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Since 2002 an small core group working on Limited Area (LAM) Ensemble Prediction
Systems (EPS) depending on AEMET Research and Development Department (DDA)

Alfons Callado (60%) yYSREPS operational development and suite maintenance
Juan José Gomez (100%) vSREPS development

Pau Escriba (collaborator, 10%) Assimilation. AROME-ALARO NWP collaboration
David Gil (collaborator, 50%) Web page and technical developments

Not yet hired (full member 100%) 2026-2029 SRNWP-EPS (EUMENET funded)

Currently 1.6 persons actively maintaining vSREPS. We estimate we would need 4-5
people to maintain it properly and keep improving it: we are asking for more
personnel... but still waiting
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Despite being a small group, We maintain a number of collaborations and
memberships with other institutions

ACCORD-EPS The ACCORD-EPS is a European LAM-EPS collaboration framed
within ACCORD (the scientific successor of HIRLAM)

SRNWP-EPS co-managed by us This is a program within EUMETNET. This is
devoted to foster the collaboration among various European consortia in
LAM-EPS approaches

Spanish universities HYDROMED (UIB), CHIONE (UB)

Other international collaborations Arome EPS (MétéoFrance), ALARO, IPMA
(Portugal), JMA, CAM, etc.
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Why is a LAM-EPS useful for Aemet?
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o To improve the quality of forecasts in the short range in key locations: cities,
airports

o To focus on the ability of the NWP system to represent convection (e.g. via the
inclusion of WRF)

o To provide an estimation of the predictability of HIW events
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What is YSREPS?
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~vSREPS is a...

. Multimodel and Multiboundary Condition...
2. ...Convection Permitting...

3. Limited Area Model...

4. ...Ensemble Prediction System

—_
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Agencia Estatal de Meteorologia

~vSREPS is a...

. Multimodel and Multiboundary Condition...
2. ...Convection Permitting...

3. Limited Area Model...

4. ...Ensemble Prediction System

—_

or simply LAM-EPS for short
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The name vSREPS has three parts, v-SR-EPS, and summarises some of their
properties:
o ~ is because it resolves the gamma scale of atmospheric phenomena (this can be
discussed)
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The name vSREPS has three parts, v-SR-EPS, and summarises some of their
properties:
o ~ is because it resolves the gamma scale of atmospheric phenomena (this can be
discussed)

o SR is because it is aimed at short range, i.e. 2 to 3 days of lead time
o EPS is because, well it is an EPS
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o Because weather is uncertain (and to some extent unpredictable)

o We are never sure about weather predictions, but we would like to quantify
uncertainty

o An EPS allows to quantify uncertainty, and assess different scenarios beyond the
most probable situation

o It has larger added value than single forecasts... but it requires more analysis and
training

o In this regard, vSREPS is not different from any other EPS, including the one
provided by ECMWF

Multimodel and Multiboundary Condition Convection Permitting Limited Area Model Ensemble Prediction System
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o Convection permitting means just that it has resolution high enough to explicitly
resolve convective processes (gamma scalel)

o This improves the quality of each ensemble member (because the
parametrisation of convection is very difficult)

o How do we get rid of convection parametrisation? =- high resolution
o The current resolution of YSREPS is 2.5 km

o Note that the recently implemented resolution in the ECMWF EPS is ~ 9 km (not
yet convection permitting)

Multimodel and Multiboundary Condition Convection Permitting Limited Area Model Ensemble Prediction System
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Because it just works and outperforms other strategies, as explained in the following
sections

Multimodel and Multiboundary Condition Convection Permitting Limited Area Model Ensemble Prediction System
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How was vSREPS designed?
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The 3 So u rces Of U ncertai nty Agencia Estatal de Meteorologia

When designing an EPS, we aim at addressing 3 sources of uncertainty
o Uncertainty/errors in the Initial Condition: we do not exactly know what'’s
happening right now
o Uncertainty/errors in the Boundary Conditions: we are now sure if the weather
systems and their timing coming through the boundaries is correct
o Uncertainty/errors in the Models: models are full of tuned parameters, simplified
physical processes, and equations solved with approximated methods
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The 3 So u rces Of U ncertai nty Agencia Estatal de Meteorologia

When designing an EPS, we aim at addressing 3 sources of uncertainty
o Uncertainty/errors in the Initial Condition: we do not exactly know what'’s
happening right now
o Uncertainty/errors in the Boundary Conditions: we are now sure if the weather
systems and their timing coming through the boundaries is correct
o Uncertainty/errors in the Models: models are full of tuned parameters, simplified
physical processes, and equations solved with approximated methods

When are they most relevant?

1. Initial Condition is most important during the first few hours

2. Boundary Conditions become the dominant source of uncertainty at about
24 hours

3. Model Errors end up being the source of largest errors after about 36 hours
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o Models require an (unknown, but approximated) initial condition

o Data assimilation is used to constrain the model towards the observed state
o Different weather centres use different strategies

o Our approach: take the initial conditions as is from 5 different Global Models
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Models require an (unknown, but approximated) initial condition

Data assimilation is used to constrain the model towards the observed state
Different weather centres use different strategies

Our approach: take the initial conditions as is from 5 different Global Models

The 5 ICs currently implemented

ECMWEF — IFS (European)

NCEP — GFS (American)
MétéoFrance — ARPEGE (French)
CMC — GEM (Canadian)

JMA - GSM (Japanese)

0O O O O

o1 s E Y =
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Models require an (unknown, but approximated) initial condition

Data assimilation is used to constrain the model towards the observed state
Different weather centres use different strategies

Our approach: take the initial conditions as s from 5 different Global Models

0O O O O

The 5 ICs currently implemented

ECMWEF — IFS (European)
NCEP — GFS (American) Room for
MétéoFrance — ARPEGE (French) | Improvement via

3DVAR assimilation

G = @] (Gl within our members

JMA - GSM (Japanese)

o1 s E Y =
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o The boundaries of our LAM transport uncertain information!
o This concept just does not apply to global models such as ECMWF

o Our approach: the same as with initial conditions, taking the boundary conditions
as is from 5 different Global Models
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Agencia Estatal de Meteorologia

o The boundaries of our LAM transport uncertain information!

o This concept just does not apply to global models such as ECMWF

o Our approach: the same as with initial conditions, taking the boundary conditions
as is from 5 different Global Models

The 5 BCs currently implemented

ECMWE — IFS (European)
NCEP — GFS (American) In this case
MétéoFrance — ARPEGE (French) ;he[‘; is ”g room
CMC — GEM (Canadian) or bounaary

assimilation
JMA - GSM (Japanese)

R
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BCs How they are What we get
(Every 3 hours - 00 and 12 UTC)

Hor Res Vert Type of | Hor Res Vert Type of

(km) Levels # | levels (Km) Levels levels
ECMWF | ~9 137 Hybrid | ~11 (0.1 deg) | 137 [109] | Hybrid
GFS 13 127 Sigma | 26 (0.25deg) | 47 [42] Pressure
CMC 15 80 Hybrid | 15(0.15deg) | 28 Pressure
ARPEGE | 5.0 [France] 105 Hybrid | 11 (0.1 deg) 28 Pressure
ARPEGE | 5.0 [France] 105 Hybrid | 10 70/80 Hybrid
JMA 14 (0.125 deg) | 128 Hybrid | 26 (0.25deg) | 111[86] | Hybrid

J.J. Gémez Navarro (jgomezn@aemet.es) ) Reunién Proyecto Hydromed ) June 2025

19/45




ta\‘aemer
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o Models are full of uncertainties in physical processes

o Also in the mathematical methods to solve differential equations

o There are plenty of different ways of solving the problem, each with pros and cons
o Our approach: use 4 different LAMs
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3 . M Od e I E r I'O I'S Agencia Estatal de Meteorologia

o Models are full of uncertainties in physical processes

o Also in the mathematical methods to solve differential equations

o There are plenty of different ways of solving the problem, each with pros and cons
o Our approach: use 4 different LAMs

The 4 LAMs currently implemented

1. HARMONIE-AROME (ACCORD)
2. HARMONIE-ALARO (ACCORD)
3. WRF-ARW (NCAR)

4. NMMB (NCEP)
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o Models are full of uncertainties in physical processes

o Also in the mathematical methods to solve differential equations

o There are plenty of different ways of solving the problem, each with pros and cons
o Our approach: use 4 different . AMs

aYWi A - hle

1. HARMONIE-AROME (ACCORD) Room for

2. HARMONIE-ALARO (ACCORD) improvement adding
3. WRF-ARW (NCAR) more models. GEM-
' LAM? ICON?

4. NMMB (NCEP)
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RED: IBERIA_2.5 Lambert 565x469 points

BLUE: NMMB rotated 568x472 points (W|th 1 phantom column and row) We tried to make the grids as similar

as possible

HARMONIEs: 576 x 480, Lambert
Conformal Conic

WRF: 566 x 470, Lambert Conformal
Conic

NMMB: 568 x 472, Rotated Lat-Lon
Common GRIB: Lambert 565 x 469,

identical codification to operational
HARMONIE
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Details of Vertical resolution '@ aemer

HARMOMIE v.5. NMMB and WRF-ARW (pre-defined as HARMOMIE)
LOW vertical levels
= =

|
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1 WRF-ARW 72 a5 HM |_
00 [ NMMB 72 as HM

.
Il

We tried to make the vertical spacing

as similar as possible

o HARMONIEs: 65 hybrid
sigma-pressure vertical levels

o WRF: 66 sigma (ETA)
hydrostatic-pressure levels up to 40
hPa

o NMMB: 66 hybrid sigma-pressure

levels up to 40 hPa

1013
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km
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NWP models’ settings
HARMONIEs WRF NMMB
AROME physics ARW dynamical core NMM dynamical core
ALARO physics + 3MT
65 Hybrid sigma- 66 sigma (ETA) hydrostatic- 66 Hybrid sigma-pressure
pressure vertical levels pressure levels up to 40 hPa up to 40 hPa
60 s time step 12 s time step 5.625 s time step
Lambert Conformal Conic projection: lon -2.5° / lat 40.0° | Rotated lon-lat B-grid: lon -2.5° / lat 40.0°
565 x 469 grid-points 568 x 472 grid-points
Calling radiation every 15 minutes
8 LBC relaxation points around grid area
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Multi-BCs | ECMWF /IFS NCEP / GFS MF / ARPEGE JMA / GSM CMC / GEM

(L |

Multi-NWP

HARMONIE-AROME

HARMONIE-ALARO
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Domain 1: Iberia
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Area SREPSGAIB NMBRS=10
DATE=20230113_12 FCT=48
Orography MEDIAN VALID_DATE=20230115_12 UTC
_ il 50> 12 Y 1250
R i = (

All Iberian Peninsula at 2.5 km

2125 O

=& o Runtwice aday: 00 and 12 UTC
;‘“ o Lead time 72 hours

22 o Various subdomains for products:
o 8 IBERIAN_2.5, NORTHWEST,

SOUTH, etc
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Area gSREPS AIC  NMBRS=10
Orography MEDIAN vi’\‘tTS DATEL20270113 13 UTe
= /! -
"""" - : sz o Canary Islands at 2.5 km
1875 g‘ .
o £ o Run twice a day: 00 and 12 UTC
=== o Leadtime 72 hours
w3 o Various subdomains for products:
8 CANARIAS 2.5, WEST, etc
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D o m al n 3 - A nta rCt I ca Agencia Estatal de Meteorologia
Area DATES50530143 12 FeT=48

56(Z_%)Srography MEDIAN VALID_DATE=20230115_12 UTC
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3000
2750
2500
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How does YSREPS perform in verifications?
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The Performance of Each Member IS Important
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o For an EPS to be useful each member, evaluated independently, must be good
enough

o We are quite confident that each member performs as state-of-art models at
similar resolution

o We inspect all members performance after major modification
o Still, we are not systematically evaluating the performance of each member

o We want to setup an automatic verification protocol (HARP) as part of our suites
= future work
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What does it mean for an EPS to be useful? There are many metrics, but one of the
most important for EPS verification is consistency.

o How far is reality from models? = error
o How big is the spread among models? =- uncertainty

An EPS is consistent if the uncertainty indicated by the model spread matches the
errors between models and reality. This is, if model spread is a good estimation for
model error
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(e) GSREPS

o We represent error (solid line) versus
3.5 . .
I - S — T spread (dashed line) for a given

variable. In this case precipitation
o In the horizontal, the evolution for

201 _-o---""-‘ . .
151 g numgn==o""""" various lead times
1.07 o In green, a consistent ensemble
0.54 . .
o In grey, an inconsistent one (the
0.04 .
T S spread is lower than the error)
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{a) MEPS (k) COMEPS
. — 115 o Frogner et al. 2019 evaluated various
ISt o Sl iy EENIDNSIPIRERE St LAM-EPS running in Europe against
i ECMWF

o tcanEP; . ) - mJRwl—EPs - - o ECMWEF is UnderdisperSive (for this

|| Te— variable and time lead time), a

T e e===r= ToIIniiie M PRRRLT PELEAL | . .

e R i eomot T problem that is ameliorated by the

_ Lo _ LAM-EPSs
d csrers = o Overall, vYSREPS is the most
e ¥ " o oepszzgzzid consistent
o Note: ySREPS is the only multimodel
B T A S T and multi boundary condition EPS

Lead time (hours)

Frogner I.L. et al, 2019 https://doi.org/10.1175/WAF-D-19-0030.1.
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- IFSENS - gSREPS [ rsens W oseers - IFSENS - SREPS

(a — (b = T

| uk | o Rank histogram is other form of

i [T2m evaluation of model performance

ANRNAN NI B isa 58 8 Saaa e o vSREPS was evaluated against

@ e b ECMWEF in Antarctica in three key

: variables: T2m, 10m wind and visibility
) Similar errors, but larger spread =
Hasy I ° : gersp

P e e . : better consistency
E i ! o Flatter histograms

o = § el SO o Overall: an important added value for
L b predictors in difficult conditions

S. Gonzalez et al. 2020, https://doi.org/10.5194/asr-17-209-2020
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This was an event occurred in Alpandeire (Malaga): a convective Mesoscale System
associated to a DANA, a blocking ride and low level wet jet
This event was very d|ff|cult to predlct W|th h|gh spatlal/temporal uncertalnty

IR10,8 con realce PREVIMET

300 280 260 240 234 226 218 210 (K)

C. M. Jiménez Cavero, 2019, "RECORD NACIONAL DE PRECIPITACION EN 6 HORAS...", internal AEMET publication

J.J. Gémez Navarro (jgomezn@aemet.es) ) Reunién Proyecto Hydromed ) June 2025 34/45



\V
AEMET Maximum Record of 289 mm / 6 hours "@ aemer

Agencia Estatal de Meteorologia

This was an event occurred in Alpandeire (Malaga): a convective Mesoscale System
associated to a DANA, a blocking ride and low level wet jet
This event was very difficult to predict, with high spatial/temporal uncertainty

Estacion 6045X - ALPANDEIRE (MALAGA)
Precipitacion en 10 min. De 23:00z 20/10/2018 a 23:00z 21/10/2018

| ul"d ”‘ h hl ‘"‘III IM‘” hhl“l |||||m il

C. M. Jiménez Cavero, 2019, "RECORD NACIONAL DE PRECIPITACION EN 6 HORAS...", internal AEMET publication
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AEMET Maximum Record of 289 mm / 6 hours Proseitsrdetinite ol

This was an event occurred in Alpandeire (Malaga): a convective Mesoscale System
associated to a DANA, a blocking ride and low level wet jet
This event was very difficult to predict, with high spatial/temporal uncertainty
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C. M. Jiménez Cavero, 2019, "RECORD NACIONAL DE PRECIPITACION EN 6 HORAS...", internal AEMET publication
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This was an event occurred in Alpandeire (Malaga): a convective Mesoscale System
associated to a DANA, a blocking ride and low level wet jet
This event was very difficult to predict, with high spatial/temporal uncertainty
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The event was very difficult to forecast due to high spatial uncertainty. Eventually, only
1 member in yYSREPS reproduced precipitation in about 300 mm/6h. The aggregation
of members sometimes masks valuable information.
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AX MALAGA OCTUBRE 2018 20 12 NMBRS=20
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o The extreme was actually captured by the tail
of the distribution (1 member)

o When in doubt, do not look just at aggregated

products, go to individual members, maxima,
etc

AccPep Max mm/6h
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J.J. Gémez Navarro (jgomezn@aemet.es) ) Reunién Proyecto Hydromed ) June 2025 36/45



N
DANA in Valencia, 2024 '@ aemer

Agencia Estatal de Meteorologia

Forecast maximum of 300-432 mm/24h close to Turis, while observed of 771.8 Il/24h.
7 out of 15 members with regions of precipitation above 180 mm/24h, with relatively
small spatial uncertainty

AccPcp PROB > 180 ISREPS AIE NMBRS=15
Spaghetti MBRS 150mm/24h T o 000,

AccPcp MAX JSREPS AlB _NMBRS=13
1 058, o0 7T

case mm/24h

rom rain-gauges

Figura 6. Precipitacion acumulada el dia 29

bre de 2024

(fuente: AEMET y Confederaciones Hidrogrdficas)
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Agencia Estatal de Meteorologia

A Current status, challenges and future plans
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o vSREPS is a mature system that is customarily used in forecasters in AEMET
since 2016, although not officially operational

o We like talking with predictors, and listening to their requests for new products,
which has been the key to the success of the system

o We keep maintaining/monitoring the system ourselves, fixing bugs and coping
with problems when the HPC does not work as expected

o We are always looking for ways to improve the system and making it more useful,
e. g. tomorrow we hold a meeting with the GPV
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o Since November 2022 we are running vySREPS in the new supercomputer of
ECMWEF in Bologna: 5/20 members are not running (Harmonie-Alaro)

o Update LAMs (WRF 3.6 — 4.6 and both Harmonies (Cycle 41 — 46)
o We are not a "Time Critical Application”, so we exploit and monitor this system
ourselves 24/7: currently actively working on it

o We keep adding/improving products. This year we have released a number of
new products:

» EFI/SOT calculation for many surface variables )
» Probabilistic vertical profiles with ATAP (thanks to Alvaro Subias)
> New levels, thresholds, locations, etc
o Enlarge the domain in the Iberian Peninsula to have better organised convection
and increase spread
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Things We Would Like to Implement

Agencia Estatal de Meteorologia

o Members are cold-started, with no data assimilation whatsoever

o Implement an auto-verification tool (HARP) to conduct periodic (monthly)
verification tests to the system

o Implement a dynamic visualization tool (ADAGUC) that allows the users to
visualize the products using layers and zoom in desired regions (GIS-like
experience)
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With the current supercomputer in Bologna (and in AEMET) we have more
computational resources that allow us to run more ambitious forecasts:

o Cross the boundary towards hectometic resolution (< 1 km): still under heavy
scientific development at international level?

o We are not very sure of the added value of higher resolution a the cost it implies:
it is more worth to invest in more members

o Include a sixth boundary condition: ICON (German model)
o Add two more LAMs: GEM-LAM (Canadian model) ICON-LAM (German model)

Our biggest constrain isn’t computational resources, but human resources to develop
and maintain an ever-growing complex system, while we keep developing new
products
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o vSREPS has been a great success, and it has lived longer than originally planned

o The previous slide were our plans, but given the limitation in human resources, we
are now about to freeze of the current system and migrate to
HARMONIE-AROME EPS

o This is part of the integration within the Unified Weather Centers (as UWC-South),
after the decay of HIRLAM

o This system consists of a single model, developed within the ACCORD-EPS
consortium, and similarly as the European ENS-IFS, spread is obtained by
perturbing the initial conditions and parametrisation (SPP)

o Setting this system up and getting valuable spread remains a challenge

o Another whole issues in |A-based NWP, which is really uncertain right now, but
we must keep an eye on it
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o Know-how?
o Run case studies?
o Other Ideas?
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Thank you for your attention!

jgomezn@aemet.es
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