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Introduction 
Climate change and its most disastrous manifestations are one of the most 
discussed and worrying issues globally. In the last decade, tools such as 
supercomputing, Big Data analysis and quantum computing have been identified 
as a powerful ally in monitoring, mitigating, adapting and forecasting the 
increasingly frequent extreme events such as floods, landslides and droughts 
that occur globally. 

In this report we analyze the measures and initiatives taken in Europe and then 
in Italy.  

We then present use cases that show innovation projects united by their desire 
to bring a positive impact on one of the many aspects of the fight against climate 
change. These projects offer a concrete vision on the adoption of advanced 
technologies in different Italian business and institutional contexts.  

The second half of the report focuses on the ICSC Foundation's projects dedicated 
to climate change and extreme events. 

Finally, we show future trends and scenarios, outlining the long-term prospects, 
highlighting the main technological, economic and regulatory developments 
expected.  
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The challenge of climate change 

Climate change is one of the preponderant transnational challenges of the 21st 
century, the impacts of which are manifesting themselves in increasingly evident 
and disastrous ways. 

In more detail, the UNFCCC - United Nations Framework Convention on Climate 
Change, with the term climate change refers to a change in climate, directly or 
indirectly attributable to human activity, which alters the composition of the 
global atmosphere and which adds to the natural climate variability observed 
over comparable periods of time, while the adverse effects that follow are 
categorized as physical changes in the environment, causing deleterious effects 
on the composition, resilience or productivity of natural ecosystems, on the 
operation of socio-economic systems and on human welfare and health. 

Scientific evidence shows that human activities, in particular industrial 
production and agricultural activities, use a large amount of fossil fuels, 
responsible for greenhouse gas (GHG) emissions into the atmosphere, which 
contain enormous amounts of CO2, which in turn cause the rapid rise in global 
temperatures. According to the European Environment Agency (EEA), the 
summer of 2023 is the hottest ever recorded globally, confirming a continuous 
trend of temperature rise compared to pre-industrial levels. 

 

 

 
Figure 1: Trend of the average surface air temperature in Europe in the summer months for the 
period 1979-2024 (Credits: C3S/ECMWF) 

As a consequence of this global warming, disastrous events such as floods, 
droughts, landslides and heat waves are occurring more and more frequently and 
with greater intensity, not only on the Italian and European territory, but are now 
a danger at a global level. These extreme events have harmful consequences not 
only on the integrity and resilience of ecosystems, threatening biodiversity and 
human health and safety, but also represent a heavy economic and social cost, 
directly and indirectly impacting industrial activities and economic development. 

In this context, most of the world's governments have reached agreements to 
organize a common effort, aimed at reducing greenhouse gas emissions and 
implementing climate change mitigation and adaptation measures.  The 
realization of a real green transition is not possible if it is not supported hand in 
hand with the digital transition, putting at the service of this challenge new 
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technologies such as supercomputing (HPC), Big Data analysis and quantum 
computing, which favor the monitoring of the earth and its environments, the 
construction of platforms such as digital twins for the simulation of contrast 
measures and the accurate prediction of phenomena Extreme. 

With a view to combating climate change, tools such as the European Extreme 
Events Climate Index (E3CI) are useful, an index that aims to increase awareness 
about the dynamism and rapid and disruptive evolution of these atmospheric 
phenomena thanks to the analysis, quantification and monitoring of extreme 
weather events over time. The project is the result of the collaboration between 
the IFAB Foundation, the CMCC Foundation and Leithà UnipolSai. 

Within this challenge, there is therefore room for public and private entities to 
develop new initiatives and projects that, in addition to the first objective of 
combating climate change, bring a positive boost to innovation in the digital 
sector and the economic sector. 

 

 
Figure 2: Number of summer days affected by anomalous maximum temperatures (daily 
maximum above 32°) in Southeastern Europe from 1950 to today (Credits: C3S/ECMWF) 
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Where are we in Europe? 
The European Union has made the fight against climate change one of its main 
objectives, promoting projects and conventions both at a supranational level and 
encouraging initiative by individual states. In particular, the European 
Commission has adopted the EU Adaptation Strategy, which outlines a long-term 
vision to make the EU climate resilient by 2050. There are mainly two distinct but 
complementary types of approaches that can be implemented in this area: 

- climate change mitigation: i.e. the implementation of procedures aimed 
at reducing CO2 emissions to decrease the speed of temperature rise 

- adaptation to climate change: i.e. implementing actions to limit the most 
disastrous effects, for example trying to prevent and predict extreme 
weather events, floods, landslides and all other climate risks 

By combining these approaches and thanks to the strategies adopted, the EU has 
exceeded the 20% emissions reduction target that was set for 2020, reducing 
total emissions by a third compared to the 1990s. To continue on the wave of 
this virtuosity, the EU, supported by the European Environment Agency (EEA), 
has adopted the European Green Deal, which absorbs a third of the funds of the 
NextGenerationEU Recovery Plan, and has as its ultimate goal of zero greenhouse 
gas emissions on European territory by 2050, reducing them by at least 55% by 
2030. This goal is made legally binding by the European Climate Law, contained 
within the Green Deal itself. 

The EU also recognises the crucial role of supercomputing, Artificial Intelligence 
and Big Data and quantum computing, technologies already promoted within the 
Green Deal, in the implementation of effective programmes.  

In this regard, the European Commission manages the Copernicus Climate 
Change Service (C3S), a service capable of providing authoritative, past, present 
and future information on the state of the climate on Earth, in order to provide 
policymakers with as many tools as possible to approve green decisions and 
regulations, such as the annual publication of the European State of the Climate., a 
report containing key indicators on climate change.  

C3S is part of the six thematic information services provided by  the Copernicus 
Earth Observation Programme, an initiative part of the European Union's space 
programme which, through advanced satellite technologies and in-situ data 
collection, allows the monitoring of the environment and climate change.  

More specifically, the C3S not only publishes monthly updated bulletins on the 
most recent atmospheric events, but within its Climate Data Store it also makes 
freely available a wide range of climate datasets coupled with the tools necessary 
for the analysis of Big Data, in order to produce accurate predictions on the 
potential short- and long-term impacts of climate change and its most extreme 
manifestations. 

Among the various EU initiatives, Horizon Europe (HE) also stands out, a directly 
managed programme of the European Commission for research and innovation 
in the period 2021-2027 which, out of a total budget of 95.5 billion, allocates 
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15.1 billion to finance innovation and research projects under Cluster 5: Climate, 
Energy and Mobility, to be added to the 9 billion made available for the proposals 
submitted under the Cluster 6: Food, Bioeconomy, Natural Resources, Agriculture & 
Environment.  

Horizon Europe therefore aims to achieve the Union's strategic priorities by 
helping to face the global challenges of the present, set out in the Sustainable 
Development Goals (SDGs) of the United Nations 2030 Agenda and the Paris 
Climate Agreement. The program is mainly aimed at universities, research 
centers, associations, public administrations, but the participation of small and 
medium-sized enterprises with high technological value is also encouraged.  

 

. 
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Where are we in Italy? 
In Italy, not only are there initiatives and conventions born from adherence to the 
guidelines and programs aimed at adapting and mitigating climate change of the 
European Union, but there are numerous bodies, institutes and research centers 
that focus on these issues. 

First of all, the Ministry of the Environment and Energy Security (MASE), the main 
Italian government body dealing with environmental policies and responsible for 
the national strategy for adaptation to climate change. MASE coordinates 
national actions on the environment, energy and waste, playing a central role in 
the Integrated National Energy and Climate Plan 2030 (PNIEC), which defines 
Italian policies for achieving decarbonisation and energy efficiency and security 
objectives. 

Alongside the MASE is the Higher Institute for Environmental Protection and 
Research (ISPRA) which deals with emission monitoring projects and 
environmental risk assessments, producing data, reports and studies on climate 
change and developing models and software for adaptation to extreme 
phenomena. 

Also standing out on the national scene  is ENEA, the National Agency for New 
Technologies, Energy and Sustainable Economic Development, which mainly 
deals with technological innovation and sustainability, with an eye to the energy 

transition, waste management and the management of greenhouse gas 
emissions.  

The Euro-Mediterranean Centre on Climate Change (CMCC) is an international 
research centre that studies the interaction between climate change and society, 
within which three research institutes interact: the Institute for Earth System 
Predictions (IESP), the Institute for Climate Resilience (ICR) and the European Institute 
on Economics and the Environment (IEEE), in order to ensure a multidisciplinary 
approach to research. CMCC is also noteworthy because it has at its service a 
High Performance Computing Center (HPCC) active in Lecce since 2008, 
dedicated entirely to the study of climate change and its impact on society and 
economic systems. 

Within the funding of the National Recovery and Resilience Plan (PNRR), a series 
of extended partnerships have also been provided for with the aim of facilitating 
the implementation of strategic projects in various sectors, including the fight 
against climate change and the ecological transition in line with Mission 2 of the 
PNRR, for which 28.56% of the total funds have been allocated.  

Among the projects developed within the framework of extended partnerships, 
we can mention the Spokes promoted by the Return foundation, which have as 
their object water management, hydrogeological risk, environmental degradation 
and risk management for critical infrastructures or Spoke 9 of FAIR - Future 
Artificial Intelligence Resecarci, which focuses instead on the promotion of 
sustainable generative AI by design to reduce the impact of the increasingly 
pervasive use of intelligence on CO2 emissions.  
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From the Digital Innovation Observatories of 
the Politecnico di Milano  

As part of the conference of the Digital & Sustainable Observatory - Digital and 
Sustainability: the space of responsibility and innovation, promoted by the School 
of Management of the Politecnico di Milano with the collaboration of 
Assolombarda, the results of the 2024 Research were presented, which explores 
the two-way relationship between digital innovation and sustainability, with 
particular attention to the environmental, social and governance sectors. 

In the 2024 Research, it was investigated how digital can represent an 
opportunity or a risk for corporate sustainability, trying to classify which 
sustainable development goals and which contextual elements can guide the use 
of new technologies. Sustainable development should in fact be perceived as a 
strategic perspective innervated in the raison d'être of the company, which must 
accept the inevitable trade-offs between profit and social responsibility, taking 
into account the European cultural context in which a profound meaning of 
sustainability is rooted 

The EU's awareness of the urgency of change is reflected in the evolution of the 
activity of the European Commission, which in the decade 2014-2024 has 
increased legislative initiatives in the digital and sustainable sphere, making them 
increasingly complementary to each other and highlighting the transversality of 
these areas. This push has also led to a change in the concept of sustainability: 

from a reactive approach to a proactive one, shifting the focus from profit to 

impact.  

New digital trends therefore offer a fundamental contribution in addressing 
global sustainability challenges, while the latter plays an equally fundamental 
role in driving the digital transformation of institutions and companies. A 
concrete example of this complementarity can be the Smart Waste Management 
project developed by IBM and the Hera Group which, in order to optimise waste 
management and promote circular economy techniques that promote recycling, 
used tags and sensors for bins, intelligent systems installed on collection vehicles 
and provided operators with mobile devices,  also using Big Data analysis to know 
precisely the characteristics of the cargo arriving at the sorting center, employing 

 

Figure 3: Activities of the European Commission: digital vs sustainable initiatives (credits: 
Osservatorio Digital&Sustainable 2024, Politecnico di Milano – www.osservatori.net) 
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technologies such as cloud computing and data centers for the processing and 
storage of data collected in the field.  

From this example, it is clear that technology represents not only a tool to achieve 
sustainability goals, but also a means to improve working conditions, generating 
more and more opportunities, enabling a virtuous circle of incremental 
transformation oriented towards sustainability. 

As part of the 2024 Research, an analysis of the level of digital maturity and 
propensity for sustainability of Italian companies was then conducted, where 
investments, projects, organizational structure, external collaborations and 

barriers to innovation were taken as the subject of analysis on a sample of 81 
large companies and 568 small and medium-sized enterprises.  

This study showed that the size of the company has a significant influence not 
only on the possibility of investment, but also on the development of awareness 
and sensitivity to the opportunities and risks of the relationship between digital 
innovation and sustainability. For SMEs, the relationship between these two 
areas still represents an unexplored world, mainly due to the costs of 
implementation and the lack of information on opportunities and benefits, while 
large companies, while investing in these areas partially, lack an overall vision to 
make the most of the synergy between digital innovation and sustainability. The 
lack of an overview is also confirmed by the scarce presence of the Digital 
Sustainability Officer in large companies, where sustainability managers are 
underrepresented compared to digital managers. This imbalance is even more 
glaring if we look at SMEs: 63% of these do not have a sustainability manager and 
do not consider it necessary, a percentage that extends to 71% when the figure 
of the Digital Sustainability Officer is taken into consideration. 

 The report also highlights that both large companies and SMEs invest in 
sustainability mainly in response to reputational pressures and for reasons 
related to corporate image, or to comply with current regulations, demonstrating 
their lack of knowledge of the sector's potential as a driver of digital innovation, 
nor of the opportunities it offers to improve working conditions and increase 
productivity. 

Figure 4: Digital innovation and sustainability: the point of view of large companies and SMEs 
(credits: Osservatorio Digital&Sustainable 2024, Politecnico di Milano – www.osservatori.net ) 

http://www.osservatori.net/
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AI, Supercomputing and Big Data at the 
service of the climate: what applications? 
The fight against climate change touches on various and different areas: from the 
prediction of anomalous atmospheric events to the reduction of CO2 emissions, 
from the monitoring of ecosystems to the safety of critical infrastructures, from 
urban green planning to the creation of specialized indices and so on.  

With reference to all these areas, many companies, institutions, research 
institutes and universities have decided to use the most accurate 
technologiesand digital tools to create platforms, digital twins, startups or 
projects to put them at the service of policy makers, researchers, the industry 
sector or even the entire community with the ultimate aim of limiting the effects 
of climate change on the environment, society and the economy. 

We have mapped some virtuous examples of realities, small and large, that use 
new technologies (Big Data, Supercomputing, Artificial Intelligence) in the field of 
climate change and extreme events.  

In the following paragraphs, we present some use cases, highlighting: 

  abstract of the project; 

 expected benefits and/or objectives of the project; 

 technology used in the project. 

 

To share new use cases, you can fill out the form at the following link: 
https://forms.office.com/e/6ZNCp04rUW . 

  

https://forms.office.com/e/6ZNCp04rUW
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SEEDS: assessment of soil erosion through Data-
driven solutions 

The SEEDS project aims to improve the currently most widely used model 
for the estimation and prediction of the phenomenon of soil erosion due to 
rainfall, with an incredibly accurate level of spatio-temporal detail thanks to the 
application of Big Data Analytics and Machine Learning algorithms. The model 
will mainly exploit data provided by different Copernicus services, generating 
high-resolution spatial and temporal estimates of the various factors influencing 
soil erosion. The combination of these factors, by means of a model widely 
consolidated in the literature, will allow to quantify the potential loss of soil for 
two areas of interest: the Idice basin in Emilia-Romagna and the Amalfi coast. 

  The adoption of this technology allows various stakeholders to access 
up-to-date data on soil erosion and to take more effective preventive measures. 
Soil erosion is in fact an environmental problem of global importance in a co-
evolution relationship with climate change, which can affect the type of 
vegetation or the anthropogenic use of a given territory, increasing or reducing 
the risk of erosion. Farmers can then use this information to optimize cropping 
practices while reducing the impact on the environment, spatial planners can 
identify the safest places to build infrastructure and plan land use that minimizes 
erosion, and policymakers can develop evidence-based legislation for soil 
conservation. 

 The project uses innovative approaches aimed at improving erosion 
estimates by building on the widely established Revised Universal Soil Loss 
Equation (RUSLE) approach and integrating it with predictive models that 
combine in situ data  with real-time data provided by Copernicus services such as 
satellite imagery and precipitation estimates. 

 

 

 

 
 

Soil Erosion Evaluation through Data-driven Solutions - IFAB International 
Foundation 

https://www.ifabfoundation.org/project/soil-erosion-evaluation-through-data-driven-solutions/
https://www.ifabfoundation.org/project/soil-erosion-evaluation-through-data-driven-solutions/
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AIMS: predictive model for hydrogeological risk 
monitoring  

 As part of the Interreg IPA ADRION Programme, the Polytechnic 

University of Marche wants to develop an early prediction model based on 
artificial intelligence and Big Data, tested and validated in the Adriatic-Ionian 
region, to reduce hydrogeological risks related to climate change. The 
transnational approach will enable partners to influence policies, regulations and 
regulatory frameworks at regional, national and even European level. 

  Among the objectives of AIMS is the need to develop a common vision of 
landslide-related threats in the ADRION region, promoting the sharing of 
collected data and their analysis among the countries affected by extreme 
events, so as to be able to update the historical databases on landslides in the 
macro-region. 

 The project is therefore based on artificial intelligence and Big Data 
analysis tools for the design of more precise predictive models that highlight the 
link between landslides and climate change. The project includes three main 
activities: the identification of suitable technologies for effective predictive 
models, the development of an early prediction mechanism and the activation of 

capacity building processes for the adoption of an early monitoring and prediction 
system based on Artificial Intelligence. 
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E.T. Complex: a digital twin for CO2 reduction 

 E.T. CompleX develops an advanced Digital Twin platform starting from 
the urban system of the buildings of the CNR Technopole in Bologna and its green 
areas. The goal of the project is to achieve "zero km carbon neutrality" within that 
system, analyzing the CO2 emissions generated by human activities and 
estimating the amount of trees needed to offset these emissions. The platform 
aims to become a model applicable to other urban systems, such as hospitals, 
port areas and campuses. 

  The broader goal of the initiative is to achieve "Carbon Neutrality at zero 
km", quantifying the CO2 emissions of the analyzed system and determining how 
many trees are needed to absorb these emissions. The platform will also allow 
the monitoring and planning of securing or replacing urban greenery, proactively 
contributing to the fight against climate change. 

 The project uses a digital twin that integrates real-time data and 
predictive systems, which can be consulted in the cloud in the form of a detailed 
virtual representation and which will make it possible to monitor in real time and 
simulate interventions for the reduction of CO2 emissions, using machine 
learning algorithms to analyze data and identify patterns and trends. 

 

 

 

 

 

 

 

 

 

  
E.T. Complex - IFAB International Foundation 

https://www.ifabfoundation.org/it/project/e-t-complex/
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Forestry Analyzer: Artificial Intelligence against 
deforestation 

 Forestry Analyzer is a tool promoted by IFAB capable of using algorithms 
based on the European Union's Copernicus land monitoring services to provide 
precise measurements of emissions from deforestation and forest degradation, 
offering predictive models to estimate the future impact of deforestation and 
incentivizing conservation and reforestation interventions. 

 The project was created in response to the need to contain deforestation 
phenomena, proven to have a negative impact on climate change, global 
biogeochemical cycles and biodiversity loss. According to estimates by the IPCC 
- Intergovernmental Panel on Climate Change, forest degradation processes are 
in fact responsible for 20% of all anthropogenic greenhouse gas (GHG) emissions. 
The ultimate goal of the project is therefore to provide an element of support to 
companies for the adoption and launch of "green processes" to concretely 
combat deforestation. 

To achieve this goal , Forestry Analyzer uses algorithms based on 
"Copernicus Land Monitoring Services", synthetic indicators that the European 
Union makes available to the scientific world, capable of providing information on 

the state of health of the planet based on satellite observations and other data 
from primary sources. 

 

 

 

 

 

 

 

 
 

 
Forestry Analyzer - IFAB International Foundation 

 

https://www.ifabfoundation.org/project/forestry-analyzer/
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gAIa: AI and satellite data to improve air quality 

 gAIa: Green Area Integrated Aid is an initiative promoted by IFAB that 
improves air quality in cities through optimized urban green management. Using 
technologies such as Artificial Intelligence and satellite data analysis, gAIa will 
develop an advanced system to help administrations design and manage green 
areas that are more efficient in purifying the air. 

  The aim of the project is to develop a scalable approach for the analysis 
of data related to urban green spaces and their management. Climate change is 
in fact one of the phenomena responsible for the high levels of CO2 found in 
urban areas and a more efficient management of urban greenery will allow a 
more informed and responsible approach to air quality monitoring. The project 
promises the realization of significant benefits, starting with the improvement of 
air quality, which will have a direct impact on public health by reducing exposure 
to pollutants and consequently reducing access and relieving the public health 
system. 

  The project therefore makes up for the lack of a decision-making tool that 
avoids the inefficient management of urban greenery and its suboptimal impact 
on air quality and public health, by providing administrations with an advanced 
Decision Support System that integrates multi-temporal and timely 

environmental, management, meteorological and health data. This system will 
use technologies such as Artificial Intelligence, Big Data analysis, multi-temporal 
satellite data and SLAM laser scanner surveys to optimize the design and 
management of urban green areas, maximizing the ecosystem service of 
pollutant mitigation.  

 

 

 

 
 

 

 
 

gAIa: Green Area Integrated Aid - IFAB International Foundation 

https://www.ifabfoundation.org/it/project/gaia-green-area-integrated-aid/
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Drones and Big Data to track heat islands 

 With the project "Drones to track heat islands" the city of Weinz (Austria), 
in collaboration with the Weiz-Gleisdorf Energy Region, the W . EI Z. innovation 
center, has created an interactive 3D model of the city for simulation of concrete 
measures to adapt to climate change. 

  The project was born in response to the significant impact of global 
warming on urban areas: rising temperatures and heat waves, combined with 
high levels of density during the summer months are increasingly favoring the 
creation of dangerous heat islands. Heat islands are phenomena that occur when 
the temperature of a given urban area is significantly higher than in the 
surrounding rural areas, due to the absorption and release of heat by asphalt and 
concrete infrastructure. With temperatures often critical, heat islands can not 
only negatively affect the quality of life in public spaces, but can also have serious 
effects on citizens' health. 

 The project was initiated as part of the climate change adaptation 
programme of the Weiz-Gleisdorf energy region (KLAR!) and uses a database 
collected from the flight over the city area by a drone equipped with special 
thermal imaging cameras and multispectral cameras. The collected data is then 
analyzed and transferred into the 3D model of the city. The model not only 

graphically shows heat islands, but makes it possible to predict which cooling 
effects specific renovation or urban green measures may have and in which areas 
of the city this redevelopment can have the best possible impact.  
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A digital twin to manage the water cycle 

 The National Research Council's Research Institute for Hydrogeological 
Protection has contributed to the development of a virtual model of the Earth's 
water cycle: it will serve to optimise water resource management and the 
mitigation of water-related natural disasters. This platform was built as part of 
the "Digital Twin Earth Hydrology" project and funded by the European Space 
Agency. 

  As the climate crisis advances and the human impact on the water cycle 
increases, it becomes of paramount importance to have advanced simulation 
tools: the goal of the project is in fact to provide a tool to optimize the 
management of water resources and thus promote the mitigation of water-
related natural disasters. The platform represents a virtual model that replicates 
the water cycle on Earth by integrating high-resolution satellite observations and 
currently focuses on a specific case study, the terrestrial water cycle in the 
Mediterranean basin, and will be extended to the whole of Europe and Africa in 
the next two years. 

  Huge amounts of satellite data were used to build the digital twin  
combining various Earth observation information, ranging from soil moisture to 
precipitation, evaporation, river flow and snow depth. This data was then used to 

implement a cloud-based platform, which can be freely used for simulations and 
visualizations, allowing risks to be mapped and water resources to be better 
managed. 

 

 

 

 

 
DTE Hydrology – Digital Twin Earth Hydrology Next 

  

https://www.dtehydrology.org/


          
 
 

 
 

19 

Predicting floods with SaferPlaces 

 SaferPlaces is a Flood Risk Intelligence SaaS Digital Twin platform, 
providing crucial flood risk information in a short time, at low cost and providing 
high-resolution results with global coverage. 

  The platform has been operational since 2018 and represents a valuable 
tool for forecasting floods that occur more and more frequently on the national 
territory, also due to the growing impact of climate change on the environment 
and atmospheric phenomena. SaferPlaces therefore has among its objectives the 
desire to provide public and private entities in good time, with the tools to adopt 
mitigation and adaptation strategies to extreme flood events that jeopardize the 
health and safety of cities and citizens. 

 SaferPlaces combines proprietary and open source software (such as 
OpenLayers, Cesium, and GDAL) within a Digital Twin platform. The system 
consists of an interactive dashboard and control room that support both real-
time functionality and retroactive analysis. To do this, the artificial intelligence 
that powers the platform leverages advanced Machine Learning algorithms, 
including supervised, unsupervised and reinforced learning methods. Among the 
techniques used are also Recurrent Neural Networks, Long Short-Term Memory 
and binary classification models to conduct predictive analysis.   

 

 

 

 

 

 

 

 

 

 

 
 

https://saferplaces.co/ 

    
    

https://saferplaces.co/
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GrowGreen: partnership to give space to nature in 
urban areas 

GrowGreen is a project funded by the European Union's Horizon 2020 
research and innovation program and aims to create partnerships with modern 
cities to make them more resilient, green and implement their business 
opportunities. A concrete application of this project can be found in the 
partnership with the city of Modena, which began in 2017 and continued for 66 
months, which aimed to improve water and climate resilience and cope with 
phenomena such as floods, floods and heat islands. 

The city's vast network of canals and the two rivers that surround it – the 
Secchia and the Panaro – make Modena vulnerable to flooding, an increasingly 
frequent problem due to the increase in impermeable surfaces and the aging of 
the city's sewage system, which also suffers from increasingly high summer 
temperatures. The dense old town has few green spaces, and its UNESCO World 
Heritage status makes it difficult to change the infrastructure. GrowGreen has 
developed a project that involves the areas immediately outside the city, 
laminating and treating the water introduced into a city cable, reducing flooding 
peaks and improving the quality of the canal water in the eastern urbanized part 
of the city. Grassy ditches and drains help remove pollutants and increase water 
infiltration. 

To do this, GrowGreen promotes the use of Nature Based Solutions (NBS), 
i.e. tools that use nature and the natural functions of healthy ecosystems, to 
address environmental and climate change-related challenges, with direct 
effects both on the health of ecosystems and the community, and with indirect 
benefits that can also affect the economic and social sphere. On the basis of 
extensive hydrogeological modelling, the project has also implemented a 
strategic basis for future developments of Nature Based Solutions applicable in 
other areas of Modena or in other cities participating in the project. 
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Weather and Machine Learning: AI-GCM 

 The IFAB-funded "The AI General Circulation Model" (AIGCM) project 
develops a Proof of Concept (POC) of a new weather model based on machine 
learning and potentially competitive with current models. The new "General 
Circulation Model" would overcome some limitations of current forecasting 
systems, being able to significantly reduce both infrastructure costs and the time 
taken for forecasting. 

  Nowadays , the ability to accurately predict atmospheric phenomena is 
essential, especially their anomalous and extreme manifestations, which are 
increasingly recurrent due to the impacts of climate change. The resulting 
prototype model will serve as a starting point for future advances in the 
construction of a fully operational AI-GCM that can potentially be integrated with 
traditional GCMs, while the benefits of this innovation will be found above all in 
companies with decision-making processes influenced by the availability of fast 
and accurate weather information: such as energy companies and energy 
communities,  or farmers who will be able to activate resilience actions to 
increasingly frequent extreme weather phenomena. 

 This innovative approach is now possible thanks to recent developments 
in machine learning and deep learning based on neural networks and thanks to 

the availability of a large amount of data relating to the behavior of the 
atmosphere, data that have been reconstructed thanks to reanalysis products 
(using classical GCMs) and that have a temporal depth up to the last 70 years.  

 

 

 

 

  

 

 

The AI General Circulation Model - IFAB International Foundation 
  

https://www.ifabfoundation.org/it/project/ai-general-circulation-model/
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IT-Water: Supercomputing and drought 

 IT-WATER - High Performance Computing of Future Scenarios of Drought 
and Water Resources in Italy - is a project funded under the PNRR that aims to 
improve the ability of hydrological modelling chains to produce information on 
the impacts of climate change and in particular on water resources, providing the 
first high-resolution scenarios of the evolution of drought in Italy in this century, 
fully exploiting the potential of high-performance computing. 

  Events such as the severe drought that is affecting Sicily and the water 
scarcity in the center-north in recent years have prompted the International 
Center for Environmental Monitoring – CIMA Foundation, with the support of 
Fadeout Software Srl and the ItaliaMeteo Agency, to work on the creation of 
spatially distributed scenarios on a national scale on water resources, to provide 
useful data to inform the mitigation and adaptation strategies of the Italian 
context in relation to the danger drought. 

 IT-WATER makes use of High Performance Computing (HPC), which 
allows complex calculations to be performed in a short time, using computing 
resources provided by CINECA's technological infrastructure. The HPC system 
allows the processing of large amounts of climatic and hydrological data, making 
it possible to build high-resolution scenarios throughout the country. The 

processing, which will cover a time span of 150 equivalent years, requires not 
only significant computing capacity, but also careful design of computer code and 
hydrological algorithms. The project will simulate two greenhouse gas 
hypotheses to analyse the different possible climate trajectories, including key 
variables such as precipitation, snow, glaciers, soil moisture and river flows.  

 

IT-WATER - CIMA Research Foundation 

  

      

                               
 
 

 

https://www.cimafoundation.org/progetto/it-water/
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Predicting extreme events with Eoliann 

 Eoliann is an Italian startup founded in 2022 that allows its customers to 
predict extreme weather events and natural disasters in real time. 

  Among the challenges related to climate change is also the growing 
difficulty in predicting climate events, which are becoming increasingly uncertain 
and disastrous. For this reason, accurate prediction of a natural disaster or 
extreme weather phenomenon is increasingly critical in reducing risks and 
protecting infrastructure and communities. Eoliann's services are developed in 
this context, not only by producing technologies aimed at prevention, but also by 
promoting a culture of awareness and adaptation to climate change towards 
client companies. 

 Eoliann's services are based on the use of satellite data provided by the 
European Space Agency and NASA, which are then combined with artificial 
intelligence algorithms for an accurate prediction of extreme weather 
phenomena. Eoliann's approach therefore represents an innovation compared to 
traditional forecasting systems based on historical data, allowing the risk of 
major climate disasters to be estimated with a resolution of 30 meters, starting 
from the insertion of a geographical coordinate at any point in Europe. 
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Latitudo40: AI for climate change resilience 

 Latitudo40 was founded in 2017 with the aim of using high-resolution 
satellite images and artificial intelligence algorithms for the creation of various 
tools for monitoring the Earth in relation to extreme winds related to climate 
change. 

  Urban areas are increasingly subject to problems derived from climate 
change, such as floods, heat islands and air pollution, Latitudo40 therefore aims 
to reformulate the concepts of resilience and sustainability to highlight the 
economic and social impacts of extreme events. 

 The Italian startup bases its services on the real-time integration of data 
to monitor urban ecosystems, these complex data are then analyzed using 
Artificial Intelligence, with the aim of predicting climate risks and generating 
effective proactive urban planning projects and resilience strategies. Continuous 
environmental changes are then monitored through high-resolution satellite 
images that also provide critical data for urban adaptation to various extreme 
phenomena. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Empower Sustainable Growth with AI-Driven Satellite Insights | Latitude 40 

https://www.latitudo40.com/
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Climate Risk Analysis Suite: quantifying the 
impacts of climate change with Big Data 

 CRIF has developed the Climate Risk Analysis Suite with the aim of 
precisely quantifying the impact of extreme events and climate change on 
companies using Big Data analysis.  

  Climate change not only produces negative effects on the environment 
and the health of communities, but also has significant impacts on companies 
and consequently on the entire economic sector. For this reason, CRIF has 
created a tool capable of quantifying the financial risks of companies, assessing 
the need for mitigating actions and supporting their strategic planning. The 
solution calculates the expected effects on company costs and revenues, 
including the analysis of any insurance coverage. The model also performs a 
detailed, bottom-up assessment of impacts, integrating financial and real estate 
data to create forward-looking balance sheet projections. 

 For the creation of this platform, it was necessary to use Big Data both to 
develop highly predictive algorithms and to accurately quantify the potential 
economic losses deriving from climate risks and policy responses. These 
algorithms are trained on two main types of data: meteorological, orographic and 
hydrological data make it possible to predict the probability of occurrence of 

climate risks and firmographic, cadastral and balance sheet data allow to 
quantify potential economic losses. 

 

 

 

 

 

 

 

 

 

 
Climate Risk Analys Suite - CRIF 

https://osservatorio.supercomputing-icsc.it/societa-digitali/quantificare-limpatto-del-cambiamento-climatico-sulle-imprese-tramite-i-big-data-la-climate-risk-analytics
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European Extreme Events Climate Index - E³CI 

 The European Extreme Events Climate Index (E³CI) project starts from the 
measurement of extreme weather events to open up new opportunities in the 
assessment of their damage to the economy, society and the environment. E³CI 
is an "index of indices", i.e. it is the synthesis of five components relating to 
different atmospheric dynamics: heat waves, cold waves, droughts, extreme 
rainfall, extreme winds. 

  The Index was developed primarily to allow an assessment of economic 
and insurance losses related to the onset of extreme weather events, allowing 
an adjustment of insurance premium rates and improving portfolio and risk 
management, with advantages for both consumers and insurance companies. 
The Index is also able to provide useful data for monitoring climate trends, 
facilitating the decision-making process of Public Administrations, engaged in 
the construction of a sustainable development system. 

 The research starts from the analysis of existing tools used for this 
purpose: the Actuaries Climate Index® (ACI), currently operational for North 
America (Canada and the United States) and a slightly different formulation of 
the same index currently operating in Australia. These indices therefore exploit 

Big Data Analysis and machine learning techniques to process the large amount 
of input data. 

 

 

 

 

 

 

 

           

 

 
European Extreme Events Climate Index 

https://climateindex.eu/
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A digital twin to reduce emissions: CO2 
ADSORBENT 

 CO2-cApture anD StOrage fRom comBustion Emissions of paint pyrolysis 
plaNTs, developed in the context of Spoke 2 "Green technologies and sustainable 
industries" of NODES – Nord Ovest Digitale e Sostenibile, is a project that aims 
to develop advanced and sustainable technologies for the capture and recovery 
of gaseous CO2 produced by combustion fumes in paint pyroscission plants,  and 
then reuse the captured CO2 in the production of dry ice. 

  Climate change, in competition with increasingly intense human and 
industrial activities, causes serious damage to air quality, in particular due to the 
increasing amount of CO2 in the atmosphere. However, traditional CO2 capture 
and storage technologies have shown limitations in terms of efficiency, high 
costs and performance in the presence of humidity, in this context CO2 
ADSORBENT aims to present an original solution, also thanks to the use of 
advanced adsorbent materials. 

  An innovative aspect of the project is the integration of the Digital Twin, 
a virtual and dynamic model that allows the process to be simulated and 
monitored in real time, facilitating decision-making processes. The 
implementation of the technology will make it possible to reduce the 

environmental impact of industrial plants, reducing the emission of greenhouse 
gases into the atmosphere. 

 

  



          
 
 

 
 

28 

Climate services for risk mitigation and 
adaptation 

 Spoke 8 of the RETURN project aims to develop innovative 
methodologies to obtain high-resolution forecasts of climatic, meteorological, 
hydrological and marine variables, which are crucial for risk assessment and the 
definition of climate change mitigation and adaptation strategies. These 
forecasts, validated through case studies, are intended for various sectors and 
address phenomena such as floods, droughts, heatwaves and air pollution. The 
integrated approach of Spoke 8 makes it possible to support strategic decisions 
that aim to reduce risks and improve the resilience of communities. 

  The main goal is to provide accurate scientific predictions to support 
adaptation to climate change. The forecasts target various extreme events, such 
as floods, droughts, heatwaves and degradation of ecological environments, with 
the aim of providing decision-makers with the necessary tools to intervene 
promptly.  

These forecasts, combined with uncertainty assessment, provide a 
comprehensive framework for risk management and adoption of adaptation 
strategies. In addition, Spoke 8 develops hazard, exposure and vulnerability 
indicators, using historical and paleo-climatic data to strengthen the ability to 
respond to extreme weather events. 

  The activities are based on advanced high-resolution climate and 
hydrological forecasting models, supported by historical data and future 
projections. The approach includes the use of regional climate models for the 
generation of specific meteorological data, as well as the analysis of 
uncertainties in climate simulations.  

Risk indicators are constructed using statistical techniques based on long-term 
data, including paleo-climatic data, to ensure a precise assessment of hazard, 
exposure and vulnerability. The decision support system integrates these 
forecasts with climate policy management, facilitating the adoption of concrete 
measures for mitigation and adaptation. 

  

 
Spoke 8 – Return Foundation 

https://www.fondazionereturn.it/spoke8/
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Soil erosion in Italy: datasets and applications to 
reduce soil erosion due to rainfall 

 Soil erosion, caused by water runoff during rainfall, is an environmental 
problem that has significant impacts on agriculture, infrastructure, and 
ecosystems. CMCC, in collaboration with the C3S Climate Data Store, has 
developed a detailed dataset and interactive applications to analyze soil erosion 
in Italy, integrating high-resolution climate data with factors such as topography, 
soil properties and vegetation cover. These applications make it possible to 
predict soil loss and visualise the impact of different climatic conditions, offering 
a useful tool for land management.  

 

  Data analysis makes it possible to identify the areas most at risk and to 
support strategic decisions in sectors such as agriculture, forestry and urban 
planning. The solution allows to explore different land management practices to 
reduce soil erosion and mitigate the economic and physical damage caused by 
the intensification of climate events. In this way, it contributes to raising 
awareness about climate change and promoting the sustainable use of natural 
resources, improving land resilience and infrastructure protection. 

  An innovative aspect of the project is the integration of the Digital Twin, 
a virtual and dynamic model that allows the process to be simulated and 
monitored in real time, facilitating decision-making processes. The 
implementation of the technology will make it possible to reduce the 
environmental impact of industrial plants, reducing the emission of greenhouse 
gases into the atmosphere. 

 

  

 
Soil erosion in Italy – Copernicus.eu 

  

https://climate.copernicus.eu/soil-erosion-italy
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Enabling technologies for the challenge of 
climate change and extreme events in the 
National Research Center in HPC, Big Data 
and Quantum Computing 
The National Research Centre in HPC, Big Data and Quantum Computing 
addresses the issue of climate change and extreme events in two dedicated 
Spokes, namely Spoke 4 - Earth & Climate, coordinated by Silvio Gualdi (CMCC) 
and Andrea Alessandri (ISAC) and Spoke 5 - Environment & Natural Disasters, 
coordinated by Roberto Bellotti (INF) and Paola Iverardi (UNIVAQ). Both Spokes 
have several fundamental objectives. 

 
Figure 5: Logos of the ICSC Spokes leading the projects in the field of Climate Change and 
Extreme Events. 

One of the main objectives of Spoke 4 is the creation of an interdisciplinary 
framework that integrates components of the most advanced modeling of the 
Earth system, to provide the scientific community and users with a flexible, 
reliable and powerful tool. Nowadays, the constant implementation of Earth 
System Models (ESMs) is increasingly crucial to deal with the complexes to be 
addressed in the context of climate change. 

The second stated objective is the implementation of a digital infrastructure 
integrated into the HPC and cloud structures made available by the National 
Center. This infrastructure will facilitate the achievement of a number of results, 
including the development and sharing of ESM components, the production and 
management of numerical simulations and the creation of the conditions to 
transform the infrastructure itself into a national resource available to the entire 
research and education community in the field of climate forecasting and climate 
change. Finally, Spoke 4 aims to encourage the development of technologies that 
make it possible to achieve the climate objectives identified by the PNRR for the 
digital and green transition.  

Spoke 5 aims to develop methodologies for monitoring artificial physical 
structures, such as buildings, roads, electricity grids and natural environments, 
such as watercourses and slopes with the aim of mitigating the risks associated 
with their deterioration due to climate change and the resulting extreme events. 
To do this, the enormous computational capabilities of the National Center are 
fundamental, which will be used to develop the so-called "digital twins", i.e. 
virtual models of environments and infrastructures that are intended to be 

https://www.supercomputing-icsc.it/
https://www.supercomputing-icsc.it/spoke-4-earth-climate/
https://www.supercomputing-icsc.it/spoke-5-environment-natural-disasters/
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studied to predict their behavior, with reference to natural disasters or the 
evolution of environmental conditions.  

Secondly, Spoke 5 intends to translate the results of the research conducted into 
clear indicators of economic impact, to develop and propose solutions for 
monitoring the environment that have a positive impact on the entire civil 
society.  

In this report we present some projects, funded by ICSC, that touch on the issues 
of climate change and extreme events and are being carried out in partnership 
between the companies, universities and research institutes belonging to the 
National Center. We summarize the objectives and the underlying concept, also 
giving a view of how the enabling platform of the National Center is a starting 
point for such different projects but united by the need  to identify solid sources 
of data, forms of data collection and analysis, to build models based on this data 
and to carry out analyses that enhance their quantity and variety,  with a 
transformative impact on the industry.  
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Digital Twin for the energy transition: the COMET 
platform 
Led by ENI in partnership with the Polytechnic University of Milan and the 
Polytechnic University of Turin, the Comet - CO-simulation of Multi-energy 
systems for Energy Transition project aims to address one of the biggest 
challenges in the energy sector: the complex integration of multi-energy systems 
(MES) necessary for an effective energy transition. 

Multi-energy systems are critical to efficiently producing, distributing, storing, 
and converting energy and opening the door to a low-CO2 future, but they are 
extremely difficult to analyze, understand, design, and optimize due to their 
complex nature. 

To overcome this difficulty, the COMET project is developing an innovative co-
simulation platform based on a digital twin that provides a structured basis for 
designing, developing and validating innovative solutions and technologies for 
MES. 

This platform will allow the definition of a virtual representation of the real world 
(digital twin) as a composition of models (co-simulation) that analyze the 
environment from multiple points of view, such as energy distribution, financial, 
commercial and regulatory aspects and from different spatio-temporal scales. 

The COMET platform can therefore bring concrete benefits to a wide range of 
actors: distribution system operators, energy aggregators, public administrators 
and decision-makers in charge of developing policies to plan the energy 

transition, energy managers who manage energy flows, energy communities, 
companies and public administrations that aim to adopt renewable energy 
sources and storage systems to produce and consume energy locally and share 
it in a peer-to-peer market. 
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gAla - Green AI Application: reducing the 
environmental impact of AI 
Intesa San Paolo in collaboration with the Polytechnic University of Turin has 
launched the gAIa – Green AI Application project with the aim of developing tools 
to assess the environmental impact of Artificial Intelligence applications.  

The applications and technologies that employ Artificial Intelligence are now 
fundamental and pervasive in various sectors: from scientific research to daily 
life, passing through the world of business and education. 

While AI is often recognized as a useful tool for adapting to and mitigating climate 
change and extreme events, it is necessary to recognize that all AI approaches 
require numerous computational resources, resulting in significant energy 
consumption that is harmful to the environment. 

In particular, the high energy consumption required by the intensive use of AI 
solutions leads to significant CO2 emissions. This increase in emissions 
contributes to global warming, accelerating climate change and exacerbating 
problems such as air pollution, the reduction of biodiversity, the destruction of 
ecosystems and the unsustainable exploitation of natural resources. 

For these reasons, also following the recent recommendations of the European 
Commission, it is necessary to effectively manage and reduce CO2 emissions 
deriving from the use of software. To do this, it is necessary to identify tools and 
methods capable of providing a reliable and realistic estimate of the energy 

consumption of AI solutions and their environmental impact, and it is precisely in 
this context that gAIa's research fits in. 
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Mitigating the effect of oil spills in marine 
environments thanks to supercomputing: the 
OSM project 
The CO2 absorption capacity of marine ecosystems already threatened by global 
warming is compromised by the occurrence of oil spills, which therefore indirectly 
contribute to climate change, which in turn makes it more likely that extreme 
weather events will occur that favor hurricanes and tsunamis, often the cause of 
the spills themselves.  

In this context, the OSM project - Oil Spill Monitoring Software - Predictive 
modeling of pollutant propagation following an oil spill accident in the sea, 
promoted by Sogei in partnership with ENEA, the Polytechnic University of Bari 
and the University of Bari, aims to develop a system capable of performing rapid 
and accurate predictions of the propagation of pollutants following a spill of 
hydrocarbons into the sea.  whether it is caused by a ship accident or a coastal 
discharge. 

For an accurate forecast, OSM proposes to use HPC technology to perform 3D 
oceanographic hydrodynamic modeling more effectively and to develop 
numerical simulation algorithms of hydrocarbon transport and transformation, 
capable of collecting environmental and meteorological data as input, both to 
predict potential disasters and to anticipate their possible consequences and 
impacts on the observed ecosystem. 

HPC processing capabilities would allow for more effective predictions in the 
event of an accident, as it would be possible to increase accuracy and reduce the 
time required to run simulations even at high resolution," also increasing the 
number of simulations that can be run at the same time, thus allowing the 
analysis of a greater number of potential scenarios for unknown or uncertain 
parameters. 
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Monitoring natural hazards from space: the 
HAMMON project 
Satellite observation is revolutionizing the way we monitor and manage extreme 
natural events on the ground.  

The Hazard Mapping and vulnerability Monitoring - HAMMON project, 
coordinated by UnipolSai (Leithà) and implemented by a large consortium of 
scientific and industrial partners, develops innovative tools to quantify the impact 
of extreme natural events on the Italian territory through the use of satellite data. 

The project combines Earth observation data with scientific visualization 
technologies and artificial intelligence to map risks, monitor the territory and 
predict extreme events. Particular attention is paid to the identification of risk 
factors and the quantification of post-event impacts, taking advantage of the 
high resolution and continuous coverage offered by satellite systems. 

HAMMON integrates different skills: from satellite data analysis to 
environmental modeling, from risk management to artificial intelligence. This 
synergy makes it possible to develop high-resolution forecasts of extreme events 
and improve risk mapping on the Italian territory, creating an advanced 
technological infrastructure for data processing and distribution. 

The project represents a concrete example of how space data can generate value 
for society: from the protection of critical infrastructures to emergency 
management, HAMMON transforms satellite observation into a practical tool for 

the resilience of the Italian territory to extreme natural events, increasingly 
frequent due to climate change. 
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The HMMA - HaMMon-Advance: Integrated AI for Enhanced Seasonal 
Forecasting and Environmental Risk Management project, led by IFAB - 
International Foundation Big Data and Artificial Intelligence for Human 
Development, aims to expand the HaMMon initiative by improving its seasonal 
forecasting and extreme event hazard assessment system 
As part of the HAMMON project, aimed at mapping risks, monitoring the territory 
and predicting extreme events, IFAB brings a refinement of the classification 
algorithms of the built environment, initially developed in WP3 and WP4. 

The aim of the project is to improve the efficiency of environmental data 
processing and analysis, in order to obtain more accurate forecasts of extreme 
weather events and a clearer understanding of the vulnerability of the built 
environment to climate-induced risks. 

In the context of a changing climate, the study and monitoring of natural hazards 
and their consequences have become increasingly important and are crucial in 
assessing the local and regional impact of floods, droughts, storm surges, storms 
and other extreme events.  

More generally, it has been shown that the observed climate changes increase 
the activity of existing slow landslides and reactivate quiescent ones. The 
increase in global temperatures, variations in rainfall regimes and the greater 
frequency of extreme weather events are in fact contributing to accelerate the 
deformation processes of already unstable slopes, mainly due to greater water 
infiltration into the subsoil. 
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Digital twins for the management of extreme 
events: the DIRECT project 
Modern cities are increasingly susceptible to damage caused by extreme weather 
events and natural disasters related to climate change.  

The Digital twIns foR EmergenCy supporT - DIRECT project, coordinated by Sogei 
in collaboration with CNR, the University of Milano-Bicocca, the University of 
Salento and the University of L'Aquila, exploits the flow of information generated 
by modern Smart Cities to create an innovative digital twin of urban districts, 
integrating building information models (BIM) to monitor and predict the impact 
of natural or man-made disasters. 

The heart of the project is a dynamic and adaptive Decision Support System that 
operates on two temporal levels: in the immediate phase of the emergency, 
providing real-time information to propose dynamic emergency plans when the 
predefined ones may not reflect the real situation on the territory; in the long 
term, through continuous monitoring activities. 

The project is developed in two main phases. The first phase focuses on the 
feasibility study, the configuration and installation of the sensors, the 
development of the IoT platform and the digital twin. Through simulation tools 
based on different technologies and high-performance computing (HPC) 
resources, the system will represent the monitored urban district and its risk 
profile, integrating data collected in real time from ground sensors, drones and 
satellites. 

The second phase involves the integration of BIM models to predict the impact 
of natural disasters on buildings, incorporating data from sensors (energy 
consumption, humidity, temperature, CO2) into the digital twin. A demonstrator 
of the system will be tested by simulating a natural event, such as an earthquake, 
on a portion of the urban district. 

DIRECT is an example of how space technologies, integrated with terrestrial 
sensors and advanced digital models, can improve urban resilience in the face of 
new challenges related to climate change. The combination of satellite data with 
other sources of information makes it possible to create a valuable tool for 
emergency management and citizen protection. 
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Weather and energy forecasting: the W4E project  
Increasingly unpredictable weather conditions due to climate change have a 
significant impact on energy production and distribution and stress on 
infrastructure networks. The link between weather forecasting and sectors such 
as energy and infrastructure is therefore increasingly central, despite the 
qualitative and quantitative interpretation of climate-related downstream 
impacts is still far from ideal.  

The W4E - Weather 4 Energy & Infrastructure project, coordinated by IFAB in 
collaboration with Illumia and supported by leading partners such as Autostrade, 
CNR, Cineca, ENEA, ENI, Engineering, Politecnico di Bari, Terna and the University 
of Florence, aims to bridge this gap through the development of an innovative 
framework for accurate weather forecasts and advanced climate projections. The 
project is located within Spoke 0 in collaboration with Spoke 4 and 5 of ICSC. 

The project focuses on the generation of detailed data, such as wind or 
photovoltaic energy production at specific sites, the change in the capacity of 
power lines in Italy and future scenarios that simulate stresses on the network 
of road and energy assets. By collaborating with modelling and simulation 
experts, the consortium will implement advanced and flexible statistical 
techniques to create high-precision quantitative tools. 

W4E's final products will have a high level of technological readiness, allowing 
stakeholders to use them in semi-operational mode. These tools will also be 
scalable and adaptable to different use cases and industries, ensuring lasting 

impact and the possibility of further future improvements. The expected effects 
on the Italian infrastructure system are many, including better management of 
energy and road networks, greater resilience to extreme weather conditions and 
decision support based on reliable and up-to-date data. 
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NETWORK: Climate-resilient infrastructure 
Extreme phenomena related to hydrogeological risk are increasingly frequent and 
jeopardize the safety of critical infrastructures, such as roads, bridges, electricity 
grids and residential buildings.  

The RETE - Resilience of the Electric Transmission Grid to Extreme events project, 
coordinated by Terna in collaboration with CMCC, CNR, ENEA, FBK, Politecnico di 
Bari, University of Salento, University of Bari and University of Turin will develop 
a prototype service to improve the climate resilience of critical infrastructures, 
using the National Transmission Grid (NTG) as a relevant case study. 

The National Transmission Grid (NTG) is an electrical infrastructure that allows 
the transport of high-voltage energy throughout the country, connecting 
production plants to large consumption centers and local distribution networks. 
This network is made up of power lines, transformer stations and interconnection 
nodes, and is integrated with European transmission networks for energy 
exchange with other countries. 

With a focus on selected pilot areas, RETE will analyze site-specific geotechnical 
hazards, such as landslides or volumetric collapses, and will characterize the 
weather and climate extremes that affect the stability of the national 
transmission grid.  

In addition, climate resilience scenarios will be developed within the projects by 
integrating climate information with a modelling approach based on complex 
networks. 

In the context of infrastructure, modeling based on complex networks allows you 
to study the vulnerability and robustness of a system in response to extreme 
events, simulating the behavior of the network under stress. This type of analysis 
makes it possible to identify critical points and improve the system's ability to 
adapt to extreme phenomena. 
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Reducing emissions from maritime mobility: the 
AIFEMO project 
CO2 emissions do not only come from industrial activities and mobility on land, 
but maritime operations also play a significant role.  

Fincantieri, in partnership with the University of Naples, has, in this regard, 
launched a project with the aim of reducing fuel consumption and consequently 
the emissions produced by maritime mobility, through the implementation of 
artificial intelligence.  

This project, which takes the name of AIFEMO from AI-Optimized Fuel Efficiency 
in Maritime Operations, develops an advanced AI framework for the optimization 
of the ships' route and engine settings, exploiting cutting-edge technologies, 
capable of taking into account a varied series of variables, such as the distance to 
be traveled, the meteorological and oceanographic conditions, the operational 
constraints of the ship,  transit times, whether there are natural hazards or 
congested routes, fuel costs and environmental restrictions both global and of 
the specific navigation area. 

For this reason, AIFEMO's ability to analyze large amounts of environmental, 
meteorological and operational data in real time is essential thanks to tools such 
as Artificial Intelligence and Machine Learning, supported by supercomputing 
platforms. 

Thanks to this meticulous data analysis, AIFEMO is able to provide detailed 
information in order to support intelligent decisions for more sustainable and 
cost-effective navigation. 
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Megatrends and weak signals related to the 
challenges of climate change 
In this section, we will explore the most significant trends and emerging 
innovations that are shaping the global response to climate change. We will 
analyze four strategic areas destined to redefine our future: the revolutionary 
paradigm of "sponge cities" as a new model of resilient urbanization, the 
evolution of sustainable finance and ESG criteria as an economic driver of the 
transition, emerging technologies that are transforming energy systems and 
innovative solutions that are making agriculture not only adaptable but a 
protagonist in the fight against climate change.  

These trends are not mere adaptations, but systemic transformations that will 
determine how we live, invest and produce in the coming decades. 

Climate change in urban areas: the paradigm of 
sponge cities 
The Italian Institute for the Future, in the 2025 report "Emerging Long 
Megatrends", identifies the so-called sponge city paradigm among the 10 
megatrends relevant for the coming decades. 

The sponge cities paradigm represents an innovative approach to urban water 
management in response to the challenges posed by climate change. Sponge 
cities are cities designed to mimic and replicate natural hydrological cycles 
through the strategic integration of green infrastructure such as parks, green 

roofs, canals and artificial lakes, replacing impermeable surfaces (asphalt and 
concrete) with draining soils as much as possible. 

These elements make it possible to absorb rainwater during severe storms, 
facilitate the outflow of water to the aquifers, improve water quality, reduce the 
risk of floods and floods, mitigate the effect of urban heat islands. 

Focus: Words of the Future 
What is a Megatrend? 
 
Megatrends are major transformative forces that have a profound and lasting 
impact on society, the economy, the environment and technology. These are 
long-term trends (typically decades) that significantly affect multiple aspects 
of human life and economic systems.  
The main characteristics of megatrends are: 

• Decades-long term 
• Global or large geographic impact 
• Cross-cutting effects across multiple industries and scopes 
• Ability to structurally change behaviors and systems 

 
 

The connection to climate change is direct: the increase in the frequency and 
intensity of storms, extreme rainfall and prolonged periods of drought – all 
phenomena related to global warming – make adaptive solutions for cities 
necessary. According to IPCC data cited in the report, about 700 million people 
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live in areas already subject to an increase in extreme rainfall, and this figure is 
expected to grow as global temperatures rise. 

 
Figure 6: A sponge city. Image generated through Generative AI tools. Credits: Observatory on 
the trends and applications of Supercomputing. 

China launched a national sponge city program in 2014 to deal with 
hydrogeological risks that affected 641 out of 654 cities. The goal is to retain 
between 70-90% of annual rainwater. There are similar projects in Europe as well, 
such as the one in Modena in Italy involved in the GrowGreen project (see Use 
Case section). 

Sponge cities therefore represent not only a technical solution to manage water, 
but a radical paradigm shift to adapt cities to the era of climate change, making 
them more resilient to extreme weather events that will be increasingly frequent. 

Attention to climate change and the environment 
in the financial sector: the sustainable finance 
model 
Another growing dimension, linked to the impact of climate change, is 
sustainable finance.  

 
Figure 7: Sustainable finance and ESG. Credits: PWC. 
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Sustainable finance and ESG criteria are closely linked to climate change as they 
are key tools for financing the transition to a low-carbon economy. Through 
targeted investments, it is possible to support projects that reduce 
environmental impact, such as renewable energy, energy efficiency and 
infrastructure resilient to extreme weather events. In addition, the issuance of 
green bonds makes it possible to raise capital exclusively for sustainable 
initiatives, while divestment strategies discourage economic support for highly 
polluting sectors. 

ESG criteria, a central concept for sustainable finance, provide a framework for 
evaluating companies based on three dimensions: environmental, social and 
governance. Integrating these criteria into financial decision-making processes is 
essential to reduce climate change. Companies are being pushed to reduce their 
carbon emissions, adapting to increasingly stringent regulations and adopting 
sustainable business models. In addition, climate risk management is now a 
priority for investors, who seek to avoid economic losses resulting from extreme 
events or forced industrial transitions. 

Emerging technologies for the energy transition 
As explored in the report "Observation-actions on... The energy of the future", 
climate change poses the fundamental challenge of rethinking how energy 
systems are organised in our society. 

In the document of the Joint Research Center of the European Commission "Weak 
Signals in Science and Technologies – 2024. Technologies at an early stage of 

development that could impact our future", 221 weak signals are identified in 
terms of emerging technologies. 18 of these concern the energy sector. 

Focus: Words of the Future 
What is a Weak Signal? 
 
Weak signals are emerging clues or trends that, while initially inconspicuous or 
not yet fully developed, can anticipate significant changes in an industry, 
market, or society.  
Characteristics of weak signals are: 

- Low initial visibility: they are not yet mainstream and may be 
overlooked by many; 

- Potential growth: if observed over time, they can strengthen and 
become dominant trends; 

- Ambiguity: it is not always clear if and how they will affect the future; 
- Multidisciplinarity: they can come from different sectors and have 

transversal implications. 
Identifying weak signals requires careful observation of market dynamics, 
scientific research, social behaviors and technological innovations, combining 
quantitative and qualitative data to intercept the future before it becomes 
evident. 
 

 

Sustainability is a theme that crosses all the technologies of this cluster, whether 
through the reduction of greenhouse gas emissions, the increase in energy 
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efficiency or the promotion of renewable energy sources. Many of the 
technologies, such as hydrogen production, battery recycling and 
supercapacitors, are linked to energy storage and conversion, highlighting the 
importance of this area in the transition to a low-carbon economy. 

Several technologies are based on the development of advanced materials and 
manufacturing techniques to improve performance and efficiency, for example, 
electrochromic energy storage, osmotic energy harvesting, or hybrid zinc-ion 
supercapacitors. 

Finally, some of the technologies in this cluster address the importance of 
integration and systems thinking for achieving sustainability goals, such as 
positive energy districts, smart local energy systems, or fifth-generation district 
heating. The integration of renewable energy sources, such as solar and wind 
power, also appears to be a key aspect, underlining the fundamental role of 
renewables in the transition to a low-carbon economy. 

From an innovation perspective, the development of technologies in this cluster 
follows some of the main lines of research and development in energy 
technologies: advanced electrolysis techniques, new materials and technologies 
for energy storage, integration of multiple energy carriers, and a focus on local 
and decentralized energy solutions. 

Climate change and agriculture 
Agriculture is facing the challenges of climate change through an increasingly 
technological, sustainable and circular approach. From the report "Weak Signals 
in Science and Technologies – 2024. Technologies at an early stage of 
development that could impact our future", it is clear that the integration of digital 
innovation, biotechnology and regenerative practices is transforming the sector 
to improve productivity and reduce environmental impact. For example, edge 
computing in agriculture allows real-time data to be collected and analyzed to 
optimize the use of resources such as water and fertilizers, while techniques such 
as e-DNA metabarcoding support the monitoring of biodiversity and the health 
of agricultural ecosystems. 

Regenerative agriculture practices  are gaining ground, promoting systems that 
improve soil fertility and sequester carbon, in synergy with circular food systems 
that reduce waste and enhance by-products through food upcycling processes. 
The integration between agriculture and sustainable energy is also a key element: 
agrophotovoltaics makes it possible to combine food production and solar 
energy, while tools such as the hemispherical solar distiller and atmospheric 
water harvesting offer solutions to counteract water scarcity. 

In parallel, the adoption of decarbonized chemicals and the removal of 
contaminants such as PFAs and biodegradable microplastics are helping to 
reduce pollution in agricultural supply chains. Emerging technologies such as 
direct seawater electrolysis and urea electrolysis open up new perspectives for 
the production of fertilizers with low environmental impact. In addition, 
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innovations such as cultured meat could reduce the pressure of intensive farming 
on natural resources. 

These solutions, combined with an increasing focus on the decarbonization of 
agricultural buildings and circular construction, outline a future in which 
agriculture not only adapts to climate change, but becomes a key player in its 
mitigation, promoting a balance between productivity, sustainability and 
environmental resilience. 
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To quote the report 
Observatory on Supercomputing trends and applications (2025). "Observ-actions 
on... CLIMATE CHANGE AND EXTREME EVENTS. Trends and applications of 
Supercomputing, Big Data and Quantum Computing". 
www.osservatorio.supercomputing-icsc.it 

 

In conjunction with the report, the Observatory organizes a 
webinar on the same topic. The webinar hosts experts, 
researchers and innovation professionals who are interested 
in the topic at hand, to share use cases and future applications 
with the community.  

Register or watch the webinar on  
https://osservatorio.supercomputing-icsc.it/eventi/live-webinar-osserv-

azioni-su-cambiamenti-climatici/ 

 

 

 

 

 

The Observatory on Supercomputing Trends and Applications is a project of the 
National Research Center in High-Performance Computing, Big Data and 
Quantum Computing. 

Created and managed by IFAB (International Foundation Big Data and Artificial 
Intelligence for Human Development), the Observatory has a privileged focus on 
SMEs, Public Administrations and Communities. 

The Observatory's activity consists in mapping the most 
advanced technological innovations, developing future 
scenarios for the development of research and innovation 
ecosystems and creating opportunities for the members of 
these ecosystems to meet. 

Read this and other reports on  
www.osservatorio.supercomputing-icsc.it/report/ 
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