Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion

Modelizacion Climatica: Como el
superordenador Marenostrum4 nos ayuda a
entender el cambio climatico.

Roberto Bilbao

Earth Sciences Department [Climate Variability & Change]

Barcelona Supercomputing Center



Barcelona Supercomputing Center
Centro Nacional de Supercomputacion

BSC CNS objec’uves

Supercomputing services R&D in Computer, Life, Earth PhD programme, technology
to Spanish and EU researchers and Engineering Sciences transfer, public engagement

( \
Spanish Government 60% [Qﬁi'-= P
BSC-CNS is > .
B Generalitat de Catalun,
a COQSOﬁlum Catalan Government 30% KIHEFG.‘."W"'"‘”""“’”W“
that includes > !

Center
Centro Nacional de Supercomputacion

Barcelona Univ. Politécnica de Catalunya 10% [ e
@ Supercomputing \. y,



HR EXCELLENCE IN RESEARCH

People hr

2

Scientific personnel

{ Operations

Earth Sciences 107 154 Life Sciences
Total *‘ From
56
782 641 ' countries
276 104

Computer Computer
Sciences Applications
Management & in Science and  Junior Leader La Caixa1 1 La Caixa
2t s . . ITN- Marie Curie 3 2 Marie Curie
Administration Engmeenng s

9 Ramon y Cajal

5 Juan de la Cierva

- . . )
I |

FPI9

>~ 101ICREA

Staff Funding (People) (787)

1 Ayuda PoP
Barcelona 1 Beatriu de Pinés
e T Y
en FI9
Centro f de Supercomputacio 1 ESA Fellowship June 30th 2022




Mission of BSC Scientific Departments

Computer Earth

Sciences Sciences

To influence the way machines are built,
programmed and used: programming models,
performance tools, Big Data, Artificial Intelligence,
computer architecture, energy efficiency

To develop and implement global and
regional state-of-the-art models for
short-term air quality forecast and

long-term climate applications
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Earth Science Department

Modelizacion y prediccion con un enfoque en el clima y calidad del aire.

Computation‘
Earth
Sciences
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Sistema Climatico Terrestre

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Chanfu in
Solar Inputs
Cl
Atmosphere onds

N,, 0, Ar, A
H,0,CO,CH,NO,0, efc. OiomcactMy 0y
Aerosols

Land Surface

. S— Changes in the Cryosphere:
:n‘m here: Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

ers & Lakes

Changes in/on the Land Surface:
~ Orography, Land Use, Vegetation, Ecosystems

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry |
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(Source: https://scied.ucar.edu/learning-zone/earth-system/climate-system)



Modelizacidon Climatica

:Qué es un modelo de clima?

Representacién matematica del sistema
terrestre a través de las leyes fundamentales
que describen la evolucién y las interacciones

entre los componentes.
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@ Conservation of momentum
=—(V-V)V-1Vp-G-2Gx V+ V- (knVV) - Fy
@ Conservation of energy
pCiOE = —pcy(V- V)T~V -R+ V- (kyVT)+C+S
@ Conservation of mass
% =—(V-V)p—p(V-V)
@ Conservation of H, O (vapor, liquid, solid)
% = (V-V)q+V-(kVq)+Sq+E
@ Equation of state

\p= pRaT J
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Modelizacidon Climatica

Herramienta principal para desarrollar el
conocimiento cientifico sobre el clima
mediante el contraste de hipdtesis en temas

diversos:
38 — Detectary
(@ atribuir
- cambios en
el clima.
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Modelizacidon Climatica

Herramienta principal para desarrollar el
conocimiento cientifico sobre el clima
mediante el contraste de hipdtesis en temas
diversos:
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t
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Modelizacidon Climatica

Herramienta principal para desarrollar el
conocimiento cientifico sobre el clima
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EC-Earth3

European Community Earth-System Model

Ice sheet-Climate Land, Vegetation

Interactions and Hydrology
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EC-Earth3

European Community Earth-System Model
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EC-Earth3

European Community Earth-System Model
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European Community Earth-System Model
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Climate Model Intercomparison
Project 6 (CMIP6)

CMIP es un proyecto del World Climate
Research Programme (WCRP) que tiene
como objetivo coordinar las simulaciones
que hacen los centros de modelizacién de
todo el mundo.

Establece una serie de protocolos
experimentales, forzamientos y variables de
salida comunes.
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CFMIP / DynVarMIP GMMIP
PMIP HighResMIP,
Clouds / PAMIP
Circulation :
Paleo e
P OMIP, FAFMIP /
RFMIP, DAMIP, LS3MIP / SIMIP
VoIMIP  Characterizing Ocean / ISMIP6
forcing Land/ Ice
Aerchemmip Chemisty/ (NS RFS N -1 CORDEX,
Aerosols . P2 \1ACS AB
C:&n Scenarios
C4AMIP ScenaioMIP
‘ Decadal
Land use Geo- prediction
engineering
LUMIP DCPP
CDRMIP, GeoMIP
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Climate Model Intercomparison
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Detectar y atribuir cambios climaticos

Global Temperature Anomaly (°C compared to the 1951-1980 average)
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Detectar y atribuir cambios climaticos

Global Temperature Anomaly (°C compared to the 1951-1980 average)
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Detectar y atribuir cambios climaticos

Global Temperature Anomaly (°C compared to the 1951-1980 average)
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos

El Nifio Southern Oscillation North Atlantic Oscillation
o Atlantic Multidecadal Variability
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos
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Detectar y atribuir cambios climaticos

Los modelos climaticos nos ayudan a comprender cambios en el clima.

Deteccion Atribucion
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Changes from 1850-1900 to 2010-2019
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Detectar y atribuir cambios climaticos

Los modelos climaticos nos ayudan a comprender cambios en el clima.

Deteccion Atribucion

AN N
4 N N

Observed warming (1850-2019) is only reproduced in simulations including human influence.
Changes from 1850-1900 to 2010-2019 9 ) enlyiep g
& corresponding changes in piControl
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(IPCC AR6 Chp. 3, Eyring et al., 2021)
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Sea Level Change
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Detectar y atribuir cambios climaticos

Es inequivoco que la influencia del humano ha contribuido a calentar

Observed OHC Trends

TioE cauce - Global dam projects
DATA
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YEAR
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2000

+ Greenland & Antarctic Ice Sheets
+ Thermal expansion
+ Mountain glaciers

2020

la atmosfera, océano y la superficie terrestre.

FAQ 2.2: What is the evidence for climate change?

Taken together, observed changes in the
climate system since the late 19th century

reveal an warming world &

Atmospheric circulation

Air temperature Water
(in the lowest vapour
few km)

Surface

Sea level (LD Permafrost
extent
surface Ocean heat
tsser:perataure Species ooantenta Ice sheets Snow cover
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Arctic sea ice
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range shifts season length
Precipitation
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(IPCC AR6 Chp. 1, Chen et al., 2021)



Relative to 1995-2014 (°C)
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Proyecciones climaticas

Los modelos climaticos nos permiten hacer proyecciones de clima.

(a) Global temperature change
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(b) Global land precipitation change
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Proyecciones climaticas

Los modelos climaticos nos permiten hacer proyecciones de clima.

CO, emissions:
. z y 73 Peaking
Historical global mean Possible % ! Habving
surface temperatures futures 0 Netzero
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Proyecciones climaticas

Annual mean temperature change

SSP1-2.6 (2041-60) SSP1-2.6 (2081-2100)

Robust signal
6 4 -3 -2-1-050051 2 3 5 6 [1.20] No change or no robust signal
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Proyecciones climaticas

(e) SSP5-8.5 dry days per year (f) SSP5-8.5 daily precipitation intensity
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Prediccion Climatica

Proyecciones
Climaticas

Prediccion

Rain and mean sea level pressure
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Prediccion Climatica

Proyecciones
Climaticas

Prediccion

Rain and mean sea level pressure
P

Base tme: Mon 06 Sep 2021 00 UTC, Vald tme:

Dias Semanas Décadas Centenarios

((@ Barcelona Estimacion de los cambios de
Supercomputing

Center
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En prediccion
ESTACIONAL a DECADAL
las dos son importantes!
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WMO Lead Centre for

Annual-to-Decadal Climate Prediction

The Lead Centre for Annual-to-Decadal Climate Prediction
collects and provides hindcasts, forecasts and verification data
from a number of contributing centres worldwide.
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WMO Global Annual-to-Decadal Climate Update 2022-2026
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Global Mean Near Surface Temperature

- 100

- 80

- 60

- 40

- 20

~ 10

@)

o

S 05-

S 3

-

N

(2]

-

£ 0.0 4

&

oy

£ —0.5 1

(=}

<

-1.0 1 e
Forecast probability of above average: 81% (91%) [
1960 1970 1980 1990 2000 2010 2020
Year

Barcelona
Supercomputing
Center

Centro Nacional de Supercomputacion

Probability of exceeding 1.5°C

Skill scores
10 Ter===9=
0.5 -
) “Eorreiation
-= MSS
1 2 3 4 5

Lead time (year)

Observed
% Yes No
S Yes [9(11) [2(1)
é No 0(1) |40(42)

Hit rate: 100% (91%)
False alarm rate: 18% ( 8%)




Prediccion Climatica
WMO Global Annual-to-Decadal Climate Update 2022-2026
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WMO Global Annual-to-Decadal Climate Update 2022-2026

Global Mean Near Surface Temperature
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WMO Global Annual-to-Decadal Climate Update 2022-2026

Global Mean Near Surface Temperature
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Prediccion Temperatura 2022-2026
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Prediccion Precipitacion 2022-2026
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Prediccion Precipitacion 2022-2026
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DECADAL CLIMATE
PREDICTION Global Mean Surface Air Temperature

Initialisation: Nov2021. Forecast Range: Years 1-5. Reference Period: 1981-2010.
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Resumen

Los modelos de clima son herramientas indispensables para desarrollar el
conocimiento sobre el sistema climatico y los cambios. Debido a la gran potencia
computacional requerida por modelos de clima, superordenadores (como
Marenustrum4) son necesarios para hacer simulaciones.

Las variaciones y cambios en el clima ocurre debido a forzamientos externos
naturales y antropogénicos y variabilidad interna. Los diversos tipos de simulaciones
climaticas nos permiten:

e Entender el origen del calentamiento global y concluir de manera inequivoca
que la actividad humana es la contribucién principal.

e Entender e informar de los posibles riesgos futuros.

e Predecir el clima de meses a anos (e incluso décadas).
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