamflow

Streamflow & weather to 

streamflow

Statistical analyses (analogues)

Low compute cost

Initial Hydrological Conditions

Future weather patterns

=

Stationnarity

Hybrid

Observed NRT + future modelled 

weather data

Weather to streamflow

Physics/ data driven models

High compute cost

Initial atmosphere, land, ocean 

and hydrological conditions

Future weather timeseries

Ability to overcome the 

stationarity issue

Dynamical prediction
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Beyond the modelling chain: data and products for actionable forecasts

ÅLatency : date of last 
information vs valid 
forecast date 

ÅType : In-situ vs EO 
vs modelled)

Initialisation

ÅForcing: NWP vs 
historic sampling; bias 
adjustment

ÅModelling choices: 
physics vs ML; spatial 
and temporal scale

Forecast 
Generation ÅAnomaly definition: 

seasonal vs annual

ÅSkill and uncertainty 
communication

ÅSpatial and temporal 
aggregation

Data to 
Product



The GloFAS sub-

seasonal and seasonal 

hydrological outlook 

system



#EUSpace

CEMS -Flood  context

18

The Global Flood Awareness Systems (GloFAS)
provide complementary flood forecast information 
to relevant stakeholders that support flood risk 
management at the national, regional and global 
level. They support ERCC activities.
GloFAS products are freely accessible to all, and 
highlights flood signal over next 30 days and 
hydrological outlooks over next 7 months

JRC is CEMS FLOODS 
entrusted entity CEMS FLOODS centres



#EUSpace

Complement 
National/regional 

services

Support international 
organisations

Early warning for 
preparation of aid 

assistance

European/World-wide 
comparable information

Knowledge transfer & 
exchange

Improved data sharing

Evolved to include 
a hydrological 
outlook



#EUSpace

Ensemble hydrological 
forecast datasets

River discharge, soil moisture, 
etc..

Hydrological status 
update

River discharge, Soil 
moisture, etcΧ

Hydrological forecast 
product generation
Flood hydrographs, seasonal 

outlooks, etcΧ

Climatology
Flood thresholds

The CEMS Flood processing chain

Data Service
EWDS

Web Service
CEMS GLOFAS

Reanalysis, forecasts, 
reforecast, seasonal 
forecasts and 
seasonal reforecasts

Weather 
ERA5T to 

forecast date

Hydrological 
Model

LISVAP, LISFLOOD

Time-invariant data
Geo-spatial maps, 

parameters

Surface fields at 5km resolution
Calibrated ~2000 catchments 

Covering Global domain

Weather 
forecasts up 
to 7 months

ECMWF ENS / SEAS5

Initialisation Forecast Generation Data to product



#EUSpace

Ensemble 
hydrological 

forecast datasets
River discharge, soil 

moisture, etc..

Hydrological status 
update

River discharge, Soil 
moisture, etcΧ

Hydrological 
forecast product 

generation
Flood hydrographs, seasonal 

outlooks, etcΧ

Climatology
Flood thresholds

Hydrological 
Model

LISVAP, LISFLOOD

Time-invariant data
Geo-spatial maps, 

parameters

Surface fields at 5km resolution
Calibrated ~2000 catchments 

Covering Global domain
Run daily

The CEMS Flood processing chain

Data Service
EWDS

Web Service
CEMS EFAS/ GLOFAS

Reanalysis, forecasts, 
reforecast, seasonal 
forecasts and 
seasonal reforecasts

Weather 
ERA5T to 

forecast date

Weather 
forecasts up 
to 7 months

ECMWF ENS / SEAS5

Recap of hydrological long-range forecasting

Update frequency

Lead time24h-15d

daily

1-6w

daily

1-7m

monthly

Products (maps, graphs and 
metadata information) accessible 

from GloFAS-IS - Ervin
Data (river discharge, soil wettness 
index, snow water equivalent time 

series outputs) accessible from EWDS 
for downstream applications - 

Mohamed
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Recap of hydrological long-range forecasting

Role of land and ocean

in the predictability of 

weather forecasts for 

weeks to months

ÅHydrological Initial 

Condition influences 

river discharge

predictability

ÅDifferent forecast

generation chains

with different data 

needs and complexity

ÅEnsemble forecasting

and reforecasts to 

capture uncertainty and 

skill



Sub-seasonal/seasonal 

hydrological outlook 

forecast products
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Sub-seasonal weather regime Brier Skill ScoreSub-seasonal SSW index CRPSS

https://doi.org/ 10.1002/qj. 2256 https://doi.org/ 10.1002/qj. 4178

Skill drops to near 0 on the daily scale beyond 15-20 days

Do we need weekly and monthly averaging?

https://doi.org/10.1002/qj.2256
https://doi.org/10.1002/qj.4178
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Day-to-day variability in forecast signal much reduced beyond 15 days

Strongest anomalies remain, with órandomô/small-scale variability to be smoothed by weekly/monthly averaging 

Day1 Day10 Day20 Day30

Day9 Day19 Day29

FC: 2025-11-27

ENS-

mean 

difference 

to climate 

mean 

(mm)

Weekly/monthly averaging ï Precipitation anomalies
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Stronger, more persistent anomalies in river discharge thanks to the ómemoryô of land-surface

Weekly/monthly averaging still necessary to remove órandomô/small-scale variabilities 

Day1 Day10 Day20 Day30

Day9 Day19 Day29

FC: 2025-11-27

ENS mean  

difference to 

climate 

mean, 

normalized 

by the climate 

mean

Weekly/monthly averaging ï River discharge anomalies
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European State of the Climate 

report (Copernicus C3S); river 

flow monitoring with 7 

categories

Seasonal monitoring+forecasts in HydroSOS 

(5 categories)

ECMWF weekly (sub-seasonal) and monthly (seasonal) precip anomalies

Examples for hydrological sub-seasonal/seasonal products



The GloFAS sub-

seasonal/seasonal 

outlook products



Real-time sub-seasonal / 
seasonal river discharge 
forecast anomaly and 

uncertainty

For calendar weeks / months

Based on the 51 ensemble 
member ranks (computed against 

reforecast-based model 
climatology) 

Probabilities for 7 (5+2) anomaly 
categories

Expected anomaly category (one 
of 7) defined by the rank mean

Uncertainty category (one of 3) 
defined by the rank standard 

deviation

Forecast anomaly 
and uncertainty 

computation
Ensemble forecast 
extremity (rank) 

computation

Forecast productsReal time forecasts

Model climatologies

Real-time sub-seasonal / 
seasonal river discharge 

forecasts

Averaged to calendar weeks / 
months

Sub-seasonal / seasonal 
99-value climatological 

distribution

Generated from 20-year of river 
discharge reforecasts

Averaged to calendar weeks / 
months

Same product design for 
sub-seasonal/seasonal

River network map

Reporting point product

Basin summary map

Sub-seasonal/seasonal forecast implementation in CEMS-flood

Å Sub-seasonal products updated daily 
(for 00 UTC) at around 14 UTC

Å Seasonal products updated once a 
month (for 1st of the month) at around 
6th of the month



Å �ZOutlook�[��layer: Forecast signal on river pixels + reporting points (popup window with hydrograph and probability evolution)

Control panel to 
navigate through 
lead times

GloFAS sub-seasonal/seasonal web layers �t �ZOutlook�[

Å Maps are scrollable, separate maps for all lead times  

Å 5*3 categories/colours used (5 anomaly and 3 uncertainty categories)

Probability 
evolution

Forecast

Past monitoring

Climate categories 
(background)

Catchment metadata


