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Sub-seasonal and
seasonal forecasting



Why do we want outlooks several weeks/ months ahead?

Different temporal scale
for different decisions

Water Resources

* Infrastructure planning
* Plan for water aliocation during

A drought
Agriculture * Manage reservoir levels for
* Strategic business planning '°00 o7l
* Purchage seeds
CUMATE * Schadule planting Years
PROJECTIONS « Iimigate and apply nutrients
SEASONAL '“"*“‘P"":‘W B CERTAINTY
OUTLOOK * Plan commercial shippl
ntoAric 2 weeks JRECCLa B
* Designate ship routing » Infrastructure and business
GUIDANCE  Pian Navy ship sortie planning

EORECAST LEAD TINE

o v

* Manage hedging in futures markets
« Plan for spikes in energy demand
* Anticapate avadlability of renewable

THREAT i
* Plan evacuations and sorties
ASSESSMENTS * Issue aviation weather alerts energy
SHORT-TERM Emergency Management
FORECASTS « lnform situational awareness
m * Pre-stage emergency supplies
* Plan FEMA evacuation (days)
WATCHES * Issue hazardous weether watches
and warnings (minutes to hours)
WARNINGS & ALERT
COORDIMATION =3 <«€—SUBSEASONAL TO SEASONAL —

DECISION TINESCALES

Source: https://www.nap.edu/read/21873/chapter/5#44
S ECMWF
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Trade-off between decision making and skill

WEATHER FORECASTS
predictability comes from initial
atmospheric conditions

525 PREDICTIONS

predictability comes from initial
atmospheric conditions, meonitoring the
land/sea/ice conditions, the stratosphere

excellent and other sources
SEASONAL OUTLOOKS

_ predictability comes primarily from
— good sea-surface temperature conditions;
L% accuracy is dependent on ENSO state
—
g fair
O .\
[
@  poor

Zero

Daily values

1-10 days Weekly averages

10-30 days

Menthly or seascnal averages

30-90+ days
FORECAST RANGE

Source: IRI, adapted by E. Gawthrop from
figure by T. Barnston



Where does predictability come from? And what can be expected?

‘ &

t
§,

atmosphere

COLA)

’K (weather) E
\,' 2-8 weeks 1-12 months %
S2S extremes Seasonal outlooks
'& e.g. TC activities; heatwaves; e.g. temperature and precipitation

storm track; weekly timescale; anomalies; monthly to seasonal timescales;
soil moisture & snow cover large-scale ocean patterns & SST

land

of Paul Dirmeyer

Predictability

courtesy

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

~7 days ~30 days Time

 >0= ECMWF Mariptt_i, A., Ruti, P.M_. & Rixen, M. Progr_ess in subseas_onal to seas_on._al
prediction through a joint weather and climate community effort. npj Clim
EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS Atmo§ SC| 1’ 4 (2018) httpS//d0|0rq/101038/541612_018_0014_2



https://doi.org/10.1038/s41612-018-0014-z

ECMWEF forecasts: an earth-system approach

Coupled Ocean, Land and Atmosphere modelling

& ECMWF
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Uncertainty in weather forecasting

Day/ time of & B £
4

forecast — Y

£ <

Source: http://www.meteor.iastate.edu/gccourse

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

. the pinball analogy

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

The aim of a useful forecast is to:

|dentify the range of possible
outcomes (uncertainty)

If possible with their associated
likelihood (probability distribution)
Including the most extreme
scenarios



Capturing forecast uncertainty

Ensemble
Start of the forecasting
forecast — Initial
tconditions
¢
.0

Forecasted value

[
2 5 154070 85
Probability of
precipitation (%)

Duration from the forecast start time (1)



Reforecasts: forecasts generated for initial conditions of past dates

1 July 2010

1 July 2011

&> ECMWE 1 July 2025
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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



Real time

The ECMWEF Integrated Forecasting System

Sub-seasonal forecasts (49R1)
100 perturbed + 1 control fc every day

COUPLED MODEL issued OOUTC, for next 46 days

o
Atmosphere model
Ocean model 50 perturbed + 1 control fc every month
- issued 1st month OOUTC, for next
o
Atmosphere model
o 5 modfl
cean
Past dates
Sub-seasonal reforecasts
10 perturbed + 1 control fc on fixed days of the
- month, every 2 days issued O0UTC, over past 20
Atmosphere model years for next 46 days
| . )
Ocean model
25 members (1981-2016) ; 51 members from 2017
e e . every month for 15t month OOUTC for next
< Initialization >< Forward Integration X For

<> ECMWF
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Hydrological prediction



Source of predictability

Atmospheric: (Skilful) seasonal forecasts:
SSTs/MSLP - Precipitation, Temperature

Provided through NWP l
forecasts

Initial Hydrologic Conditions (IHCs):

Soil moisture, groundwater, snow
accum./melt

[

(AND EXCHANGE
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Provided through NRT-update of
land water status

Interpolated observations when possible
/ Reanalysis in NRT good

Weather analys
best guess of
atmospheric conditions

e.g. precipitation, temper
evaporation

13

et B
- _‘ 3
e U <~‘ e ‘
o J CAM
- ’-::.'.5?

IS

ature,

transformation
(full domain
coverage
requirement)

Hydrological analysis
best guess of land
water conditions or

IHCs

e.g. river discharge, soil
moisture, snow water
equivalent



Initial conditions vs forecast uncertainty

Ensemble experiments to test skill sensitivity

Ensemble

of historical \

forcing

Perfect HIC — k&

Uncertain
HIC .

Ensemm‘

historical initial
conditions
(model states)

Li et al., 2009, JGR, DOI:

Ensemble Streamflow
Prediction

-

ICs

Perfect forcing

(10.1029/2008JD010969)

<> ECMWF

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Forecast
Uncertainty

Calculate the
skill of each
forecasts by
comparing
with
observations

Importance HIC vs FC varies:
with leadtime
with catchment /season
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Stergiadi et al.,
Water 2020, 12(8),

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

3390/w12082255

LT=6

Streamflow skill (MAE ss)
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40 60 80 100 O 20 40 60 80 100 0 20 40 60 80 100
IC skill (% of climatological variance explained)



https://doi.org/10.3390/w12082255
https://doi.org/10.3390/w12082255

Forecast generation strategies
Statistical ESP Hybrid Dynamical prediction

o “© @ o a 00 P& ua 9O9 a @0,

Observed historical + modelled

©
g Observed historical Observed historical + NRT future weather Observed NRT + future modelled
streamflow weather Observed NRT streamflow weather data

3 54 & 5} ) &%k O

% @ % Streamflow & Weatheg'zo

§ Streamflow to streamflow Weather to streamflow streamflow Weather to streamflow
Statistical analyses Physics/ data driven models Statistical analyses (analogues) Physics/ data driven models
Low compute cost Medium compute cost Low compute cost High compute cost

>

5 B 0

2 2] SEANO ma= N

(@]

g Initial atmosphere, land, ocean

5 Initial Hydrological Conditions and hydrological conditions

Seasonality Future weather patterns Future weather timeseries

U) @ +0

Ability to overcome the
Stationnarity Stationnarity stationarity issue

Assumptions

Stationnarity

& ECMWF
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Beyond the modelling chain: data and products for actionable forecasts

Forecast

/. Latency : date of last ) | GGeneration ‘. Anomaly definition: )
information vs valid seasonal vs annual
forecast date * Forcing: NWPvs » Skill and uncertainty

» Type : In-situ vs EO historic sampling; bias communication
vs modelled) adjustment « Spatial and temporal
* Modelling choices: aggregation
physics vs ML; spatial Data t
Se . and temporal scale ala 10
e [Nitialisation A o

Product

<> ECMWF
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The GloFAS sub-
seasonal and seasonal
hydrological outlook
system



#EUSpace

CEMS-Flood context

i Computational Analytics and Hydro data Meteo data

European | centre Dissemination collection collection
(COMP) centre centre centre

=-— Commission
O p e rn I CU S JRC is CEMS FLOODS (R} (YRR (METEQ)
The European Earth Observation Programme = entrusted entity CEMS FLOODS centres

e = /K KISTERS
CECMWF  SMHI ~opne M
5@ 504 N

[

i

g
(L

T

Discharge Hydrograph (ECMWF-ENS) | 5 s |
Vo - > yom - P

The Global Flood Awareness Systems (GIoFAS)
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
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a hydrological
outlook
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#EUSpace

ERAST to
forecast date
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Recap of hydrological long-range forecasting

| - T‘ oy
b \' P
| atmosphere = |

% (weather)

” ‘ land

~7 days ~30 days Time

(o]

Role of land and ocean
in the predictability of
weather forecasts for

weeks to months

<> ECMWF

Mean daily river discharge from 1979 to 2018 for GloFAS-ERAS w2.1 reanalysi:
= F Ll
topsoil  ES. Tau INF,

-
subsoil o

upper _—L Q
groundwater | T e
zone Dmml

lower
groundwater
Qugu

00 500
River discharge (m® s-')

Hydrological Initial
Condition influences

river discharge
predictability
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Ensemble forecasting
and reforecasts to
capture uncertainty and
skill



Sub-seasonal/seasonal
hydrological outlook
forecast products



Do we need weekly and monthly averaging?

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

Sub-seasonal SSW index CRPSS

—e—— 91 levels

—e— 62 |levels

CRPSS

0 5 10 15 20 25 0 a5 40 45
Forecast Range (Days)

Figure 11: Ranked probability skill scores of the SSW index computed from 80 15-member 45-day reforecasts
starting the 1st February, May, August and November 1989 to 2008 using IFS cycle 36r4. The red curve shows the
RPSS scores obtained when using 91 vertical levels and the blue curve shows the RPSS skill scores obtained with

the 62 vertical levels control experiment. h doi .
c ECMWF ttps://doi.org/10.1002/qj.2256
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Sub-seasonal weather regime Brier Skill Score

1.0
—— DJF (920)
—— MAM (1060)
08 —— JJA (1060)
—— SON (1040)

Brier skill score [-]

Lead time [d]

Seasonal multicategory BSS for all weather regimes (life cycle; including the “no regime” category) as a
function of lead time. The numbers in the legend show the number of forecasts in the respective season. The

stratification is done according to whether the forecast initial date is in the corresponding season [Colour

figure can be viewed at wileyonlinelibrary.com] httpS://dOi.Org/1 0.1 002&}41 78
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Weekly/monthly averaging — Precipitation anomalies

Day-to-day variability in forecast signal much reduced beyond 15 days FC: 2025-11-27
Strongest anomalies remain, with ‘random’/small-scale variability to be smoothed by weekly/monthly averaging
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-0s5000-05000  difference
0.5000 - 1.0000 .
I 1.0000 - 2.0000 to climate
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B - 15.0000 '
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Weekly/monthly averaging — River discharge anomalies

Stronger, more persistent anomalies in river discharge thanks to the ‘memory’ of land-surface

Weekly/monthly averaging still necessary to remove ‘random’/small-scale variabilities FC: 2025-11-27
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Examples for hydrological sub-seasonal/seasonal products

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

ECMWF Seasonal Forecast System 5§
Nov 2025 Mean precipitation anomaly DJF 2025/26
= CECMWF | chan - Forecast start is 01/11/25, chmate period is 1993-2016 Shaded areas significant at 10% level
Ensemble size = 51, cimate size = 600 Solid contour at 1% level
Dec 2025 (T+744)
Jan 2026 (T+1488) [l <-200mm [JJ-200..-100[]-100.-50 []-50.0 [ _|NoSignal [[]0..50  [ij] 50..100 [Jj100..200 [ij>200mm
Precipitation: Weekly mean anomalies Fab 2026 (T+2208) B BOW_ ISW _ 20W sow  eew oW 0 WE_ 0E e 1awE  is0E

Mar 2026 (T+2052)

—  ENS6mbBIe mean

T
XS

Fri 28 Nov 2025

Mon 01 Dec 2025 - Mon 08 Dec 2025

Eastern Tropical Indian Ocean p-n;m
Farecast initial date: 20251101

Mon 08 Dec 2025 - Mon 15 Dec 2025

Mon 15 Dec 2025 - Mon 22 Dec 2025

slze: F 51 Model climate=600 Analysis climate=22 Climate period: 1993-2016

Mon 22 Dec 2025 - Mon 29 Dec 2025 22
Mon 29 Dec 2025 - Mon 05 Jan 2026 1.8
Mon 05 Jan 2026 - Mon 12 Jan 2026 14
1.1
0.7

0.4 —
0.04
0.4
7
1.1
fa
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European State of the Climate
report (Copernicus C3S); river
flow monitoring with 7

LA cllmag cgﬁermcugufeso(c,'! %frwer-flow

DOWNLOAD DATA

For Europe as a whole, river flow was generally around average during 2023. Flows were slightly lower than average in
February, June, July and October, and slightly higher than average in January, April and August. In November, river flow
increased and in December was the highest in a record that goes back to 1991.

Monthly river flow

G

Anomalies in monthly average river flow in 2023
Data: EFAS - Reference period: 1991-2020 - Credit: CEMS/C3S/ECMWF

=] S I
Exceptionally low  Notably low Below average Average Above average  Notably high Exceptionally high

January February




The GIoFAS sub-
seasonal/seasonal
outlook products



Sub-seasonal/seasonal forecast implementation in CEMS-flood /

Real time forecasts

/Real-time sub-seasonal /\
seasonal river discharge
forecasts

Averaged to calendar weeks /
months

(& )

Model climatologies

/Sub-seasonal / seasonal\
99-value climatological
distribution

Generated from 20-year of river
discharge reforecasts

Averaged to calendar weeks /

K months /
/ PROGRAMME OF THE
/,;':3’ EUROPEAN UNION

v 4

Equally likely percentiles

Ensemble forecast

extremity (rank)
computation

bin1 bin-2 River discharge

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

Seasonal products updated once a

Forecast anomaly

and uncertainty
computation

ﬁieal-time sub-seasonalﬁ

seasonal river discharge
forecast anomaly and
uncertainty

For calendar weeks / months

Based on the 51 ensemble

reforecast-based model
climatology)

categories

of 7) defined by the rank mean

month (for 1%t of the month) at around

6th of the month

member ranks (computed against

Probabilities for 7 (5+2) anomaly
Expected anomaly category (one

Uncertainty category (one of 3)

defined by the rank standard
\ deviation /

Forecast products

@me product design fm
sub-seasonal/seasonal
River network map

Reporting point product




GloFAS sub-seasonal/seasonal web layers — ‘Outlook’

* ‘Outlook’ layer: Forecast signal on river pixels + reporting points (popup window with hydrograph and probability evolution)

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

* Maps are scrollable, separate maps for all lead times

Point Information

Catchment metadata

LISFLOOD
Point ID Station Country Basin Rivar Station Drainage ) Longitude Latitude Drainage Area LISFLOOD X LISFLOOD Y
ID Mame Area [km2] [Deg] [Deg] [km2] [Deg] [Deg]
Venezuela,
SH520200 G19%0 Bolivarian Orinoco Apure Na NA -68.7140 7.8740 48231 -68.7250 7.9250
Republic of

Seasonal hydrograph of antecedent, climatological and forecast information
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GloFAS sub-seasonal/seasonal web layers — ‘Outlook basins’ /

e ‘Outlook - Basins’ layer: Forecast signal at river pixels aggregated over predefined basins

* Aggregation helps users to see large-scale signal by reducing the usually large spatial heterogeneity
(coming from the land-surface characteristics)

* Same 5*3 categories/colours used

Outlook Outlook - basins Combined view

PROGRAMME OF THE GperniCUS

EU ROPEAN UNION Europe’s eyes on Earth




Sub-seasonal/seasonal reporting points /. /

Regular reporting points (as used in the medium-
range GloFAS products)

Basin-representative points (one point, usually
outlet, per basin)

PROGRAMME OF THE - .
EUROPEAN UNION L OPCIMICUS

Europe’s eyes on Ear



Sub-seasonal forecast probability example

Forecast evolution table for the forecast run of 17 March 2025
Forecast lead times (calendar week or month)

Sub-seasonal forecast probability (numbers) and expected anomaly category (coloured cells) [2025-03-17] / \ \

Mar, Mon 17 Mar, Mon 24 Mar, Mon 31 Apr, Mon 07 Apr, Mon 14 Apr, Mon 21

EL L BL N BH H EL L BL N BH H EH EL L BL N BH H EH EL L BL N BH H EH EL L BL N BH H EH |EL L BL N BH H EH |

Y
0 0 0 0 0 0 - 0 0 0 0 0 22. 0 0 0 2 20 35 43 0 0 2 14 20 | 31 33 0 2 124 10 12 37 27

0 0 0 0 0 37- 0 0 0 2 8 29 61 0 0 0 16 24 | 23 37 0 2 8 12 22 23 33 0 6 8 16 14 33 23

Mar, Mon 17 0 0 0 0 0 0

Forecast
~
run dates

Mar, Sun 16 0 0 0 0 0 0
Mar, Sat 15 0 0 0 0 0 0 0 0 0 0 0 25 - 0 0 0 2 8 29 61 0 0 2 16 25 |22 35 O 2 8 20 16 25 29 0O 2 14 14 21 22 27
Mar, Fri 14 0 0 0 0 0 0 0 0 0 0 14 . 63 0 0 0 2 8 37 53 0 0 2 20 26 27 25 O 4 10 22 21 25 18 O 4 18] 25 16 23 16
Mar, Thu 13 0 0 0 0 0 31 0 0 0 8 22 3 35 0 0 2 22 22 23 31 0 0 0 18 23 22 27 O 2 8 20 29 20 21 0 2 14 21 20 23 20

Mar, Wed 12 0 0 0 0 0 14 20 37 39 0 0 6 14 18 | 258 37 0 0 10 12 29 31 18 0 8 14 23 16 19 20

0 0 0 8 35 26 31 0 0 0 16 29 31 24 0 0 2 16 26 3 25 0 4 8 24 12 25 27 Anomaly Categories

(all 7) from ‘EL
(Extreme low) to ‘EH’

10 29 25 16 16 0 8 10 23 18 21 20 .

12 18 8 29 21 0 2 16 25 20 12 25 (EXtreme hlgh)

10 25 20 22 4

Mar, Tue 11 0 0 0 0 0 35

Mar, Men 10 0 0 0 0 4 29 0 0 8 14 20 33 25 0 4 12 25 18 18 23 0 4 21 33 8 16 18 0 8 18 25 18 12

-
©

Mar, Sun 09 0 0 0 0 2 33 0 0 6 18 (23 31 22 0 2 2 27 22 29 0 2 20 20 8 25 25 0 14 12 12 2 23 18

HEEEEEEEEEE -
o
o
o
~

Mar, Sat 08 0 0 0 2 4 23 0 0 M0 29 20 20 21 0 4 12 18 27 12

Mar, Fri 07 0 0 0 2 4 31 26 25 12 0 6 12 45 10

3]
o
(=]
@

Mar, Thu 06 0 2 2 8 8 33

bt
[=]
(=2
[+

21 23 22 20 0 10 19 18 29

Mar, Wed 05 0 0 2 12 16 | 3

w
©
o
IS

12 31 12 20 21 0 16 21 16 21 0 31 12 21 8

Mar, Tue 04 0 0 14 16 12 27

w
o
=]

21 25 18 16 12 4 12 19 16 18 14 23 21 16 8

5 19 6 12 18 * Highlighted colour is the same as

Mar, Mon 03 0 8 14 23 14 29 12 0 23 10 25 14 12 16 2 19 23 8 20

Mar, Sun 02 0 0 14 35 @ 24 23 4 0 23 25 12 18 14 8 2 16 21 27 14 21 21 12 18 8 . . .
the corresponding river pixel on

Mar, Sat 01 2 12 23 33 10 16 4 2 29 25 22 4 16 2 4 31 21 20 8 22 33 6 6 2
Feb, Fri 28 4 27 20 23 6 12 8 17 33 18 16 2 10 4 6 29 12 3 12 19 14 16 16 4 the OUtIOOk prOdUCt
Feb, Thu 27 8 27 16 17 14 16 2 0 21 19 20 16 8 6 4 25 16 23 6 12 23 8 18 12
Feb, Wed 26 0 16 35 27 8 12 2 8 25 20 27 6 12 2 12 15 21 16 16 .

Expected anomaly/uncertainty category
Feb, Tue 25 2 19 21 16 12 14 16 0 21 19 14 16 16 4 10 21 14 25 10 14 6

- PROGRAMME OF THE highlighted by coloured cell + bold L
EURQPEAN UNION . Op
hen some further rows below this... number

ermicus
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GloFAS seasonal forecast performance analysis

Seasonal Forecast Skill

* Seasonal SkiII assessment based On reforecaStS o - Niasona\llgil;:r%zia‘stsmnag:’:;:iC|\mar0|o;5:encnmar|{t::ts. reanalysis 5
* Verified by CRPSS, using climatology as reference " ~ CAYss agastcimatlogy
g --- Headline skill threshold
* Showing lead time when CRPSS decreases below 0.5 o8
e Currently based on 16-week forecast horizon 06
* Against simulated truth (ERA5-forced river discharge £ 04
reanalysis) _
0.2 4 :
Max Ieadgtime (wee}(s) with"€RPSS > 0.5
0.0 . | \

1 2 4 5 8 16
Lead time (weeks)

Individual CRPS (GloFAS Seasonal forecast and climatology)

300 1 — oloFas seasonal forecast

—— €limatology benchmark forecast—_ — T — T
—

250 A

200

150 A

=
o
o

Continuous Ranked Probability Score (CRPS) [m3/s]
U
o

PROGRAMME OF THE
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1 2 4 8 16
Lead time (weeks)



Where to see the GloFAS sub-seasonal/seasonal products?

g MESSAGES INITIAL CONDITIONS METEOROLOGICAL HYDROLOGICAL FLOOD RISK EVALUATION STATIC MONITORING EXTERNAL WMS georss a .

N 2025-11-29

HYDROLOGICAL

l ¢ LAvERS § - MAP B;\CKGROUNDS ¢
p T e S = N ' ~Aw,m o
L 4 é“i}g o+ ; > p‘ ABOUT GLOFAS =
-/ New-style sub-seasonal AIFS Sinle | . Q. s _ FL;m;:;
1 @  Flood summary for days 3 Lt - - i s
i }9’ and seasonal layers ecdsummaryfordars @ L St PN, (L4 O mwmmm
} (from June 2025) @ Reporting Points o R ' = ' —= PN s AR SEARCH Q&
\ ©  Seasonal Outlook ° | | Seasonal (and sub-seasonal) forecasts are available
© asonal Outlook - Basins [:] l .
‘H oo on global-flood.emergency.copernicus.eu/
@  Sub-seasonal Outlook - (i ] {
\ Basins

. - " ' : > 1 .
i > X T f G . / ¥§L

@ 5 Year Return Period i ]
* =
- Exceedance p
@ 20 Year Return Period 0 5
B Exceedance

Legacy seasonal layer @ Floodsum For documentation of the method and products please go

5 l { Q&di Fluudsummaryforda;f; \I
3 ] 1'3 . . X
.J 0 (until May 2025) w1 onthe GloFAS wiki:
lood summary for days
%;& . © Foodsmmayfordeys  © https://confluence.ecmwf.int/display/CEMS/GloFAS+sub-
v e il ol 1115 seasonal+and+seasonal+forecast+products
7~} 4 @  Legacy Seasonal Outlook [: ]

- Reporting Points

https://confluence.ecmwf.int/display/CEMS/CEMS-flood+sub-

@  Legacy Seasonal Outlook (]

- Basin Overview seasonal+and+seasonal+forecast+product+generation+methodology
@  Legacy Seasonal Outlook [: ]
- River Network —
]
“« P » 2025-11 = 1Usec Ea & OB8opacity & LZ/ U S

n Earth

«


https://confluence.ecmwf.int/display/CEMS/GloFAS+seasonal+forecast+products
https://confluence.ecmwf.int/display/CEMS/GloFAS+seasonal+forecast+products
https://confluence.ecmwf.int/display/CEMS/CEMS-flood+sub-seasonal+and+seasonal+forecast+product+generation+methodology
https://confluence.ecmwf.int/display/CEMS/CEMS-flood+sub-seasonal+and+seasonal+forecast+product+generation+methodology

Navigating the GlIoFAS
hydrological outlook
products



Seasonal forecast example — Month-1

¢

4

2025-11-17 <

LAYERS

Anomaly category
(rank-mean)

Extreme Low (1-10)
Low (10-25)

Bit low (25-40)
Near
Normal 4 Normal (40-60)
(25-75) L

Bit high (60-75)
High (75-90)

Extreme high (90-100)

Uncertainty category (rank-std)
Low (0-10) Medium (10-20) High (20<)

B .

“« b »

2025-11

B 10sec B

B 08opacity &

[ oo |

/ PROGRAMME OF THE
/ EUROPEAN UNION

w7

5

g ¢

Valid: Nov 2025 { s

FC: 2025-11-01
(month-1)

MAP BACKGROUNDS 0

N Rodfdo Mg 2

AGK ABOUTGLOFAS =
FLOOD MONITORING ‘

SEARCH @

"wvg - - _

Valid: Nov 2025

FC: 2025-11-01
(month-1)

* Forecast signal
converges to
‘uncertain near
normal’ with
increasing the lead
time (lightest grey)

* Very dry areas also
tend to appear as
‘uncertain near
normal’ (lightest

grey)
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Seasonal forecast examples — Month-2

(rank-mean)

Extreme Low (1-10)
Low (10-25)

Normal
(25-75)

High (75-90)
Extreme high (90-100)

Anomaly category

Bit low (25-40)
Near
{ Normal (40-60)
Bit high (60-75)

Uncertainty category (rank-std)] ~
Low (0-10) Medium (10-20) High (20<) | *

“« b

MW 2025-11 @

B  10sec

B O08opacity &

/ PROGRAMME OF THE
/ EUROPEAN UNION

©

Valid: Nov 2025

FC: 2025-10-01
(month-2)

o LN
Pio i )
x/‘*ﬂ(&{\hlv ey

R

A
HOME My

< Lanfiin =
B MAP BACKGROUNDS @
Z ‘@m-w A
ABOUT GLOFAS =

S L P W=

- FLOOD MONITORING &

e

sh {3
v \ SR NE
r\’ J?““?ji S

B2

ey
T

Valid: Nov 2025

FC: 2025-10-01
(month-2)

* Forecast signal

converges to
‘uncertain near
normal’ with
increasing the lead
time (lightest grey)

* Very dry areas also

tend to appear as
‘uncertain near
normal’ (lightest

grey)

Gomiggﬁ



Seasonal forecast examples — Month-3

Anomaly category
(rank-mean)

Extreme Low (1-10)
Low (10-25)

Bit low (25-40)
Near
Normal 4 Normal (40-60)
(25-75) N

Bit high (60-75)
High (75-90)

Extreme high (90-100)

Uncertainty category (rank-std)
Low (0-10) Medium (10-20) High (20<)

1.0sec

-]

0.8 opacity

PROGRAMME OF THE
EUROPEAN UNION

Valid: Nov 2025

FC: 2025-09-01
(month-3)

Valid: Nov 2025

FC: 2025-09-01
(month-3)

* Forecast signal
converges to
‘uncertain near
normal’ with
increasing the lead
time (lightest grey)

* Very dry areas also
tend to appear as
‘uncertain near
normal’ (lightest

grey)

@omiszgﬁ



Seasonal forecast examples — Month-4

— 2025-08-01 <

-’ @ LAYERS

i

FLOOD MONITORING @

Anomaly category
(rank-mean)

Extreme Low (1-10)
Low (10-25)

Bit low (25-40)
Near
Normal 4 Normal (40-60)
(25-75) N

Bit high (60-75)
High (75-90)
Extreme high (90-100)

Uncertainty category (rank-std)
Low (0-10) Medium (10-20) High (20<)

Valid: Nov 2025

FC: 2025-08-01

(month-4)

B 10sec -]

®

0.8opacity &2

PROGRAMME OF THE
EUROPEAN UNION

Valid: Nov 2025

FC: 2025-08-01
(month-4)

* Forecast signal
converges to
‘uncertain near
normal’ with
increasing the lead
time (lightest grey)

* Verydry areas also
tend to appear as
‘uncertain near
normal’ (lightest

grey)

@omiszgﬁ



Seasonal forecast examples — Month-5

S i N 2
el 2025-07-02 S 2 b

»r € LAYERS
}

o J
\,_\fﬂ_mi:\
(.{\\ / UL C

SRS a0

Anomaly category Uncertainty category (rank-std) o
(rank-mean) Low (0-10) Medium (10-20) High (20<) ::‘ = ,
Extreme Low (1-10) B e TR
Low (10-25) K

Near Bit low (25-40) gg,‘.}‘;‘ i o 2 7%?*
v b o 4
Normal {Normal(tiO-SO) \ Valld: NOV 2025 R A )\(; o 5’"/,/0 =

Lo N

@579 | i [ 99 oL o /i
Bit high (60-75) ) (TR AN
5 S v \(“] JJ%;

High (75-90) - gy g

Extreme high (90-100) B e _ FC: 2025-07-01 V.

: , (month-5)
“« b » 2025-11 L & 10sec B O08opacity £

PROGRAMME OF THE
EUROPEAN UNION

Valid: Nov 2025

FC: 2025-07-01
(month-5)

* Forecast signal
converges to
‘uncertain near
normal’ with
increasing the lead
time (lightest grey)

* Very dry areas also
tend to appear as
‘uncertain near
normal’ (lightest

grey)

@omiszgﬁ



Seasonal forecast examples — Month-6

2025-06-03

(=

Nov 2025

Valid

ERS

-

L+

€ LAYE

2025-06-01

FC

Forecast signal

| -

O
o c
n c
o m
< v
V o
> O
mn
o >

normal’ with

increasing the lead
ightest grey)

time (I

(@)

“n wn
o 0
7))

T O
V o
c
N
© +
W.d
v g
> o
[ ]

Nov 2025

id

Val

‘Uncertain near

2025-06-01

FC

Uncertainty category (rank-std)
Low (0-10) Medium (10-20) High (20<)

Anomaly category
(rank-mean)

Extreme Low (1-10)

Low (10-25)

= ©
=)
783
)
& T &
= =L
wm.mn
e £ £
s o ®
m Z o
J|_
T =
n
= E~
@ = !
o oW
zz9d

High (75-90)

Extreme high (90-100)

normal’ (lightest

(month-6)
grey)

0.8 opacity

10sec £ =]

&
A 4

2025-11

»

T

@pmiggﬁ
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Seasonal forecast examples /. y

Seasonal hydrograph of antecedent, climatological and forecast information

< > . Extreme low Low e Mear normal | High
B @ LAYERS - Extreme high - === Climate median —8— ERAS

800

J -(Tﬁ >

Low flow conditions were
600 predicted to remain

Simulated truth (black
400 dots) agrees

Discharge [m3/s]

200

Valid: Nov 2025

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
2024 2025 2026

FC: 2025-06-01
(month-6)

Seasonal forecast probability (numbers) and expected anomaly category (coloured cells) [2025-06-01]

June 2025 July 2025 August 2025 September 2025 October 2025 November 2025 December 2025

EL|L BL N BH H EH EL L BL N BH H EH EL L BL N BH H EH EL L BL N BH H EH EL L BL N BH H EH EL L BL N BH H|EH EL | L BL N BH H | EH
June 2025 . 18 N\ o a 0 o &7 0 0 5 M 18 6 2z 0 0 47 211 18 8 ] 0 0 43 21 18 10 B a o 45 25 18 6 ] 0 a 47 25 16 12 0O [} o
“ > » 2025-11 May 2025 35 35 1B\ 10 2 [} o 43 2 0 3 3B 6 12 & L] 0 3% 18 18 19 4 2 0 45 21 10 14 L] 4 0 39 29 10 12 4 ] o
April 2025 22 22 23 Z L] [} 2 20 2 4 25 23 18 16 & L] 4 25 20 21 20 L] 8 Q 23 21 22 14 8 o 2
March 2025 8 21 14 39 8 é 4 14 4 4 21 29 18 20 4 6 2 22 21 23 22 8 2 2
/ February 2025 14 16 25 21 12 12 O 16 12 0 8 21 25 22 10 4 0
PROGRAMME OF THE January 2025 8 29 14 21 18 8 2 10 25 29 14 10 10 2 . .
/ - EDRGPEAN UNION oz | + [ [ B o = The signal gradually developed (especially for June/July)



Seasonal forecast examples

FC: 2025-06-01
(month-6)

Valid: Nov 2025

“« b » 2025-11

] e

// &

PROGRAMME OF THE
EUROPEAN UNION

Seasonal hydrograph of antecedent, climatological and forecast information

e Extreme low Low T MNear normal . High
Extreme high - --- Climate median —8— ERAS
[
300 High flow conditions were
predicted to remain into
250
the dry season
o
3]
£ 200
8 Simulated truth (black
o 150 .
5 dots) seems to confirm
2
100 (for Jun-Sep), although
climatological range is
[
50 very small i
0
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNow Dec Jan
2024 2025 2026
Seasonal forecast probability (numbers) and expected anomaly category (coloured cells) [2025-06-01]
June 2025 July 2025 August 2025 September 2025 October 2025 Movember 2025 December 2025
EL L | BL|N BH | H EH EL |L BL N BH H EH | EL|L BL N BH H EH | EL | L BL N EH H EH EL|L BL N BH | H EH EL|L BL N BH H EH | EL |L BL N BH | H EH
June 2025 o 0 0 a . 12 o 0 0 0 0 . o 0o 0 (4] o 29 . o 0o 0 ] 12 . 29 o 0 0 (V] 37 . 1a& o 0 0 22 . 26 25 o 4 12 18 12 33 19
May 2025 o 0 0 a 0 . 37 o 0 0 ) 3e . o 0o 0 4] 55 . o o 0 o 18 . 43 0o 0 0 1z 35 . 3 o 0 4 29 . 29 12
April 2025 o 0 0 25 . 1a o 0 0 0 0 . 29 o 0o 0 (4] 16 . 21 o 0o 0 10 29 . 22 0o 0 0 2 . 2% 14
March 2025 o 0 & 14 . 39 & o 0 4 31 1a o o 4 . 39 16 0 0 & 22 . 23 12
February 2025 o 0 & 25 12 37 20 o 0 4 18 . 25 24 o o 2 14 33 . 29
Januar y 2025 0 8 16 18 29 27 2 o 8 10 23 31 24 4
December 2024 4] o 2 16 25 . 16

\— ~ Europe’s eyes on Earth




Sub-seasonal/seasonal product limitations /. /

Seasonal hydrograph of antecedent, climatological and forecast information

- Extreme low Low = Near normal -H\gh m Extreme high  --- Climate median

Small catchments are not expected to
be represented well

PR

Short-lived events might not be
represented well either (i.e. a single
flood; not a longer wet period)

Discharge [ma/s]

y;;; JunSeam::fure:a:tu:mbahi::(numh:) and e::cted ::na\ycafirv{w::ied r.e’\\:‘:[ZDZS—:TOH b " Ve ry d ry a re a S d iffi C u It to re p rese nt
E . . . .
— - o Anomalies can not really be
- : defined in super dry areas
4 Y
Seasonal hydrograph of antecedent, climatological and forecast information O Fo reca St S |g na | cO | |a pse S | nto
- Extreme low Low - Near normal - High
- Extreme high ---- Climate median —8— ERAS

undefined, with uniform probability
distribution and uncertain /near-
normal category (lightest grey)

Discharge [m3/s]
)

o The hydrographs can sometimes
show near 0 values and/or strange
looking climate ranges

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2025 2026

— Seasonal forecast probability (numbers) and expected anomaly category (coloured cells) [2025-11-01]

EY - | . ial .
Gpermcus

Europe’s eyes on Earth




Sri Lanka / Indonesia floods — Nov 2025

e Early indication of very high weekly mean flow with very low probability on 2025-11-17
* Gradually strengthening signal, with right realistic discharge forecast from 2025-11-21

Sub-seasonal hydrograph of antecedent, climatological and forecast information Nov, Mon 24 Dec, Mon 01 Dec, Mon 08 Dec, Mon 15
- Extreme low Low Near normal High - Extreme high - - - Climate median
-@-ERA5

EL L BL N BH H |EH EL L |BL N |BH |H EMH EL L |BL N BH H EH EL L BL [N BH
Nov. Mon 24 o 0o o o 23 18 2 10 12 27 21 12 0

Now, Sun 23 o o o o

o
o
o
&
©
»
B
5
3
o
5
"
5

7 16 15 10 18 29 21 16 2

=8
.
.
.
.
ey
5]
&
.
S
.

Nov,5at 22 o o o o [ o o 2 8 8 |20 6 2 8 12 23 16 27 12 19 16 14 25 14

Nov, Thu 20 o 0 & & 16 70 2 12 6 2 18 8 27 10 14 17 21 18 14 6 14 20 21 27 10

0
[
[
FC' 2025—11—21 Nov, Fri21 o o o o l 4 o 2 © 12 6 §2# 53 2 12 10 29 25 18 4 21 27 10 14 20
.
J 4

Nav,Wed 19 o 2z 8 10,10 21 a9 2 14 14 2 4 21 2 8 12 17 ¥ 16 12 4 28 25 14 1% 10

Now, Tue 18 o 4 4 l 12z 13 el 4 8 0 19 16 18 35 12 8 21 18 14 17 10 23 20 2 8 12

Nov, Mon 17 6 10 6 Is 8 17 37 0 10 21 2 & 110 31 8 8 & 2 19 20 16 14 |15 16 27 10

Discharge [m3/s]

Now Sun 18 4 19 w010 12 18 27 8 12 14 17 25 12 12 17 12 23 14 16 4 14 23 29 16 18 4

Nov,Sat 15 4 12 21 14 12 33 12 8 12 16 17 21 14 19 18 16 25 10 8 4 16 31 1B 21 4

Nov, Fri 14 21 12

0 Nov, Thu 13 & 10 6 14 6 21 35 1 12 12 17 14 16 19 25 19 18 16 6 12 4 7 21 16 20 8

Mon13

Mon20 Mon27 Mon 3

Nov

Mon10 Mon17 Mon24 Mon 1

Dec

Mon 8 Mon15 Mon22

Nov, Wed 12 4 16 & 10 14 17 33 8 0 16 19 16 0 21 6 21 23 12 14 12 2 8 29 21 8 12
Nov Tue 11 % 17 & 16 12 12 21 21 23 10 18 6 12 10 39 21 W 18 & 4 2 37 19 1B 12 &
Nov. Mon 10 23 18 10 12 8 10 19 21 19 1B 16 8 6 12 33 19 16 16 & 4 6 25 23 14 22 &
Now, Sun 09 22 21 14 6 8 6 23 17 16 16 23 6 4 18 27 21 12 220 10 & 2 23 18 23 20 4
Nov, 5at 08 7 17 16 4 10 8 8 27 25 20 14 & 4 4 31 23 12 24 4 2 4 35 18 10 19 8
Nov, Frio7 B 19 20 & 6 10 4 23 33 ¥4 0 4 6 8 4 37 16 19 10 2 2 19 27 14 15 8
Hov. Thu 06 25 23 10 18 2 6 16 18 23 1B 25 4 10 2 14 37 (25 18 6 0 O

Nav, Wed 05 321 14 14 10 110 13 8 29 29 10 18 & 6 2 1% 31 16 16 B ¢ 4

Now, Tue 04 43 18 6 21 4 2 6 39 19 16 14 & 0 6 27 31 16 12 10 2 2

Discharge [m3/s]

Nov, Mon03 31 27 14 10 8 2 8 19 35 16 14 & 4 6 8 25 16 21 10 4 6

Now, 5un 02 43 14 18 10 12 2 6 29 27 18 18 4 2 2 23 31 16 12 10 8 0O

Nov, Sat 01 4 19 10 & 12 8 4 23 25 14 12 16 2 8 6 25 19 18 10 & 4

Qct,Fri31 59 19 12 4 2 4 4 26 3 3 B8 © 4 0 20 23 23 18 10 6 O

Mon22 Mol 9’ \ Oet, Thu 30 51 25 12 & 2 2 2 35 29 16 14 & 0 0

OctWed29 49 21 14 6 6 2 2 31 35 16 4 & 4 4

0
Mon13

Mon20 Mon27 Mon 3

Nov

Mon10 Mon17 Mon24 Mon 1

Dec

Mon 8 Mon15

Oct, Tue 28 29 29 18 8 4 10 2 31 W 2% W 10 6 4

GloFAS mediumi—\range

[ Oct, Mon 27 37 21 220 14 2 4 2 2 25 12 23 10 4 4

FC: 2025-11-17 E30 Dooonnn oEoc

Oct, Sat 25 37 37 1 6 2 2 2 33 35 M 6 2 4 a4

o & Oct.Fri2d 39 25 14 10 10 2 [} 27 29 20 W & 4 4
. . ®
FC. 2025—11—19 E Oct, Thu 23 39 33 14 8 0 4 2 33 23 18 14 & 2 4
L, i 2, 2000
) E Oct, Wed 22 35 3 14 12 4 4 [ .
g 1500 Oct, Tue 21 41 28 14 12 0 3 4

No signal for floods yet

1000 - OctMan20 31 27 20 12 8 2 0
OctSun19 27 2 21 8 10 8 4
500
Oct.Sat 18 33 27 10 4 10 6 0
0 Oct,Frii7 29 25 14 12 & 4 10
“« b » 2025-11-24 [-] Mon6  Moni3  Mon20 Mon27 Mon3  Moni0  Moni7  Mon2é Moni1  Mon8  Moni5  Mon22  Mon23
Oct Nav Dec Oct, Thu 16 7 2 16 12 0o 10 2

[r— 2025




Recap of sub-seasonal/seasonal outlook products

—— G |Eyals

— 91 levels

. 20 =] o] k-
Forecast Range (Days)

Weekly and monthly
averaging helps
highlighting the
remaining lower
predictability at these

onger rangeS
o eCUWE

a

Acommon
methodology is
implemented in CEMS-
flood to design sub-
seasonal and seasonal
products

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Extreme Low (1-10)

Low (10-25) [

S fisar Bit low (25-40) ,;
~ " Normal | Normal (40-60) :“
I
e

| (25-75)
I .

Bit high (60-75)
U Hign (75-90)

I N e
< ]

Web products are
designed to capture
all main aspects of
the hydrological
forecast signal

47

1 of antecedent, climatological and forecast information
-ow -NEﬁI’ normal -ngh -Extreme high ---Cli

2
2

Sub-seasonal poducts
can help highlighting
risk for potential floods
earlier than dedicated
medium-range flood
forecasts



Data discovery and
access: the Data Stores



(™ The cDS (ADS and EWDS) history

Climate Change

What are the CDS, ADS (and now the EWDS)?

The CDS, ADS and EWDS are single points of access to the wide range of quality-assured datasets produced by or in
collaboration with the Copernicus Climate Change Service (C3S), the Copernicus Atmospheric Monitoring Service (CAMS),
respectively. The Early Warning Data Store host some of the data of the Copernicus Emergency Management Service (CEMS).

Objectives of the CDS and other DS

Q Make data discovery simple and relevant
];;[ Provide easy-to-use applications to explore data

Provide online capabilities to process the data

O
o)
L,_QS Enable reproducible and traceable research

Users spend less time handling data

(opemicvs  CSECMWF



Climate Change

The CDS is a distributed system, providing access to

The CDS (and other DS) history

existing datasets through a unified web interfaces

\

\

\ Ro-<mv>»0>

N

DATA SUPPLIERS

Typical performance

& Registered users # Running users ) Queued users @5 Running requests 11 Queuedrrequests QA
265,706 308 228 358 3,906 09:54
UTC|28/11/2023
Daily downloads
Requests completed
15078 Last 1h 13,734 4778
3 Last 2h 23424 10018
§ 10078 Last 3h 37,697 15178
2 Lastéh 111463 30318
& sors Last12h 281,545 64218
Last24h 448,355 133678
<02, y o2, 2o, o, 2, 02, v, 02, g, 2, o o, e 2, s, ;. 2, 2, Ly,
Countries EU/EFTA
=
=
- 1] w
= [
-2 1 L —=-
LL*'
u \_ =
s L=
LIS l -
Datasets [op &

Top 5 (Running or queued)
@ China
W EuropeanUnion/EFTA
== United States of America (the)
- United Kingdom of Great Britain and Northern
Ireland (the}
. Korea (the Republicof)

198
120
38

28

19

. ERAS5 hourly data on pressure levels fro...

. ERAS hourly data on single levels from 1...

. ERAS5-Land hourly data from 1950 to pre...
. Complete ERAS5 global atmospheric rean...
. ERAS monthly averaged data on pressur...
ERAS5-Land monthly averaged data from ...
Seasonal forecast daily and subdaily data...
. ERAS complete preliminary back extensi...
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(' Behind the system

Climate Change

Flexible deployment

The Kubernetes deployment means that the system
can be easily redeployed on other infrastructure for
other projects.

The system is highly scalable and the object store
approach downloads provides the fidelity required
to serve the growing user base.

| ‘Jl.prt.er kubernetes
earthkit 24 /
g @

| <3, Open SONTTTTT
Geospatial I~ 14
Consortium

Eﬁabe Acces&ce I"Iemperaﬂle Re.b‘aule
4%
/O % o0 e

JupyterHub and earthkit for online processing  J
L2

Jupyter notebooks have become a popular development
environment for python users and there are a range of

training resources available. e

earthkit ensures synergy in public facing software ' ' A FAIR Catalogue
developments of C3S and other ECMWEF activities. .-.

Following the FAIR principles and adopting standardised
webAPIs will increase uptake of the catalogue(s) and be
compatible with machine learning methods

S ECMWF



The API

Climate Change

The Data Stores also provide programmatic access via the Python API [cdsapi Python package].

The Climate Data Store (CDS) Application Program Interface (API) is a service providing programmatic
access to CDS, ADS and CEMS Early Warning DS .

One API to download data from all the datastores

- -
o3 e Datasets Documentation Live About CEMS
-

e

™
«
gra*\"\"!:u“w\ﬂ MS-F datasets licen:
et O e
P

Accepted

APl request

Please go to the documentation page for information as to how to use the CDS API.

Hide API request code ~

o
ers ard
s ¥

import cdsapi

dataset “cems-glofas—-seasonal™

request = {
“system_version" perational”],
"hydrological_model ["lisflood"],
“variable": ["river_discharge_in_the_last_24_hours"],
"year": ’

1,
"data_format"
“download_format

grib2",
“unarchived"

}

client = cdsapi.Client()
client.retrieve(dataset, request).download()

(opemics  €SECMWF




(P earthkit

Climate Change

Vi Earthkit is the namespace for ECMWF open-source python code

Objectives of earthkit

, earthkit

===  Lower the barrier to entry

. . . L{@ﬁeanhkit
‘J Make common tasks simple and efficient
. Open-source tools
. . . for seamless earth
Provide quality assurance to computation cCiencas T,

ience workflows
ability with essential

M Interoperable with data and tools frommany sources S -

S)

Embrace open-source approach fortraceability and VL2 GRS e 200

H Sack @R erre  ZRennkc  (ERennkc ek (Qennkc  FaEennkic SoRearnkic  (@eartkie (g earthiic
COIIabOratlon. < gy sarthid 3 earthk g earthid 3 earthk g sorine ) sarehw j earthki hk hki

3 earthkit =

Ne
3

https://earthkit.ecmwf.int/

(opemics  €SECMWF



Climate Change

earthkit
hydro

Operations on river networks.

earthkit
time

Manipulation of dates and time for
weather forecasting.

earthkit

Aggregation and transformation of
geospatial data.

earthkit
meteo

Meteorological computations.

earthkit

Gallery
Domains and projections
)
— e 3
Gridded dat
= ¥ H &
u - P S |
— - ~
EEEE Yoh
Emisig ==
f
::
>

overlay™).shaw()

1200 on 1985-12-25

250 260 270 280 290 200 310
2 metre temperature (K)

https://earthkit. readthedocs 0

ek.plots.quickplot(data).show()

2 metre temperature at 00 00 en 1993-12-01

@ earthkit
regrid

Regridding of geospatial data.

O earthkit
data

Format-agnostic Python interface
for geospatial data with a focus on
meteorology and climate science.

O earthkit
geo
Geospatial computations.
@ earthkit
plots

Visualisation tools and
templates

S ECMWF



https://earthkit.readthedocs.io/

an

Climate Change

and visualisation software.

.

Datasets Documentation Live * About CEMS

The CEMS Early Warning Data Store provides historical
and forecast information for floods and forest fires at
European and global level

Looking for more data beyond what's available in our CEMS Early Warning Data Store? Visit the C: Service (CEMS)

The data store services offer the DSS JupyterHub Service as an online
computing environment, and earthkit as the supported post-processing

Coperni Oper tl
catalogue, wi rvice (CEMS) implifyi -ommon Cloud
availability features data tutorials processing. analysis, Infrastructure (CCI)
visualisation and much more

f our data and products.

JupyterHub for DSS

CECMWF

Home  Token

Backend Options

Select an Environment

ECMWF CLOUD - Copernicus CDS - MEDIUM *

European
Commission

| (opernicus

Run a JupyterLab session on the Climate Data Store (ECMWF Common Cloud Infrastructure). Read

2 Login-Register

more about the JupyterHub service for CDS here.

This is an experimental service currently available to ECMWF statf only. Feedback regarding the
service would be greatly appreciated such that we can improve the service and make it available to a
wider audience. Please provide any feedback to the table found here.

= BN = : c ¢

B + X
o zr files by name Q
L1
0 Name - Modified
= lost+found last month

m scratch 9 minutes ago

[ 64b8aBc69da39cd... 1 minute ago
% * = download-eras ipynb 1 minute ago
€ minutes ago

roast-potatoes.ipynb 7 minutes ago

Jupyter
.

Simple 1 @1 @ € Python3 (ipykemel | idie

— File Edit View Run Kernel Git Tabs Settings Help

# download-erab.pynb

Name Use case RAM CPUs Duration
MEDIUM  Some small data processing, .g. data averaging of small 4Gb 2 3 hours
files
By starting a session here, you explicitly agree with the CDS Terms & Conditions.

This Jupyter Session will finish on 2024-11-05 02:52:45 UTC

B Terminal 1 x |+ [

-
O » = G » Code v @ - Openin.. © Python 3 (ipykemel) O =

)
My first notebook -

import cdsapi

dataset = "reanalysis-era5-single-levels"
request =
"product_type": ["reanalysis"],

l "2m_tenperature”],

“18:00",
"21:00",

“data_format": “netcdf",
“download_format": “unarchived"

client = cdsapi.Client()
client. retrieve(dataset, request).download()

2024-11-84 15:00:29,265 INFO [2024-89-28T@8:00:08] =sWelcome to the Mew Climate Data Store (CDS)!#x This ne
w system is in its early days of full operations and still undergoing enhancements and fine tuning. Some di
sruptions are to be expected. Your

[feedback] (https://jira. ecaf. int/plugins/serviet/desk/portal/1/create/202) is key to improve the user expe

riance nn th NS _far the hanefit nf everuane  Thank

Mode: Command @ Ln1,Col1 download-era6ipynb 1 L1

IMPLEMENTED BY

<SS ECMWF

Gpgrnic%




Documentation, Notebooks and Training Material

Climate Change

Climatalogy calculations © Edit on GitHub

Climatology calculations

Demonstrate how to access and use C3S,CAMS and CEMS
data effectively

E Bxamples 11: # Inports
from sarthkit.clinate inport aggreste as ek_aggregate

from sarthkit inport data as ek_data

from earthkit.dats. testing import earthkit_remate_test_data_file

Load some test data

Daily statistics from hourly ERAS

£ Climatology calculations
Load some test data

Calculate the monthly climatologies of All earthkit—clinate methods can be called with eartncit-data objects [Readers and Wrappers)
the ERAS data n
or with the pre-loaded xarr

];g[ Highlight the important features and applications of data HIRIBEES S et o e s ns 1505

2015 as our physical data; and we will use the NUTS geometries which are stored in a geojson file

p ro d u Ct S First we lazily load the ERAS data and NUTS geometries from our test-data repository.

Note the data is only downloaded when we use it. e.8. at the .to_xarray line, additionally, the

download is cached so the next time you run this cell you will not need to re-download the file

Easily embed PDFs in your web app unless it has been a very long time since you have run the code, please see tutorials in_ sartneit
with our standalone PDF viewer library, d

Document public facing software packages with in-context

for more details in cache management).

21: # Get some demonstration ERAS data, this could be any url

rencte_eras_file = earthkit_remote_test_data_file("test-data’
era5_data = ek_data. fror
eras_data.to_xarray()

source("url”, remote_eras_file)

examples

Pages | ius Emergency Management Service - CEMS Home i & # Edn Q Yiew ind mments {7 Save for later ® Watch =G Share
&. Provide traceability for published reports and documents o T
° B Pages CEMS-Flood

M Anadytics i by Fom . -
PAGE TREE Capernécus Emergency Management Service - Flaods (CEMS-Fload) inchude twa

= cLuOQ  Ploase read: CEMS Eary Warring Dala Store (EW st st '

Sketchbook Earth: lllustrated Climate p—— I .

lola Chronicles M oo bevsment and Cutresch colabaration with several Eurapean organisations responsible for groducing and
B ( CECMWF  “~ ] (opemess  CSECMWEF

> Europesn Flood Awsreness System @ Access To EFAS web
itps:fleuropean.-fload emergency capermicus.eul

CAMS Training > Giobal Flaod Anareness Sysiem

Copernicus Climate Change Service Copernicus Atmosphere Monitoring

T T

[E—— o N tting Sat GIGFAS i the Global Flaod Awarenass System. It s operational since 2018 and IR
e (C38) Data Tutorials : Service (CAMS) Data Tutorials TR ol cvertas mas o 1o pobables p 10 30 9oy i advance and
) s abook Seasonal sreamfiow outiooks up t 4 months ahesd, Q Search this documentation for
[ER— e N o X o, oS © Access to GloFAS web
. < \ Z Climate ¢ Petpsfgioba o smergency.coperricus sul
L ve examples of DATA ACCESS TUTORIALS | 5 e ——

-hause developed toals. In this project we

The CEMS-Flaod wiki is 5p8t inlo three main branches, which you car
incluyding product descriptions, system versioning, and data access,

‘page rees' for bekow, The pages descrite the fmain CEMS-Floods praducts and servic

£ Wil ibustrate cur planets climate staries in an

andtacr them to

DATA VISUALISATION ipie and engaging manner.
TUToRALS tutarals maks e + European Flood Awareness System: For infarmaticn related 5

ally 1o the EFAS system, its detailed documentatian and product descrigtios

+ lobal Flood Awarenass System: Fof information retsted specifically 10 the GoFAS system, ts dstaliad Gocumantation and preduct descriptions, etc.

+ GEMS-Flood User Guide Cormer: Hosts varlous user guides relating to the CEMS-Flood services Inchiding; EFAS, GIoFAS, and Data user guides. Documentation in
the "CEMS-Flood Data Uses Guide' covess infarmation that is not EFAS/GIF) , data access, how 1o werk
with aur tata, and user suppeet information,

aoftware and thase notebooks will retriave and
ta from the Copernic:

Tutiat an Sassonsi Forecants row Information into expre

preprocessing Essential Climate Var

Genarating visualizations that echo the vibrant storyteling found in a sketchboak

Thers is an additional branch of the wiki relating 1o CEMS-Flood Develogment and Qutreach, wheee you can find it more on our publications, studies, and webinars.
The resulting Jupyter noteboos

18 not only provide masningful climate insights but stso
roe. Throvg!

BATA PROCESSING TUTOMALS serve »

comerehensive traning

etchbook Earth, we aim to offer a

cible aporosch 10 cémate intelligence.

o visua, comprahensibla, and repro

» European Fiood Awareness System: Browse by Giobal Flood Awareness System; Browse by ‘CEMS-Flood User Guide Carner: Browse by
How o run these tutorials 1 ising Sess This project was part of the o oot
P The tutarils ara i theform of ratabock you it e e — Ermandall Colanse all
. 4k 103 oo o coud-Baced ervice 0, o, gt o ke MATE 04T PROCESEING it e || Contents pand al Cofaps @andall Colapsa a
S — e ot 5 y — .  EFAS models and procedures v GioFAS madels and procesures  Background on Copernicus Emergency
e Pheses browss through the hutorisis eted bekow or make use of the aserch function 1o look anagomant Sarvi
for specific topics or dats pracessing workfiows of intarest 3 EFAS meterclogicsl forcing and land Management Services - CEMS

« The Copernicus Emergency
Management Service (CEMS)
« CEMS-Floads

surtace data

Getting Set Up

3 placa holdarEFAS meterological forcing
and land surface data
- EFAS hyok

Jogicai forecasiing chain « EFAS User Guide:
1] Greenhouse Gases - The Prime Suspect !
i + EFAS hyarolo

gicsl madel « 1 EFAS user community

+ EFAS Fiash Fload ndicators ~ 2 EFAS products averview

> EFAS madium-rangs farscasting 5 3EFASS mmartace

(opemicvs  CSECMWF




Contact/Support

Climate Change

Through the EWDS Help section, you can access the official ECMWF Support Portal,
=~ where you'll find detailed guidance and can directly contact support.

Help

Response times are fast, and the team is very responsive

M CECMWF support Portal Home My requests
A 4
St t for of ECMWF, Ct

The Support Portal is the main entry point for all queries related to ECMWEF data,
including EFAS and GIoFAS products. Search ECMWF documentation

CECMWF

Support covers everything from data access and interpretation, to technical
questions and service reliability.

(ovemcs  €SECMWE



Hydrological outlook data
at your fingertips: the
Early Warning Data Store



What is EWDS ?

The EWDS is a single point of access to the wide range of quality-assured floods datasets produced by or in collaboration
with the Copernicus Emergency Management Service. It is developed and maintained by ECMWF

The EWDS is an easy-access archive for all historical and forecast information for floods and forest fires at
—— European and global scales.

o It is available openly to the general public upon registration with an ECMWF account.

) The EWDS is the recommended and easiest way to access EFAS/GLOFAS data and all relevant metadata
s information;

Users can select the type of data and dates of the time series they want to download. All archived EFAS/GLOFAS data is
in the form of raw hydrological time series outputs, and accessible to all. All versions of EFAS/GLOFAS are available for
download. The data is primarily available in GRIB2 format but is also made available in NetCDF4 (experimental) format.

PROGRAMME OF THE e )
EUROPEAN UNION (OpLer nICUS




Datasets

4-EFAS

Eurcopcan Flood Awarcneszs S

"\

:] Variables

« River discharge

« Runoff water equivalent

« Snow depth water
equivalent

« Soil wetness index

‘The CEMS Early Warning Data Store provides historical
andforecast information fot floods and forest fres at
European and global level

:{:ﬁ Static Variables

+ Elevation

+ Upstream area
+ Field capacity
«  Wilting point

« Soil depth

PROGRAMME OF THE
EUROPEAN UNION

Domain Type Dataset
Efas forecasts
Forecast
Efas seasonal forecasts
European Efas reforecasts
Reforecasts
Efas seasonal reforecasts
Historical run forced with observations Efas historical simulations
Glofas forecasts
Forecast
Glofas seasonal forecasts
Global Efas reforecasts
Reforecasts

Efas seasonal reforecasts

Historical run forced with reanalysis

Glofas historical simulations

(opernicus

Europe’s eyes on Earth




Documentation/Training

Direct Access to Official CEMS-Flood Wiki

The wiki is structured into three key branches:

EFAS Documentation - Detailed product specs and operational
guidance for the European system.

GloFAS Documentation - Information tailored for the Global system’s
datasets and forecasts.

User Guide Corner - General data access support

* How to download and work with EFAS/GIoFAS data
* Data availability and formats

* Step-by-step usage help

The EWDS offers step-by-step tutorials through the CEMS-Flood wiki, along
.J with well-structured Jupyter Notebooks designed to guide users through
practical data access and analysis workflows.

/ PROGRAMME OF THE
/ EUROPEAN UNION

Datasets Documentation Live® About CEMS

The CEMS Early Warning Data Store provides historical
and forecast information for floods and forest fires at
European and global level

Looking for more data beyond what's available in our CEMS Earl Visit the C MS) to find
\ 2 =
~
C Ac
talogue, wi (CEMS) Cloud
availability features data tutorials processing. analysis, Infrastructure (CCI)

f"\ Climate
1 Change Service

Copernicus Climate Change Service
(C38) Data Tutorials

Climate Data Store (CDS)

CDS user guide s

Tutorials on Reanalysis
Climatology
Climate Records

Heatwave Analysis

Tutorials on Observations

Outgoing Longwave Radiation
Analysis of the CLARA Earth radiation
budget product

Analysis of the CERES Earth radiation
budget product

Surface radiation budget ciimatologies

and anomalies
Cloud fractional cover climatology

Total Column Water Vapour

visualisation and much more

iZ Contents

= F0LII0Q

About
“This notebook was developed by
PROGRAMME OF P
THE EUROPEAN UNION 'VECMWF

(Opern‘ms

A Mohamed Azhar

Setup your environment

Search and download the data

Explore and view the data

Observing major flood events with GLOFAS

Compare the June 2022 river
discharge to the previous 10 years

Map the number of days that the

river discharge exceeded the 90th

About

This tutorial will demonstrate how to investigate a specific flood event using data from the GLObal Flood
Awareness Service (GLOFAS). For this example we look at the major flood event in Bangladesh in June 2022
and assess the excess river discharge in comparison to the long-term (10-year) discharge statistics.

GloFAS is a product and service of the Copernicus Emergency Management Service. The Joint Research
Centre of the European Commission is the entrusted entity responsible for CEMS GloFAS in terms of
management, technical implementation and evolution. ECMWF is the designated contractor to implement the
operational functionalities of the CEMS-COMP (Hydrological Forecast Computational Centre).

The tutorial is structured as follows:

0. (Install and import the required python packages)

1. Download the data of interest from the Early warning Data Store (EWDS);;

2. Explore the data with xarray, apply mask using the auxilary data, and produce demonstrative map plots;
3. Compute and plot time-series of the June 2022 river discharge against the 10-year period;

4. Compute and display a map of the number of days in June 2022 that the river discharge exceeded the
QN marnantila af tha A0 unnr narind

Gomiggﬁ

percentile of the 10-year period.



Tutorial materials

: Accessing and downloading GloFAS data from CEMS Early Warning Data Store

: Best practices to download GloFAS Seasonal forecasts from CEMS Early

Warning Data Store Scan the QR code to go
to the jupyter book

: Download and plot seasonal forecast using earthkit

P All scripts are written in python

Link to the jupyter book

https://simow-az.github.io/2025-wmo-workshop-training-glofas-seasonal-V1/Welcome.html

/ PROGRAMME OF THE Ee 2 .
- EUROPEAN UNION (Ope;mlCLLJS




Recap of data access and analysis

D0 W I 0 1Y o TV R Y A i ! W o £

Explore the datasets
available through the
EWDS

https://ewds.climate.cop

ernicus.eu/datasets

<> ECMWF

L e

Datasets Documentation Live®  About CEMS

CDSAPI setup

The Climate Data Store [CDS) Application Program aser access to CDS,
ADS and CEMS E: i . In this page you i i use the COS
APL

For troublesheeting. check Common Errar Messages for CDS Requests 2

For advanced capabilities, check the New API package for advanced users section.

\ .. Windows users

[E]
DS AR
‘ macOS users @
Piease read How to install and use CDS APl on macOS
& Linux users
Please proceed as follows:
1. Setup the CDS Api key
Here is how to setup the CDS Api key:
1. If you do not have an account yet, please register
2 ifyou are not logged in, please logi
7 A tnmact i s b ek P

Create an ECMWF
account and set-up the

api

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Download and explore the seasonal forecast files

[1]: import earthkit as ekh

[ 11 DATASET = 'cems-qlofas-seasonal'

LEADTINES = ['sd" % (1) for L dn range(24, 2976, 24)]
REQUEST = {
'systen_version's ['operational'],
"hydrological_model": ["lisflod"],
‘variable's 'river_discharge_in_the_last_24_hours',
‘year't ["2004"],
‘month': ["08"],
"leadtine_hour': LEADTIMES,
‘area't [43.79, =9.30, 36.00, 3.33],
‘data_format': 'grib2', # Or netcdf
“download_format': 'unarchived'
}
data=ekn. data. fron_source(' cds', DATASET,REQUEST)

Download the data for your
area of interest

63

AN 0NN

Glofas seasonal run: 2024001 00.00UTC
monthly ensemble mean of Sof Wetness Index

MR R0 W] W00 AT RN RN 000N

Start analysing the data
using earthkit/python



The C3S Water Service:
an operational multi-model seasonal
hydrological forecast framework



What does
the future

What are
the current

conditions? 2.) Seasonal hydrological forecasts

What will
happen
over the
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What types of global hydrological models are available operationally?

1.) Global Hydrological Models (GHMs)

LISFLOOD (CEMS)

mHM (UFZ)

AT

M @ ]
Ve
c'l'ﬂ

K&

PCRGLOB_WSB (Utrecht)

Precip Evap

— 0,

2.) Land surface models

ecLand (ECMWF)

a)

Schematics of the land surface

JULES (UKCEH)

Precipitation Heat Evaporation €O, CH, Momentum

R 77777

.............................

3.) Al-based hydrological models

e.g. Flood Hub (Google)

. mixed density
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Europe’s eyes on Earth

There’s no best hydrological model everywhere!

Africa Asia Europe
1.0
—— HTESSEL —— HTESSEL
0.8 } —— JULES | —— JULES
— mHM — mHM
—0.61 — PGB — PGB
a a o
“ 0.4 —— HTESSEL ©- “
—— JULES
0.2 1 —— mHM
—— PGB
Thober et al. 2023, C3S 00 ] e =
. . -0.4-0.20.0 0.2 0.4 0.6 0.8 1.0 -0.4-0.20.0 0.2 04 0.6 0.8 1.0 -0.4-0.20.0 0.2 0.4 0.6 0.8 1.0
Water Service Quality KGEI-1 KGE[-] KGEI-1
Assurance Report, North America South America Southwest Pacific
1.U
D410.3.2.1 - mOdE| \Y) —— HTESSEL
obs. river discharge. 0.8~ JULES
—— mHM
— 0.6 PGB — —
a o a
© 04 © HTESSEL | ©1 —— HTESSEL
~—— JULES ~—— JULES
0.2 1 —— mHM ] —— mHM
—— PGB —— PGB

0,0 T T T T T T T T T T T T T T T T T T T T
-0.4-0.20.0 0.2 0.4 06 08 1.0 -04-0.200 0.2 04 06 08 1.0 -0.4-020.0 0.2 0.4 0.6 0.8 1.0
KGE[-] KGE[-] KGE[-]

Better river discharge performance

67
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Multi-model seasonal hydrological forecast chain

Seasonal Climate Model
(ECMWF, CMCC)

(~111 km)

Daily:
* Precipitation
* Temperature

Downscaled & bias-adjuste}

Reference Climate Data

Europe (EMO-1) — 5km

Reference Climate Data

Globe (ERA5-Land + EM-

Earth) - ~10km

*Multl-scale bias AdjuStment (MIdAS, Berg et al. 2024) - a robust quantile-
mapping method for consistent, bias-corrected climate data across extremes.

European hydro models (5km)

E-HYPE VIC-WUR PCR-Glob

LISFLOOD mHM JULES

Daily & monthly:
River discharge
Runoff
Soil moisture
Snow

Global hydro models (~10 km)

WW-HYPE  VIC-WUR PCR-Glob
LISFLOOD mHM JULES

eclLand

68


https://data.jrc.ec.europa.eu/dataset/0bd84be4-cec8-4180-97a6-8b3adaac4d26
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-land?tab=overview
https://journals.ametsoc.org/view/journals/bams/103/4/BAMS-D-21-0106.1.xml
https://journals.ametsoc.org/view/journals/bams/103/4/BAMS-D-21-0106.1.xml
https://gmd.copernicus.org/articles/17/8173/2024/

**
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Europe’s eyes on Earth
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Implemented by ECMWF as part of the Copernicus Programme

H 6p§[n|9}i§ ‘/"@* gu’;:;z Service Operational C3S Water Service Modelling framework User engagement Seasonal forecasts

Operational C35 Water Service » Seasonal forecasts

Forecast lead time 1-6 months
fo recaSt app Seasonal forecasts

o

Forecast date: 2018-01 02 03 04 05 2018-06 Timeseries

:’77 ¢ EJ" i A 4

. ariables |+ b

(not yet publicly e 5 | I v pra——
available) s . ¥ selecuhy Sl eness nder

o g

HYPE @ f ‘ﬁ}Od Fetch timeseries
Select forecast JULES :
variable mHM

PCR-GLOBWB @
VICWUR @

Model aggregation

Select ensemble

aggregation / — v

Temporal aggregation

blending approach :

=

Normal

sique M Low

= | caflet | © OpenStreetMap cdntributors. Gridded rivers © UKCEH, Soil wetness index
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How to stay up-to-date with the C3S Water Service?
UFZ ) cc e tironmentsi researet

* Website (more to follow soon!): SMI“

« https://c3swaterservice.climate.copernicus.eu/ 6 Ecolcoy & Hydrology

WAGENINGEN

UNIVERSITY & RESEARCH

* Timeline: C3S Water Service contract Feb 2025 to Jan 2028

§;% Utrecht
%mi? University

(@

* Links to data (on the CDS), Apps, Demonstrations, and User Surveys to help
shape the service! »


https://c3swaterservice.climate.copernicus.eu/
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Recap of the C3S Water Service?

The C3S Water Service

1.) Global Hydrological Models (GHMs)

What are
the current LISFLOOD (CEMS) mHM (UF2)
conditions? m
o - P - ;U
What will == — P
happen .. { 4B

over the

A seasonal hydrological service provides current
hydrological status and an outlook over the
next month to several seasons ahead

2.) Land surface models

ecland (ECMWF)

JULES (UKCEH)

“““"\\ Y (i dd M

Pl y

3.) Al-based hydrological models

e.g. Flood Hub (Google)

There is no single best seasonal climate or
hydrological model everywhere — multi-
model framework needed to capture model

structure uncertainty

VVVVVVVV

eeeee

eeeeeeeeeeeeeeee

User co-design of applications with
open data imperative to drive
downstream uptake of seasonal
hydrological forecasts
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Quiz time



<> ECMWF
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Thank you



Pillar 1: hydrological sub-seasonal and seasonal forecasting

« 1.) What is the major factor in atmosphere predictability over 3 months?

— Choices: atmosphere; land; ocean
 2.) How important are hydrological initial conditions in hydrological sub-seasonal forecasting?

— Choices: not important at all; the only fact that matters; importance depends on catchment water storage
 3.) What hydrological forecast strategy can best handle climate change?

— Choices: Statistical, ESP, Dynamical

& ECMWF
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Pillar 2: Hydrological outlook products

* 4.) How frequently are ECMWF and GIoFAS sub-seasonal forecasts updated?
— Choice: every day; twice per week; every week

« 5.) How many forecast anomaly categories are used in GIoFAS seasonal forecast products:
— Choices: 2, 5, 10

* 6.) What is the recommended time-aggregation of sub-seasonal hydrological outlooks:

— Choices: daily, weekly, monthly

& ECMWF
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Pillar 3: Data access and analysis

« 7.) How many variables are available through the EWDS for the seasonal forecast?
— Only discharge, Land hydrology variables, Discharge and precipitation
« 8.) How frequently are the seasonal forecasts made available on the EWDS?

— Monthly at the beginning of each month, Monthly on the 10th of each month, weekly at the beginning
of each week.

* 9.)What is the main benefit of using Earthkit package ?

— Faster data download than cdsapi, Fast data download and processing, Fast data processing.

& ECMWF
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Pillar 4: climate services

« 10.) What is the benefit of including multiple climate and/or hydrological models in a seasonal
forecast?

— Choices: Speeds up forecast generation, reduces need for model calibration, captures model structure
uncertainty

- 11.) What is a reforecast or hindcast in seasonal hydrological forecasting:

— Choices: Areal-time forecast for the previous month, A retrospective forecast used to assess model skill,
A deterministic simulation used to initialise forecasts

« 12.) What does ensemble spread show:
— Choices: Model resolution, Gauge availability, Forecast uncertainty
« 13.) Seasonal forecasts typically provide information over what time range?

— Choices: 1-3 days, 1-7 months, 5-10 years

& ECMWF
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Thank you & Further information!

www.efas.eu EFAS website

www.globalfloods.eu GloFAS website

https://ewds.climate.copernicus.eu/ CcEmMs-Flood data on the Early Warning Data Store

https://confluence.ecmwf.int/display/CEMS/CEMS-Flood CEMS-Flood Documentation

PROGRAMME OF THE : .
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http://www.efas.eu/
http://www.globalfloods.eu/
https://ewds.climate.copernicus.eu/
https://confluence.ecmwf.int/display/CEMS/CEMS-Flood
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