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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 A B e
4

forecast — Y

£ <

Source: http://www.meteor.iastate.edu/gccourse
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. 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 1 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 i
OBSERVATIONS DATA ASSIMILATION 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 A 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
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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)

0 20 40 &0 80 100

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,

S Observed historical + modelled
CDU Observed historical Observed historical + NRT future weather Observed NRT + future modelled
streamflow weather Observed NRT streamflow weather data

3 14 @% o b A @K% 6

< Streamflow & weather to

g 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

>

E i = / == :

3 B O " B

O

3 Initial atmosphere, land, ocean

S Initial Hydrological Conditions and hydrological conditions

Seasonality Future weather patterns Future weather timeseries

g

g 03 ?® ©

>

B ' . Ability to overcome the

< Stationnarity Stationnarity Stationnarity stationarity issue

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

Forecast
(&!_?tency_  date ofl_lgxst\ ’ Generation C&Anomal;l/ definitionl: A
information vs vali seasonal vs annua
forecast date AForcing: NWP vs ASkill and uncertainty
AType : In-situ vs EO historic sampling; bias communication
vs modelled) adjustment ASpatial and temporal
AModelling choices: aggregation
physics vs ML; spatial Data t
Se : and temporal scale ala 10
e |Nitialisation [ o

Product

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



#EUSpace

CEMS -Flood context

% & Computational Analytics and Hydro data Meteo data
E“ § Europe'an' | centre Dissemination collection collection
= =-— Commission

(COMP) centre centre centre

. . (DISS) (HYDRO) (METEO)
opernicus Rt a

The European Earth Observation Programme CEMS FLOOI[&ntres
< ECMWF  SMHI = GHENOVA %K KISTERS
@ 80 —

Discharge Hydrograph [ECMWF-ENS)

TheGlobal Flood Awareness SysterfGloFA$
providecomplementaryflood forecast information
to relevant stakeholders that support flood risk
management at the national, regional and global
level. They supporERCC activities
GloFASroductsare freely accessible to all, and
highlightsflood signalover next30 days and
hydrological outlooksover next7 months

[ ecwnr-enson oo [ oo s 25 75 e

p—_} —CV
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outlook
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Global Flood Awareness S
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Evolved to include
a hydrological



#EUSpace

ERAT to
forecast date
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Data Service

Reanalysis, forecasts,
reforecast, seasonal
forecasts and
seasonal reforecasts

Web Service



#EdSpace
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S Flood processmg chaln
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x >l T Products(maps, graphs and =
S Mdamni A %‘ ) metadata information) accessible
Timeinvariant data & W e from GloFASS- Ervin
Geospatial maps, e s Data(river discharge, sowettness
parameters “drological status m_dex, snow water eq_uwalent time
ERAT to Tt update series outputs) accessnb_le f_rom EWDS
forecast date ﬁ* S River discharge, Soil for downstream applications
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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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surface
runoff
routing

iy .
L - zone
Q0w 60T W 30w ow 30°E 60" E a0
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1000 5000 Qe \ﬁ/

Different forecast
generation chains

with different data
needs and complexity

o
17 My 13—

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

s ECMWF
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Sub-seasonal weather regime Brier Skill Score

1.0
—— DJF (920)
—— MAM (1060)
0.8 N — 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] httDS://dOi.OrQ/ 101002/(“ 4178

24
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Weekly/monthly averaging 1 Precipitation anomalies

Day-to-day variability in forecast signal much reduced beyond 15 days FC: 2025-11-27
Strongest anomalies remain, with dandomdsmall-scale variability to be smoothed by weekly/monthly averaging

B <= -15.0000
-15.0000 - -10.0000

m
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B -5.0000 - -2.0000 ENS-

-2.0000 - -1.0000
-1.0000 - -0.5000 mean

-0s5000-05000  difference
0.5000 - 1.0000 .
I 1.0000 - 2.0000 to climate

B 2.0000 - 5.0000 mean
B 5.0000 - 10.0000

Bl 10.0000 - 15.0000 (mm)
B - 15.0000 '
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Weekly/monthly averaging T River discharge anomalies

Stronger, more persistent anomalies in river discharge thanks to the dnemorydof land-surface

Weekly/monthly averaging still necessary to remove dandomd@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

Sut-seasanal: Procipeation woekly mean a
e 1.8
I 22
25
November ~December  January  February March April May
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> Qutlook

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



Subseasonal/seasonal forecast implementation in GHdd8

/Realtime subseasonam
seasonal river discharge
forecasts

Averaged to calendar weeks
months

A /

Model climatologies

/ Subseasonal / seasona\l
99-value climatological
distribution

Generated fronR20-year of river
discharge reforecasts

Averaged to calendar weeks /

K months j

/ PROGRAMME OF THE
EUROPEAN UNION

Ensemble forecast

v 4

extremity (rank)
computation

Equally likely percentiles
v
o

River discharge

A Subseasonal products updated dail
(for OOUTC) at around4 UTC

A Seasonal products updated once a

6t of the month

Forecast anomaly

and uncertainty
computation

Reattime sub-seasonal /
seasonal river discharge
forecast anomaly and

uncertainty

Forcalendar weekg months

Based on th&1 ensemble
member ranks (computed againg
reforecastbased model
climatology)

—

Probabilities for7 (5+2) anomaly
categories

Expected anomaly categorfpne
of 7) defined by the rank mean

VA Uncertainty category(one of3)

defined by the rank standard
\ deviation /

month (for 15t of the month) at around

Forecast products

ﬁame product desigr%g
sub-seasonal/seasonal
River network map

Reporting point product




GloFAS subeasonal/seasonal web laydr@®utlook| /

A Dutlook[layer: Forecast signal on river pixels + reporting points (popup window with hydrograph and probability
A 5*3 categoriestoloursused b anomaly and3 uncertainty categories)

A Maps are scrollable, separate maps for all lead times

Catchment metadata

-

Control panel to
navigate through

Probability lead ti
evolution e? Imes
]

PROGRAMME OF THE
[ -roonammeor (opernicus




