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The bridge between climate data and action

Climate services are the provision and use of climate data,
information and knowledge to assist decision-making.

CLIMATE SERVICE PRODUCT
The final product from the
service provides useful
information for specific needs

OPERATIONAL

CLIMATE SERVICE

Once the required methodologies are
evaluated using past forecasts,

real-time forecast can be adequately

post-processed to provide operational

climate services

Several skill scores are obtained by the
comparison of the calibrated
predictions with observations to assess

their performance ’

RAW CLIMATE PREDICTIONS

Predictions obtained directly ‘
f diff t climat
e Tl r TAILORED CLIMATE PREDICTIONS
prediction systems.
Climate predictions tailored to specific
ds depending on the end-user
D s
-

including downscaling and indicators

BIAS ADJUSTMENT

Remove systematic errors
OBSERVATIONAL and increase reliability of

( e UNCERTAINTY climate predictions
CentroNacro:mIdeSapeleompuhmdn
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Step 1: co-production

® ¢ What sources of climate information do they use?

® (Which variables are key for their decision making processes?

e Critical thresholds (frost days, heat waves) each case requires redefining tailored
climate indicators

e What times of the year are important and for which decisions?

e Identify best ways to communicate climate information (web platform, bulletins,

forecast outlooks, etc)
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Timescales

Temperature change in Barcelona
Relative to average of 1961-2010 [°C]
Variations within seasons and years
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https://showyourstripes.info/

Different timescales - different actions

Short-term forecast JRGINEICHICH[a(LIM Climate projections

Climate predictions

Climate predictions evaluate the variability of climate variables over near-term future timescales: sub-seasonal (1-4 weeks),
seasonal (1-15 months), and decadal (1-10 years). They provide the most robust climate information currently available,
presented as the probability of certain climate conditions occurring.

Short-term Climate predictions Climate

Forecasts projections
Sub-seasonal Seasonal Decadal

1-15 days 10-32 days 1-15 months 1-10 years 20-100 years
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How do we make climate
predictions?



How do we make predictions? With climate models

Digital representations of the planet that solve
equations and replicate the interactions between
the different components of the climate system
(atmosphere, biosphere, cryosphere, ocean).

Absorption
Reflection
Emission

Solving these equations, as well as using the data

S Avs LR radiation

\ °O° = ;'cles (long-wave) .
et o | produced by the models, requires great
prepiation | [} — I D Lt , , .
i P computational power. For this, we use
‘ﬁ\i{éicaecnon ‘ﬁi{é?:fﬁgn _ SupercomputerS.

LITHOSPHERE

Ice-ocean PEDOSPHERE
interaction :

Fig. World ocean review
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Climate models

Horizontal grid
Latitude - longitude

Vertical grid

Height or pressure

Atmosphere

Physical processes in a model

exchange
between
layers

Solar Terrestrial
radiation radiation

Fig. Global circulation model (GCM) diagram | Edwards 2010
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Horizontal
exchange
between
columns

The models have grids that exchange
energy both horizontally and vertically
(between layers).

Processes that occur at small scales (for
example, cloud formation) are not explicitly
resolved in general circulation models
(GCMs). Instead, approximations or
“parameterizations” are used.

The horizontal resolution of global models
is typically around 100 x 100 km.



Probabilistic information

e C(Climate predictions are produced
operationally with prediction systems
that simulate the different components

of the climate system and their Lo h e Probabiliy of
) . RPSS: -0.07 terciles
interactions. - J—
.Normal
® These predictions are generated in a L] setowroma
probabilistic way to take into account Erababiliyo
the uncertainty that affect the e
predictions (initial state, model . S
parametrizations, etc...)
Ensemble
members
e |Initial conditions are slightly perturbed, °
leading to different initial conditions Observation
o

and trajectories of the climate system.
These are known as “ensemble
members”.
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Climate Forecast Analysis Tools: R ecosystems

SUNSET integrates our R packages into comprehensive climate data processing workflows.

multiApply paradigm

LOCAL
STORAGE

THREDDS

CSindicators

Climate Indicators for Impact
Analysis

Center

startR

retrieve data and

parallel
distributed
processing

BASIC STATISTICS

Climatologies, trend, anomalies, .

L

|

SCORES
Correlation, ACC, RMSSS, ...

Lobbbe Lopoepppopns
phbhobbbebeeRaslsss
\
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CSTools

Climate Services Tools -

MEDSCOPE Toolbox

Climate PrEdictions

MEDiterranean Services Chain based On

SUNSET (SUbseasoNal to decadal climate forecast
post-processing and asSEssmenT suite)

Nuria Pérez-Zanén, Victoria Agudetse, LLuis Palma, An-Chi Ho, Carlos
Delgado-Torres, Nadia Milders, Eren Duzenli, Alba Llabrés-Brustenga, Bruno
de Paula Kinoshita, Pierre-Antoine Bretonniére, and Angel G. Mufioz
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Step 2 - Forecast quality assessment
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Predicciones climaticas

Variable ECMWF SEASS (v5.1) / Total Precipitation

Allows us to understand how || RPSS ey 168201
well or bad the variables of e &
interested are predicted by

forecasting systems. o

Métrica

Select the metric depending
the type of forecast you will
offer. e BoBe R o
Iamanoc(a)
P 1 08 -06 04 02 0 02 04 06 08 1
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Step 2 - Forecast quality assessment

Near-Surface Air Temperature of ECMWF SEASS5
(Ref: ERAS 1993-2016)

Mean bias (K) Correlation RPSS

Start date Start date Start date
Forecast
Region Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 -0.40 -0.10 -0.04 -0.04 BRI} .0.52 B
EEIE 055 0.07 -0.02 0.14
0.07 0.04 0.18
-0.08 -0.06 0.19

[ RRUEER 0.14 0.14 0.05.
-0.02 .0.16 -0.05 0.04 -0.07 0.04 .0.06 0.03 .0.04 0.08 -0.01 0.11
-0.19 -0.08 -0.12 -0.05 -0.07 -0.03 0.02 -0.08 0.06 -0.01 -0.07 0.00
-0.08 -0.13 -0.10 -0.06 -0.08 0.03 -0.08 0.05 0.00 0.02 -0.06 -0.09

.32 -0.14 0.12 -0.29 -0.43 - - -0.15 .0.05 -0.03 .0.04 004 0.07 004 0.02 .0.01 -0.04 .0.06 -0.11
-0.01 gLk -0.41 -0.38 SN -1.39 -1.22 - 0.02 -0.03 -0.10 -0.04 -0.05 0.02 -0.11 -0.05 -0.06 -0.03 0.05 -0.18

Iberia

o B2 W N

-0.40 -0.33

[ ] E— | < -

1.5 1.2 087 058 029 0O 029 058 087 12 1.5 1 0.8 06 04 0.2 0 02 04 0.6 0.8 1 05 04 0.3 02 01 0 0.1 02 03 0.4 0.5

Scorecards help assessing at a glance a number of skill metrics - how far in advance can we predict
a variable over Iberia?

We can use alternative sources of climate information to complement a forecast...
the climatology!

Earth Sciences e e uting
D e p a rt m e nt g;'t:gel\;cional de Supercomputacion 14




Co-production of climate services

Subseasonal to seasonal (S2S)



Phenology - uses in the viticulture sector

November December January  February  March April May June July August  September October
N N NN N
y _________/ ______J/ /4 A A S S
} Sprouting . Flowering 1 Veraison I Harvest |
Dormancy Foliation . Fructificacion | Ripening |
\
Minimum temperature (Tnn) Spring frost (Tmin<0°C) . .
Affects the bud sprouting Activation temperatures Tmean>10°C, Heat waves (Tmax>35°C). The plant closes its stomata and
depend on location and variety) uses less energy to grow
[ Precipitation forecasts help planning pruning and irrigation J

Accumulated solar radiation. 1500/1600 hours of Sun per year are needed

e Anticipation for better vineyard operations management

e |dentification of time periods with high demand for labor and Growing degree days. Accumulation of heat above 10°C. Key predictor of phenological phases

inputs

e Calendar of optimal timing for treatments with greater Standardised Precipitation - Evapotranspiration

temporal precision Index (SPEI) conditions the weight of the grapes

e Identification of probable harvest periods

e Anticipation of adverse weather conditions Mildew. Funghi that affects leaves and appears when
Tmean>10°C and precipitation is > a 10 I/mZ.




Phenology - uses in the viticulture sector

£ = (Tmax;—Tmin) — Thase

Growing degree days, o
integral térmica:
Acumulacion de grados al
dia por encima de 10°C

Permite anticipar
fases fenoldgicas y
comparar este afio
con los anteriores
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1600 +

1400 A

Integral térmica (°C)

200 A

1200 A

1000 A

800 A

Integral térmica
Matarromera - Picon de San Roman

climatologia (1991-2020) [P10-P90]

2023 Vendimia

Envero

Floracion
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Co-production of climate services

Long term planning - Adaptation in urban environments



Talleres de salud y calor

e Primero

o noviembre 2024, BSC

o temas abiertos (cienci ,.
N encia, politi
participacion (:iudadania)p icas,

e Segundo

. .
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| |
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300000 Km/s is an urban think tank

TUS
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ELCALORY LA SALUDEN EL TERRITORIO
METROPOLITANO DE BARCELONA: 22 EDICION

Resumen global

Asistientes
« SMC

+ 3cat(1V3) + Barcelona Regional - DiBa
. de Barcelona + BCNUEJ + ESALOGIKA « trescientosmil
« Aj.deUHospitalet BSC « IDIAPJGOL + UAB
« AMB « caoCities + Institut Metropoli * UOC
« 1sGlobal . UPC

+ Arquitecturasana

« CreuRoja
. AUS . Dept.de Salut (GenCat)  * PEM

. istillo (IDIAPJGOD

Presentaciones
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Discusiones {/ .
teméticas |, Sn‘ \
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impetus/change.eu
v @14Ceu

ELCALORY LA SALUDEN EL TERRITORIO @
METROPOLITANO DE BARCELONA: 22 EDICION tre entosmil

Resumen global - temas destacados

Comunicacion, integracién e involucrar ala ciudadania

« Riesgos del calor (puntos negativos)

. Beneficios y CO-beneficios (¢]. espacios verdes,
intervenciones sociales, salud, economia local, biodiversiﬂad)

+ Seguir trabajando para atraer e incluir voces y puntos devista

diferentes

Hacer las cosas bien

+ Acortar los tiempos de ejecucion
\ seguir adelante con 2 adaptacién sin gentrificar
~ . Siempre considerar posibles factores de vulnerabilidad
acambiar

« Mantenimiento como parte del proceso
+ hsegurar la accesibilidad de (23 intervenciones

jConecta, conecta, conecta!
« Escuelas (como puntos de referencia) y barrios
« Desigualdadyjusticiacon intervenciones climaticas

« Datos de fuentes distintas
« Agua, residuosy otros servicios urbanos contrala luchaal calor
« Calor junto con otras amenazas de clima

LOADING

"¢ Tener metasa \argo plazo

« 30%dela ciudad que seaverde
o3 . Cada casa que sea un refugio climatico
Seguir desarrollando conocimiento INC

« Entomo interior
- Los limites de lasopciones de'a adaptacién

el calor por lanoche

« Como enfrentarse con
impetusichange.eu IMPETUS
v @IiC_eu 4CHANGE




Cities are getting warmer

Temperature anomalies of Spanish cities (1980-2023) relative to 1981-2010

o, Yo, Yo, Yo, Yo, Yo, Yo, Yo, Yo, Yo, o, Yo, o, Yo, Yo, o, Yo, %o, Yo, %o, 0, <0, O, O, 0, O 0 O O 0 05 0, 0, 0, 0, 0, 0, 0, 0, 0, 05 05 05 0
% 8, R 0 R, s s 0 N N % % 0, N, 0 % % % Y, R R R 0, % B D D %y Ry R R R Ry % % T % %R TR,
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Madrid 0.6 0.1 -0.1 -0.1--0.4 0.8 01 0.3 0.7 04 -0.4 0.4 -09 04 09 0109 03 00 -0.3
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0.5 0.3 -0.4 -0.6 -09 0.5 1.2 0.8 04 02 04
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Meteocat’s heat waves - communicating climate risks

3 or more days above the 98" percentile

Heatwaves (Meteocat) - Barcelona

— 5-95%
s QR (25-75%)
] == Median

(o)} ~

;]

Heatwaves per year
w B

N

=

Global Warming Level

3 or more days above the 98" percentile (this is calculated with average Tmax from June to August 2012-2021 period).
-> Summer will be longer in the future, would not make sense to use this reference period

Barcelons IMPETUS
Supercomputing

Center 4CHANGE
Centro Nacional de Supercomputacion

Earth Sciences
Department




Tropical nights

Nights per year with minimum temperature above 20°C

Tropical nights GWL1

Tropical nights (Tn>20°C)
0 Barcelona 2000-2100
= Median
---- Mean
120 + 25th-75th percentile
5th-95th percentile
5 100
>
| .
0]
2 80
2
i
o
< 60-
Tropical nights GWL4 .8

o
|g 40 v

20 A

0 T T T T T T T T T
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

e Barcelona will experience more than 100 tropical
nights per year at the end of the 21 century
® Prevents human’s body to cool off during the night
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Dry days per year

The importance of the bigger picture

e Not a big change in Barcelona, but the main river basins will receive much less water, translating

into water restrictions in Barcelona and other big cities and municipalities

Dry days per year GWL4 - GWL1

Dry days
Barcelona 2000 - 2100

360 1 == Median
-- Mean

IQR 5t-75th percentile)
340 A 5t-95% percentile

320 4

Dry days

300 AA AN YA AvAA

280 A

260 -

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year
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Implications for climate shelters in Barcelona

More than 350 climate shelters
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REFUGIS
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Utilitza aquest
espai per
protegir-te

de la calor
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Increasing spatial resolution: statistical downscaling

Increase the resolution of climate predictions keeping their quality.

ECMWEF SEASS5 (v5.1) / Maximum 2 Metre Temperature
Most Likely Tercile / May 2025 / Start date: 01-05-2025

2E 4E

Below normal (%) Normal (%) Above normal (%)
40 55 70 85 > 40 40 55 70 85
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ECMWF SEASS (v5.1) / Maximum 2 Metre Temperature
Most Likely Tercile / May 2025 / Start date: 01-05-2025

2E 4E

Below normal (%) Normal (%) Above normal (%)

40 55 70 > 40 40 55 70 85



Climate information delivery



Web platforms

Predicci limati Earth Sciences @ bzl sy
redicciones climaticas ~ pepartment oy

Predicciones Verificacion - estacional Info

NCEP CFSv2 / Total Precipitation
Horizonte temporal Most Likely Tercile / Issued on 30-10-2025
Valid from 03-11 to 09-11 of 2025

Subestacional w

Inicializacion

31 octubre 2025 ¥

Horizonte temporal
(semanas)

1

02
O3
04
Variable

Precipitacion V.

36N

T T T T T T T T

now aw W aw 2w 0 2E 4E

Tamarnio del mapa (%)
0 100
b g g RO

0 10 20 30 40 50 60 70 80 90100

Below normal (%) Normal (%) Above normal (%)

40 55 70 85 >40 40 85 70 85
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Bulletins

Pronostlco de temperatura subestacmnal

Semana 1 ~Semana2 Semana 3 Semana 4
Valido del 18 al 24 de Valido del 25 al 31de Valido del 1al 7 de Valido del 8 al 14 de
septiembre del 2026

agostodel 2026 agosto del 2024 septiembre del 2024

Probabilidad
de T° minima
en Cataluia

delo normal (%) ] Normal | Porencimade o | .
Probabilidad d n .
de T° minima ) Z < - -
en Barcelona e 0% - < G I
% i " H
$ ¥ H
a ¥ 8
» - -~ & ~ S
£ Skill <0 Skill<0
I .. i e w o o w— . %
Probabllldaddecategonas
o o ol @ P21
Resumen :Qué riesgos debemos tener en cuenta?
Durante la semana 1, las temperaturas (T.*) minimas en T
Barcelona estarédn por encima de lo normal, situdndose a mas de  Las noches tropicales pueden suponer riesgo
20.6°C. Estos valores no permiten detectar extremos de para la salud de la poblacidn, especialmente la
temperatura en un dia concreto, pero T. minimas de 20°C de grupos vulnerables como las personas

podrian Indicar noches tropicales. mayores, ya que dificulta la termorregulacién
La capacidad predictiva del pronéstico decrece durante la noche.

significativamente a partir de la semana 2 (skill<0). En esos

casos, la fiabilidad de la prediccion de temperatura es baja. Aun

asi, el modelo estima, para esos dias, T.* por encima de lo

esperado, en la linea de las semanas con mayor flabilidad.

IMPETUS
scHance I :

(Change ha recibido financiacion del
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@z==~___ trescientosmil
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Conceptos clave para interpretar los prondsticos

Estos prondsticos subestacionales se presentan como medias
semanales de temperatura, en lugar de valores diarios, y se basan en
el sistema de prediccidn NCEP CFSv2*, calibrado y postprocesado
por el BSC.

Son pronésticos probabilisticos: no predicen un valor exacto, sino la
probabilidad de gue las condiciones pertenezcan a una categoria
determinada. Se utilizan tres categorias —por debajo de lo normal,
normal y por encima de lo normal- (terciles), definidas a partir de
observaciones historicas para cada semana y localizacion durante el
periodo 1999-2016. Ademas, los graficos incluyen la probabilidad de
valores extremos: por debajo del percentil 10 o por encima del
percentil 90.

media en
Primers semans de Agosto 1999-2016

El skill, también denominado fiabilidad o pericia, es una medida de la
calidad del prondstico. Permite evaluar si los prondsticos
probabilisticos han sido Gtiles durante el periodo de referencia
(1999-2016) para una semana y localizacion determinados.

Un valor de skill positivo indica que el prondstico tiene buena calidad
y puede emplearse como apoyo en la toma de decisiones. Por el
contrario, un valor negativo sugiere que no mejora respecto a una
prediccion sin informacion (en la que todas las categorias tienen la
misma probabilidad.
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Coémo interpretar el mapa Probabilidad de categorias

Por deb

s N
lo r'om\s\ (%)

Normal
%) I

Por encima de —
lo normal (%) I

El mapa muestra la categoria mas probable en cada punto de
grilla, con una resolucién de 25x25 Km. Areas en blanco
muestran probabilidades menores al 40%.

Las predicciones de temperatura con un valor de skill negativo
aparecen con un punto negro.

Cémo interpretar el grafico de barras

Probabilidad de categorias

Probabidad de cada categoria
I @ ror debajodel percentil 10

o Por debsjo de lo normal (<p33)

Probatsily (%)

Normal {entre p33 y pb6)
o= @ ror encima de lo normal (>p6s)

Por encima del percentil 90

Valores kmite de las catagorias

El grafico muestra la probabilidad de cada categoria (tercilesy
extremos) para una localizacidn concreta. En el se pueden ver las
probabilidades de cada categoria y los limites de las categorias.

Las probabilidades de las categorias extremas (p10 y p90) estan
Incluidas dentro de las categorias “por debajo de lo normal” y “por
encima de lo normal”, respectivamente.
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Climate briefings
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Anomalies, significant events, weather
regimes analysis.

RRERR

The dominant weather regime in late October through November is a negative NAO

PRLR Anomaly (mm/cay)
& Precipitation

Subseasonal forecasts Sudden stratospher
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Discussion of subseasona | e e el N s
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and seasonal forecasts.

ENSO and European climate. Weather B G oo e gl S
regimes, potential events with impacts on o EEEm  LEEED  AEEEm 4 EEmE
the energy sector. @@= _

. The onset of the event started around the 20" of Nov. If the SSW affects the polar jet structure, it will
N ( become evident during this week and the following ones. This could imply cold and warm intrusions in
the NH mid-latitudes
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The bridge between climate data and action

Climate services are the provision and use of climate data,
information and knowledge to assist decision-making.

CLIMATE SERVICE PRODUCT
The final product from the
service provides useful
information for specific needs

OPERATIONAL

CLIMATE SERVICE

Once the required methodologies are
evaluated using past forecasts,

real-time forecast can be adequately

post-processed to provide operational

climate services

Several skill scores are obtained by the
comparison of the calibrated
predictions with observations to assess

their performance ’

RAW CLIMATE PREDICTIONS

Predictions obtained directly ‘
f diff t climat
e Tl r TAILORED CLIMATE PREDICTIONS
prediction systems.
Climate predictions tailored to specific
ds depending on the end-user
D s
-

including downscaling and indicators

BIAS ADJUSTMENT

Remove systematic errors
OBSERVATIONAL and increase reliability of

( e UNCERTAINTY climate predictions
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