
Applied Scientific 
Computing at ICTP 
in the Era of the AI

Ivan Girotto
March 2026 
USC-C General Assembly



2

What is ICTP?

• Founded in 1964 by Nobel Laureate Abdus Salam 
to enhance international cooperation through 
science.

• Combines world class research with a unique 
global mission of building science capacity in the 
developing world.

• Governed by tripartite agreement between Italy, 
UNESCO and IAEA.
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What is ICTP?

Research Education Cooperation
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ICTP SCIENTIFIC OUTREACH

ICTP Impact 2024
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• Organises about 60 conferences & workshops each year.

• Welcomes up to more than 5,000 scientists from 150+ 
nations each year.

• Attracts an additional 1,000-2,000 scientists per year 
through hosted activities.

TRAINING AT ICTP

ICTP: An International Hub for Scientific 
Networking
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Also: Sustainable Energy, Scientific Computing and Medical Physics

Research Sections
RESEARCH AT ICTP

Condensed Matter and 
Statistical Physics

Earth System 
Physics

High Energy Cosmology 
& Astroparticle Physics

Mathematics

Quantitative Life 
Sciences

Science, Technology and 
Innovation
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Papers produced within ICTP

RESEARCH AT ICTP

Papers listed by final publication year
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Regional Climate Models

l Computer programs performing a physical down-
scaling over a limited domain region of the Earth

l Numerical discretized equations solved in a full 3D 
flattened box domain

l High resolution (50km - 1km). 

l Limited Area Models

l Driven by a GCM simulation at the domain borders

l Same physical basis as global models.

What they are

Erika Coppola (head of section) and ESP group @ ICTP 
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High-Resolution Kilometer-Scale Regional Climate Modeling
A New Scientific Frontier in Climate Science

Mechanistic Understanding – To unravel the interactions between fine-scale 
processes (modulated by topography and land surface heterogeneity) and large-
scale atmospheric forcings, which are critical for reducing uncertainties in climate 
projections.

Climate Change Signal Assessment – To evaluate how global climate change 
alters key regional phenomena, such as extreme precipitation, convective storms, 
and mesoscale convective systems, which are poorly resolved in coarser models.
Actionable Climate Information – To generate decision-relevant data for impact, 
vulnerability, and adaptation assessments, supporting policymakers, urban 
planners, and stakeholders in climate resilience planning.
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High-Resolution Kilometer-Scale Regional Climate Modeling
A New Scientific Frontier in Climate Science

Mechanistic Understanding – To unravel the interactions between fine-scale 
processes (modulated by topography and land surface heterogeneity) and large-
scale atmospheric forcings, which are critical for reducing uncertainties in climate 
projections.

Climate Change Signal Assessment – To evaluate how global climate change 
alters key regional phenomena, such as extreme precipitation, convective storms, 
and mesoscale convective systems, which are poorly resolved in coarser models.
Actionable Climate Information – To generate decision-relevant data for impact, 
vulnerability, and adaptation assessments, supporting policymakers, urban 
planners, and stakeholders in climate resilience planning.

12 km

3km



HPC 4 Climate @ICTP  

Enabling of the ICTP RegCM to GPUs

• Need of reducing the computational time for high resolution climate projections
• Optimal exploitation of the new HPC facility available at CINECA: Leonardo

Interdishiplinary effort between ESP group and HPC experts from ICTP, NVIDIA, Master in HPC students (Christian Tica)



Idea: Use DL to emulate the km-scale climate model for 
producing very high-resolution precipitation projections

Goal
increase the ensemble size of high-resolution regional climate 
projections with computationally cost/energy efficient solutions

DL 4 Climate @ICTP  

H2020-LC-CLA-2020-2

Results

Model: GNN regressor

Blasone V., Coppola E., Sanguinetti G., Arora V., Di Gioia S., and Bortolussi L. 
A deep learning framework to efficiently estimate precipitation at the convection permitting scale. In ICLR 2024 Workshop on Tackling Climate Change with Machine Learning, 2024.



ICTP scientists have applied AI 
methods to study the 
microscopic structure of the 
Earth’s inner core, investigating 
the role played by silicon

Hybrid Monte Carlo method coupled with 
deeplearning interatomic potentials to 
sample the phase space, allowing to treat 
positional and configurational disorders 
on an equal footing. The simulations 
were performed with LAMMPS coupled 
with DeepMD.

• The study, which required large 
computational resources to train the 
AI algorithms and run the simulations, 
was made possible by a special early 
access to Leonardo, a recently 
established GPU-based facility at 
CINECA.

• The number of possible atomic 
arrangements is far too large for 
traditional simulations. AI made it 
possible to model larger, more 
complex systems over longer time 
scales.

Li, Z., Scandolo, S. Short-range order stabilizes a cubic iron alloy in Earth’s inner core. Nat 
Commun 16, 7574 (2025). https://doi.org/10.1038/s41467-025-62666-1
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• Adopted high-level excited-state 
calculations to explain how ice 
absorbs and emits light

• By simulating pristine ice and 
specific defects, the team showed 
that imperfections in the crystal 
strongly control absorption, 
emission and photochemical 
pathways. The researchers could 
isolate one defect at a time ( 
impossible experimentally) and 
identify a distinct optical 
“fingerprint” for each case

• The work gives a quantum-level 
picture of how light interacts with 
ice, with implications for 
atmospheric chemistry, planetary 
surfaces and other icy environments

A collaboration with Giulia Galli’s group at UChicago

Quantum calculations expose hidden chemistry of ice
Light and materials 

M. Monti, Y. Jin, G.D. Mirón, A. Kundu, M. Govoni, G. Galli, A. 
Hassanali, Defects at play: Shaping the photophysics and 
photochemistry of ice, Proc. Natl. Acad. Sci. U.S.A. 122 (47) 
e2516805122, https://doi.org/10.1073/pnas.2516805122 (2025).
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• High-level excited-state simulations 
explain why subtle structural changes can 
turn light emission on or off in cysteine 
crystals 

• The team found that crystals grown in 
light water and heavy water adopt 
different structures. In the fluorescent 
form, vibrations are more constrained, 
giving the system time to emit light 
instead of losing the energy non-
radiatively.

• The study shows how molecular packing 
and hydrogen-bond networks can create 
new optical behavior in simple organic 
assemblies, opening a route to bio-
inspired fluorescent materials and probes

• Excited-state calculations were needed to 
follow how the crystal moves after 
absorbing light and to distinguish photon 
emission from ultrafast internal 
conversion

HyBOP (Hydrogen-Bond Networks as Optical Probes)

Fluorescence can emerge from non-aromatic amino-acid crystals

Light and materials 

D. Banerjee, S. Chibh, O.S. Tiwari, G.D. Mirón, M. Monti, H.R. Yakir, S. Pawar, D. Fixler, L.J.W. Shimon, E. Gazit, 
A. Hassanali, Angew. Chem. Int. Ed. 2025, 64, e202505331 https://doi.org/10.1002/anie.202505331
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Compute requirements for ICTP core research

What does ICTP need?

• 50-100M core-hours per year

• a growing trend

• more grants (i.e. ISCRA, EuroHPC)

• more access to recourses worlwide 

• 4PB current storage occupation

Trieste allocation on Cineca's clusters
% with respect to the total agreements allocation on Cineca's 

clusters

Total Trieste

Total Cineca’s Agreements

Distribution of Trieste's allocation on Cineca's clusters

ICTP

SISSA

OGS

UniTS

It’s much more!! No ISCRA, no INAF, etc...* data courtesy of CINECA
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New Strategy, New Priorities
ICTP 2.0

A. International Science Alliance
A new paradigm with more equal partnerships.

B. International Consortium for Scientific Computing
Open Computing an essential ingredient of Open 
Science.

C. ICTP Core
A strong core to remain globally credible and effective.
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INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

The role of computing in science

Text copy here

Cosmology Materials ClimateClimate Proteins
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INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

Computational activities at ICTP
Research and training

Research in

q Climate and Earth modeling 

(ESP) 

q Energy, Biochemistry, Quantum  

Information (CMSP)

q Fundamentals of AI (QLS)

q “Edge” computing (STI)

+ High-Performance Computing 

support team
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Challenges:

v Lack of international collaborations & research 

ecosystems

v Limited «human capacity» in emerging fields 

(AI, Data Science, Quantum computing)

v Computational infrastructures (Africa’s only 

facility in Top500 is 356th)

v Growing «divide» between developed and 

developing world

XXXXXXXXXXXXXXXX

INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

The role of ICTP
Fostering science globally

Daniel’s dream: 
use AI to design new drugs 

from medicinal plants
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SECTION TITLE

Title here

Text copy here

Subtitle here

27 May 2024 Launch of an 

International Consortium for Scientific Computing

“ICOMP”



ICOMP’s objectives

The International Consortium for Scientific Computing aims at: 

ü Creating a shared platform to seize the opportunities offered by new algorithms (ML, AI, 
BigData) and new hardware architectures      

ü Offering access to large-scale computational facilities

ü Strengthening training programs and tie them to scientific collaborations & access to computer 

time

ü Tackling selected scientific grand challenges (with impact on SDGs)

INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

2
2



Building global capacity in scientific computing 
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27 May 2024

[31 Mar – 4 Apr] Workshop on TinyML for Sustainable Development (in Malawi)
[5-16 May] Summer School on Theory, Mechanisms and Hierarchical Modelling of Climate Dynamics: Artificial Intelligence and Climate 
Modelling
[5-9 May] Conference on Mixing Times between Probability, Computer Science and Statistical Physics
[3-4 July] How creative is Generative AI? Perspectives from Science and Philosophy
[7-9 July] Youth in High-Dimensions: Recent Progress in Machine Learning, High-Dimensional Statistics and Inference
[11-18 July] Advanced School on Foundation Models for Scientific Discovery
[8-19 Sept] Advanced School on High-Performance Computing and Applied AI for High-Resolution Regional Climate Modeling (at UM6P 
Benguerir,  Morocco)
[27 Oct – 7 Nov] School on Detector Signal Processing and Machine Learning for Scientific Instrumentation and Reconfigurable Computing

INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING



IBM-ICTP Collaboration
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27 May 2024

INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

Prizes and advanced schools

  Annual prize for outstanding 
young   young researchers working in 
   AI for science / science for AI

Prize ceremony at ICTP in summer 2026 on the occasion 
of the school on applied AI, sponsored by IBM
 

“Richard Feynman Prize in Quantum Computing”

Prize ceremony at ICTP in summer 2026, on the occasion 
of a school on QC, also sponsored by IBM
 



“Democratizing” access to computational resources

INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

2
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Agreement with 
CECAM/EPFL to 
provide African 
scientists with 
computational 
resources made 
available by European 
Supercomputing 
Centers: 

ü CSCS – Switzerland
ü CINECA – Italy
ü Vega – Slovenia
ü Jülich – Germany

27 May 2024

52 proposals from 13 countries!!!

Similar initiative to enable projects on climate modeling for scientists from Africa ongoing ICTP/UM6P/Cambridge



Other ICOMP highlights
INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING
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27 May 2024

üAgreements with South Africa and Brazil for mobility and joint activities

ü ICTP joined GESDA’s Open Quantum Institute 

2026 MARVEL/ICTP College on 
Computational Materials Science
(~250 students, 200 KEuro from MARVEL)  

[April 2025] 
ICTP joins AgorAI, a private-public partnership led by Generali, for R&D in 
AI and Data Science, with five academic partners and Fincantieri, illycaffè, 
Goldman Sachs, Deloitte, and Google. 
Expected budget: ~10 MEuro/year



INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

2
7

ICTP co-founds “AI Alliance” for responsible AI



Partners (so far) 
INTERNATIONAL CONSORTIUM FOR SCIENTIFIC COMPUTING

2
8
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• Modern research at ICTP combines established simulation methodologies with emerging AI-
driven modelling approaches to study physical interactions across temporal and spatial scales 
that remain challenging even for today’s most advanced high-performance computing 
infrastructures

• As the cost and complexity of advanced technologies continue to rise, ICTP increasingly relies 
on access to distributed computational resources provided by partners worldwide

• At the same time, the rapid integration of AI methodologies has significantly expanded the 
demand for computational resources within the ICTP scientific community

• In this context, ICOMP represents ICTP’s strategic initiative to develop international 
partnerships that address this growing demand. The programme aims both to enable scientists 
from developing countries to conduct research on world-class computing infrastructures and to 
foster sustainable computational ecosystems that help bridge the technological gap between 
developing and developed countries, thereby empowering the global scientific community to 
pursue transformative discoveries

Conclusions and Remarks 

Applied Scientific Computing at ICTP
(in the Era of the AI)



Thank you!


