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Mission of BSC Scientific Departments

Computer Earth

Sciences Science
To influence the way machines are built, To develop and implement global and
programmed and used: programming models, regional state-of-the-art models for
, computer architecture, energy efficiency long-term climate applications

“Life

Sciences

To develop scientific and engineering software
to efficiently exploit super-computing
capabilities on biomedics, geophysics,

atmospheric, energy, social and economic

To understand living organisms by means of
theoretical and computational methods

(molecular modeling, genomics, proteomics)
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Centro Nacional de Supercomputacion

@



Farth Sciences

Environmental modelling and forecasting, with a particular focus on weather, climate and air quality

Atmospheric composition Climate System
#
Modeling
air qualit
fid and dust

Fundamental Understanding
Forecasting Capabilities

Services in broad range of users sectors

Solar Urban
Energy  development

erastructures Transport Insurancej
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Farth Science Department

Environmental modelling and forecasting, with a particular focus on weather, climate and air quality

Computational™
Earth Sciences

Head of the Department:  Francisco Doblas-Reyes
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Earth System (and HPC) evolution
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Earth System (and HPC) evolution
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system

through the fundamental laws governing the evolution
within and interactions between the different Earth

system components.
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system
through the fundamental laws governing the evolution
within and interactions between the different Earth
system components.

In Practice

ESMs are our major tool to generate scientific
understandig via hypothesis testing on topics as
diverse as:

T 343H4s018 —
!é\ Attribution of past
) climate changes
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system
through the fundamental laws governing the evolution
within and interactions between the different Earth
system components.

In Practice

ESMs are our major tool to generate scientific
understandig via hypothesis testing on topics as
diverse as:

T 343H4s018 —
!é Attribution of past
climate changes
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system
through the fundamental laws governing the evolution
within and interactions between the different Earth
system components.

In Practice

ESMs are our major tool to generate scientific
understandig via hypothesis testing on topics as
diverse as:

T 343H4s018 —
,é Attribution of past
climate changes

Risk of tipping
(Irreversible Changes)

Adaptation/Mitigation
of future climate change
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system
through the fundamental laws governing the evolution
within and interactions between the different Earth
system components.

In Practice

ESMs are our major tool to generate scientific
understandig via hypothesis testing on topics as
diverse as:
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Earth System Models (as experimentation labs)

In essence

Mathematical representation of the Earth system
through the fundamental laws governing the evolution
within and interactions between the different Earth
system components.

In Practice

ESMs are our major tool to generate scientific
understandig via hypothesis testing on topics as

diverse as:
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Observed Global Surface Temperature anomaly (in K) Observed Change in surface temperature (1901-2012)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers )

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers )

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers )

Observed Global Surface Temperature anomaly (in K)
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Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers

Global area (km?)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers )

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

External radiative forcers

Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

IPCC — AR5 — Chapter 10
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

IPCC — AR5 — Chapter 10
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Observed Global Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Temperature anomaly (°C)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Internal Climate Variability

Global mean Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Global mean Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Internal Climate Variability

Global mean Surface Temperature anomaly (in K)

Ocean

| | | | |
1900 1920 1940 1960 1980 1 2000 2020 El Nifo-Southern Oscillation - ENSO

3.0
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Some of the year-to-year changes 20 l .
in global mean temperature can N T |
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Internal Climate Variability

Global mean Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Internal Climate Variability

Global mean Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Internal Climate Variability

Global mean Surface Temperature anomaly (in K)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Global mean Surface Temperature anomaly (in K)

Internal Climate Variability
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FETI NS I EEPSIYR 1 PRI RS B B R

] f = L
] = erie et a [
R RN EEE B EEE R EE BT AR LERN EERE BB B
—— | ‘T [ [
=q =0L6 =02 0 0.2 0.6 1

Precipitation [mm.day™']




Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Linear trends in Sea Surface Temperature (SST)

Historical (MPI-ESM)

Observed Change in Surface Temperature (1901-2012)

19%CO, (M PI-ESM) 1%CO, (mixed-layer ocean)
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Earth System Models for climate change attribution

ESMs can help understand the main drivers of past changes in climate

Linear trends in SST following unforced
reductions in Atlantic ocean circulation
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ocean circulation
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Earth System Models for near-term climate prediction
Fundamentals of climate prediction

Weather forecasts

Rain and mean sea level pressure

UTC, Valid time: Mon 06 Sep 2021 06 UTC, - T+6 h, Interval (hr) - 6, Area : Et

oy T8\ A
—\

| CECMWF M einshaus/en_,,ﬁétja,l . (2020)

Days Weeks Decades  Centuries
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Earth System Models for near-term climate prediction
Fundamentals of climate prediction

Weather forecasts Climate projections

Sustainability

Rain and mean sea level pressure

JTC, Valid time: Mon 06 Sep 2021 06 UTC, - T+6 h, Interval (h) 6, Area : Europe.

oy T8\ A
="

Meinshaus/en_,étja;’/. (2020)

Decades | Centuries

‘ ©NA§A/SDO
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<( SeFlcatpatiag Good guess of future changes in the forcing factors
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Earth System Models for near-term climate prediction

Fundamentals of climate prediction

Weather forecasts

Rain and mean sea level pressure

Base time: Mon 06 Sep 2021 00 UTC, Vaiid time: Mon 06 Sep 2021 06 UTC, - T+6 h, Iterval (i) : 6, Area : Europe:

Climate projections

Meinshausgn_/ét%;i. (2020)

Months Seasons

Accurate constraint of the current
meteorological state

[ INITIAL VALUE PROBLEM ]
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po~ o
&M&

O©NASA/SDO ©European Environment Az:]ency ©Ulet Ifansasti Getty Images 35

Good guess of future changes in the forcing factors
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Earth System Models for near-term climate prediction

Fundamentals of climate prediction

Weather forecasts Climate projections

Rain and mean sea level pressure
. Teo . meval ()6,

C. Valid time: Mon 06 Sep 2021 06 UTC, - T+6 h, Interval (hr) - 6, Area : Europe

nnnnnnnnnnn

NN

\rﬁ;.;;;%\

In seasonal to decadal prediction A
both contributions matter !! Meinshaugen/étﬁl. (2020)

—

T e s et e () - o - )\ )
Months Seasons Years Decades

Accurate constraint of the current
meteorological state

[ INITIAL VALUE PROBLEM ]
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Earth System Models for near-term climate prediction

Fundamentals of climate prediction

Weather forecasts

Rain and mean sea level pressure

202100 UTC, Valid time: Mon 06 Sep 2021 06 UTC, - T46 h, Interval () : 6 Area : Europe.

AL S In seasonal to decadal prediction
i CECMWE both contributions matter !!

Climate projections

Sustainability

Days Weeks Months Seasons Years

Decades Centuries

Observations

Initialization of internal :>

sources of predictability

Center
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Global Earth System Model
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Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability

~7 days

@

Weather prediction ~ 10 days

Due to the chaotic nature of
atmospheric variability
(butterfly effect)

©Paul Dirmeyer (GMU/COLA)

~30 days Time
Mariotti et al (2018)
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Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability

Weather prediction ~ 10 days

K s\
R 2 Due to the chaotic nature of
©Faul Birmeyer (GMU/COLA atmospheric variability
(butterfly effect)
land ocean/sea ice
Climate prediction weeks to decades

ocean sea ice soil moisture
1 " ' EoL A \k

~7 days ~30 days Time
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Mariotti et al (2018)
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Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability The atmosphere can also provide

memory beyond a month:
The Quasi-Biennal Oscillation (QBO)

Equatorial Zonal Wind (m/s)

10

30

50
70
100

150 -

PRESSURE (hPa)
AegRzo3B8S

Monier & Weare (2011) |

ocean/sea ice

atmosphere
©N iggg‘%'s_e'ar; } qc\\ll

Through a modulating effect on wave
propagation, the QBO can impact the
polar vortex strength and contribute to
Northern Hemisphere predictability at
seasonal and interannual scales.

~7 days ~30 days Time

Mariotti et al (2018)
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Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability

Pl

©Paul Dirmeyer (GMU/COLA)

land ocean/sea ice

~7 days ~30 days Time
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Mariotti et al (2018)
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Oocean

The ocean exhibits modes of
decadal variability both in the
Atlantic and Pacific basins

AMV Index

PDO Index
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AMYV Pattern
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Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability

~7 days

@

©Paul Dirmeyer (GMU/COLA)

ocean/sea ice

~30 days Time
Mariotti et al (2018)
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sea ice

Re-emergence mechanisms in
Arctic sea ice provide memory and
thus predictability at annual scales

Sea ice area
1 (centered in September)

Correlation

Lag (months)
Blanchard-Wrigglesworth et al (2011)



Predictability

Earth System Models for near-term climate prediction

Internal sources of predictability

1st EOF of November Predicted DJF
Sea Ice Cover (SIC) Sea Level Pressure

—
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Garcia-Serrano et al (2014)

ocean/sea ice

L7
|
30 -20 -10

sea ice

~7 days ~30days Time
Mariotti et al (2018)

This reemergence could translate into
predictability beyond the Arctic, as several
studies report important impacts of Arctic
sea loss on the climate of the mid-latitudes
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Earth System Models for near-term climate prediction

Evaluating the skill of climate prediction systems

llustration for 1 year predictions
2021
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Evaluating the skill of climate prediction systems

llustration for 1 year predictions
2021

5-member prediction

started on Nov 2019
5-member prediction
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Evaluating the skill of climate prediction systems

llustration for 2 year predictions

And so on...

5-member prediction

started on Nov 2019
5-member prediction

started on Nov 1962

Observations
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1960 5-member prediction

Barcelona started on Nov 1961
Supercomputing

Center
Centro Nacional de Supercomputacion

@



Earth System Models for near-term climate prediction

An example of skill in decadal climate predictions
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Doblas Reyes et al (2013)

Only for the AMV the initialised forecasts show significant predictive skill and beat persistence for
predictive horizons of up to 9 years
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Attributing skill in decadal climate predictions: internal vs forced

Correlation Initialised Predictions vs OBS
Forecast years 1 to 5
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Attributing skill in decadal climate predictions: internal vs forced

Correlation Initialised Predictions vs OBS Correlation difference Initialized vs Uninitialised
Forecast years 1 to 5 Forecast years 1 to 5
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Yeager et al (2018)

Most of the skill in multi-year predictions come from the external forcings, with only a few regions
like the North Atlantic showing important skill from initialization of internal variability



Take home messages

@

Earth system models are our main tool to understand the climate system
and its changes, and have grown in complexity and accuracy with the major
improvements in high-performance computing

Climate variability and change are governed by the evolution of both natural
and anthropogenic forcing factors, and can respond also to internal climate
processes

While the influence of radiative forcings tend to dominate the global scale
changes, internal variability processes can produce important regional
changes in regions like the North Atlantic or the Tropical Pacific, and impact
continental areas via atmospheric teleconnections

Models can be used to succesfully predict the climate from months to
several years (and even decades) ahead

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion



Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion




