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R&D in Computer, Life, Earth and
Engineering Sciences

PhD programme, technology
transfer, public engagement

Supercomputing services
to Spanish and EU researchers
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Mission of the BSC scientific departments

Computer

Sciences

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

~ Life.

Sciences

To understand living organisms by means of
theoretical and computational methods

(molecular modeling, genomics, proteomics)
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Earth .

Sciences

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

To develop scientific and engineering software to
efficiently exploit super-computing capabilities
(biomedical, geophysics, atmospheric, energy, social
and economic simulations)
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Earth Sciences Department

Environmental modelling and forecasting using process-based and artificial intelligence
models, with a particular focus on weather, climate and air quality. This includes transferring
solutions to support the main societal environmental challenges through data applications

Global
Health
Resilience

Computationai 4
Earth Sciences

* ~180 people

* Funding from EC, Copernicus, private sector,
Sapercomputing ESA, Spanish and regional governments
e S— e Four ICREA, close link to local universities
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Ocean

Code
development
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Computational
Earth Sciences

Big data
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ORCA 2
550 MB of memory
8 CPU hours

10 Gigabytes of output (daily) 1 Terabyte of output (daily )

ORCA 112
414 Gigabytes of memory
90 000 CPU hours
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Visualisation

CIimate impacts
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COPRODUCTION
FRAMEWORK

User engagement

@pata science
@rhysics

Chemistry

Applied mathematics

Software engineering
‘Environmental science
'Climatology
@social science
@Humanities

.Environmental economy




Global climate modelling

Real time predictions Initialization/Assimilation

Retrospective predictions Perfect model analyses

Cryosphere Biogeochemistry

Predictability
Feedbacks
Remote Impacts

Marine ecosystems

Climate modelling

Carbon cycle

Wildfires

Predictability

Climate change mitigation

Model biases
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Climate Extremes Climate Mechanisms

Role of resolution , ,
Interbasin teleconnections

Bias-development

Initial shocks

zprier:;’::puting Sensitivity studies
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Multiscale air quality forecasts

e Air quality forecasts produced every day with the forecast system developed at the BSC.

NO2 (Apgima)
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mPay et al. (2011; 2012 AE) Baldasano et al. (2012 AE) Pay et al. (2014 GMD) Benavides et al. (2019 GMDD)

< CALIOPE system: air quality forecasts from regional to urban scales >

| 96 MONARCH model | HERMES3 emission model
Multiscale Online Nonhydrostatic Atmosphere Chemistry model Open source, parallel and multiscale emission
Global to regional (up to 1km) scales allowed with full on-line modelling framework for gas and aerosols
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coupling, including data assimilation and machine learning
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Atmospheric chemistry modelling

- An object-oriented gas- and aerosol-phase chemistry solver built on a framework with a flexible
interface that allows changing the chemical mechanism without recompiling and varying the
mechanism complexity based on conditions/location.

« Chemistry Across Multiple Phases (CAMP) brings flexibility to the modelling side (via APls and
chemical mechanisms described in JSON files) and portability.

» Chemistry models involve calculations from hundreds of individual reactions -> accelerators.

Host model CAMP Solver
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Computational efficiency of community models

The aim is to help the community to run better and faster experiments and forecasts enhancing the
community capability to use heterogeneous architectures (GPU, RISC-V).
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Breaking barriers for decision making

Some limitations for the use of Possible solution: to distil the
environmental data in different socio- information from existing sources to be
economic sectors. integrated in decision-making.

Lack of awareness . .
Environmental services

® Goal: the development and
incorporation of environmental
Difficult interpretation data for planning, policy-making
and practice at the global,
regional and national scale.

e Implementation method: co-
production and co-design.

Lack of expert synthesis
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Social sciences and humanities

Increased trans-disciplinarity enhancing the participation of researchers from social sciences (including
environmental economics) and humanities in technology-based environmental research to better
reach users, policy makers and citizens.

User Interface Communication
Platforms materials

Wabsites ® & Blogs

Social ® @ Mailing lists and
Media o PY newslellers

STAKEHOLDERS POTENTIAL USERS

; ) Webinars
PR Sprond COPRODUCTION
FRAMEWORK ® Yserforums
Operational for Climate Services
g @ Surveys
Proois of 5] ® ‘
concept NMeelings
Hackathons ° Workshops
Case studies @ Learning Labs
Srrosiona Interviews
Supercomputing
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Working with the users

Research in climate services, bridging the gap between research and actual applications requires
lgne and the private sector.
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Use of all climate public information sources

» All sources of climate information (both global and regional) are used to estimate the impact of
climate change on the Mediterranean region.

* Ina collaboration with Meteocat BSC replicates its comprehensive climate database, procedures to
distil climate information and capability to engage with society and the industry.

Mediterranean summer temperature anomalies
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The Climate DT includes
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Climate DT is a new type of climate information system funded by the Destination
Earth programme that focuses on assessing the impacts of climate change
and different adaptation strategies at local and regional levels with a global
perspective using a strategy where user requests drive the production chain.

Global climate models with unprecedented
resolution

Quality assessment and uncertainty
quantification

Barcelona
Deployment on EuroHPC pre-exascale computers @2‘;’:‘:;;“"’""“"9,
(LUMI, Leonardo and MareNostrumb5)

Relevance of both climatic and non-climatic drivers
Integration of large amounts of relevant European

R&D D | e nunon Destination Earth s, €ECMWF @esa @ EUMETSAT




Scalable targeted climate information in context

Climate adaptation is a specific domain. More salient results are sought with a fine-
tuned LLM and retrieval augmented generation.

What is climate

adaptation? Prompt Question + Generate
the relevant answer
question documents
SMART SEARCH CLIMATE-AWARE GENERATED ANSWERS
LILM BASED ON FINE
. TUNED MODEL WITH
Similarity Re;rlevi REFERENCE
search relevan
documents
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Quality assurance to increase robustness

The Climateurope2 project develops recommendations for the standardisation of
climate services by identifying and working with the community. The EC has
requested the European normalisation body to start the process of standardising

climate services.
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* Panadol®
* Paracare®
* Pacimol®

Paracetamol

Sounds like 'paa-ra-SEE-ta-mal’

Paracetamol is used to treat fever and pain including headache, and aches and pains
associated with COVID-19. It begins to work about 30 minutes after a dose is taken,
and the effects usually last for about 4 to & hours.

When taken as directed, paracetamol works well. However, it important not to take
more than the daily recommended dose. If you take too much — all at once or over a
period of days - paracetamol can damage your liver.

Brand names include:

Many other medicines
have paracetamol in them

How to take paracetamol

(9 Paracetamol tablets are commanly

available as 500 mg tablets or caplets. Some pain, cold and flu medicines also

have paracetamol in them, eg, Coldral®,

(&%, The usual dose for adults is 1 or 2 Nuromol%, Lamsip®, and Maxigesice.

=L tablets every 4 to 6 hours as needed for

pain or fever. Check the ingredients of medicines

) carefully before you take them.
Q\ Always wait at least 4 hours between
@ doses. If you do take other medicines that have
paracetamol in them, do not to take more
than the recommended maximum dose of
paracetamol each day.

Do not take more than 8 tablets in 24
hours OR 4 grams in 24 hours.

s Keep a record of how many doses you Ask your pharmacist if you are not sure.
=27 have taken.

Paracetamol overdose is a medical emergency
If you realise you have taken too much paracetamol (including from other products with
pa amol in them), immediately call your doctor, nurse or the Poisens Centre
0800 POISON (0800 764 766)

= DO NOT WAIT for signs of overdose as these appear when the damage to your liver is

sea (feeling sick) or vomiting (being sick), diarrhoea (runny
petite, confusion or extreme sleepiness.
d take e; e

= Sidns of overdose include n
p llow skin or eye

= Older people are most a

For mare information about paracetamol, visi

i e —

in.org.nz/paracetamal

Data and processes (WP2)

Standardisation process .. Business models (WP3)
and framework (WP1) Sitan,dardnsmg
Standardisation procedures Market development (WP4)
for climate services
Policy support (WP5)
Increasing uptake )
Increase uptake of Supportlng
quality-assured Support an equitable
climate services to support European
adaptation and mitigation climate services
to climate change community
and variability
Community engagement

(WP6)

Communication, outreach
and exploitation (WP7)

Climateurc
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