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+ CAOS: predicting the uncertainty !!!
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Who are we

* Why multi-NWP model
« Verification
« Case studies

* ySREPS products web + PANE|
« Probabilistic products =» Spaghetti
+ EPSgrams = Aeronautic products

AEMET LAM-EPS future

- Accorb/uwc HarmonEPS

on Forecasting Offices
products, BUT last yeal

The AEMET
Predictability-ySREPS Group

models

Predlctablllty-ySREPS group 7 Predlctablllty-ySREPS group 7
Since 2002 an small core group working on Limited Area (LAM) Ensemble & Since 2002 an small core group working on Limited Area (LAM) Ensemble k
Prediction Systems (EPS) depending on AEMET Research and Development Prediction Systems (EPS) depending on AEMET Research and Development A\ -
Department (DDA) SREPS Department (DDA) SREPS
Members of ACCORD-EPS, UWC-South and involved in several projects: +  Members of ACCORD-EPS, UWC-South and invelved in several projects:

+ EUMETNET SRNWP EPS (co-managing) + EUMETNET SRNWP EPS (co-managing)
Spanish universities: HYDROMED (UIB), CHIONE (UB) efc., +  Spanish universities: HYDROMED (UIB), CHIO
European collaborations: AromeEPS rétéoFrance, ALARO, IPMA-AEMET (Portuguese), etc. wagan collaborations: Aroj
L Alfons Callado ySREPS operational development
Juanjo Gémez and suite maintenance [60%]
7SREPS develgpment \ K pi
and i ; . last 10 years ...
i Matilde Garcia-V. Y
maintenance 2026-28 contract maintenant BUT needed 4/5 people to
[100%] \ [100%] T manage and develop LAM-EP:
from EUMETNET properly
d SRNWP-EPS > Hopefully TWO new number of
. Saly [100%] ; collaborauons and a
Pau Escriba &4 =
Assimilation a%& Assimilafion
AROME-ALARO = =\ AROME-ALARO
NWP collaboration ?Q Miguel Gullon NWP collaboration
[10%] =" TOBEGIN IN APRIL [10%]
¢HarmonEPS and IA?
David Gil web page for [100%] id Gil web page for
Full members PANEL and technical developments [10%] Full members PANEL ¥nd technical developments [10%]
Projects / Collaborations Projects / Collaborations




Brief history

Classic AEMET-SREPS

'SREPS group
during the years
Carlos Santos
Juan Simarro
Daniel Santos

José Antonio Garcia-Moya
(retired on May 2018, deceased 2019)
Head of the group 2002-2018

David Quintero
Mauri Martinez
Jesiis Montero
Bartolomé Orfila

Classic AEMET-SREPS 2003-2007 m

Eugenia
Kalnay

+ Multi-model seems to be the best
strategy for sampling model error:

Pms| SPREAD-SKILL relationship EJL?\j‘ezr;izt%?)
* More CONSISTENT LAM-EPS Maryland
(USA)

Spread-Skill A
The closer to o
the di
the better
- Below
diagonal, i
underdispersive 1}

Sy 1)

Emed fral

s>
Classic AEMET-SREPS 2003-2007 m

Eugenia
Kalnay
(1942-2024)
University of
Maryland
(USA)

+ Multi-model seems to be the best
strategy for sampling model error:
Pmsl SPREAD-SKILL relationship

* More CONSISTENT LAM-EPS

but we were the only ones ...
+ European Weather Service:

diagonal,
underdispersive

Configuration
classic AEMET-SREPS 2003-2007

25 km short-range Modls) | CMCGEM  DWD_GME ECMNF FS | UMAGEM | NCEPGFS
multi-model : \‘5 :
and multi-BCs
LAM-EPS

Configuration
classic AEMET-SREPS 2003-2007
25 km short-range \ools/ | CMCGEM | DNDGME | EQfWEFS | UMAGEM | NCEPGFS
multi-model fonire o8 d -
and multi-B HR 0
LAM-EPS 1k ;
i . hool" to learn LA ==
.T-SREPS performs better thal > S
other LAM-EPS in Europe (at that time) . i

UT beautiful “frustration” (myself a
ast) because not used by Forecasti
Offices R

”'5)

20/25-members on AEMET-SREPS: daily running 2003-2007

CAOS

Predicting the
uncertainty




CAOS: predicting the

uncertainty
O% Edward Lorenz
N ? (1917-2024)
b P Professor at MIT (USA)

Father of chaos theory
and butterfly effect

NO NO

RAIN RAIN RAIN RAIN

* HIGH predictability: clear DRY
weather to RAIN transition

«  MEDIUM predictability: 70% dry
weather, 30% RAIN

« LOW predictability: 50/50% nolyes
RAIN and a lot of UNCERTAINTY in
HOW MUCH RAIN

For

Why and how EPSs ?

» What is an ensemble ?
« A combination of physically plausible number of

ECMWF 1999 ENS IFS
SPPT to take into account model error

[Roberto Buizza]

ecasting the uncertainty

EPS with both
initial conditions
uncertainty and

model error
30% 20%
- ——
% 70% 80%
0.
RAIN

NWP deterministic called members

Taking into account TWO sources of UNCERTAINTY:
initial conditions and error model

Probabilistic forecast: PDF

Imperfect
initial
conditions

EPS only

with initial
conditions
uncertainty

Real atmosphere
evolution

Deterministic Forecast

\ 5 PDF

Original idea:

Forecast Range
Roberto Buizza (ECMWF

ECMWF 1999 ENS IFS
SPPT to take into account model error

[Roberto Buizza]

Why and how EPSs ?
Forecasting the uncertainty

» What is an ensemble ?
« A combination of physically plausible number of
NWP deterministic called members
+ Taking into account TWO sources of UNCERTAINTY:
initial conditions and error model
* Probabilistic forecast: PDF

EPS with both
initial conditions
uncertainty and
model error

30% 20%
Imperfect =-=
initial 70% 80%
conditions

EPS only

with initial
conditions
uncertainty

Real atmosphere
evolution

Original idea:
Roberto Buizza (ECMWE
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AEMET-)SREPS
What is it 2

What is our goal? High Impact Weather events

Any forecast is incomplete without a measure of its uncertainty or its PREDICTABILTY

EPS 2011-2019
e resources limitations
decided to go directly from 25km to
2.5km and not to have a LAM-EPS af
~10km BUT meanwhile HIRLAM

What is it

What is our goal? High Impact Weather events

Any forecast is incomplete without a measure of its uncertainty or its PREDICTABILTY

Detailed. '
forecast

Main goal
[Organised] Convection
HIW
e.g. WRF



AEMET-)SREPS system W
« 2.5 km 20-members non-hydrostatic convection-permitting LAM-EPS M

« Since April 2016 daily running at 00/12 UTC up to 72 hours (2023)

- Since end 2019 products available to Forecasting Offices SREPS
+ 3 DOMAINS: IBERIAxxm_2.5, CANARIAS_2.5 and LIVINGSTON_2.5 (Antarctica)
Multi-BCs | ECMWF/IFS | NCEP/GFS | MF/ARPEGE | JMA/GSM | CMC/GEM

Multi-NWP

HARMONIE-AROME

ALARO

bkl VR
ARW

NMMB

AEMET-)SREPS system W

+ 2.5 km 20-members non-hydrostatic convection-permitting LAM-EPS
« Since April 2016 daily running at 00/12 UTC up to 72 hours (2023)

- Since end 2019 products available to Forecasting Offices SREPS
« 3 DOMAINS: IBERIAxxm_2.5, CANARIAS_2.5 and LIVINGSTON_2.5 (Antarctica)

CMC / GEM

Multi-B  prea USREPS AIC  NMERS=9
o

0 FCT=42

WALID_ DATE=20180331 60 UTC
l .

Multi-NWP

HARMONIE-ARON  “™
Lo
.

ALARO

B = o o mndl

AEMET-)SREPS system W
« 2.5 km 20-members non-hydrostatic convection-permitting LAM-EPS M

« Since April 2016 daily running at 00/12 UTC up to 72 hours (2023)
- Since end 2019 products available to Forecasting Offices SREPS
+ 3 DOMAINS: IBERIAxxm_2.5, CANARIAS_2.5 and LIVINGSTON_2.5 (Antarctica)

CMC / GEM

= | el

Multi-B  prea

Multi-NWP

HARMONIE-ARON

AEMET-)SREPS system W
« 2.5 km 20-members non-hydrostatic convection-permitting LAM-EPS M

« Since April 2016 daily running at 00/12 UTC up to 72 hours (2023)

- Since end 2019 products available to Forecasting Offices SREPS
+ 3 DOMAINS: IBERIAxxm_2.5, CANARIAS_2.5 and LIVINGSTON_2.5 (Antarctica)
i cmc |/ 6l
Multi-B  Area m“_u!s;!lwégwnnnwsao ™ EM

3raphy MEDIAN

1D DATE=30150331 06 UTE l .

Multi-NWP

HARMONIE-ARO

ACSR |

Eumw&mﬂumnmf

AEMET-ySREP§ desig Nz

LAMEES There are model
« 3 sources of uncertalntles errorin 2 BC ?
* Multi-model Multi-Boundary Conditions LAM-EPS [ ] KEFY

3
MODEL

1 2
INITIAL BOUNDARY
CONDITIONS NDITION

~Synopt/c uncertainty

~Mesoscale uncertainty

AEMET-ySREP§ desig Nz

LAMEES There are model
« 3 sources of uncertalntles errorin 2 BC ?
* Multi-model Multi-Boundary Conditions LAM-EPS [ ] KEFY

1 2
INITIAL BOUNDARY
CONDITIONS
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Why multi-BCs and multi-NWP models ???
Due to higher performance than other LAM-EPS
configurations

Objective verification
Subjective verification: case studies

ySREPS versus ECMWF EPS

HarmonEPS system paper: review of HIRLAM EPSs OBJECTIVE
+ Comparison of 12AccPep for 00 / 12 cycles of November 2018 VERIFICATION
R R
ySREPS
ECMWF
EPS
T w W W woww T Spread

i FMEE (i 1257}

Frogner |.L. et al, 2019, “HarmonEPS - the HARMONIE ensemble prediction system”
. 1909-1937, https.//doi.ol

Weather and Forecasting. 2019, 34,

/10.1175/WAF-D-19-0030.1

ySREPS versus ECMWF EPS
« HarmonEPS system paper: review of HIRLAM EPSs OBJECTIVE
« Comparison of 12AccPcp for 00 / 12 cycles of November 2018 RERHICAION
ySREPS
Z ECMWF
5 - EPS
g, others LAM-EPS !!! —
3. Atleast in 2019 . e
2 Spread
em RMSE
Frogner |.L. et al, 2019, “HarmonEPS - the HARMONIE ensemble prediction system”
. 1909-1937. https://doi.ol /10.1175/WAF—D—1900£{M

ySREPS versus AROME EPS

MétéoFrance collaboration:

« Results for AROME EPS (Météo-France) and
JSREPS (AEMET) intercomparison verification

Ees

Thanks to
Francois B r
Verification [package]

Common area

Two periods:
> 1st- 31st May 2018

> 8th —16th October 2018
(Leslie time, very
convective period)

Weather and Forecasting. 2019, 34,

ySREPS versus AROME EPS

Thanks to
Francois B r
Vegification [package]

» MétéoFrance collaboration:
« Results for AROME EPS (Météo-France) and
JSREPS (AEMET) intercomparison verification

2 " convective period)

AROME-EPS ySREPS

> 15t- 31t May 2018

RCC e precdidmm=006 | eup Aromes i JS8ERS I gEAEFS L 2m
nighar b hatier

AccPcp > 6mm/3h ROC area

ySREPS versus AROME EPS

Thanks to
Frangois Bouftfer
Verification [package]

> 8th —16th October 2018

FOC Aran DrecINAITF=008 £ EXDATOmOEPS QSAEFS b g EFSLamD

P Lt G e
-~ ammetsi ACCawn || %
4 ) Serieitims Ao |
as ., 2 o8 o
i | A\ - \, L -
of | | \ N os -
A=A
'in.lr | |'I 1 - E o7
1 |
g 0§ I ; 05
Bos\ | v gos e
N = rmontam
FERERS13mh ADCeres
o4 o4 —
20 25 a0 as an

o s 10 15 220 2% 30 35 a0
forecast range (h

5 10 1%
farecast range (h)

May /SREFPS > = AROME-EPS October /SREFPS =< AROME-EPS




versus AROME EPS

AROME-EPS

> 1st. 315t May 2018

10
%U.ﬂl
Eo.,
8ok
£
Boy)
o5}

N
04
5 b L] 15 20 25 E
forecast range (h)

May > = AROME?|

ROC area

Thanks to
Frangois Bouftter
Verificfftion [package]

assimilation to be better than

SBut only for 6/9 hours < In
“practise” INHERENT LIMIT of
PREDICTABILTY at this scales
(Remember “theoretical” limit by
E.Lorenz 1969 with K3)
= Synoptic errorsluncertalntles

In what
FORECASTERS are
ore interested Il

AEMET-)SREPS

Why multi-BCs and multi-NWP models ?7?7?

Subjective verification:

Case Studies
Spatial uncertainty — “Spaghetti” product

Case study: 215t October 2018 ALPANDAIRE-MALAGA
AEMET maximum record of

AccPcp in 6 hours: 289 mm
+ Convective Mesoscale System

+ Stationary cut-off low (DANA), blocking ridge, low level wet jet
+ Low predictability < High spatial/temporal uncertainty

A uA IH M ..

iménez Cavero, C.M., June 2019, “RECORD NACIONAL DE EN 6 HORAS: 21 DE
2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication

R |
AuTtHoR: | =%
=)

Carlos

Manuel :“\
Jiménez Cavero|
MALAGA

forecasting office

Exaciin 6045 -
Precipkacen n 10 ma De

© ALPANDEIRE
I' Rain Gauge
10 minutes

Case study: 215t October 2018 ALPANDAIRE-MALAGA =
AuTtHoR: | R

i)

=

AEMET maximum record of e v
AccPcp in 6 hours: 289 mm Manuel U8
Jiménez Cavero

MALAGA

« Convective Mesoscale System :
forecasting office

+ Stationary cut-off low (DANA), blocking ridge, low level wet jet
+ Low predictability < High spatial/temporal uncertainty

6,8 % T

eI 515 A0 BT Wi, Ui
g 14 W

iménez Cavero, C.M., June 2019, “RECORD NACIONAL DE EN 6 HORAS: 21
2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication

Case study: 21t October 2018 ALPANDAIRE-MALAGA
AEMET maximum record of

AccPcp in 6 hours: 289 mm
+ Convective Mesoscale System

+ Stationary cut-off low (DANA), blocking ridge, low level wet jet
+ Low predictability < High spatial/temporal uncertainty

AUTHOR: ~,E€.V
Carlos 5; N
Manuel \‘ |
Jiménez Cavero|
MALAGA

forecasting office

Spaguetti MBRS 90mm/Bh i1t 111

" ySREPS Spaguettis
PROB(Pcp>90mm/MaLaca) = 30 %

AccPop PROB = 9gaaus “3*-\)"10 ity

et 125
Ty

AW e
HARMON}E cyi!ﬂ‘ ~80mm/6h i

iménez Cavero, C.M., June 2019, “RECORD NACIONAL DE PRECIPITACION EN 6 HORAS: 21 DE OCTUBRE DE
/' 2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication

Case study: 215t October 2018 ALPANDAIRE-MALAGA =
AuTtHoR: | R
R

AEMET maximum record of e v

AccPcp in 6 hours: 289 mm Manuel <> |
Jiménez Cavero
MALAGA

+ Convective Mesoscale System
+ Stationary cut-off low (DANA), blocking ridge, low level wet jet
+ Low predictability < High spatial/temporal uncertainty

forecasting office

AcePep PROB = 18197/ TVar
Spaguetti MERS 180mm/6h; , -

| 7SREPS Spaghettis
PROB(Pcp>180mm/MaLaca) = 10 %

N

iménez Cavero, C.M., June 2019, “RECORD NACIONAL DE EN 6 HORAS: 21

/' 2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication




Case study: 215t October 2018 ALPANDAIRE-MALAGA

. |
AEMET maximum record of AutHoR: &=ty

Carlos
A S5
AccPcp in 6 hours: 289 mm Manuel /% |
Jiménez Cavero|
MALAGA

+ Convective Mesoscale System
« Stationary cut-off low (DANA), blocking ridge, low level wet jet
« Low predictability < High spatial/temporal uncertainty

forecasting office

AccPcp MEAN d0mAGH: St 5ie do 1 taanieao
AccPep PROB > 40 a2 e,

I ySREPS
PRDB(JICCPcpMﬂnm) 20 %
, £ i I
Fl el IS ~ 300mm/6h g
i " M
! o
i =) ag
- 1 : E

// ' Jiménez Cavero, C.M., June 2019, “RECORD NACIONAL DE PRECIPITACION EN 6 HORAS: 21 DE OCTUBRE DE
2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication

Case study: 21t October 2018 ALPANDAIRE-|
AEMET maximum record of

AccPcp in 6 hours: 289 mm

+ Convective Mesoscale System
+ Stationary cut-off low (DANA), blocking ridge, low level
Low predictability < High spatial/temporal uncep

AeePep MAX AL o
mm/6h

Extreme events are
usually
only in the “tails”
BUT hopefully there
| rs alwa ys 1 or 2 members

: =
' Only 1 MBR
~ 300mm/6h

// ' Jiménez Cavero, C.M., June 2019, “RECORD NACIONAL DE EN 6 HORAS: 21
2018 - ALPANDEIRE - MALAGA: IMPORTANCIA DE La VIGILANCIA INTENSIVA”, internal AEMET publication

Basic concepts: PDF ensemble

ENSEMBLE
.  Members are
pZ N = equiprobables ?
NWP utputs i
Member 0
EPS: a collection of deterministic
\ NWP possible realizations
Member 1
Member 2 |X
Member(3 @ _’L
What happens
with the
. distribution
Discrete PDF sample TAILS ?

PDF < Probability Distribution Function
Theoretically is possible due to an initial PDF integrate it to predict its evolution through the so called Fékker-Planck equation
(Liouville equation for meteorology). In practise no one has succeed.

.  Members are
= equiprobables ?
2

NWP tend to be
“conservative” EPS: a collection of deterministic
Main goal forecasting offices \ NWP possible realizations
is HIW [as Mediterranean
convection]

Member 1

> MOTIVATION to include ]
WRF
Member 3 @ 17
What happens
with the
. distribution
Discrete PDF sample TAILS ?

obability Distribution Function

reffally is possi 0 an initial PDF integrate it to predict its evolution through the so called Fokker-Planck equation
(Lmuw equation for meteorology). In practise no one has succ:

Case Studies: Dana-Valencia
and Alcanar Flash-Floods

istered 771,8mm/24h)

The Alcanar case exhibits high spatial uncertainty, in contrast to the DANA-Valencia case, as evidenced
e Spaguetti products
-) Isolmes of AccPcp for each member
Both cases show AccPcp maxima that are relatively “close” to the observed values.
= Extreme HIW events are typically well represented in the EPS maxima by a few members.

ek PR < o

Close to Alcanar > 192-256mm/12h
red 256,7mm/24h}

RADAR

Case Studies: Dana-Valencia
and Alcanar Flash-Floods

NA-Valencia case, as evidenced

e relatively “close” to the observed values.
&y well represented in the EPS maxima by a few members.

T ek PR < o
oy S v

7 members > 120mm fect

35%
BUT with spatial unurulmv
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YSREPS products
Web ana PANEL

Probabilistic

Spaghetti < all members
Maximum
=>» Looking for the worst scenario

http://www.gsreps.aemet.es

Spaghetti < all members
Maximum
=>» Looking for the worst scenario

http://www.gsreps.aemet.es

7,
Global || LAM S

AEMET-)SREPS

In OPERations

S

YSREPS into WEB + PANEL

http://www.gsreps.aemet.es

[E=/ 0w —

Clouds MEAK
AccPep MED

a products servel
for PANEL.

PANEL examples AccPcp

« Poor man ensemble < comparing different
forecasting systems =& ECMWEF-IFS,

HARMONIE-AROME and ySREPS

PANEL examples AccPcp
« Poor man ensemble < comparing different

forecasting systems =& ECMWEF-IFS,
HARMONIE-AROME and ySREPS

PS has an average (mean &
edian) product for all paramete




airports el
+ AEROgrams: | 3
EPSgrams
following the

runway direction
« Probabilities over
7,15 and 20 kts
* Tail wind
» Cross wind
« Shear: trying four
levels:
- 10, 100, 200
and 457 m
=3
~ 001, 003, 006,
015 FL

EPSgrams:
airports

+ AEROgrams:
EPSgrams
following the
runway direction

« Probabilities over
7,15 and 20 kts
* Tail wind
» Cross wind
« Shear: trying four
levels:
- 10, 100, 200
and 457 m
<«
~ 001, 003, 006,
015 FL

EPSgrams: [[ 8 3{a{a/ 8 s/s ) ine)
airports e P g

+ AEROgrams:
EPSgrams
following the
runway direction

« Probabilities over
7,15 and 20 kts
* Tail wind
» Cross wind
« Shear: trying four
levels:
- 10, 100, 200
and 457 m
<

~ 001, 003, 006,
015 FL

EPSgrams:
airports

+ AEROgrams:
EPSgrams
following the
runway direction

« Probabilities over
7,15 and 20 kts
* Tail wind
+ Cross wind
« Shear: trying four
levels:
- 10, 100, 200
and 457 m
<

~ 001, 003, 006,
015 FL

Special runaways
PSgrams requested b
aeronautic forecastel

ySREPS2EPSgrams NOV23
Mountain and Villages

EPSgrams
03 FR traemmaAne e =

Mountains

Villages

Ribagorza

EPSgrams

ySREPS2EPSgrams NOV23
Mountain and Villages

EPSgrams

Mountains

Villages

Request for mountail
forecasters
mmits EPSgrams

Ribagorza

EPSgrams




ySREPS2ATAPproject ApRr2s N\
PROBABILITY MATRIXs EPSgrams (WP

e
IFS-ENS ATAP
project [Centro

Meteoroldgico de Malaga —
Nicolas Sanchez Maldonado]

ySREPS2ATAPproject Apr2s N\
PROBABILITY MATRIXs EPSgrams (WP

o]

IFS-ENS ATAP
project [Centro
Meteoroldgico de Malaga —
Nicolas Sanchez Maldonado]

equest for Easteri
Week forecasters
mits EPSgrams

ySREPS2EFIandSOT Nov2s I

T2mMax ySREPS versus ECMWF IFS-ENS v R EN!ﬁJ

)

ﬁ!ﬁ £

T2mMax EFl & EFI0.3 24h A RMORGS10

T2mMax SOT w: STEST+ """u“?"?""é‘;ﬁlé‘m"n".#

ySREPS2EFIandSOT  Novz3 |
: 3
T2mMax ySREPS versus ECMWF IFS-ENS IMP&’MEN

)

ﬁ!ﬁ £

TimMax EFI & EFIU! 2ah
nmm: SOT 24h *TE "

bty b B FI/SOT requested
by Forecasters

All EPSgrams LOCATIONS

Available in PANEL
for all EPSgrams
LOCATIONS

Zoom

ySREPS2ATAPverticalProfiles  apr2s ¥
.

ySREPS2ADAGUC

Requested by
forecasters for
very local

L Maan Pop
= N 1 mm3h

Probablllstlc Cross
Sections:, e.g. across
mountains or
landing paths
- Probabilities on

§ arning Regions

10



ySREPS2ADAGUC
Dynamic web
with zoom in PANEL

T

—10—

- = 2 Maan Pop

1 mmyzh

Probabiity = 1mmith

$ J
SREPS

AEMET LAM-EPS
FUTURE

Transition from multi-NWP model y$SREPS
to uni-NWP model HarmonEPS

Foreseeable future a D

Work plan: 2025/26 <

+ Keep 2.5 km and extend current YSREPS (~2/3 years) due to:
— 1 km and hectometric NWP models still not work properly
~ Multi-model performs still better than another techniques to deal with
model errors and uncertainties
+ Extent to:
— 25/30/36 members & Including Global ICON BCs and ICON-
LAM and mayvbe Canadian GEM-LA!

I RERIAvym O B Fi
< IBERIAXxm 2.5 higger domain (~betterorgamzed convection)

 Update NWP models:
WRF3 to 4.6
HARMONIE-AROME and ALARO cy40h111 to cy46h1

« Become TC2 at ECMWCF HPCF
« Auto-verification each month with HARP v3
— BCs and NWP sub-ensembles verification
3 — Deterministic verification for each member
+ PRODUCTS
— ADAGUC dynamic zoom products
— Vertical probabilistic profiles

Foreseeable future & >
Work plan: 2025/26 -

» Keep 2.5 km and extend current yYSREPS (~2/3 years) due to:
— 1 km and hectometric NWP models still not work properly
~ Multi-model performs still better than another techniques to deal with
model errors and uncertainties
+ Extent to:
— 25/30/36 members & Including Global ICON BCs and ICON-
LAM and mavbe Canadian GEM-LA!

I RERI Avym O B Fis,
- IBERIAXxm 2.5 hicger domain (~betterorgamzed convection)

* \Update NWP models:
WRF3 to 4.6
HARMONIE-AROME and ALARO cy40h111 to cy46h1

« Become TC2 at ECMWCF HPCF

= Auto-verification each monthith HARP v3

— BCs and NWP sub-ensembles vel

3 — Deterministic verification for each memb
- PRODUCTS

— ADAGUC dynamic zoom products

— Vertical probabilistic profiles

was HPC resources
- = Currently our limitation is
- human resources

Foreseeable future

DOMAIN
which

WE WouLD
LIKE TO
HAVE
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YSREPS IBERI

A domain

AT 35 LARE_TREL

E1 in December
2025

updated NWP models and

AEMET AM-EPS

VERIFICATION

IBERIA

Updated ySREPS 2026 versus 2016-25
HarmonEPS TEST versus yYSREPS

Juanjo -
Gémez
Navarro

To HarmonEPS: 15t steps ;

One month

HARMONIE uni-NWP model LAM-EPS verfcation
ctober -
10th November 2025

T2 ySREPS 2016-2025 Spread-Skill
m ySREPS 2026 = = = Spread
HarmonEPS ~2027/28 === om RMSE

em RMSE
The lower,
the better

RMSE-Spread
The closer,
the better

—) — —

To HarmonEPS: 15t steps =

One month

HARMONIE uni-NWP model LAM-EPS verfcation
ctober -
10th November 2025

JSREPS 20162025  Rank Histgram
T2m ySREPS 2026 Observations versus
HarmonEPS ~2027/28 . (1111 I ordered members

;=
The flatter,
the better

U-shape,
Not enough
spread

wlesl el oel ol kel Ll ekl I.ll.l.“l

To HarmonEPS: 15t steps
HARMONIE uni-NWP model LAM-EPS

ySREPS 20162025  CRPS
2m /SREPS 2026 Continuous  Through a

Probability distribution of
HarmonEPS ~2027/28 Ranked Score  thresholds

CRPS
The lower,

the better

To HarmonEPS: 1st steps [
HARMONIE uni-NWP model LAM-EPS yerfcation
10th Nz;r:t’:er 2025

ySREPS 2016-2025 Reliability HH+48
T2m ySREPS 2026 Sharpness
Predicted probability
versus observed frequency

HarmonEPS ~2027/28

Reliability
The closer to
the diagonal,
the better
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To HarmonEPS: 15t steps

HARMONIE uni-NWP model LAM-EPS

T

Temperature

V4

Geopotencial

—
CRPS

The lower,
the better

—p G
Spread-Skill
The closer,
the better

Prossure (1P3)

ySREPS 2016-2025
ySREPS 2026
HarmonEPS ~2027/28

Vertical Profles of Verification Scores.
Vasabl: T| Sol: RMSECRPS | Dashed: Sproad
chps

Vasabe: T Tomperatre)

Model = gSREPS_ BERA = GSREPS GERAom - HamendPS

Veaton o 20251010 24251110

One month
verification
10th October —
10th November 2025

Vertical Profiles

CRPS
Spread-Skill

Vrtcal Pofle Vericaton: Z

s
awsca)
.
i
i. :
s i
§ i
i ;
- :
:
:
ez
e

To HarmonEPS: 15t steps

HARMONIE uni-NWP model LAM-EPS

ySREPS 2016-2025 ScoreCard

ySREPS 2026

One month
verification
10th October —
10th November 2025

CRPS RMSE SPREAD S-S RATIO

T/Td/RH 2m/850/700/500hPa

AccPcp24h

e

. . . i
y 4 oy oA A 3
[Aiakyry AkiAwwy: s vAAALLAL: Ak
v g el >
- crow

b

Better A
YSREPS 202.

Worst

b

erd

R e &
TETERENT KT AT NN

i

ySREPS 2026 |1

s Tanl

- e

T e— BT L ITee—

——

I S0t S LA e

R BT v o 0TS R s W

To HarmonEPS: 15t steps

HARMONIE uni-NWP model LAM-EPS

One month
verification

To HarmonEPS: 15t steps

HARMONIE uni-NWP model LAM-EPS

One month
verification

10th October —

10th November 2025
ScoreCard
CRPS RM:
T/Td/RH
\ccPcp

ySREPS 2016-2025
ySREPS 2026

PREAD S-S RATIO
p0/700/500hPa

Better pdated ySREPS witl - © i
1 ySREPS 202 updated NWP models and = i
bigger DOMAIN
Worst .
YSREPS 2026

v m s

10th October —
10th November 2025

development for Harmon
Next week ACCORD Scientific visi

Worst

HarmonEPS, - ;

To HarmonEPS: 15t steps

HARMONIE uni-NWP model LAM-EPS

One month
verification
10th October —
10th November 2025

ScoreCard
JSREPS 2026 CRPS RMSE SPREAD S-S RATIO
T/TA/RH  2m/850/700/500hPa
HarmonEPS ~2027/28 A cpcpaan
Better e it ot oIt .:. ; v
® L i :
1 HarmonEPS e wiwvi"“_'v"; v vivers Teevqey : Yrew
- b >y b S A
Wol’st v Il'!!":f":"“:_ AAARALLS yery r' “"":“":T!U!’l“:
R - A : A -
HarmonEPS,: . . YITTTY TevevveTITeITTINY
better ySREPS v o ¥ %
wvrverrererervery v . Trervreey
LA At S H 1Pk«
5‘ \‘ v " ¥ v v v f v v ' b4
Trevveeed T Servveer T Svevevery

e it o GG A i - 3

= P o ATEPS OV ey - Warwr T b o T A s 8 T

T o -
> U/
somo T M aemel
) PARA LATRANSICION ECOLOGICA- W7 AgeniaEstotalde Meteorologia .
Y EL RETO DEMOGRAFICO. -

Gracias por vuestra atencion
y a disfrutar de las XXXVII

! Jornadas AME !!!

acalladoj

Jgomezn@aemet.es
if dgilo@aemet.es

aemet.es

XXXVII Jornadas AME

24° Encuentro Hispano-Luso de Meteorologia
Malaga (Spain), 25-27 February 2026

AEMET ySREPS Predictability Group
Juanjo Gémez, Alfons Callado

Miguel Gullén (new member)

Pau Escriba, David Gil (collaborations)

Matilde Garcia-V. (EUMETNET SRNWP-EPS project)

m Asociacion
7 Meteorologica
E Espanola
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VICEPRESIDENCIA
GOBIERNO o
DEESPANA  MINISTERIO
PARA LA TRANSICION ECOLOGICA|
Y EL RETO DEMOGRAFICO.

prediccion meteorolégica
Carlos Santos Burguete

y a disfrutar de la
Jornadas A

! AME Aula Morén (2024
gsreps@aemet.es i Pagina web AM
acalladop@aemet.es  jgomezn@aemet.es

% dgilo@aemet.es

XXXVII Jornadas AME
24° Encuentro Hispano-Luso de Meteorologia
Malaga (Spain), 25-27 February 2026

H HP AEMET ySREPS Predictability Group

um ASOCIaCIO'n . Juanjo Gémez, Alfons Callado
/ Meteorolog Ica Miguel Gullon (new member)

~ Pau Escriba, David Gil (collaborations)

/ Es pa fola Matilde Garcia-V. (EUMETNET SRNWP-EPS project)
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