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Abstract

The primary aim is to provide valuable insights into the EU's multifaceted approach to Earth

sciences, emphasising its commitment to environmental stewardship, scientific advancement, and

global cooperation in addressing pressing environmental issues. The analysis addresses how the EU

has leveraged Earth Observation initiatives to enhance scientific knowledge and inform policy

decisions, the pivotal components of the EU's legislative framework supporting Earth sciences and

their contribution to environmental sustainability, and the role of public engagement in the EU's

Earth sciences initiatives and its impact on policy development and environmental protection. The

methodology employed involves a comprehensive review and synthesis of primary sources,

including official EU documents, legislative frameworks, and policy initiatives related to Earth

sciences. Additionally, scholarly articles, reports, and publications from reputable sources were

critically analysed better to understand the EU's strategic involvement in Earth sciences. The

intellectual contributions encompass a comprehensive analysis of the EU's Earth sciences initiatives,

emphasising Earth Observation, public engagement, and collaborative research. By synthesising

and interpreting the EU's legislative framework, financial investments, and interdisciplinary
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approach to addressing environmental challenges, this work provides insights into the EU's

commitment to environmental stewardship and global leadership in Earth sciences. The overall

conclusion is that continued interdisciplinary research and collaboration are needed to fill gaps in

our understanding of Earth's systems and their interactions. Furthermore, it explores the potential

implications of the EU's ambitious 'Destination Earth' program, highlighting its role in scientific

innovation and policy-making to address environmental challenges effectively.

Keywords: Earth Science, EU Global Environmental leadership, Data Governance Autonomy.

1. Introduction

The Earth is not artificial. Planet Earth is a natural formation. Man exploits the Earth. The Earth is

easily manipulated. The Earth system may expand. And climate change accelerates. And the areas

inhabitable shrink2. The centennial rate of deforestation, the fluctuations in the hydrological cycle,

and species extinction should be a matter of grave concern. Historically, there have been no more

climate events, but they have been highly mediatised, and Europe’s new normal is a rude shock to

the Europeans. Man has interacted with nature since immemorial, living off the land for sustenance.

With industrialisation and urbanisation, the relationship between man and nature has become one of

mastering and dominating nature. This line of thinking is now being relativised. It is essential to

promote citizens' development and protect the environment simultaneously.

While interactions are recognised in the Earth system, humanity still has a lot to learn about how the

different parts of the Earth system interact and fit together. This looks beyond holistic approaches.

In its groundbreaking foray into Earth sciences, the European Union has embarked on an ambitious

journey to reframe climate risk assessment by integrating high-resolution modeling with

progressive policy instruments. This pioneering approach posits that the EU’s venture into

advanced Earth system modeling is not merely a technological upgrade but a transformative

strategy to convert complex climate data into strategic foresight. Such integration is designed to

fortify Europe’s position as a global environmental leader while setting a new paradigm for linking

scientific inquiry with effective policymaking. We argue this is anchored by compelling evidence:

2 https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/atlas-human-planet-50-years-population-growth-
and-urbanisation-trends-uncovered-2024-10-30_en
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substantial investments in cutting-edge infrastructure—such as state-of-the-art supercomputing

facilities and real-time observational networks like the Copernicus Programme—underscore the

EU’s commitment to scientific excellence. Furthermore, the deliberate infusion of these scientific

insights into flagship policy frameworks, including the European Green Deal, illustrates a concerted

effort to ensure that data-driven risk assessments directly inform decision-making processes at the

highest levels. By transforming multidimensional climate data into actionable intelligence,

policymakers can anticipate and mitigate the escalating risks associated with climate change more

effectively. This synthesis of empirical research and forward-thinking policy is intended to catalyze

a shift from reactive to proactive governance, ensuring that the EU remains at the forefront of

global environmental stewardship.

Skeptics argue that the inherent uncertainties and potential opacities of advanced Earth system

models could lead to an overreliance on “black box” outputs, potentially obscuring critical nuances

in climate behavior. They also point to the considerable financial and logistical challenges—ranging

from high infrastructural costs to the complexities of coordinating a pan-European effort—that may

undermine the practical implementation of such an ambitious framework. These counterarguments

remind us that while the vision is compelling, the road to realization is fraught with potential pitfalls.

When synthesizing these elements, the argument presents a compelling vision: despite

acknowledged uncertainties and challenges, the integration of cutting-edge Earth sciences into EU

policy frameworks is both a logical and necessary step toward future resilience. The substantial

evidence—ranging from technological investments to strategic policy integration—bolsters the

claim that such an initiative can yield transformative benefits. Although counterarguments highlight

valid concerns regarding complexity, cost, and coordination, these are mitigated by the assumption

that the EU’s scientific and political institutions are capable of managing these challenges. Overall,

the argument is robust, articulating a forward-thinking strategy that promises to enhance both

environmental stewardship and global leadership in the face of climate change.

The purpose of this piece” is to serve as a strategic blueprint for embedding advanced Earth

sciences into the European Union’s policymaking processes. The piece advocates for a

transformative shift—from reactive, short-term responses to climate change toward proactive,

evidence-based governance—by harnessing the predictive power of cutting-edge climate models

and real-time data streams. It argues that integrating these scientific insights into key policy
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instruments (such as the European Green Deal) will enable more precise risk assessments, better

resource allocation, and ultimately, a resilient, forward-looking environmental strategy.

We make the case for the fusion of high-resolution Earth science research with policy innovation, as

we underscore the robust, data-driven policies are essential for mitigating the escalating risks

associated with climate change. In doing so, it calls on EU policymakers to prioritize sustained

investments in scientific infrastructure and collaborative research, ensuring that Europe not only

responds effectively to current environmental challenges but also secures its position as a global

leader in environmental stewardship and sustainable development.

The piece examines the European Union's (EU) comprehensive initiatives in Earth sciences,

focusing on Earth Observation, public engagement, and collaborative research. It encompasses the

EU's legislative framework, financial investments, and cooperative efforts in Earth sciences, with a

particular emphasis on climate change, environmental sustainability, and technological innovation.

The primary objective of this paper is to provide an in-depth exploration of the EU's strategic

involvement in Earth sciences, highlighting its commitment to understanding and addressing

environmental challenges. It aims to shed light on the EU's multifaceted approach to Earth

Observation, public engagement, and policy development, showcasing its dedication to scientific

advancement and environmental stewardship.

Research Questions:

1. How has the EU leveraged Earth Observation initiatives to enhance scientific knowledge

and inform policy decisions?

2. What are the critical components of the EU's legislative framework supporting Earth

sciences, and how do they contribute to environmental sustainability?

3. What role does public engagement play in the EU's Earth Sciences initiatives, and how does

it impact policy development and environmental protection?

The research questions have been addressed by comprehensively analysing the European Union's

(EU) strategic involvement in Earth sciences. The document has provided insights into how the EU

has leveraged Earth Observation initiatives to enhance scientific knowledge and inform policy

decisions. Additionally, it has explored the critical components of the EU's legislative framework

supporting Earth sciences and their contributions to environmental sustainability. Furthermore, the

role of public engagement in the EU's Earth sciences initiatives and its impact on policy
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development and environmental protection has been thoroughly examined. The document has shed

light on the EU's commitment to addressing environmental challenges and fostering global

scientific cooperation through this analysis.

Situating the approach in the literature

The scholarly approach to Earth observation in service of the 2030 Agenda for Sustainable

Development, as discussed by Katherine Anderson, Barbara Ryan, William Sonntag, Argyro

Kavvada, and Lawrence Friedl, emphasises the critical role of Earth observations (EO) in achieving

the Sustainable Development Goals (SDGs). Here are the main analytical points and critiques:

Informed Decision-Making: EO data provides essential information for informed decision-making,

enabling policymakers to monitor and measure progress towards SDGs

Enhanced National Statistics: EO improves the accuracy of national statistics by providing

spatially explicit data, which is crucial for calculating SDG targets and indicators.

Synergy Between SDGs and Environmental Agreements: EO fosters synergy between SDGs and

multilateral environmental agreements by addressing cross-cutting themes such as climate and

energy.

Cross-Sector Collaboration: EO facilitates collaboration across different development sectors,

which is critical to achieving the SDGs.

Role of GEO: The Group on Earth Observations (GEO) plays a pivotal role in ensuring the use of

EO in support of the 2030 Agenda, particularly in addressing SDG 17 on partnerships.3

Critique

1. Implementation Challenges: While EO has the potential to contribute to the SDGs

significantly, its implementation faces challenges, including data management, privacy, and

confidentiality issues.

2. Resource Allocation: Efficient investments in science and technology are necessary to

maximise the return on investment, as elaborated in the Addis Ababa Action Agenda on

development financing.

3 https://earthobservations.org/organization/work-programme/earth-observations-in-service-of-the-2030-agenda-
for-sustainable-development
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3. Capacity Building: There is a need for increased skills and capabilities in using EO for

SDG activities, which requires training and capacity-building initiatives.

In summary, Earth observation is a powerful tool in pursuing sustainable development, but its full

potential can only be realised through effective implementation, collaboration, and capacity

building. The scholarly approach highlights opportunities and challenges, providing a

comprehensive view of EO's role in achieving the 2030 Agenda.

Nina Klimburg-Witjes (2019) employs a critical approach, combining insights from essential

studies of security and science and technology studies (STS), particularly the concept of

boundary work. This approach examines how European space policy is evolving in response to the

increasing securitisation of space.

Main Analytical Points

1. Boundary Work: The study outlines three phases of boundary work—expansion,

expulsion, and protection of autonomy—highlighting how the lines between peaceful and

militarised space activities have become increasingly blurred.

2. Securitization of Space: The research investigates how new objectives and governance

schemes reflect the growing emphasis on security in European space activities.

3. Institutional Transformation: The paper discusses the transformation of European space

policy, with the establishment of the EU Space Agency (EU SPA) and its distinction from

the European Space Agency (ESA), which remains open to non-EU members.

4. European Integration: The study argues that there is a shift in visions of European

integration in space, with ESA outside the EU framework and EU SPA dedicated to security

for EU members only.

Critique

1. Securitization Concerns: The increasing focus on security raises concerns about the

militarisation of space and its implications for international relations and cooperation.

2. Institutional Challenges: The dual structure of ESA and EU SPA may lead to

fragmentation and challenges in coordination and collaboration.

3. Vision of European Unity: The shift in space policy may impact the vision of a united

Europe in space, potentially creating divisions between EU and non-EU members.
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Klimburg-Witjes' work provides a critical empirical investigation into the ongoing transformation in

European space policy, highlighting both the opportunities and challenges of this shift.

The authors adopt a systematic and critical approach, examining the impact of big Earth data on

traditional Earth observation (EO) workflows. They focus on the challenges and opportunities

presented by the massive datasets and the need for an evolution in EO practices to harness these

data effectively.

Main Analytical Points

1. Massive EO Datasets: The emergence of "big Earth data" describes the vast amounts of EO

data that challenge traditional data management and analysis workflows.

2. Web-Based Workflows: Analysts and end-users increasingly rely on web-based workflows

to handle and analyse big Earth data, necessitating traditional practices shifting.

3. Challenges and Opportunities: The paper highlights the challenges posed by big Earth

data, such as data access, processing, and integration, while also discussing the opportunities

for innovation and improved applications in various domains

4. Selected Systems and Portals: The study examines selected systems and portals in the

context of the challenges and opportunities of big Earth data.

5. Future Developments: The authors suggest potential developments to address the

shortcomings and enhance the uptake of big Earth data.

Critique

1. Data Management Issues: The sheer volume of EO data presents significant challenges

regarding storage, processing, and accessibility.

2. Traditional Workflows: Traditional EO workflows are often inadequate to handle the

complexities of big Earth data, necessitating new approaches and tools.

3. Integration and Interoperability: A significant challenge is ensuring that different datasets

and systems work together seamlessly.
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4. Skill Gaps: Analysts and end-users need enhanced skills and capabilities to utilise big Earth

data effectively.

The paper by Sudmann el.al. comprehensively analyses the disruptive changes brought about by big

Earth data. It emphasises the need for innovative solutions to leverage these datasets for Earth

observation and related applications fully.

Lessons Learned

1. Integration and Coordination: It is essential to integrate EO data across different sectors

and coordinate efforts to maximise its benefits for sustainable development and security.

2. Technological Innovation: Continuous innovation is needed in data management, analysis,

and integration techniques to handle large datasets and derive meaningful insights.

3. Capacity Building: Developing skills and capabilities among stakeholders to utilise EO

data effectively.

4. Policy and Institutional Support: Ensuring robust policy frameworks and institutional

support to address data management challenges, security concerns, and environmental

protection.

Accumulating Scientific Terms

 Data Synergy: Integrating EO data with national statistics and environmental agreements to

support comprehensive policy-making.

 Boundary Work: Understanding the evolving boundaries between domains (e.g., peaceful

and militarised space) in policy contexts.

 Big Data Challenges: Addressing issues related to data volume, velocity, variety, and

veracity in EO workflows.

 Innovative Workflows: Developing new, web-based workflows that can handle large-scale

EO data and provide real-time insights.

 Multisectoral Collaboration: Engaging various sectors (e.g., security, environment,

agriculture) in using EO data to achieve broader goals.
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By synthesising these insights, we can advance our understanding of how EO data can be leveraged

for sustainable development, security, and innovation while addressing the challenges of managing

and analysing large datasets. This multidisciplinary approach ensures that scientific and policy-

making communities work together to tackle global challenges effectively.

Philippe Bertrand and Louis Legendre’s book, Earth, Our Living Planet: The Earth System and Its

Co-evolution with Organisms, delves into the intricate interplay between Earth’s physical

components and its biological entities over billions of years.

Scholarly Approach

The authors adopt an interdisciplinary methodology, integrating insights from astronomy, geology,

environmental science, and biology. This comprehensive perspective examines how Earth’s unique

position and characteristics have fostered life and how, in turn, life has influenced the planet’s

systems.

Main Analytical Points

1. Planetary Habitability: The book investigates the astronomical and geological conditions that

rendered Earth habitable nearly 4 billion years ago, distinguishing it from neighboring planets like

Mars and Venus.

2. Co-evolution of Life and Earth Systems: The narrative emphasizes the reciprocal relationship

between organisms and Earth’s systems, highlighting how life forms have adapted to and modified

their environment, leading to a dynamic co-evolution.

3. Role of Feedback Mechanisms: The authors explore feedback loops within the Earth system,

illustrating how interactions between living organisms and environmental factors have regulated

and stabilized planetary conditions over time.

4. Anthropogenic Impacts: The book addresses the significant influence of human activities,

especially since the Industrial Revolution, on Earth’s climate, biodiversity, and ecological balance,

urging a reflection on sustainable practices.
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Critique

While the book offers a thorough exploration of Earth’s co-evolution with life, some readers might

find the extensive scientific details challenging without a background in the respective fields.

Additionally, the integration of complex interdisciplinary concepts may require readers to have a

foundational understanding of Earth sciences to fully grasp the discussions. Earth, Our Living

Planet provides a detailed examination of the symbiotic evolution of Earth and its organisms,

highlighting the intricate connections that have shaped the planet’s past and present. The book

serves as a valuable resource for those interested in understanding the profound interplay between

life and the Earth system.

Summary

The EU should establish an EU Earth Science Framework to link research with policymaking,

develop a pan-European Earth System Model for coordinated climate risk assessment and expand

international partnerships to influence global environmental governance. By building on existing

research, refining policy integration, and enhancing data sovereignity, the Eu can lead in evidence-

based environmental policymaking while strengthening its global scientific influence.

Scholarly contributions

My scholarly contributions encompass a comprehensive analysis of the European Union's (EU)

strategic initiatives in Earth sciences, focusing on Earth Observation, public engagement, and

collaborative research. By synthesising and interpreting the EU's legislative framework, financial

investments, and interdisciplinary approach to addressing environmental challenges, my work

provides valuable insights into the EU's multifaceted approach to Earth sciences. Furthermore,

exploring the ambitious 'Destination Earth' program and its potential implications for scientific

innovation and policy-making contributes to understanding the EU's commitment to environmental

stewardship and global leadership in Earth sciences. Through this scholarly endeavour, I aim to

provide a nuanced perspective on the EU's contributions to environmental sustainability, scientific

advancement, and global cooperation in addressing pressing environmental issues from the vantage



- 63 -

point of the European Union. We hope to have contributed at the end of the piece to the

strengthening of governance in this policy domain in this policy domain, characterized by

ramshackle and even chaotic management instead of well-structured and targeted solution oriented

approaches as part and parcel of a daily power practice which is subtle but not without ambition,

humble but with horizon.

Methodology

The methodology employed in this analysis involved a comprehensive review and synthesis of

primary sources, including official EU documents, legislative frameworks, and policy initiatives

related to Earth sciences. Additionally, scholarly articles, reports, and publications from reputable

sources were critically analysed better to understand the EU's strategic involvement in Earth

sciences. The methodological approach also included examining critical Earth Observation

programs, public engagement initiatives, and collaborative research projects to elucidate the EU's

multifaceted approach. By integrating these diverse sources of information, this analysis aims to

offer a comprehensive and insightful overview of the EU's contributions to Earth sciences and

environmental sustainability.

In the subsequent sections, this article will examine the European Union's (EU) strategic initiatives

in Earth sciences, emphasising Earth Observation, public engagement, and colla-borative research.

It will explore the EU's legislative framework, financial investments, and interdisciplinary approach

to addressing environmental challenges. Furthermore, it will introduce the ambitious 'Destination

Earth' program to create a digital replica of the Earth by 2030. Through this comprehensive

exploration, the document aims to shed light on the EU's multifaceted approach to Earth sciences,

highlighting its commitment to environmental stewardship, scientific innovation, and policy

development.

2. What are the Strategic Challenges in Earth Science ?

From an EU perspective, strategic challenges in Earth science and Earth System Models (ESMs)

revolve around data sovereignty, computational capacity, model integration, policy relevance, and

international cooperation. These challenges affect climate prediction, environmental monitoring,

and the EU’s ability to shape global climate and sustainability policies.
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1. Data Sovereignty and Access to Observational Data

• Dependence on non-EU sources: Many high-quality Earth observation datasets (e.g., NASA,

NOAA, ECMWF’s ERA5) are controlled by non-EU entities. Ensuring independent access to

critical environmental data is a strategic priority.

• Integration of national and EU-level initiatives: EU programs like Copernicus, EUMETSAT, and

ESA’s Earth Explorer missions provide valuable data, but gaps remain in long-term climate

monitoring and ultra-high-resolution datasets.

2. Computational Capacity and Model Resolution

• High-performance computing (HPC) constraints: ESMs require exascale computing to improve

spatial and temporal resolutions. The EU must scale up its EuroHPC initiative and ensure

computing capacity for climate modeling.

• Balancing accuracy and computational cost: Increasing model complexity (e.g., higher grid

resolutions, better ocean-atmosphere coupling) demands substantial computational resources,

posing challenges in efficiency and funding.

3. Model Integration and Uncertainty Reduction

• Harmonizing different ESM frameworks: The EU supports multiple Earth system models (e.g.,

EC-Earth, MPI-ESM, IPSL-CM), but standardization and interoperability remain key challenges.

• Addressing uncertainty in climate projections: Variability in model outputs complicates decision-

making. Improved parameterization, data assimilation, and AI-based corrections are necessary to

enhance model reliability.

4. Policy Relevance and Socioeconomic Applications

• Translating model outputs into actionable policies: Bridging the gap between scientific

advancements and policy implementation is crucial for initiatives like the European Green Deal,

Climate Law, and Fit for 55.
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• Sector-specific applications: Improving ESMs to support climate adaptation in agriculture, energy,

water management, and urban planning is a priority.

5. International Cooperation and Geopolitical Considerations

• Collaboration with global climate modeling efforts: The EU participates in CMIP (Coupled Model

Intercomparison Project) but must navigate tensions with the US, China, and other major players in

climate research.

• Standard-setting in climate science: Strengthening the EU’s influence in the IPCC, WMO, and

UNFCCC by ensuring its ESM contributions shape global climate assessments and policy

frameworks.

Summary

To maintain leadership in Earth system modeling, the EU must secure data autonomy, enhance

computational power, improve model integration, ensure policy relevance, and strengthen global

collaborations. Addressing these challenges will reinforce the EU’s position as a global climate

leader and support its long-term sustainability and resilience goals.

3.Resilience and Tipping Point Management

THE EARTH SYSTEM

The Earth is not man-made. Planet Earth is a natural formation. Man exploits the Earth. The Earth is

easily exploited. The Earth system may expand. And climate change accele-rates. And the areas

inhabitable shrink4. The centennial rate of deforestation, and the fluctuations in the hydrological

cycle and extinction of the species should be a matter of grave concern. Historically, there are no

more climate events, but they are highly media-tised, and Europe’s new normal comes as a rude

shock to the Europeans. Man has interacted with nature since time immemorial, living off the land

for sustenance. With industrialisation and urbanisation, the relationship between man and nature has

4 https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/atlas-human-planet-50-years-population-growth-
and-urbanisation-trends-uncovered-2024-10-30_en
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become one of mastering and dominating nature. This line of thinking is now being relativised. It is

important to promote citizens' development and protect the environment simultaneously.

While interactions are recognized in the Earth system, humanity still has a lot to learn about how

the different parts of the Earth system interact and fit together. This looks beyond holistic

approaches.

Key Components and Interactions:

 Atmosphere: Weather patterns, climate systems, and atmospheric chemistry interactions.

 Hydrosphere: Oceans, rivers, and lakes influencing weather, climate, and supporting life.

 Biosphere: All living organisms and their interactions with the atmosphere, hydrosphere,

and geosphere.

 Geosphere: Landforms, tectonic activities, and Earth's internal processes.

 Human Impact: The influence of human activities on and from the Earth system5.

These components are interconnected, demonstrating the complex web of interactions that sustain

life on Earth.

Figure 1– Resilience without data autonomy leads us guessing

Source:https://www.stockholmresilience.org/research/planetary-boundaries.html

5 https://www.youtube.com/watch?v=6j5iHvYBIcg
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The Planetary Boundaries framework identifies nine critical thresholds in Earth's biophysical

systems, such as climate change, biosphere integrity, and chemical pollution. These boundaries are

quantifiable limits beyond which the Earth's stability and resilience could be at risk sourced from

different data sets. The framework then steps in helping us to understand how much human activity

is impacting the planet by quantifying the oppor-tunity costs of non-compliance at aggregate level

to guide sustainable development. There are concerns about:

 Biosphere Integrity: High extinction rates and loss of biodiversity are critical concerns.

 Climate Change: Current CO2 levels are well above the safe threshold of 350 ppm.

 Biogeochemical Flows: Excessive nitrogen and phosphorus use in agriculture disrupts

ecosystems.

 Land-System Change: Deforestation and land conversion for agriculture exceed safe

limits6.

 Freshwater Use: Over-extraction of freshwater resources in many regions7.

The Rockström datasets and their associated monitoring and quantification methods provide a

valuable framework for understanding and managing Earth system processes to stay within safe

operating limits. His study shows how metrics are changing over time within the spheres drawing

from disparate databases such as Maua Lao Observatory, 8FAO ,The Global Land Cover Facility,

IUCN9 and NSIDIC10. However, there are areas for improvement, particularly in data integration,

improved spatial and temporal resolu-tion, transparent methodology, and uncertainty quantification.

Indeed, the implicit assumption – to coin Nijkamp – is that integrated management is not being

undertaken satisfactorily to allow sustainability assessments to be made hence to quantify

uncertainty of present social practice’s complexity at global, regional, national and local levels.

This then graphically illustrates the opportunity costs of non-compliance and selective

implementation. Addressing these issues can enhance the reliability and utility of the dataset for

informing policy and decision-making. This will fall flat in the absence of strengthened Global

6 https://esdac.jrc.ec.europa.eu/public_path//JRC137600_State_of_Soils_in_Europe_Report_2024_online.pdf
7 https://www.stockholmresilience.org/research/research-news/2023-09-13-all-planetary-boundaries-mapped-out-
for-the-first-time-six-of-nine-crossed.html
8 https://gml.noaa.gov/obop/mlo/
9 https://www.iucnredlist.org/
10 https://nsidc.org/home
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Environmental Governance. Since the EU has emitted the most, the Eu has a clear interest in taking

upon itself the baton and carry through.

Tipping points refer to critical thresholds where a small change can lead to significant and often

irreversible changes in a system. These are more about the interactions and feedbacks within Earth's

systems, which can be complex and sometimes not fully moni-tored. Understanding tipping points

is crucial for predicting and preventing large-scale environmental changes. Here are eight tipping

points on Earth:

1. Amazon Rainforest: Deforestation and climate change could turn the Amazon from a

carbon sink into a carbon source, releasing more CO2 than it absorbs.11

2. Arctic Sea Ice: Melting Arctic sea ice reduces the Earth's albedo (reflectivity), leading to

further warming and ice loss12.

3. Atlantic Meridional Overturning Circulation (AMOC): Disruption of this ocean current

system could lead to significant climate changes in Europe and North America13.

4. West Antarctic Ice Sheet: Melting of this ice sheet could raise global sea levels by several

meters14.

5. Greenland Ice Sheet: Similar to the West Antarctic Ice Sheet, its melting could

significantly contribute to sea-level rise15.

Figure 2 – The Biomass Satellitte

Source: https://earth.esa.int/eogateway/missions/biomass/description

11https://wwf.panda.org/discover/knowledge_hub/where_we_work/amazon/about_the_amazon/
12 https://nsidc.org/sea-ice-today
13 https://tos.org/oceanography/assets/docs/37-rahmstorf.pdf
14 https://www.antarcticglaciers.org/antarctica-2/west-antarctic-ice-sheet-2/west-antarctic-ice-sheet/
15https://www.dmi.dk/fileadmin/Rapporter/2021/DMI_Report_21-
17_Including_a_dynamic_Greenland_Ice_Sheet_in_the_EC-Earth_global_climate_model.pdf
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6. Permafrost Thawing: Thawing permafrost releases stored greenhouse gases like methane,

accelerating global warming16.

7. Coral Reef Die-Off: Warming oceans and acidification are causing widespread coral

bleaching and die-offs, affecting marine biodiversity17.

8. Boreal Forest Shift: Climate change could lead to the northward shift of boreal forests,

impacting ecosystems and carbon storage18.

The European Space Agency (ESA) has developed a state-of-the-art Earth Observation System to

monitor and analyze the Earth's environment. This system leverages cutting-edge satellite

technology to provide critical data on various aspects of the Earth's system, including the

atmosphere, oceans, land, and cryosphere. By offering high-resolution imagery and comprehensive

data, the ESA Earth Observation System supports a wide range of applications, from weather

forecasting and climate change research to disaster management and sustainable development. The

system includes several key missions, such as the Sentinel satellites under the Copernicus

Programme, which provide essential information for environmental monitoring and policy-making.

Additionally, ESA's Earth Explorer missions focus on addressing scientific questions related to

Earth system interactions and their societal impacts19. There is Biomass for the forests, Sentinel for

the oceans20, Swarw for the Jetstreams21, Aeolus for the Atmosphere, Smos for Moist.

These tipping points highlight the interconnectedness of Earth's systems and the potential for

cascading effects if critical thresholds are crossed. Addressing these issues is crucial for maintaining

planetary health and stability22. If we could control ozone depletion, we could perhaps also solve

the remaining challenges in Earth sciences.

The relevance of these complementary concepts – safe operating zones within planetary boundaries

and tipping points -lies in their ability to inform policy and guide global sustainability efforts . By

monitoring and respecting planetary boundaries, we can work towards maintaining Earth's stability

and resilience. Recognizing tipping points helps us anticipate and mitigate potential environmental

16 https://www.esa.int/Applications/Observing_the_Earth/FutureEO/Permafrost_thaw_it_s_complicated
17 https://www.unep.org/news-and-stories/story/why-are-coral-reefs-dying
18 https://www.arcus.org/witness-the-arctic/2022/7/highlight/1
19 https://visuals.earth.esa.int/
20 https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Copernicus_Sentinel_Expansion_missions
21 Wood et al. (2023)
22 https://www.carbonbrief.org/explainer-nine-tipping-points-that-could-be-triggered-by-climate-change/
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crises. EU should fund efforts to undergird its Global Environmental leadership and to define its

contribution to global order and the evolution of life on Earth.

Climate change is not a myth; it is a well-documented and scientifically supported phenomenon.

The overwhelming consensus among climate scientists is that the Earth's climate is changing,

primarily due to human activities such as burning fossil fuels, deforestation, and industrial

processes. These activities release greenhouse gases like carbon dioxide and methane into the

atmosphere, leading to global warming and changes in weather patterns.

A comprehensive and cohesive explanatory framework for the origin of life on Earth, as well as for

the detailed functioning of the Earth system, is currently lacking. Despite significant advancements

in various scientific disciplines, the exact processes and interactions that led to the emergence of life

from non-living matter remain partially understood. Similarly, while we have a robust

understanding of many individual Earth system components, such as the atmosphere, oceans, and

biosphere, our knowledge of how these components interact as a whole is still incomplete.

In other words, while we have made remarkable progress in piecing together parts of these complex

puzzles, a unified theory that seamlessly explains every aspect of how life began and how the

Earth's systems operate in an integrated manner is yet to be developed. This underscores the need

for continued interdisciplinary research and collaboration to fill these gaps in our understanding.

There are several outstanding scientific puzzles in Earth sciences:

1. How did the Earth and other planets form, and what determined their different deep layering?

2. What are the mechanisms behind volcanic super-eruptions, and where are the large magma

chambers that produce them located?

3. How does the Earth's internal temperature evolve, and what are the sources of its internal

heat?

4. What controls the dynamics of storm tracks and the number of tropical cyclones?

5. How resilient is the ocean to chemical perturbations, and what are the long-term impacts of

these perturbations on marine ecosystems?

6. How do interactions between the atmosphere, oceans, and biosphere drive climate change

and variability on different time scales?
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7. What are the feedback mechanisms between human activities and natural systems, and how

can we mitigate their impacts to promote sustainable development?

8. How do tectonic plate movements and geological processes influence the distribution and

availability of natural resources, and what are the implications for resource management?

9. How did the Earth and other planets form, and what determined their different deep layering?

10. What are the mechanisms behind the formation and evolution of the solar system, and how

have they influenced planetary development?

11. How do inner and outer jetstreams interact, and what are their roles in Earth's climate

system?

12. What are the feedback mechanisms between Earth's surface processes and deep Earth

recycling, and how do they impact geological and climatic systems?

13. How can advances in 3D and 4D seismic imaging enhance our understanding of Earth's

mantle and lithosphere?

14. What are the origins and dynamics of Earth's inner and outer jetstreams, and how do they

affect weather patterns and climate variability?

15. How can integrated Earth system models improve predictions of natural hazards such as

earthquakes, volcanic eruptions, and land subsidence?

16. How does deep ocean circulation influence global climate patterns, and what mechanisms

drive these deep-sea currents?

17. What are the roles of marine biodiversity in maintaining ecosystem resilience and health,

and how are these systems affected by climate change and human activities?

18. How can we accurately model and predict the impacts of ocean acidification on marine life,

particularly on calcifying organisms like corals and shellfish?

19. What are the sources, pathways, and impacts of microplastic pollution in the ocean, and how

can we mitigate its effects on marine ecosystems and human health?

20. How do underwater volcanic eruptions and tectonic activities contribute to oceanic chemical

composition and heat distribution, and what are their broader implications for ocean

dynamics?

These questions represent some of the key puzzles that continue to drive research and exploration in

Earth sciences. They aim to bridge various scientific disciplines and provide a comprehensive

understanding of Earth's systems and their interactions. This helps address critical gaps in our

understanding of oceanic processes and their broader impacts on the environment and human
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society. They could serve as the foundation for future research initiatives and policy developments.

These questions then underscore the importance of a holistic understanding of Earth's systems and

the interconnectedness of various environmental factors. By addressing these questions, researchers

can develop more comprehensive models and strategies for managing our planet's resources and

mitigating the impacts of climate change.

To move from factors and processes recognising interactions within the Earth system23 to achieving

Integrated Earth Science causalities beyond the assumed human impact, we need to adopt a more

holistic and interdisciplinary approach. This involves:

1. Interdisciplinary Collaboration: Encouraging collaboration across various scientific

disciplines such as geology, meteorology, oceanography, and biology to understand the

complex interactions within the Earth system.

2. Advanced Technologies: Utilizing advanced technologies like satellite remote sensing,

supercomputing simulations, and 3D seismic imaging to gather comprehensive data and

create detailed models of Earth processes.

3. System Integration: Integrating data from different Earth system components (atmosphere,

oceans, land, ice) to form a cohesive understanding of how these components interact and

influence each other.

4. Predictive Modeling: Developing predictive models that can forecast changes in the Earth

system, helping us prepare for and mitigate the impacts of natural disasters and climate

change.

5. Policy and Governance: Implementing policies and governance structures that support

sustainable management of Earth's resources and address global environmental challenges.

By moving beyond the rationalization of territorial control during the Cold War and adopting these

integrated approaches, we can better understand and manage the Earth system as a whole, ensuring

a sustainable future for our planet and to prevent crossing thresholds that could lead to large-scale,

abrupt, or irreversible environmental changes.

The stakes are much higher than just territorial control; it's about the survival of humanity. By

understanding the complex interactions within the Earth system, Earth science can help us address

23 https://www2.whoi.edu/site/casimas/



- 73 -

critical issues like climate change, natural disasters, and resource management, which are essential

for survival.

The Earth is calling, urging us to heed its cry for balance and sustainability. The EU's Destination

Earth program embodies this call, leveraging advanced digital twin technology to represent our

planet accurately. This initiative enables us to simulate and predict environmental changes with

unprecedented precision, informing decisions that promote ecological harmony and resilience.

Through this program, we can better understand the intricate dynamics of Earth's systems and take

proactive steps to safeguard our future, responding to the Earth's call with innovation and collective

action 24 A full replica shall be in place by 203025

1.The Destination Earth: The initiative aims to create a highly accurate digital replica of the Earth,

which will monitor, simulate, and predict the interactions between natural phenomena and human

activities

2.Continuous Evolution: DestinE is expected to continuously evolve by extending its operations

and developing further components through co-design of applications with a wide range of users.

This will ensure that the system remains up-to-date and relevant as new data and technologies

become available.

3.Expansion of Digital Twins: Initially focusing on climate change and extreme weather events,

DestinE will expand to include digital twins of other thematic domains such as oceans, biodiversity,

and urban environments. This will provide a comprehensive view of the Earth system and its

various components

4.Enhanced Interactivity and Accessibility: The initiative aims to make the digital replica fully

interactive and accessible to a wide range of users, including non-scientific experts. This will enable

users to perform highly accurate, dynamic simulations and improve prediction capabilities for

various sectors such as agriculture, forestry, energy, public health, and water resources

5.Support for Policy-Making: DestinE will support EU policy-making by providing tools to assess

the impact of existing environmental policies and support evidence-based decision-making for

future policies. This will help in developing effective strategies for climate change adaptation and

mitigation.

24 https://digital-strategy.ec.europa.eu/en/policies/destination-earth

25 https://digital-strategy.ec.europa.eu/en/policies/destination-earth
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6.Strengthening Technological Capabilities: The initiative will leverage Europe's high-

performance computing (HPC) capabilities and artificial intelligence (AI) for data analytics and

predictive modeling. This will enhance Europe's industrial and technological capabilities and

contribute to global sustainability efforts

7.Global Collaboration: DestinE represents a key component of the European strategy for data,

consolidating access to valuable sources of data across Europe and fostering international

collaboration. This will enable the initiative to benefit from diverse expertise and resources, further

enhancing its impact.

By continuing to develop and expand beyond 2030, Destination Earth has the potential to

significantly contribute to global sustainability efforts, improve our understanding of the Earth

system, and support informed decision-making for a more resilient and sustainable future.26

The EU can strengthen its leadership in EuroGOOS (European Global Ocean Observing System)27

and become a more credible leader in oceanography by focusing on several key strategies:

1.Enhanced Collaboration: Strengthening partnerships with member states, regional

oceanographic systems (ROOS), and international organizations can foster better coordination and

data sharing. This includes working closely with initiatives like the Global Ocean Observing

System (GOOS)28 and the Intergovernmental Oceanographic Commission (IOC)29.

2. Investment in Technology: Investing in cutting-edge technologies such as high-performance

computing, satellite Earth observation, and underwater drones can improve the accuracy and scope

of ocean observations. The European Digital Twin Ocean (DTO)30 project is a great example of

leveraging technology for better ocean management31.

3.Policy Integration: Integrating oceanographic research and data into EU policies, such as the

European Green Deal and the UN Sustainable Development Goals (SDGs), can ensure that ocean

health is a priority in broader environmental and economic strategies.

26 https://destination-earth.eu/
27 https://eurogoos.eu/
28 https://goosocean.org/
29 https://www.ioc.unesco.org/en
30 https://digitaltwinocean.mercator-ocean.eu/
31https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-
calls/horizon-europe/eu-missions-horizon-europe/restore-our-ocean-and-waters/european-digital-twin-ocean-
european-dto_en
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4.Capacity Building: Supporting education, training, and capacity-building initiatives can help

develop a skilled workforce in oceanography and related fields. This includes promoting ocean

literacy and engaging the public in ocean conservation efforts

5.Sustained Funding: Securing long-term funding for oceanographic research and monitoring

programs is crucial for maintaining and expanding Europe's leadership in this field. This can be

achieved through EU funding programs like Horizon Europe and other strategic investments.

By focusing on these strategies, the EU can enhance its leadership in EuroGOOS and contribute

significantly to global efforts in oceanography and marine conservation.

4.Understanding the Climate through ESM models

The Earth System can be studied using geophysical and climatological models, each providing

distinct insights into the planet's workings. Geophysical models focus on the physical properties and

processes of the Earth, such as the structure and dynamics of the crust, mantle, and core. They help

us understand seismic activity, tectonic movements, and the Earth's magnetic field. Geophysicists

can better predict natural disasters like earthquakes and volcanic eruptions by examining these

aspects.

On the other hand, Climatological models are designed to analyse the atmosphere, oceans, and ice

systems. These models simulate weather patterns, climate change, and interactions between

different climate components. They are crucial for predicting future climate scenarios and

understanding the impact of human activities on global warming. By integrating data from various

sources, climatologists can develop strategies to mitigate the effects of climate change.

Earth System models combine elements of both geophysical and climatological approaches. They

create a comprehensive picture of how different components of the Earth interact. These models are

essential for making accurate predictions about the planet's future and developing policies to protect

our environment. Understanding and improving these models is a critical step in ensuring the

sustainability of life on Earth.
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Figure 3 – By 2040 Bordeaux Wines could be history

Source: https://publications.jrc.ec.europa.eu/repository/handle/JRC135215

The European Union (EU) has made significant strides in Earth sciences, demonstrating a solid

commitment to understanding and addressing environmental challenges. This foray is characterised

by substantial financial investment, extensive research initiatives, and a multidisciplinary approach

that spans various scientific disciplines.

The European Union has established a robust legislative framework to support Earth sciences,

primarily through the European Green Deal and the EU Biodiversity Strategy for 2030. The Nature

Restoration Law (EU Regulation 2024/1991) is a crucial piece of legislation aimed at reversing the

loss of natural ecosystems by setting legally binding restoration targets for member states.

The European Commission's Joint Research Centre (JRC) supports Earth sciences. The JRC

provides scientific advice and evidence-based support to EU policymaking. The Knowledge Centre

on Earth Observation (KCEO) was also established to maximise the use of Earth Observation data

in EU policies.32. This centre coordinates efforts to integrate Earth Observation data into various

policy areas, such as climate change, biodiversity, and disaster response.

The EU's policies on Earth sciences are comprehensive and multidisciplinary:

32 https://knowledge4policy.ec.europa.eu/earthobservation_en
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1. Copernicus Programme: This is the EU's Earth Observation program, providing data and

services for environmental monitoring, climate change, and emergency response.

2. European Green Deal: This plan aims to make Europe climate-neutral by 2050, strongly

focusing on sustainable land use, biodiversity, and reducing pollution33.

3. EU Biodiversity Strategy for 2030: This strategy seeks to protect and restore biodiversity across

the EU, with specific habitat and species conservation targets.

4. Nature Restoration Law: Mandates member states to draft and implement national restoration

plans to achieve restoration targets34.

5. Horizon Europe is the EU's flagship research and innovation program, which funds Earth

sciences, climate change, and environmental sustainability projects.

It is ESA that has trailblazed the study of Earth's processes.

For decades, the European Space Agency (ESA) has been at the forefront of Earth observation,

contributing significantly to our understanding of Earth's environment and climate.

Enhance Scientific Knowledge: By providing high-quality data on Earth's systems, ESA's

programs help advance scientific research in climate change, natural disasters, and environmental

monitoring.

Support Policy and Decision-Making: The data from ESA's Earth observation missions are

crucial for informing policy decisions at both national and international levels

Drive Technological Innovation: ESA's Earth observation programs push the boundaries of

technology, leading to the development of new instruments, sensors, and data processing techniques.

Foster International Collaboration: ESA collaborates with other space agencies and organisations

worldwide, promoting the sharing of data and resources.

Having examined the EU's strategic initiatives and legislative framework in Earth sciences, the

focus now shifts to their practical implementation and impact. Section 3 delves into the operational

aspects of the EU's Earth Observation programs, public engagement strategies, and collaborative

research efforts, shedding light on their role in advancing scientific knowledge and informing policy

decisions.

33 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
34 https://earth.org/explainer-all-you-need-to-know-about-the-eu-nature-restoration-law/
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5. ESA’s Earth Observation Program

ESA's Earth observation program is a comprehensive initiative that uses satellite technology to

monitor and understand Earth's environment.

ESA's space policy about Earth observation is built on several fundamental principles and lines of

reasoning:

Principles of ESA's Space Policy

1. Science-First Approach: ESA emphasises a science-first approach, where satellite

technology provides data that contribute to our collective understanding of the Earth system.

This helps to address global environmental challenges and inform critical decisions.

2. Sustainability and Resilience: The policy underscores the importance of creating a more

sustainable and resilient world by leveraging Earth observation data to guide action and

policy.

3. Interconnected Earth System: ESA's strategy focuses on understanding the feedback and

interconnections within the Earth system rather than targeting specific Earth system domains.

This holistic view is crucial for addressing complex environmental issues.

4. Open Data Access: ESA promotes open and non-discriminatory access to Earth observation

data, ensuring that the data is available for scientific research, public good, and commercial

applications. This supports innovation and the development of new applications.

5. Collaboration and Partnerships: ESA collaborates with international partners, including

the European Union, to develop and implement Earth observation missions. This

collaboration enhances the effectiveness and reach of the program35.

Lines of Reasoning

1. Climate Change: ESA's Earth observation program provides critical data on greenhouse gas

emissions, deforestation, and ice melt, helping to inform climate policies and mitigation

strategies.

2. Biodiversity Conservation: Earth observation data monitors habitats and species, aiding

conservation efforts and policy-making.

35 https://www.esa.int/Applications/Observing_the_Earth/ESA_releases_new_strategy_for_Earth_observation
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3. Disaster Management: Real-time satellite data improves the response to natural disasters,

enhancing preparedness and recovery efforts.

4. Water Resources Management: Monitoring water bodies and soil moisture informs water

management policies and helps address water scarcity issues.

5. Economic and Social Benefits: Accurate weather forecasts and environmental monitoring

support various sectors, including agriculture, maritime safety, and disaster response,

leading to economic and social benefits36.

By adhering to these principles and reasoning, ESA's Earth observation program aims to provide

valuable data and insights that support sustainable development and address global environmental

challenges.

ESA's Earth observation missions include various satellites, such as the Copernicus Senti-nel series,

Earth Explorers, and meteorological missions. These satellites are operated from ESA's European

Space Operations Centre (ESOC) and other facilities, where engi-neers and scientists work together

to ensure the satellites' health and data quality. The missions cover various objectives, from

monitoring climate change and natural disasters to studying the Earth's oceans, land, and

atmosphere.

The Key Components and Interactions:

 Atmosphere: Weather patterns, climate systems, and atmospheric chemistry interactions.

 Hydrosphere: Oceans, rivers, and lakes influencing weather, climate, and supporting life.

 Biosphere: All living organisms and their interactions with the atmosphere, hydrosphere,

and geosphere.

 Geosphere: Landforms, tectonic activities, and Earth's internal processes.

 Human Impact: The influence of human activities on and from the Earth system37.

These interconnected components demonstrate the complex interactions that sustain life on Earth.

36 https://www.esa.int/About_Us/Earth_observation
37 https://www.youtube.com/watch?v=6j5iHvYBIcg
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Figure 4 – Earth Observation Program

Source: https://www.esa.int/Applications/Observing_the_Earth

Policy-Relevant Scientific Insights

ESA's Earth observation program has generated numerous policy-relevant scientific insights.

Climate Change: Satellites have provided critical data on greenhouse gas emissions, deforestation,

and ice melt, helping to inform climate policies and mitigation strategies.

Biodiversity: Earth observation data has been used to monitor habitats and species, aiding

conservation efforts and policy-making.

Disaster Management: Real-time satellite data has improved the response to natural disasters like

floods, earthquakes, and wildfires, enhancing preparedness and recovery efforts.

Water Resources: Monitoring of water bodies and soil moisture has informed water management

policies and helped address water scarcity issues.

Scientific and Policy-Relevant Puzzles New Technologies Could Solve

Emerging technologies could help address several scientific and policy-relevant puzzles:

Carbon Capture and Storage: Advanced technologies could improve the efficiency of capturing

and storing carbon dioxide, helping to reduce greenhouse gas emissions.

Precision Agriculture: New sensors and data analytics could optimize agricultural practices,

reducing environmental impact and improving food security.
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Smart Grids: Innovations in energy management could enhance the integration of renewable

energy sources, promoting sustainable energy solutions.

Digital Twins: Creating digital replicas of physical systems could improve urban planning and

resource management, leading to more sustainable cities.

Blockchain: Enhancing transparency and traceability in supply chains could promote sustainability

and reduce corruption.

These technologies and insights are crucial for addressing global challenges and promoting a more

sustainable future.

Satellite data is crucial for understanding ocean interactions and processes.

How Satellite Data is Harnessed

1. Remote Sensing: Satellites use sensors to collect data on various ocean parameters such as

sea surface temperature, salinity, chlorophyll concentration, and sea level.

2. Data Processing: Advanced algorithms and models process the raw data to generate useful

information.Techniques like machine learning and neural networks enhance the resolution

and accuracy of the data.

3. Integration with In-Situ Data: Satellite data is often combined with in-situ measurements

(e.g., buoys, research vessels) to validate and refine the satellite observations.

4. Real-Time Monitoring: Continuous data collection allows for real-time monitoring of

ocean conditions, which is essential for applications like weather forecasting, disaster

response, and climate research.

Factors Involved

1. Resolution and Accuracy: The spatial and temporal resolution of satellite data affects its

usefulness. Higher resolution data provides more detailed information but may require more

processing power.

2. Coverage and Continuity: Ensuring consistent and comprehensive coverage of the oceans

is a challenge due to the vastness of the area.

3. Data Integration: Combining data from different sources and ensuring interoperability is

crucial for a holistic understanding of ocean processes.
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4. Technological Advances: Innovations in sensor technology, data processing algorithms,

and satellite platforms continuously improve the quality and utility of satellite data.

EU Programs and Insights

1. EU4OceanObs: This initiative promotes the EU's extensive capacity for ocean observation,

data handling, and sharing. It aims to enhance the impact and uptake of European ocean

observation programs.

2. Copernicus Marine Service: Provides oceanographic products and services for maritime

safety, climate forecasting, and marine resource management.

3. European Marine Observation and Data Network (EMODnet): Offers access to

harmonized and standardized marine data across various disciplines.

4. Challenges: Data management, privacy, and confidentiality issues, as well as the need for

international collaboration, are significant challenges.

By leveraging satellite data and addressing these factors, we can gain valuable insights into ocean

interactions and processes, which are essential for environmental management, climate research,

and sustainable development.

In the addendum to the ESA’s new Earth Observation Strategy, Living Planet Program: Scientific

Achievements and Challenges, it is outlined what the challenges are:

Main Challenges:

1. Integration with National Statistics: There is a need for better integration of Earth

observation (EO) data with national statistics.

2. Technical Capacity: Adequate technical capacity is required to analyze EO data.

3. Data Accessibility: Ensuring that EO data is accessible and usable by various stakeholders.

4. Sustainability: Developing sustainable EO solutions that can be maintained over time.

5. Market Development: Boosting market development for EO technologies and services.

Potential Solutions:

1. Improved Data Integration: Enhancing the integration of EO data with national statistics

systems.
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2. Capacity Building: Investing in training and infrastructure to build technical capacity for

EO data analysis.

3. Open Access Policies: Implementing open access policies to make EO data more widely

available.

4. Sustainable Practices: Promoting sustainable practices in EO projects to ensure long-term

viability.

5. Market Incentives: Providing incentives for market development and innovation in EO

technologies38.

Enhancing Earth Observation:

1. Advanced Technologies: Leveraging advanced satellite-based monitoring and new

technologies like machine learning to improve data analysis.

2. Collaborative Approaches: Encouraging collaboration between different stakeholders to

share knowledge and resources.

3. Policy Support: Implementing supportive policies and funding mechanisms to drive EO

advancements.

4. Public Awareness: Raising public awareness about the benefits of EO and its applications

in various fields.

To execute beyond ESA in the EU and between member states, addressing the challenges in Earth

observation, the following steps can be taken:

1. Enhanced Collaboration and Coordination

 Interagency Cooperation: Strengthen collaboration between ESA, EU institutions, and

national space agencies to ensure a unified approach to Earth observation challenges.

 Joint Projects: Initiate joint projects that leverage the strengths of different agencies and

promote knowledge sharing.

38 https://esamultimedia.esa.int/multimedia/publications/SP-1329_2/SP-1329-2.pdf
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2. Policy Integration

 Policy Alignment: Ensure that Earth observation policies are aligned with broader EU

policies, such as the European Green Deal and the Digital Agenda.

 Regulatory Frameworks: Develop and harmonize regulatory frameworks to facilitate the

use of Earth observation data across member states.

3. Capacity Building

 Training Programs: Implement training programs for policymakers, scientists, and

practitioners to enhance their understanding and use of Earth observation data.

 Technical Support: Provide technical support to member states to build their capacity in

analyzing and utilizing Earth observation data.

4. Data Accessibility and Sharing

 Open Data Policies: Promote open data policies to make Earth observation data widely

accessible to researchers, policymakers, and the public.

 Data Platforms: Develop centralized data platforms where member states can share and

access Earth observation data easily.

5. Innovation and Technology Development

 Research and Development: Invest in research and development to advance Earth

observation technologies and applications.

 Public-Private Partnerships: Foster public-private partnerships to drive innovation and

bring new solutions to market.

6. Monitoring and Evaluation

 Performance Metrics: Establish clear performance metrics to monitor the progress and

impact of Earth observation initiatives.

 Regular Reviews: Conduct regular reviews and assessments to identify areas for

improvement and ensure continuous progress.
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Achievements and Future Directions

 Enhanced Understanding: The EU's efforts have led to a better understanding of climate

processes and feedback mechanisms. This knowledge is vital for predicting how the Earth's

climate will respond to human activities.

 Technological Advancements: The continuous development of satellite technology and

data processing techniques has improved the accuracy and resolution of climate data.

 Future Initiatives: Projects like ESM202539 and EERIE40 are working on developing next-

generation Earth System Models and improving the representation of ocean dynamics in

climate simulations.

These initiatives aim to provide more reliable climate projections and support the implementation of

the Paris Agreement.

By harnessing Earth Science models and satellite data, the EU is making significant strides in

understanding and addressing climate change. This integrated approach ensures that policies are

based on the best available science, helping to create a more sustainable future.

In the context of Earth science and oceanography, an eddy refers to a circular movement of water

that forms as a result of differences in water temperature, salinity, or currents. These swirling bodies

of water can range in size from a few meters to hundreds of kilometers in diameter and can last

from a few days to several months.

Types of Eddies:

1. Warm-Core Eddies: These contain warmer water than the surrounding ocean and often form

in regions where warm currents, like the Gulf Stream, interact with cooler water.

2. Cold-Core Eddies: These contain cooler water than the surrounding ocean and typically

form in regions where cold currents, such as the Labrador Current, interact with warmer

water.

Importance of Eddies:

39 https://www.esm2025.eu/
40https://eerie-project.eu/
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1. Nutrient Mixing: Eddies play a crucial role in mixing nutrients in the ocean, which can

enhance biological productivity and support marine ecosystems.

2. Heat Distribution: They help distribute heat within the ocean, influencing regional and

global climate patterns.

3. Carbon Sequestration: Eddies can transport carbon from the surface to deeper ocean layers,

playing a role in the ocean's carbon cycle.

In summary, eddies are significant features of ocean dynamics that contribute to the physical,

chemical, and biological processes in the marine environment.

Ensuring Integration in Policymaking

1.Science-Policy Interface: Strengthening the science-policy interface is crucial

This involves making scientific knowledge more accessible to policymakers and ensuring that

policies are informed by the latest scientific data41.

2.Interdisciplinary Collaboration: Encouraging collaboration between scientists, policymakers,

and other stakeholders can help in developing comprehensive and effective policies.

3.Capacity Building: Investing in capacity building and education for policymakers to understand

and utilize Earth observation data effectively42.

By focusing on these areas, ESA can continue to play a vital role in monitoring and protecting our

planet while ensuring that its data and findings are effectively integrated into policymaking

processes.

With a comprehensive understanding of the EU's practical initiatives in Earth sciences established,

the analysis now proceeds to evaluate the broader implications and future directions of the EU's

contributions. Section 4 explores the potential impact of the EU's Earth sciences endeavors on

environmental sustainability, global scientific cooperation, and policy development, providing

insights into the EU's role as a leader in addressing pressing environmental challenges.

41 https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/copernicus-polar-
roadmap-eu-satellite-observations-help-respond-emerging-polar-challenges-2024-09-
03_en
42 https://research-and-innovation.ec.europa.eu/research-area/environment/climate-
change-science/earth-system-science_en
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6. Managing Earth Science Data

The Knowledge Centre on Earth Observation (KCEO) is an initiative by the European

Commission aimed at maximizing the uptake of Earth Observation (EO) products and services to

support EU policies across various sectors.

The KCEO's mandate includes:

 Supporting Policy with Scientific Evidence: Mobilizing people and resources to create,

curate, and use knowledge to inform policymaking.

 Compliance Assurance: Ensuring adherence to EU laws, regulations, and policies through

data collection, inspections, audits, and reporting.

 Promoting Awareness and Transparency: Providing free-and-open data to foster

awareness and educate stakeholders about environmental impacts.

 Rapid Response to Emergencies: Offering essential evidence for legal interventions and

enforcement during sudden events.

The KCEO is funded through various EU programs, including Horizon Europe, Copernicus

Evolution, and other relevant funding streams. These programs provide financial support for

research, innovation, and the development of EO technologies and methods.

The KCEO has a broad reach, impacting multiple policy domains and sectors within the EU:

Agriculture: Supporting the Common Agricultural Policy (CAP) by verifying area-based aid and

promoting sustainable agricultural practices.

Environmental Monitoring: Monitoring habitats and protected areas under the Nature Directives

to ensure compliance with environmental regulations.

Marine Surveillance: Enhancing marine security and monitoring marine ecosystems for

sustainable fisheries.

Air Quality Monitoring: Tracking air quality and pollution levels to inform environmental policies

and public health measures.

By leveraging EO data and technology, the KCEO plays a crucial role in advancing EU policies and

promoting sustainable development across the continent.
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Strengths and Opportunities of the KCEO in the Environment

The Knowledge Centre on Earth Observation (KCEO) faces several external threats in the

environment:

1. Climate Change: Increasingly severe climate events could divert resources and attention

away from long-term projects to immediate disaster response.

2. Political Instability: Changes in government priorities or policies can affect funding and

support for Earth Observation initiatives, potentially stalling progress.

3. Economic Factors: Economic downturns or budget cuts within the EU could lead to

reduced financial resources for the KCEO, impacting its ability to sustain and expand its

activities.

4. Technological Advancements: Rapid advancements in technology might outpace the

KCEO's capacity to update its infrastructure and methodologies, leading to potential

obsolescence.

5. Data Privacy and Security: The risk of cyber-attacks and data breaches could compromise

sensitive information and undermine the credibility and effectiveness of the KCEO.

6. Competition from Other Organizations: Overlapping initiatives and competition from

other research institutions and organizations may lead to fragmented efforts and duplicated

resources.

7. Public Perception and Engagement: A lack of public support or understanding of the

importance of Earth Observation could hinder the KCEO's ability to drive meaningful policy

changes and environmental protection initiatives.

By addressing these external threats proactively, the KCEO can continue to advance its mission and

contribute significantly to the EU's environmental and sustainability goals. Addressing these threats

requires proactive measures, such as enhancing cybersecurity protocols, securing stable funding

sources, and maintaining strong public and political engagement. By mitigating these risks, the

KCEO can continue to advance its mission and support sustainable development within the EU.

Opportunities:

1. Technological Advancements: Leveraging emerging technologies to improve data quality

and accessibility.
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2. Global Partnerships: Expanding collaborations with international organizations to enhance

global environmental monitoring.

3. Public Engagement: Increasing public awareness and involvement in environmental

monitoring and protection initiatives.

4. Policy Impact: Strengthening the role of EO data in shaping and implementing EU

environmental policies.

Strengths and Weaknesses Inside the KCEO

Strengths:

1. Comprehensive Data Access: The KCEO provides access to a vast array of Earth

Observation data, which is crucial for informed policymaking.

2. Policy Support: It effectively translates policy needs into concrete EO requirements,

ensuring that data is relevant and actionable.

3. Collaborative Network: The KCEO fosters collaboration among various EU institutions,

enhancing the integration of EO data into multiple policy areas.

4. Expertise and Resources: The center is staffed by experts in EO and environmental

sciences, providing high-quality analysis and support.

5. Dedicated Team: A highly skilled and motivated team of experts dedicated to advancing

EO applications.

6. Robust Infrastructure: Well-established infrastructure for data management and analysis.

7. Policy Influence: Evidence-based support significantly influences EU environmental

policies.

Weaknesses:

1. Resource Constraints: Limited resources can hinder the scale and scope of projects.

2. Data Gaps: Challenges in obtaining comprehensive and consistent EO data across all

regions and timescales.

3. Technological Limitations: Dependence on current technology, which may not always

meet evolving policy needs.



- 90 -

Having explored the potential impact of the EU's Earth sciences endeavors, the analysis now shifts

to the challenges and opportunities associated with these initiatives. Section 5 examines the

obstacles faced by the EU in advancing Earth sciences and outlines potential strategies to overcome

these challenges.

7.Destination Earth

Destination Earth (DestinE) is an EU initiative to create a digital replica of Earth.

This digital twin can help in:

 Enhanced Forecasting: Predicting extreme weather events with greater accuracy.

 Scenario Testing: Exploring different future scenarios to inform policy decisions.

 Resource Management: Monitoring and managing critical resources like water and food.

 Public Engagement: Increasing public understanding and support for environmental

initiatives.

By integrating data from various sources, DestinE can provide valuable insights to support

sustainable development and climate adaptation policies.

Role of Destination Earth Digital Twin

Destination Earth (DestinE) plays a critical role in the execution of the EU’s Earth Sceince

strategies by providing a comprehensive digital replica of Earth. This digital twin:

 Enhances Forecasting: Improves predictions of climatic and environmental changes.

 Supports Scenario Testing: Allows for testing different environmental and policy

scenarios to inform decision-making.

 Facilitates Public Engagement: Provides a visual and interactive tool to engage the public

and raise awareness about environmental issues.

 Informs Policy: Offers detailed insights that support evidence-based policy development

and implementation.
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By integrating data from various sources and providing a dynamic platform for analysis and

visualization, DestinE significantly enhances the KCEO's capacity to execute its strategies and

achieve its objectives.

The Earth is calling, urging us to heed its cry for balance and sustainability. The EU's Destination

Earth program embodies this call, leveraging advanced digital twin technology to represent our

planet accurately. This initiative enables us to simulate and predict environmental changes with

unprecedented precision, informing decisions that promote ecological harmony and resilience.

Through this program, we can better understand the intricate dynamics of Earth's systems and take

proactive steps to safeguard our future, responding to the Earth's call with innovation and collective

action 43 A full replica shall be in place by 203044

1.The Destination Earth: The initiative aims to create a highly accurate digital replica of the Earth,

which will monitor, simulate, and predict the interactions between natural phenomena and human

activities

2.Continuous Evolution: DestinE is expected to continuously evolve by extending its operations

and developing further components through co-design of applications with a wide range of users.

This will ensure that the system remains up-to-date and relevant as new data and technologies

become available.

3.Expansion of Digital Twins: Initially focusing on climate change and extreme weather events,

DestinE will expand to include digital twins of other thematic domains such as oceans, biodiversity,

and urban environments. This will provide a comprehensive view of the Earth system and its

various components

4.Enhanced Interactivity and Accessibility: The initiative aims to make the digital replica fully

interactive and accessible to a wide range of users, including non-scientific experts. This will enable

users to perform highly accurate, dynamic simulations and improve prediction capabilities for

various sectors such as agriculture, forestry, energy, public health, and water resources

5.Support for Policy-Making: DestinE will support EU policy-making by providing tools to assess

the impact of existing environmental policies and support evidence-based decision-making for

43 https://digital-strategy.ec.europa.eu/en/policies/destination-earth

44 https://digital-strategy.ec.europa.eu/en/policies/destination-earth
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future policies. This will help in developing effective strategies for climate change adaptation and

mitigation.

Figure 5 – The New Normal in Europe: Between Desert , the Arctic and the Gulf Stream

Source: https://destination-earth.eu/

6.Strengthening Technological Capabilities: The initiative will leverage Europe's high-

performance computing (HPC) capabilities and artificial intelligence (AI) for data analytics and

predictive modeling. This will enhance Europe's industrial and technological capabilities and

contribute to global sustainability efforts

7.Global Collaboration: DestinE represents a key component of the European strategy for data,

consolidating access to valuable sources of data across Europe and fostering international

collaboration. This will enable the initiative to benefit from diverse expertise and resources, further

enhancing its impact.

By continuing to develop and expand beyond 2030, Destination Earth has the potential to

significantly contribute to global sustainability efforts, improve our understanding of the Earth

system, and support informed decision-making for a more resilient and sustainable future.45

45 https://destination-earth.eu/
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To move from factors and processes recognising interactions within the Earth system46 to achieving

Integrated Earth Science causalities beyond the assumed human impact, we need to adopt a more

holistic and interdisciplinary approach. This involves:

1. Interdisciplinary Collaboration: Encouraging collaboration across various scientific

disciplines such as geology, meteorology, oceanography, and biology to understand the

complex interactions within the Earth system.

2. Advanced Technologies: Utilizing advanced technologies like satellite remote sensing,

supercomputing simulations, and 3D seismic imaging to gather comprehensive data and

create detailed models of Earth processes.

3. System Integration: Integrating data from different Earth system components (atmosphere,

oceans, land, ice) to form a cohesive understanding of how these components interact and

influence each other.

4. Predictive Modeling: Developing predictive models that can forecast changes in the Earth

system, helping us prepare for and mitigate the impacts of natural disasters and climate

change.

5. Policy and Governance: Implementing policies and governance structures that support

sustainable management of Earth's resources and address global environmental challenges.

By moving beyond the rationalization of territorial control during the Cold War and adopting these

integrated approaches, we can better understand and manage the Earth system as a whole, ensuring

a sustainable future for our planet and to prevent crossing thresholds that could lead to large-scale,

abrupt, or irreversible environmental changes.

The stakes are much higher than just territorial control; it's about the survival of humanity. By

understanding the complex interactions within the Earth system, Earth science can help us address

critical issues like climate change, natural disasters, and resource management, which are essential

for survival.

With a roadmap for strategic interventions established, the analysis now proceeds to evaluate the

broader implications and future directions of the EU's contributions. Section 7 explores the potential

impact of the EU's Earth sciences endeavors on environmental sustainability, global scientific

46 https://www2.whoi.edu/site/casimas/
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cooperation, and policy development, providing insights into the EU's role as a leader in addressing

pressing environmental challenges.

8. Rationale for Investing in Earth Science

Investing in Earth science is crucial for several reasons:

1. Environmental Stewardship: Earth science research provides essential knowledge for

managing natural resources, mitigating natural hazards, and addressing climate change.

2. Economic Benefits: Earth science research drives innovation in sectors like energy,

agriculture, and water management, contributing to economic growth and sustainability.

3. Public Health and Safety: Understanding Earth's systems helps predict and respond to

natural disasters, protecting lives and property.

4. Policy and Regulation: Earth science data informs policy decisions on land use, resource

management, and environmental protection.

The EU's Earth science community is vibrant and collaborative, with initiatives like the Copernicus

Programme and the Knowledge Centre on Earth Observation (KCEO).These programs provide

valuable data and tools for research and policy-making. However, there are challenges in terms of

funding, coordination, and integration of research efforts across member states.

Reasons for Low Bibliometric Scores

Several factors contribute to the low bibliometric scores of EU-based Earth scientists:

Funding Constraints: Limited funding for research and publication can hinder the production of

high-impact work.

Publication Practices: Differences in publication practices and access to high-impact journals can

affect citation rates.

Interdisciplinary Challenges: Earth science research often spans multiple disciplines, making it

harder to achieve high citation rates in specialized journals.

Collaboration and Visibility: Enhancing collaboration and visibility within the global research

community can improve bibliometric scores.
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By addressing these challenges and leveraging the strengths of the EU's Earth science community,

we can enhance the impact and recognition of research efforts.

Action Plan for Strengthening Governance and Increasing Bibliometric Scores

1. Strengthening Governance

Objective: Enhance the governance s

Actions:

Establish Clear Governance Framework: Develop a comprehensive governance framework that

outlines roles, responsibilities, and decision-making processes

Enhance Transparency: Implement measures to ensure transparency in decision-making, funding

allocation, and policy implementation.

Strengthen Collaboration: Foster collaboration between EU member states, research institutions,

and stakeholders to align research priorities and policies.

Regular Monitoring and Evaluation: Set up a system for regular monitoring and evaluation of

governance practices to identify areas for improvement

2. Increasing Bibliometric Scores

Objective: Improve the bibliometric scores of EU-based researchers across all research science

disciplines.

Actions:

Promote Open Access Publishing: Encourage researchers to publish in open access journals to

increase visibility and citation rates

Provide Research Support: Offer training and resources on research methodologies, writing, and

publication strategies to enhance research quality and impact

Foster Interdisciplinary Research: Promote interdisciplinary research projects to address complex

scientific questions and increase citation rates
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Recognize and Reward Excellence: Implement recognition and reward systems for high-impact

research to motivate researchers.

3. Fusing Efforts in KCEO and Destination Earth (DestinE)

Objective: Integrate the efforts of the KCEO and DestinE to enhance research quality and

impact.

Actions:

1. Leverage Digital Twin Technology: Utilize DestinE's digital twin technology to provide

researchers with high-quality data and simulation tools for their studies

2. Collaborative Research Projects: Initiate joint research projects between KCEO and

DestinE to address key environmental and societal challenges

3. Data Sharing and Access: Facilitate data sharing and access between KCEO and DestinE

to enhance research collaboration and innovation.

4. Public Engagement and Awareness: Use DestinE's interactive platforms to engage the

public and raise awareness about the importance of Earth observation and environmental

research

Evaluation of Proposed Strategies

Suitability: The proposed strategies are highly suitable as they address key challenges in

governance, research quality, and collaboration

Acceptability: The strategies are likely to be well-received by stakeholders due to their focus on

transparency, collaboration, and recognition of excellence

Feasibility: The strategies are feasible with the right resources, support, and commitment from

stakeholders

By implementing these strategies, the EU can strengthen its governance structure, improve

bibliometric scores, and enhance the impact of research efforts through effective collaboration and

the use of advanced technologies.
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1.The Destination Earth: The initiative aims to create a highly accurate digital replica of the Earth,

which will monitor, simulate, and predict the interactions between natural phenomena and human

activities

2.Continuous Evolution: DestinE is expected to continuously evolve by extending its operations

and developing further components through co-design of applications with a wide range of users.

This will ensure that the system remains up-to-date and relevant as new data and technologies

become available.

3.Expansion of Digital Twins: Initially focusing on climate change and extreme weather events,

DestinE will expand to include digital twins of other thematic domains such as oceans, biodiversity,

and urban environments. This will provide a comprehensive view of the Earth system and its

various components

4.Enhanced Interactivity and Accessibility: The initiative aims to make the digital replica fully

interactive and accessible to a wide range of users, including non-scientific experts. This will enable

users to perform highly accurate, dynamic simulations and improve prediction capabilities for

various sectors such as agriculture, forestry, energy, public health, and water resources

5.Support for Policy-Making: DestinE will support EU policy-making by providing tools to assess

the impact of existing environmental policies and support evidence-based decision-making for

future policies. This will help in developing effective strategies for climate change adaptation and

mitigation.

6.Strengthening Technological Capabilities: The initiative will leverage Europe's high-

performance computing (HPC) capabilities and artificial intelligence (AI) for data analytics and

predictive modeling. This will enhance Europe's industrial and technological capabilities and

contribute to global sustainability efforts

7.Global Collaboration: DestinE represents a key component of the European strategy for data,

consolidating access to valuable sources of data across Europe and fostering international

collaboration. This will enable the initiative to benefit from diverse expertise and resources, further

enhancing its impact.
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By continuing to develop and expand beyond 2030, Destination Earth has the potential to

significantly contribute to global sustainability efforts, improve our understanding of the Earth

system, and support informed decision-making for a more resilient and sustainable future.47

Building upon the actionable insights for policymakers and stakeholders, Section 9 focuses on the

role of international collaboration and knowledge exchange in advancing Earth sciences. This

section highlights the importance of global cooperation in addressing environmental challenges and

fostering scientific innovation.

9.The Oceanic dimension of the Earth system

The oceans have played a fundamental role in the history of our planet. They are believed to have

formed around 4 billion years ago, shortly after Earth's formation. The early oceans were likely

created by volcanic activity that released water vapor into the atmosphere, which then condensed

and formed oceans. These ancient oceans provided the environment for the first life forms to

emerge, with single-celled organisms appearing around 3.5 billion years ago. These early life

forms were likely similar to modern-day prokaryotes, which thrived in the ocean's nutrient-rich

waters.

Oceans are a major source of Earth's oxygen. Photosynthetic plankton, such as algae and

cyanobacteria, produce oxygen through photosynthesis. It's estimated that about half of the oxygen

we breathe comes from the ocean. These tiny organisms are incredibly efficient, with some species

like Prochlorococcus producing up to 20% of the Earth's oxygen.

The current state of the oceans is a cause for concern.Climate change, pollution, and overfishing are

major threats. The oceans are warming, leading to rising sea levels and acidification, which harm

marine life. Dead zones, areas with very low oxygen levels, are expanding due to nutrient pollution

and climate change. Efforts are being made to monitor and protect the oceans, but significant

challenges remain.

The European Digital Twin of the Ocean (EU DTO) is an ambitious initiative by the European

Commission, announced at the One Ocean Summit in February 2022. The goal of the EU DTO is to

create a virtual representation of marine and coastal environments to help understand, predict, and

manage the impacts of climate change and human activities on the oceans.

47 https://destination-earth.eu/
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Figure 2 – The Policy-Making system

Key Features of the EU DTO:

Source: https://www.mercator-ocean.eu/actualites/digital-ocean-forum-co-developing-an-

impactful-and-inclusive-european-digital-twin-of-the-ocean/

1.Comprehensive Data Integration: The EU DTO leverages existing European marine data

infrastructures, such as the Copernicus Marine Service and the European Marine Observation

and Data Network (EMODnet), to provide high-resolution, multi-dimensional descriptions of the

ocean

1. Interactive Tools: The initiative aims to provide user-driven, interactive, and visualization

tools to make ocean knowledge accessible to citizens, entrepreneurs, scientists, and

policymakers.

2. Support for Sustainable Development: By providing detailed and accurate ocean data, the

EU DTO supports the design of effective strategies to restore marine and coastal habitats,

promote a sustainable blue economy, and mitigate climate change.
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3. Collaborative Approach: The EU DTO encourages co-creation and collaboration among

various stakeholders, including researchers, policymakers, and the public, to ensure that the

platform meets societal needs.

The EU DTO is expected to play a crucial role in enhancing our understanding of the oceans and

supporting sustainable ocean management. By transforming data into actionable knowledge, it will

help policymakers make informed decisions, support scientific research, and foster innovation in

marine technologies.

How to harness several advanced AI-methodologies :

1.Causal Deep Learning Models: These models combine deep learning with causal inference

principles to uncover causal relationships within complex earth system data. This approach helps in

understanding how changes in one variable can directly affect the other48

2.Geographical Convergent Cross Mapping (GCCM): This method uses spatial data to infer

causal relationships, which is particularly useful when temporal data is insufficient or unreliable49.

3.Hybrid and Causal Machine Learning: Integrating causal inference with machine leaning

techniques can enhance the accuracy and interoperability of Earth system models50.

The nodal points of AI-assisted Earth System Science concerns

1.Climate models: central to predicting climate change impacts by integrating atmospheric,

oceanic, and terrestrial.

2.Remote Sensing: Provides comprehensive data on land use, vegetation, and atmospheric

conditions.

3. Data Assimilation centers: Integrate diverse data sets from satellites, ground stations, and ocean

buoys to create unified models.

The multi-modalities refer to different types various data types and analytical methods to

understand Earth systems. This includes:

1 . Satellite Imagery and Remote Sensing: For monitoring large-scale environmental changes.

48 Tesch, Kollet & Garcke (2023)
49 Gao,Yang & Sugihara & Wang (2023)
50 Camps-Valls (2024)
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2.In-situ measurements: Ground-based observations that provide detailed local data.

3. Machine Learning and AI Models: Enhance predictions and identify patterns across different

datasets.

To move from local to global, the following steps could be considered:

1.Data integration: Combine local observations with global datasets to create comprehensive

models: this involves harmonizing data formats and scales.

2.Scalable Models: Develop models that can be scaled up from local to global levels, ensuring they

can handle increased complexity and data volume.

3.Interdisciplinary collaboration: Foster collaboration between climatologists, oceano-graphers,

ecologists, indigenous people and data scientists to integrate diverse expertise.

4. Advanced Computing: Utilize high-performance computing and cloud platforms to process and

analyze large datasets efficiently.

5. Feedback mechanism: Implement feed-back loops where local data continuously refine global

models, improving accuracy and relevance51.

By focusing on these nodal points and leveraging multimodalities, we can enhance understanding

and management of Earth systems, moving effectively from local observations to global insights.

Combining deep learning models, geographical mapping, and hybrid and causal mapping can

significantly enhance the European Digital Twin Ocean (DTO) initiative.

Deep Learning Models

Deep learning models can process vast amounts of oceanographic data, identifying patterns and

making predictions that would be difficult for traditional methods. For example, convolutional

neural networks (CNNs) can analyze satellite imagery to monitor sea surface temperatures, while

recurrent neural networks (RNNs) can predict ocean currents and weather patterns over time52.

Geographical Mapping

Geographical mapping provides the spatial context needed to understand oceanographic data. By

integrating high-resolution maps, such as those from EuroGeographics, the DTO can visualize data

51 See & Adie (2021)
52 https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2024.1396322/fu
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in a way that is easily interpretable. This helps in identifying regions that need more focused

observation and in planning marine conservation efforts.

Hybrid and Causal Mapping

Hybrid and causal mapping techniques combine observational data with model simu-lations to

create a more accurate representation of the ocean. This approach can improve the accuracy of

ocean forecasts and reanalysis systems, which are crucial for operational oceanography. By

understanding the causal relationships between different oceanic variables, researchers can better

predict the impact of events like climate change and pollution.

Integration in DTO

By integrating these technologies, the DTO can provide a comprehensive and dynamic model of the

ocean. This model can be used for real-time monitoring, forecasting, and decision-making,

supporting sustainable marine practices and policy-making

There are no straightforward answers to the question of which parameters are needed to arrive at

probabilistic predictive statements about the more suitable course of action at present for man’s

existence on Earth. It follows that science must be coupled with computer power and diplomacy to

Earth science to push the boundaries of our understanding of what could make the Earth spin and,

by preventing system collapse, make the Earthlings bounce back. The more we are the more we are.

This then put the onus on the quality of observational data, including estimating relationships,

advanced statistical methods, triangulation of evidence, and machine learning integration, and their

practical applications in inferring causality and predicting how the evolving Earth system will

behave within spatiotemporal contingencies.

The EU can strengthen its leadership in EuroGOOS (European Global Ocean Observing System)53

and become a more credible leader in oceanography by focusing on several key strategies:

1.Enhanced Collaboration: Strengthening partnerships with member states, regional

oceanographic systems (ROOS), and international organizations can foster better coordination and

data sharing. This includes working closely with initiatives like the Global Ocean Observing

System (GOOS)54 and the Intergovernmental Oceanographic Commission (IOC)55.

53 https://eurogoos.eu/
54 https://goosocean.org/
55 https://www.ioc.unesco.org/en
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2. Investment in Technology: Investing in cutting-edge technologies such as high-performance

computing, satellite Earth observation, and underwater drones can improve the accuracy and scope

of ocean observations. The European Digital Twin Ocean (DTO)56 project is a great example of

leveraging technology for better ocean management57.

3.Policy Integration: Integrating oceanographic research and data into EU policies, such as the

European Green Deal and the UN Sustainable Development Goals (SDGs), can ensure that ocean

health is a priority in broader environmental and economic strategies.

4.Capacity Building: Supporting education, training, and capacity-building initiatives can help

develop a skilled workforce in oceanography and related fields. This includes promoting ocean

literacy and engaging the public in ocean conservation efforts

5.Sustained Funding: Securing long-term funding for oceanographic research and monitoring

programs is crucial for maintaining and expanding Europe's leadership in this field. This can be

achieved through EU funding programs like Horizon Europe and other strategic investments.

By focusing on these strategies, the EU can enhance its leadership in EuroGOOS and contribute

significantly to global efforts in oceanography and marine conservation.

In weather forecasting, a regional orientation and AI are major focus areas. Weather forecasts are

predictive causal mechanisms that aim to predict what will happen if certain actions are taken or

conditions change based on established causal relationships. The Earth 2 by AI Gefion by DCAI

represents a promising direction 58. A multimodal methodology in AI involves integrating and

processing multiple sources or modalities to improve the accuracy and robustness of causal

mechanisms. This approach could also be applied to a variety of Earth Observations by leveraging

AI to create sophisticated models that can simulate and predict Earth system dynamics with great

precision.

This then solves the problem of data integration within existing models of interactions between the

components of the Earth system, which could pave the way for subsequent development of models

of causal influence to improve understanding and decision-making towards the exercise of

56 https://digitaltwinocean.mercator-ocean.eu/
57https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-
calls/horizon-europe/eu-missions-horizon-europe/restore-our-ocean-and-waters/european-digital-twin-ocean-
european-dto_en
58 https://dcai.dk/
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convincing and conscious authority by the EU about what will happen to Earth, a planet in space.

As puzzles are solved, new questions are rised.

The European Marine Board (EMB), a member of EU DTO59, explores in its publication

"Navigating the Future VI" explores the role of the ocean within the wider Earth system and

emphasizes the need for integrated, transdisciplinary research and governance approaches. The

study is structured around four key themes: Ocean and People, Ocean and Climate, Ocean and

Fresh Water, and Ocean and Biodiversity.

Scholarly Approach and Analytical Points

1. Ocean and People: This theme examines the relationship between humans and the ocean,

focusing on how marine resources support livelihoods, cultural heritage, and well-being. It

highlights the need for sustainable management practices to balance human needs with

ocean health.

2. Ocean and Climate: This area investigates the ocean's role in regulating the Earth's climate,

including its capacity to absorb carbon dioxide and heat. The study emphasizes the

importance of understanding and mitigating the impacts of climate change on marine

ecosystems.

3. Ocean and Fresh Water: This theme explores the interactions between the ocean and

freshwater systems, including the influence of oceanic processes on freshwater availability

and quality. It underscores the need for integrated water management strategies to ensure

sustainable use of both marine and freshwater resources.

4. Ocean and Biodiversity: This section focuses on the rich biodiversity of the ocean and the

threats it faces from overfishing, pollution, and habitat destruction. The study calls for

enhanced conservation efforts and the protection of marine biodiversity to maintain

ecosystem services.

Future Research Venues

1. Enhanced Monitoring and Data Collection: Developing advanced technologies for

continuous and comprehensive monitoring of oceanic and coastal environments to improve

data accuracy and availability.

59https://www.marineboard.eu/sites/marineboard.eu/files/public/Plenary%20documents/Spring%202024/Nicolas%2
0Segebarth_EMB%20Spring%20Plenary%202024%20Open%20Session.pdf
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2. Transdisciplinary Collaboration: Encouraging collaboration between scientists,

policymakers, industry stakeholders, and the public to address complex marine issues

through a holistic approach.

3. Policy Integration: Integrating scientific findings into policy-making processes to ensure

that marine management strategies are evidence-based and effective in addressing

environmental challenges60.

Hot Integration into Policy-Making

1. Climate Change Mitigation: Implementing policies that reduce greenhouse gas emissions

and promote the use of renewable energy sources to mitigate the impacts of climate change

on marine ecosystems.

2. Sustainable Fisheries Management: Developing and enforcing regulations that ensure

sustainable fishing practices to protect marine biodiversity and support the livelihoods of

coastal communities.

3. Marine Protected Areas (MPAs): Expanding and effectively managing MPAs to conserve

marine biodiversity and enhance ecosystem resilience.

These recommendations aim to guide future research and policy-making efforts to ensure the

sustainable management of the ocean and its resources.

Having emphasized the significance of international collaboration, the analysis now shifts to the

potential establishment of an EU Center for Oceanography and Meteorology. Section 10 explores

the implications of this proposed center and its role in advancing the EU's scientific leadership in

Earth sciences.

10.Establishing an EU Center of Oceanography and Metereology

Introduction

The establishment of an EU Center for Oceanography and Meteorology, co-jointly housed in the

new headquarters of the Danish Meteorological Institute (DMI), represents a significant

advancement in our collective efforts to understand and protect our planet's intricate systems. This

proposal outlines the historical significance, regional relevance, and global impact of this initiative.

60 https://www.marineboard.eu/publications/nfvi
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Historical Significance: Denmark, with its rich maritime history and longstanding tradition of

scientific excellence, has been at the forefront of oceanographic and meteorological research. The

Danish Meteorological Institute, established in 1872, has been a pivotal institution in advancing our

understanding of weather patterns, climate change, and oceanic phenomena61. By situating the new

EU Center within the DMI, we honor this legacy and build upon a foundation of proven expertise

and innovation62.

Regional Relevance

1. Strategic Location: Denmark's geographical position as a gateway between the North Sea

and the Baltic Sea and its possession of Greenland and fiduciary duties to the Inuit makes it

an ideal location for comprehensive studies of marine and atmospheric systems. The

proximity to significant maritime routes also enhances the practical application of research

findings.

2. Collaborative Hub: Housing the Center within the DMI fosters collaboration among

European nations. It creates a centralized hub for scientists, researchers, and policymakers to

address regional challenges such as coastal erosion, sea-level rise, and extreme weather

events63.

3. Climate Adaptation and Mitigation: The Center will play a crucial role in developing

strategies for climate adaptation and mitigation, tailored to the specific needs of the

European Union and the EEA. This includes advancing renewable energy sources,

improving coastal defenses, and enhancing disaster preparedness.

Global Impact

1. Data Integration and Sharing: The Center will serve as a nexus for integrating and sharing

data across national and international platforms. This facilitates a more holistic

understanding of global climatic and oceanographic patterns, enabling more accurate

predictions and effective responses to environmental changes.

2. Policy and Governance: By providing robust scientific evidence and fostering

interdisciplinary research, the Center will inform policy decisions at the EU and global

61 https://www.thearcticinstitute.org/knowledge-power-greenland-great-powers-lessons-second-world-war/
62 https://www.uib.no/en/studies/MAMN-GEOF
63 https://www.argos-system.org/solutions/oceanography-meteorology-hydrology-glaciology/
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levels. It will support the development of governance frameworks that address climate

change, marine conservation, and sustainable resource management.

3. Technological Innovation: The Center will spearhead technological advancements in Earth

observation, data modeling, and predictive analytics. These innovations will have far-

reaching applications, from improving weather forecasts to enhancing maritime navigation

safety.

4. Capacity Building and Education: The Center will offer training and educational programs

to build global capacity in oceanographic and meteorological sciences. This will empower

the next generation of scientists and practitioners to address emerging environmental

challenges effectively.

Summary: The establishment of an EU Center for Oceanography and Meteorology within the new

DMI headquarters is a forward-thinking initiative that leverages Denmark's historical contributions

and strategic advantages. It aligns regional and global efforts to advance our understanding of Earth

systems, enhance resilience to climate change, and promote sustainable development.

By fostering collaboration, innovation, and education, this Center will become a cornerstone in our

collective journey towards a more secure and sustainable future.

Work Program for EU Center for Oceanography and Meteorology (EUCOM)

Introduction

The EU Center for Oceanography and Meteorology (EUCOM) aims to advance scientific

understanding, policy development, and technological innovation in oceanography and meteorology.

This work program outlines key initiatives, activities, and objectives over the next five years.

Objectives

1. Enhance Scientific Research: Promote interdisciplinary research to deepen our

understanding of oceanic and atmospheric systems.

2. Policy Support: Provide scientific evidence to support EU and global policy-making.

3. Technological Innovation: Develop and deploy advanced technologies for Earth

observation and climate modeling.

4. Capacity Building: Train scientists and practitioners to tackle emerging environmental

challenges.
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5. Public Engagement: Raise awareness about the importance of oceanography and

meteorology.

Key Initiatives

1. Interdisciplinary Research Projects

o Climate Change Impact Studies: Investigate the effects of climate change on

marine and atmospheric systems.

o Marine Biodiversity: Research the impact of human activities on marine

ecosystems and develop conservation strategies.

o Atmospheric Dynamics: Study weather patterns, extreme weather events, and their

prediction.

2. Data Integration and Sharing

o Earth Observation Network: Establish a network of observational platforms,

including satellites, buoys, and research vessels.

o Data Repository: Create a centralized database for storing and sharing data

collected from various sources.

3. Technological Development

o Remote Sensing Technologies: Develop and deploy cutting-edge remote sensing

technologies for ocean and atmosphere monitoring.

o Modeling and Simulation: Enhance predictive models for climate and weather

forecasting.

4. Policy and Governance

o Integrated Policy Frameworks: Develop policy frameworks that integrate scientific

findings into actionable strategies.

o International Collaboration: Foster partnerships with international organizations

and research institutions.
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5. Capacity Building and Education

o Training Programs: Offer training programs for scientists, researchers, and

policymakers.

o Outreach Activities: Conduct workshops, seminars, and public lectures to

disseminate knowledge.

6. Public Engagement and Awareness

o Educational Campaigns: Launch campaigns to educate the public about the

importance of oceanography and meteorology.

o Citizen Science Initiatives: Engage the public in data collection and research

activities.

7. Monitoring and Evaluation

 Progress Reports: Publish annual progress reports to track achievements and identify areas

for improvement.

 Performance Metrics: Develop metrics to evaluate the success of initiatives and programs.

8.Comparing EUCOM-DMI to NOAA

EUCOM-DMI: Focuses on advancing scientific understanding, policy development, and

technological innovation in oceanography and meteorology within the EU and Kingdom of

Denmark. It could lead interdisciplinary research initiatives, integrate cutting-edge technologies for

Earth observation, and foster international collaborations to address environmental challenges.

Moreover, EUCOM could provide valuable policy recommendations and educational programs,

building a foundation for informed decision-making and resilient communities across Europe and

beyond.

NOAA: A U.S. federal agency within the Department of Commerce, NOAA's mission spans

environmental stewardship, scientific research, and providing weather, water, and climate
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information to the public .NOAA also focuses on fisheries management, coastal restoration, and

climate monitoring64.

Scope and Mission

 EUCOM-DMI: Focuses on advancing scientific understanding, policy develop-ment, and

technological innovation in oceanography and meteorology within the EU and Denmark

with dual civilian-military applications65. It aims to foster inter-national collaboration and

provide robust scientific evidence for sustainable management of Earth's resources.

 NOAA: A U.S. federal agency within the Department of Commerce, NOAA's mission spans

environmental stewardship, scientific research, and providing weather, water, and climate

information to the public. NOAA also focuses on fisheries management, coastal restoration,

and climate monitoring.

Capabilities

 EUCOM-DMI: Emphasizes interdisciplinary research, data integration, technological

innovation, and capacity building. It aims to create integrated policy frameworks and foster

international partnerships.

 NOAA: Has extensive capabilities in Earth observation, climate modeling, and data analysis.

NOAA operates a wide range of satellites, buoys, and research vessels, and provides

valuable public services such as weather forecasts and climate data.

Regional and Global Impact

 EUCOM-DMI: Primarily focuses on regional collaboration within Europe and Denmark,

with an emphasis on addressing regional environmental challenges and supporting EU

policy-making.

 NOAA: Operates globally, providing services and data to the public, governments, and

international partners. NOAA's work has a significant global impact, particularly in areas

such as climate change research and disaster preparedness.

64 https://www.noaa.gov/
65 https://defence-industry-space.ec.europa.eu/copernicus-programme-levels-sentinel-2c-orbit-2024-09-
05_en
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Technological Innovation

 EUCOM-DMI: Aims to develop and deploy advanced technologies for Earth observation

and climate modeling, fostering innovation within the EU.

 NOAA: Already has a robust portfolio of technological innovations, including satellite

remote sensing, big data analytics, and predictive modeling.

Interface with EU MILINT

The applications and services of EUCOM (EU Center for Oceanography and Meteorology) that

could be of use for DG Defence (Directorate-General for Defence Industry and Space) include:

1.Earth Observation and Monitoring: EUCOM's advanced Earth observation technologies can

provide critical data for monitoring environmental conditions, which is essential for planning and

executing defence operations.

2.Climate Modeling and Predictive Analysis: EUCOM's climate models and predictive analysis

tools can help DG Defence anticipate and mitigate the impacts of climate change on military

infrastructure and operations.

3.Maritime Surveillance: EUCOM's capabilities in maritime surveillance can support DG Defence

in monitoring and securing maritime borders, detecting illegal activities, and ensuring safe

navigation for military vessels.

4.Crisis Management: EUCOM's expertise in crisis management can assist DG Defence in

developing strategies for responding to natural disasters and other emergencies, ensuring effective

coordination and communication during crises.

5.Data Integration and Sharing: EUCOM's platforms for data integration and sharing can

facilitate the exchange of information between different defence agencies and international partners,

enhancing collaboration and decision-making66.

The causes for these applications and services being useful for DG Defence include the need for

accurate and timely environmental data, the importance of climate resilience in defence planning,

the necessity of secure maritime borders, the requirement for effective crisis response mechanisms,

and the value of seamless data sharing for coordinated defence efforts. At present 15 Eu militaries

have their own oceanographic and metereo-logical services. Portugal hosts the NATO Maritime

66 https://defence-industry-space.ec.europa.eu/eu-space/govsatcom-satellite-communications/applications-
services_en
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Geospatial, Meteorological, and Oceanographic Centre of Excellence in Lisbon67. In Denmark, they

root for the return of Maverick III68. Take me to bed or lose me forever. GREAT BALLS OF FIRE!

Added Value of Military Oceanography and Meteorology Services

1. Operational Precision: Dedicated military oceanography and meteorology services allow

armed forces to gain precise environmental data tailored to their specific needs, leading to

more accurate operations planning and execution.

2. Enhanced Security: Accurate weather and oceanographic data contribute to maritime

security by ensuring safe navigation, detecting illegal activities, and supporting anti-piracy

efforts.

3. Disaster Response: These services provide critical information for swift and effective

disaster response, allowing military forces to assist in humanitarian missions and natural

disaster relief.

4. Strategic Advantage: Access to specialized environmental intelligence gives military

forces a strategic advantage, helping them anticipate and mitigate environmental challenges

that could impact missions.

5. Sustainability Initiatives: Military environmental services support sustainable practices by

monitoring and managing the impact of military activities on natural ecosystems.

Reducing Redundancy

1. Coordination and Collaboration: Establish clear lines of communication and collaboration

between military and civilian meteorological and oceanographic services to ensure data

sharing and avoid duplication of efforts.

2. Centralized Data Platforms: Develop centralized platforms for collecting, storing, and

sharing environmental data that both military and civilian agencies can access, promoting

efficient use of resources.

3. Joint Training Programs: Implement joint training programs for military and civilian

personnel to standardize procedures and enhance interoperability.

67 https://www.act.nato.int/article/mgeometoc-coe/
68 https://arctic.eurogoos.eu/members/defence-centre-for-operational-oceanography-
fcoo/?doing_wp_cron=1731446217.5479779243469238281250
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4. Integrated Research Initiatives: Promote integrated research initiatives that involve both

military and civilian agencies, leveraging the expertise and resources of both sectors.

5. Policy Alignment: Align policies and strategies between military and civilian services to

streamline operations and reduce overlapping activities.

By focusing on these strategies, we can maximize the added value of military oceanography and

meteorology services while minimizing redundancy and ensuring efficient use of resources.

Tu sum-up : The added value of EUCOM (EU Center for Oceanography and Meteorology)

compared to member state services, Destination Earth and EUMetSat lies in its ability to foster

collaboration and integration across the EU. EUCOM can serve as a central hub for sharing data,

research, and best practices, ensuring that all member states benefit from the latest advancements in

oceanography and meteorology. This centralized approach can lead to more efficient use of

resources, reduced redundancy, and enhanced overall capabilities.

By coordinating efforts and promoting joint initiatives, EUCOM can help member states avoid

duplicating efforts and instead focus on complementary activities. This can lead to more

comprehensive and robust environmental monitoring and response strategies, ultimately benefiting

the entire EU.

The EU has a clear and obvious interest in providing policy direction, support, coaching and

delegating and to better coordinating the member states’ militaries' oceanographic and

meteorological services. As an EU agency within DG Defense, the EU Center for Oceano-graphy

and Meteorology (EUCOM) could serve as a pivotal institution in advancing regional and global

efforts to understand and mitigate the impacts of climate change, enhance maritime security,

support operational precision , underpin situational awareness, and support sustainable resource

management.

Source: https://www.dmi.dk/
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Design Brief for the Joint HQ of EUCOM and DMI

Key Elements

1. Integrated Design

o Architecture: Modern, sustainable architecture that reflects the mission of EUCOM

and DMI.

o Flexibility: Spaces designed for flexibility to accommodate various research

activities and collaborative efforts.

2. Research Facilities

o Laboratories: State-of-the-art laboratories equipped for marine and atmospheric

research.

o Observation Centers: Facilities for monitoring and analyzing real-time data from

Earth observation platforms.

3. Collaboration Spaces

o Meeting Rooms: Spaces for meetings, workshops, and conferences to facilitate

collaboration.

o Open Office Areas: Open-plan offices to promote interaction and teamwork.

4. Sustainability Features

o Energy Efficiency: Use of renewable energy sources and energy-efficient

technologies.

o Green Spaces: Incorporation of green spaces and natural elements to enhance the

working environment.

5. Educational and Public Engagement Areas

o Exhibition Halls: Areas for exhibitions and public displays to educate visitors.

o Lecture Theaters: Facilities for public lectures, seminars, and educational programs.
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Desirable Location

1. Strategic Geographical Position: Copenhagen, Denmark, offers a strategic location with

access to both the North Sea and the Baltic Sea, making it ideal for marine and atmospheric

studies.

2. Proximity to Research Institutions: Close proximity to other research institutions and

universities fosters collaboration and resource sharing.

3. Transport Links: Excellent transport links, including airports and public transportation,

ensure accessibility for international researchers and visitors.

4. Cultural and Historical Significance: Copenhagen’s rich cultural and historical

significance adds to the appeal of the location, attracting researchers and visitors from

around the world.

5. Strategic portend: By integrating scientific research, policy development, and

technological innovation, EUCOM-DMI aims to provide robust scientific evidence and

foster international cooperation to ensure sustainable management of Earth's resources.

This comprehensive work program and design brief aim to establish EUCOM as a leading center

for oceanography and meteorology, fostering scientific excellence, policy development, and public

engagement.

12. Glaciers, International Permafrost Association (IPA) & IAGO ( Megnetospehere).

A comprehensive EU-led strategy to strengthen the International Permafrost Association (IPA), the

World Glacier Monitoring Service (WGMS), and the International Association of Geomagnetism

and Aeronomy (IAGA) should focus on establishing collaborative, data-driven research frameworks

that enhance global understanding of permafrost, glaciers, geomagnetism, and aeronomy. The

strategy should involve enhancing governance, fostering cooperation with key global players (US,

Canada, Russia, China, India, and Australia), addressing knowledge gaps, promoting data fusion,

and ensuring a sustainable funding and time framework.
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1. Governance Structure

• EU Oversight and Coordination: Establish an EU task force within the European Commission, led

by a dedicated unit for Earth Sciences, which coordinates with the IPA, WGMS, and IAGA. This

task force will be responsible for setting objectives, ensuring inter-organizational cooperation, and

managing resources. The European Space Agency (ESA) can serve as a key partner in satellite-

based data gathering and analysis.

• Executive Board: Form an Executive Board that includes representatives from EU member states,

key international partners (US, Canada, Russia, China, India, Australia), and representatives from

the IPA, WGMS, and IAGA. This board would oversee joint scientific projects, monitoring systems,

and set the direction for long-term collaborations.

• Regional Cooperation Platforms: Establish regional platforms with key players like Canada,

Russia, and the Arctic nations to focus on permafrost and glaciers. Similar platforms can be built in

Asia-Pacific for geomagnetism and aeronomy, involving China, India, and Australia.

• Scientific and Technical Committees: Create sub-committees within the governance structure to

address specific technical needs in data collection, research gaps, and advanced technologies for

monitoring and data fusion.

Figure The Magnetosphere that protect earth has shrunk by 30 %

Source: Iaga
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2. Cooperation with Global Partners

• United States: Foster joint research initiatives in glaciology, geomagnetism, and permafrost,

focusing on cross-border Arctic and Antarctic research projects. Leverage NASA’s Earth Science

Division and NOAA for data exchange, joint satellite missions, and scientific findings.

• Canada: Collaborate on permafrost monitoring in Canada’s northern territories and its impact on

infrastructure and ecosystems. Joint research programs on glaciers and permafrost between

Canada’s Polar Continental Shelf Program and EU counterparts can be encouraged.

• Russia: Given Russia’s vast Arctic territory, develop collaborative research programs focusing on

climate change’s effects on glaciers and permafrost. Set up joint field stations and research hubs.

• China: Engage China through joint geomagnetic surveys and aeronomy research. China’s

increasing investment in space science (e.g., the China National Space Administration) provides

opportunities for satellite data-sharing agreements.

• India: India’s growing interest in space science and Earth observation could lead to joint programs

in geomagnetic research, leveraging Indian satellites for global monitoring.

• Australia: Australia’s Antarctic research focus aligns well with the IPA and WGMS goals.

Collaborative research on permafrost, glaciers, and environmental changes in the Antarctic region

could be a focus area.

3. Addressing Gaps in Understanding

• Permafrost and Glaciers: Lack of long-term, consistent data on permafrost degradation and glacier

retreat, especially in remote areas. The strategy should prioritize creating a global network of

research stations to monitor changes and enhance models predicting future impacts.

• Geomagnetism and Aeronomy: Existing geomagnetic models often lack high-resolution data for

certain regions. The collaboration should focus on improving data from under-represented areas

such as Africa and South America. Developing more accurate ionospheric models would also be

critical for predicting space weather impacts.
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• Data Fusion: The key gap is the integration of satellite-based and ground-based data into a unified,

high-resolution database accessible to all stakeholders. Leveraging AI, machine learning, and big

data analytics will be essential in overcoming this challenge.

4. Rationale for Data Fusion

Data fusion can lead to more comprehensive, accurate predictions about climate change,

geomagnetic disturbances, and their impacts on Earth systems. By merging data from different

sources (e.g., satellite imagery, ground-based measurements, historical records), scientists can

achieve better coverage of under-sampled regions, enhance predictive models, and ensure real-time

monitoring, especially for high-risk areas like permafrost regions or active glaciers. This holistic

approach will make the research more reliable, efficient, and cost-effective.

5. Budget and Timeline

Initial Budget Estimate: The program would require approximately €250-300 million over the first

5 years for data infrastructure, research grants, and international cooperation. The largest portion

would go toward establishing monitoring stations, launching joint satellite missions, and funding

transnational research teams.

Year 1-2: Focus on setting up governance structures, formalizing international partnerships, and

designing a framework for data sharing and fusion. Fund initial joint projects and research

exchanges. Budget: €40-50 million.

Year 3-5: Expansion of research programs and monitoring networks. Launch satellite missions and

improve data integration technologies. Fund medium-term research projects focused on bridging

knowledge gaps. Budget: €100-120 million.

Year 5-10: Consolidation of research outputs, enhancement of predictive models, and long-term

monitoring projects. Increase public dissemination of findings and integration into policy-making.

Budget: €120-150 million.
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Summary

A comprehensive EU-led strategy focusing on the IPA, WGMS, and IAGA will drive essential

research into permafrost, glaciers, geomagnetism, and aeronomy, areas critical to understanding

climate change, space weather, and environmental stability. Through strong governance, global

collaboration, and addressing data gaps, this strategy can position the EU as a leader in advancing

climate science and geomagnetic research globally, while fostering strong partnerships with key

global players.

Ocean currents, Permafrost and Ice melting

The links between ocean currents, permafrost, and ice melting in the polar regions are complex and

interconnected. Each of these components plays a crucial role in shaping the polar climate system,

and their interactions contribute to feedback loops that drive climate change. However, there are

significant gaps in understanding the specific mechanisms and how these processes influence one

another, especially in the context of ongoing global warming. Here’s a detailed exploration of the

linkages between these elements and the associated knowledge gaps:

1. Ocean Currents and Permafrost

Ocean currents, particularly in the polar regions, influence permafrost in several ways. Warmer

ocean waters, particularly those in the Arctic, can erode coastal permafrost. The interaction between

oceanic heat and permafrost is especially concerning along the Arctic coastlines, where permafrost

is most vulnerable.

Key Processes:

• Thermal Transfer: Warmer ocean currents bring heat from lower latitudes to polar regions,

warming the surface waters and increasing the potential for melting both sea ice and permafrost.

The heat exchange between ocean water and permafrost under the seabed can lead to permafrost

thaw, which releases stored carbon (in the form of methane and CO2) into the atmosphere,

exacerbating global warming.

• Ocean Stratification: Changes in the salinity and temperature of ocean currents affect their

stratification, which can either limit or promote heat exchange with the seabed. Warmer surface
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waters may reduce the mixing with colder deeper layers, limiting the cooling effect on the

permafrost.

• Feedback Mechanisms: As permafrost thaws, it releases greenhouse gases, which further warm the

atmosphere, accelerating the process of ice and permafrost melting. This creates a positive feedback

loop where ocean warming and permafrost degradation amplify one another.

Gaps in Understanding:

• Heat Transfer Mechanisms: The processes of how ocean heat infiltrates the seabed and interacts

with permafrost layers are not fully understood. More data is needed to quantify heat fluxes

between ocean water and the permafrost layer.

• Carbon Release: There is limited understanding of the scale at which carbon is released from

thawing permafrost, especially in submerged or coastal areas where permafrost is melting rapidly.

• Role of Ice Shelf Melt: How the melting of sea ice due to ocean currents impacts permafrost

dynamics, especially in ice-covered regions like the Arctic, remains uncertain. The impact of

freshwater fluxes from melting ice on ocean currents and the broader climate system is another area

of concern.

2. Ocean Currents and Ice Melting

Ocean currents play a pivotal role in melting both sea ice and glaciers. The flow of warm ocean

waters underneath ice shelves accelerates ice melting, contributing to sea level rise.

Key Processes:

• Warm Ocean Water Under Ice Shelves: In polar regions, especially in Antarctica and the Arctic,

ocean currents transport warmer water beneath floating ice shelves. This process weakens and melts

the ice from the bottom up, leading to thinning of ice sheets and glaciers.

• Sea Ice Loss: Ocean currents contribute to the dynamics of sea ice loss by pushing warmer waters

into areas previously dominated by cold, dense water. This influences the timing and extent of sea

ice formation and melting.
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• Ice Shelf Instability: As ice shelves become thinner and more unstable due to ocean warming, they

are more prone to collapse, which can cause a rapid retreat of glaciers and contribute significantly

to global sea level rise.

Gaps in Understanding:

• Ice-Shelf-Ocean Interaction: There is still a limited understanding of how specific ocean currents

interact with the base of ice shelves and glaciers. Understanding the distribution of ocean heat

around ice shelves is essential for accurate modeling of ice dynamics.

• Feedbacks Between Ice and Ocean: The impact of ice shelf melt on ocean circulation itself is still

debated. The release of freshwater from melting ice can alter ocean currents, potentially affecting

global thermohaline circulation. This feedback loop is poorly understood, particularly in terms of its

long-term climate impacts.

Figure – A Methane hole

Source: https://www.ecowatch.com/extraordinary-photos-from-inside-the-siberian-methane-

blowhole-1881971557.html



- 122 -

3. Permafrost and Ice Melting

Permafrost and ice are both sensitive to rising temperatures, but their melting mechanisms and

environmental consequences are different, yet closely interconnected. Permafrost thaw and ice sheet

melting each contribute to environmental changes that affect each other.

Key Processes:

• Release of Greenhouse Gases: As permafrost thaws, it releases methane and carbon dioxide

trapped in the soil, which contributes to the warming of the atmosphere and accelerates ice and

glacier melting. The more permafrost thaws, the more it can enhance the melting of nearby glaciers

and sea ice.

• Water Runoff from Thawing Ice: Ice sheet meltwater and permafrost runoff both flow into the

oceans, impacting ocean salinity and circulation patterns. This may affect the distribution and

strength of ocean currents, which, as discussed earlier, influence further ice and permafrost melting.

• Hydrological Changes: As glaciers and ice sheets melt, the flow of water can interact with the

underlying permafrost, potentially accelerating the thawing of previously stable areas. Conversely,

areas of thawing permafrost can increase the amount of freshwater flowing into glacier-fed rivers,

potentially influencing ice sheet dynamics.

Gaps in Understanding:

• Permafrost and Ice-Sheet Dynamics: The interaction between permafrost thaw and ice sheet

melting is not fully understood. The feedback mechanisms between the two processes require

further exploration, especially in relation to how thawing permafrost may influence glacier and ice

sheet behavior.

• Hydrological Impacts: The changes in freshwater flow from thawing permafrost and melting ice

into rivers and oceans are not fully quantified. These changes could alter local ecosystems, but their

impact on the broader polar climate system is still an open question.

4. Overall Gaps in Understanding in the Polar Regions
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• Spatial and Temporal Resolution: Much of the data on ocean currents, permafrost, and ice melting

in the polar regions suffer from limited spatial and temporal resolution. These regions are difficult

to monitor, and existing data often lacks the granularity required to detect small, but significant,

changes in these interconnected processes.

• Modeling Challenges: Current models often struggle to accurately predict the interactions between

ocean currents, permafrost, and ice melting. Complex physical processes like ocean heat exchange

with permafrost, ice shelf melting, and their feedback effects on climate systems need more

advanced models.

• Interdisciplinary Approaches: Understanding the full scale of interaction between these elements

requires more interdisciplinary research that bridges oceanography, glaciology, geophysics, and

climate science. There is a need for better integration of data across these disciplines to fully

comprehend the feedback loops at play.

Summary

The interactions between ocean currents, permafrost, and ice melting in the polar regions are deeply

interconnected and pose significant challenges for understanding future climate impacts. Current

knowledge gaps around heat transfer processes, carbon release, and the interaction between ice and

ocean dynamics must be addressed through coordinated international research, data fusion, and

advanced modeling. Closing these gaps is essential for improving predictions of climate change

impacts, including sea-level rise, and for developing strategies to mitigate and adapt to these

changes.

An EU-led initiative aimed at enhancing governance and data infrastructure in the context of ice

management (especially focusing on glaciers, ice sheets, and permafrost) could play a pivotal role

in addressing the challenges posed by climate change, ensuring sustainable management, and

informing policy development at both national and international levels. Here’s how such an

initiative could contribute:

Magnetic Reversals and multiplying effects
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Project Proposal: MAGNETIC-EARTH

Multinational Research on Magnetic Reversals, Climate Interactions, and Multiplier Effects)

Budget: €5 Billion Duration: 10 Years Lead Institutions: ESA, CERN, IPCC, NOAA

1. Project Overview

The MAGNETIC-EARTH project is a €5 billion multinational research initiative aimed at

understanding the history, interactions, and causes of Earth’s magnetic reversals and their

interconnections with climatic multiplier effects. It will integrate expertise from geophysics,

climatology, astrophysics, and computational modeling to explore the mechanisms driving

geomagnetic shifts, their climatic impacts, and the potential consequences for planetary systems.

1.Integrating Scientific Knowledge into Policy Development

1. Bridging Science and Policy: A Framework for Integration

To effectively integrate scientific knowledge into policy development, a structured approach is

needed to ensure that research findings inform decision-making while being adaptable to

governance needs. Key mechanisms include:

• Evidence-Based Policymaking (EBP): Institutionalizing science-driven decision-making across

EU agencies.

• Science-Policy Interfaces (SPI): Creating advisory bodies linking researchers with policymakers.

• Regulatory Sandboxes: Allowing pilot implementations of scientific solutions in controlled policy

environments.

• Stakeholder Engagement: Involving industries, academia, and citizens in scientific foresight

exercises.

• Knowledge Translation Units (KTUs): Dedicated teams to translate complex scientific data into

actionable policy insights.
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2. Governance Structure for Science-Policy Integration

A. EU-Level Coordination

• European Scientific Policy Council (ESPC): A new independent advisory body under the

European Commission.

• Joint Scientific-Policy Task Forces: Sectoral groups for climate, geophysics, AI, and digital

infrastructure.

• Scientific Data Governance Unit: Ensures EU data autonomy and seamless integration of research

findings into decision-making.

3 targetting

To integrate our understanding of the main interactions involved in magnetic reversals and frame a

targeted approach from interaction to causes and effects, we need to consider the fundamental

processes governing Earth’s geomagnetic field and their interconnections. Below is a structured

approach that follows the causal chain from interactions to causes and finally to effects.

Enhanced Targeted Approach to Magnetic Reversals

1. Key Factors and Their Roles in Magnetic Reversals

A. Geophysical and Fluid Dynamics Mechanisms

1. Cusp Formation and Field Instabilities

• What it is: Magnetic cusps are regions where the field lines are highly curved or locally weak.

They form as the geomagnetic field transitions between stable states.

• Role in Reversals:

• Cusps may act as weak points where the magnetic field becomes unstable and initiates polarity

shifts.

• Magnetohydrodynamic (MHD) turbulence in these regions could accelerate reversals.
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• Targeted Research Approach:

• Satellite-based mapping of cusp structures (next-gen SWARM-like missions).

• MHD turbulence simulations to analyze cusp-induced instabilities.

2. Coriolis Effect and its Influence on the Geodynamo

• What it is: The Coriolis force arises from Earth’s rotation and affects fluid motion in the outer

core.

• Role in Reversals:

• It organizes flow patterns in the core, stabilizing the geodynamo in normal conditions.

• During a reversal, weakened Coriolis constraints allow large-scale flow changes, leading to a

chaotic field state.

• Interaction with thermal and compositional convection in the outer core can amplify perturbations.

• Targeted Research Approach:

• Supercomputer simulations of geodynamo models incorporating variable Coriolis constraints.

• Seismic and electromagnetic imaging to detect deviations from standard Coriolis-driven flow

patterns.

3. Retrograde (Redeoodire) Flow and Large-Scale Core Motion

• What it is: Retrograde (westward) drift of magnetic field features, observed via satellite and

ground-based measurements.

• Role in Reversals:

• Changes in retrograde flow patterns may destabilize the dipole and contribute to field weakening.

• High-velocity zonal flow anomalies could precede or even trigger reversal events.
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• Targeted Research Approach:

• Global magnetometer networks to track shifts in retrograde flow.

• Deep Earth observatory projects (e.g., enhanced seismic array deployments).

• Fluid dynamics laboratory experiments simulating retrograde flow effects.

Final Integrated Framework for a €5B Multinational Research Initiative

Phase 1: Investigating Reversal Causes

• Core-Mantle Interaction & Geodynamo Modeling

• Coriolis force constraints

• Retrograde flow and zonal drift analysis

• Cusp formation in turbulent magnetic states

• Deep Earth Monitoring Infrastructure

• Next-gen satellite missions for real-time field tracking

• Expansion of seismic and magnetometer networks

Phase 2: Transitional Dynamics & Reversal Mechanisms

• Supercomputer Simulations

• High-resolution geodynamo models incorporating Coriolis effects, retrograde flow, and cusps.

• AI-assisted pattern recognition of reversal precursors.

• Laboratory Fluid Dynamics

• Large-scale liquid sodium experiments to simulate magnetic turbulence in reversal-like conditions.
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Phase 3: Impact Assessment & Predictive Modeling

• Biosphere & Climate Impact

• Cosmic ray penetration modeling during field weakening.

• Ozone depletion and climatic shifts linked to past reversals.

• Predictive Framework Development

• Early-warning models integrating core-mantle interaction, solar activity, and flow anomalies.

3. Funding Allocation & Research Infrastructure

A €5 billion initiative should allocate:

• €1.5B for geodynamo simulations, seismic imaging, and real-time monitoring.

• €1B for geological and paleomagnetic fieldwork.

• €1B for satellite missions and magnetosphere tracking.

• €500M for laboratory-based liquid metal experiments.

• €1B for biosphere, climate, and radiation impact studies.

Summary

By integrating cusp instability, Coriolis constraints, retrograde flow, and external influences into a

multinational targeted approach, this initiative will resolve why magnetic reversals occur69, how

they unfold, and their long-term consequences on Earth’s systems.

69 https://www.ontariobeneathourfeet.com/magnetic-reversal
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2. Key Research Objectives

A. Causes and Mechanisms of Magnetic Reversals

• Investigate the dynamics of Earth’s outer core and its role in generating geomagnetic reversals.

• Analyze historical paleomagnetic records to reconstruct reversal timelines over the past 500

million years.

• Develop high-resolution 3D models of the geodynamo using CERN’s computational capabilities.

• Assess solar and cosmic radiation influences on magnetic field fluctuations.

B. Magnetic Reversals and Climate Feedback Loops

• Examine how magnetic reversals impact Earth’s radiation shielding and cosmic ray influx.

• Investigate the role of increased solar and galactic cosmic ray exposure in atmospheric chemistry

and cloud formation.

• Study correlations between magnetic reversals, ice ages, and abrupt climate transitions in

geological records.

Figure 6

Source: https://en.wikipedia.org/wiki/Geomagnetic_reversal
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B. Additional Contributing Factors to Magnetic Reversals

1. Hemispheric Asymmetry and Core Superrotation

• The inner core’s differential rotation (superrotation relative to the mantle) might influence field

reversals by creating hemispheric imbalances.

• Targeted Research:

• Geodynamo simulations incorporating inner core dynamics.

• Long-term seismic studies of inner core anisotropy.

2. Solar Activity and Magnetosphere Feedback

• High solar activity may exacerbate field weakening through interactions with the outer layers of

the magnetosphere.

• Targeted Research:

• Solar-terrestrial interaction models focusing on geomagnetic field variations.

• Historical analysis of solar cycles and reversal timing.

3. Plume-Lithosphere Interaction and Mantle Heterogeneity

• Thermal anomalies in the mantle may modulate heat flow at the core-mantle boundary, affecting

reversal onset.

• Targeted Research:

• Mantle tomography studies to detect hot plumes influencing the CMB.

• Heat-flow modeling to test mantle-core coupling effects.
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• Model how ozone depletion and atmospheric disruptions during reversals amplify climate

variability.

C. The Multiplier Effect on Earth’s Climate System

• Assess how magnetic reversals interact with other climatic drivers (Milankovitch cycles, ocean

currents, volcanic activity).

• Explore the impact of geomagnetic fluctuations on biodiversity, mass extinctions, and human

evolution.

• Develop predictive models to simulate future scenarios based on current magnetic field weakening

trends.

3. Project Structure & Research Facilities

A. Core Research Institutions

• European Space Agency (ESA): Satellite-based geomagnetic monitoring.

• CERN: Advanced simulations of Earth’s core-mantle interactions.

• IPCC & NOAA: Climate modeling and atmospheric studies.

• Geophysical Institutes (GFZ Potsdam, MIT, CNRS, Tokyo University): Paleomagnetic data

collection.

B. Major Research Components

1. Satellite Observations: Expansion of ESA’s Swarm satellite mission to monitor Earth’s

geomagnetic field changes in real time.
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2. Deep Earth Simulations: Use supercomputers at CERN to model core convection and magnetic

field reversals.

3. Antarctic & Ocean Drilling: Extract sediment and ice cores to correlate magnetic field changes

with past climate events.

4. High-Altitude Experiments: Balloon and space-based studies on cosmic ray penetration and

atmospheric ionization.

4. Expected Deliverables

• A comprehensive timeline of past geomagnetic reversals and climate correlations.

• Global models predicting how magnetic fluctuations interact with climate trends.

• Policy recommendations for space weather resilience and atmospheric monitoring.

• New datasets on cosmic ray interactions and their role in climate dynamics.

5. Summary& Impact

The MAGNETIC-EARTH project will establish a new frontier in Earth sciences, bridging

geophysics, climate science, and astrophysics to understand the hidden forces shaping our planet’s

history and future stability. It will provide crucial insights into planetary habitability, climate

resilience, and long-term environmental shifts, ensuring that humanity is better prepared for the

uncertainties of a dynamically evolving Earth system.

12. Tipping point management

The Eight tipping points of the Earth are:

1. Amazon Rainforest – Deforestation and climate change could turn the Amazon from a carbon

sink into a carbon source, releasing more CO₂ than it absorbs.

2. Arctic Sea Ice – Melting Arctic sea ice reduces the Earth’s albedo (reflectivity), leading to further

warming and ice loss.
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3. Atlantic Meridional Overturning Circulation (AMOC) – Disruption of this ocean current system

could lead to significant climate changes in Europe and North America.

4. West Antarctic Ice Sheet – Melting of this ice sheet could raise global sea levels by several

meters.

5. Greenland Ice Sheet – Similar to the West Antarctic Ice Sheet, its melting could significantly

contribute to sea-level rise.

6. Permafrost Thawing – Thawing permafrost releases stored greenhouse gases like methane,

accelerating global warming.

7. Coral Reef Die-Off – Warming oceans and acidification are causing widespread coral bleaching

and die-offs, affecting marine biodiversity.

8. Boreal Forest Shift – Climate change could lead to the northward shift of boreal forests,

impacting ecosystems and carbon storage.

These tipping points represent critical thresholds in the Earth’s climate system, where crossing them

could lead to irreversible environmental changes.

2. Strengthening governance

The Earth’s tipping points under a coherent and integrated global policy framework requires a

multi-layered, science-driven, and enforceable approach. Given the geopolitical complexities, a

pragmatic approach would center on shared but differentiated responsibilities, leveraging

multilateral mechanisms while ensuring regional leadership and enforcement capacity. Here’s how

the EU, the US, Russia, India, and China—representing distinct economic, political, and

environmental interests—could collaborate as lead partners:

1. Establish a “Global Tipping Points Governance Pact” (GTPGP)

• A legally binding framework that commits major powers to coordinated intervention thresholds

for each tipping point.
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• Modeled after the Paris Agreement but with enforceable mechanisms, including an independent

scientific panel reporting to a high-level political council.

• Recognizes differentiated capabilities, ensuring industrialized nations take the lead in financing

and technology transfer.

2. Institutionalizing Tipping Points in Global Governance Structures

• UN Framework: Create a Global Tipping Points Council (GTPC) under UNEP, with direct

representation from the EU, US, Russia, India, and China. This council oversees compliance,

funding allocation, and crisis response.

• Regional Leadership: Each major power assumes a regional governance role, ensuring direct

enforcement:

• EU: Boreal Forest Shift, Atlantic AMOC, Arctic Sea Ice

• US: Amazon Rainforest, Atlantic AMOC, Coral Reefs

• Russia: Permafrost Thawing, Arctic Sea Ice

• China: Boreal Forest Shift, Industrial Pollution Impacts

• India: Monsoon Stability, Coral Reefs

3. A Coordinated Global Carbon Tax & Biodiversity Protection Fund

• The EU Carbon Border Adjustment Mechanism (CBAM) should be expanded to a global system,

where non-compliance triggers border tariffs.

• A Tipping Points Biodiversity Fund should be co-funded by the EU, US, China, and India to

compensate developing nations for conservation efforts.

4. Joint Climate Intelligence & Enforcement Mechanism

• Satellite-Based Monitoring: The EU’s Copernicus Programme and US NASA/NOAA should

collaborate with China’s Gaofen and Russia’s Roscosmos for real-time tipping points surveillance.
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• AI-driven Risk Assessment: Develop a shared AI-powered monitoring system for rapid response

to emerging threats.

5. Diplomatic and Security Convergence

• Climate-related tipping points should be integrated into NATO, BRICS, and the Shanghai

Cooperation Organization (SCO) agendas, recognizing climate as a global security threat.

• Tipping Points Stability Treaties (TPSTs) should be drafted, limiting economic activities that

exacerbate tipping points in critical regions (e.g., restricting Arctic drilling by mutual agreement).

6. Adaptive Legal Framework for Ecological Sovereignty

• Establish climate trusteeship zones under international law for areas like the Amazon and Arctic,

removing them from exclusive national control when degradation reaches irreversible levels.

7. Strengthening Technological and Financial Commitments

• China’s Belt and Road Initiative (BRI) 2.0 should incorporate ecological stability clauses,

preventing funding for projects that accelerate tipping points.

• India’s International Solar Alliance (ISA) should receive joint funding from the EU and US to

counterbalance coal expansion.

• Mandatory corporate accountability: Introduce tipping-point-sensitive financial regulations,

requiring global banks, pension funds, and sovereign wealth funds to divest from activities

accelerating tipping points.

Summary: A Shift from Influence to Stabilization

This governance framework shifts the focus from geopolitical influence to systemic stabilization,

recognizing that no major power benefits from climate collapse. The EU’s normative leadership, the

US’s technological and financial power, China’s industrial scale, Russia’s geopolitical leverage, and

India’s demographic dynamism must align to institutionalize tipping point prevention—ensuring

planetary resilience remains a cornerstone of global policy.
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13.Towards a Global Earth Observation system

Satellite-Based Earth Observation Cooperation Framework for Tipping Point Governance

To effectively monitor and mitigate Earth’s tipping points, a mutualized satellite-based Earth

observation system is necessary. Each lead partner (EU, US, Russia, India, China) operates

advanced Earth observation programs, but these efforts remain fragmented. A cooperative

framework must synchronize data collection, integrate policy action, and address infrastructure gaps.

1. Mutualization of Satellite Programs

Key Earth Observation Programs by Lead Partners

Partner Key Satellite Programs Primary Functions Tipping Points Monitored

EU
Copernicus (Sentinel

satellites)

Climate monitoring, ice coverage, land

use change

Arctic Sea Ice, AMOC, Boreal

Forest Shift

US
SWOT, Landsat, GOES,

NOAA satellites

Ocean circulation, deforestation,

atmospheric monitoring

Amazon Rainforest, AMOC,

Coral Reefs

Russia Meteor, Kanopus-V, Resurs-P Permafrost thawing, Arctic monitoring Permafrost, Arctic Sea Ice

China
Gaofen, Fengyun, Haiyang,

Ziyuan
Deforestation, air pollution, sea level rise

Boreal Forest Shift, Coral

Reefs

India RISAT, Oceansat, Cartosat Monsoon prediction, ocean salinity
Coral Reefs, Monsoon

Stability

Proposed Mutualization of Programs

• EU-US: Integrate Copernicus and SWOT for synchronized ocean and atmospheric monitoring.

• Russia-EU: Link Meteor and Sentinel to unify Arctic monitoring for permafrost and ice coverage.

• China-India: Share Gaofen and RISAT data for deforestation tracking and monsoon shifts.

• Global: A Unified Data Fusion Platform (UDFP) should be created, standardizing data processing

for decision-making.
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2. Policy Integration: Linking Satellite Data with Governance

Mechanism for Policy Uptake of Earth Observation Data

1. Global Tipping Points Dashboard

• A publicly accessible database (modeled after the IPCC reports) integrating real-time observations.

2. Climate Risk Early Warning System (CREWS 2.0)

• Expand the existing UN-led CREWS system to cover all eight tipping points, with direct alerts to

policymakers.

3. Legally Binding “Satellite Verification” Clause in Climate Treaties

• Incorporate satellite verification as an enforcement mechanism in international climate agreements.

3. Data Gaps and Infrastructure Needs for Each Tipping Point

Tipping Point Current Data Gaps Infrastructure Solutions

Amazon Rainforest
Limited real-time monitoring of

illegal deforestation

Deploy AI-powered deforestation tracking using

combined Landsat, Gaofen, and Sentinel data

Arctic Sea Ice
Need higher-resolution daily ice

mass monitoring

Expand CryoSat-2 (ESA) and Meteor-M (Russia)

collaboration for real-time ice thickness mapping

AMOC (Atlantic

Circulation)
Poor deep-sea current observations

Deploy additional autonomous underwater gliders

linked to SWOT satellite data

West Antarctic Ice

Sheet

Limited precision in ice sheet

melting models

Increase integration of ICESat-2 (NASA) with ESA

CryoSat

Greenland Ice Sheet
Data latency in surface melt

prediction

Utilize Sentinel-3, Kanopus-V, and ICESat-2 for

improved real-time modeling

Permafrost Thawing
Lack of subsurface permafrost

temperature readings

Joint Russia-EU ground sensor network, linking to

Meteor-M and Sentinel-5P
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Tipping Point Current Data Gaps Infrastructure Solutions

Boreal Forest Shift
Insufficient tracking of tree line

movement and biomass loss

Merge China’s Gaofen, India’s RISAT, and ESA’s

Biomass mission for comprehensive tracking

Coral Reef Die-Off
Gaps in ocean acidity and

temperature variation mapping

Expand Oceansat (India) and NOAA Sentinel-6

Michael Freilich for real-time ocean monitoring

Summary: The Road to a Fully Integrated Global Earth Observation System

To address tipping points effectively, satellite data must drive policy action, and data silos must be

eliminated. A jointly governed Unified Data Fusion Platform (UDFP) under the UNFCCC could

ensure continuous data sharing, early warnings, and policy integration, solidifying Earth

observation as a core pillar of global governance.

14. Strengthening Governance, Data Infrastructure, and Surveillance for Planetary

Boundaries

To maintain Earth’s systems within safe operating limits, governance, data infrastructure, and

surveillance must be significantly enhanced and integrated globally. The approach should focus on:

1. Global Governance Reforms

2. Enhancing Earth System Surveillance

3. Data Infrastructure Development

4. Policy Integration and Enforcement

1. Strengthening Global Governance on Planetary Boundaries

Key Challenges:

• Fragmentation of international environmental governance.
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• No legally binding framework for planetary boundary protection.

• Lack of enforcement mechanisms.

Proposed Governance Enhancements:

• Establish a Global Planetary Boundaries Authority (GPBA)

• Under UN auspices, integrating IPCC, UNEP, and CBD frameworks.

• Mandate: Monitoring, reporting, and policy coordination across planetary boundaries.

• Adopt a Legally Binding “Planetary Stability Treaty”

• Modeled on the Paris Agreement but covering all planetary boundaries.

• Nationally Determined Contributions (NDCs) linked to planetary boundary targets.

• Integrate Planetary Boundaries into Global Economic Decision-Making

• Require the World Bank, IMF, and WTO to account for planetary boundary thresholds in

economic policies.

• Introduce an Earth System Stability Index for financial risk assessments.

2. Enhancing Earth System Surveillance

Current Gaps in Surveillance:

• Inconsistent satellite coverage across planetary boundary indicators.

• Limited integration of in-situ monitoring and remote sensing data.

• Data sovereignty issues preventing open global access.

Solutions for Improved Surveillance:

• Establish a Global Earth Observation Consortium (GEOC)
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• Merges Copernicus (EU), NASA Earth Observing System (US), Fengyun (China), RISAT (India),

Meteor (Russia) into a unified Earth monitoring network.

• Prioritizes real-time tracking of climate change, biosphere integrity, and land-system change.

• Deploy Automated In-Situ Sensor Networks

• Expand AI-driven sensor arrays for permafrost thawing, ocean acidification, and freshwater

depletion.

• Increase Arctic and Antarctic deep-sea observatories for early tipping point detection.

• Strengthen Open Data Sharing Agreements

• Global Earth Data Trust (GEDT): A common data repository ensuring unrestricted access for

research and policymaking.

3. Data Infrastructure Development for Planetary Boundaries

Key Data Gaps:

• Lack of real-time monitoring for biogeochemical flows and novel entities (e.g., microplastics,

synthetic chemicals).

• Weak integration between climate models and socio-economic impact assessments.

Proposed Infrastructure Solutions:

• Unified Planetary Boundaries Data Platform (UPBDP)

• Cloud-based system merging satellite, in-situ, and AI-driven simulations.

• Standardized real-time alerts for policymakers.

• AI-Enhanced Predictive Modeling

• Train machine learning models on historical planetary boundary breaches.
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• Provide early warning signals for policymakers on boundary exceedance risks.

• Integrate Private Sector Data Sources

• Google Earth Engine, IBM Environmental Intelligence Suite, and Microsoft AI for Earth should

be incorporated into public planetary boundary assessments.

4. Policy Integration and Enforcement

Current Weaknesses:

• Weak enforcement of planetary boundary-related targets.

• Economic incentives still favor unsustainable practices.

Proposed Policy Measures:

• Planetary Boundaries Taxation Framework

• Carbon pricing extended to include biosphere integrity, freshwater use, and land-system change.

• Global nitrogen and phosphorus use tax to curb fertilizer-driven biogeochemical flow disruption.

• Sustainability-Linked Trade Agreements

• WTO should enforce Planetary Boundary Compliance Clauses in trade agreements.

• Legal Liability for Exceeding Planetary Boundaries

• Establish International Environmental Court to prosecute violations leading to boundary

transgressions.

Conclusion: A Coherent and Integrated Global Strategy

Strengthening governance, data infrastructure, and surveillance for planetary boundaries requires:

1. A legally binding governance framework ensuring compliance with planetary limits.
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2. A global surveillance system integrating satellite, AI, and in-situ data.

3. A unified data-sharing and predictive modeling platform.

4. Economic and legal mechanisms to enforce planetary stability.

By mutualizing Earth system data and creating legally binding planetary boundary safeguards, the

international community can ensure long-term resilience within safe operating limits.

15.Public Policy Projects Between IUCN, CMS, and KCEO for Species Recovery

The following policy projects leverage Copernicus Knowledge Centre for Earth Observation

(KCEO) data to enhance conservation efforts in partnership with IUCN and CMS. The goal is to

scale up populations of four species, including one giraffe species (scaled to 2 million individuals)

and the European bison, alongside two additional species:

1. West African Giraffe (Giraffa camelopardalis peralta) – target 2 million individuals.

2. European Bison (Bison bonasus) – restoring European herds.

3. Saiga Antelope (Saiga tatarica) – stabilizing migration corridors.

4. Bluefin Tuna (Thunnus thynnus) – rebuilding sustainable fish populations.

1. IUCN-KCEO Joint Project: “GIRAFFE 2M” (West African Giraffe)

Objective:

• Scale up West African giraffe populations from current estimates (~600 individuals) to 2 million

by integrating EO-based habitat expansion, land-use policies, and community-led conservation.

Key Actions:

• EO Data Analysis: Use Sentinel-2 for mapping giraffe migration corridors and Sentinel-5P to

monitor human encroachment and vegetation loss.
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• Habitat Restoration & Policy Integration: Work with West African governments to reintroduce

giraffes into protected landscapes and enhance cross-border conservation efforts.

• Economic Incentives: Eco-tourism policy incentives in collaboration with African Union &

ECOWAS.

Figure 7– The West African Giraffe

Source: Google Image

Timeframe & Budget:

• Timeframe: 25 years (2025–2050).

• Budget: €2.5 billion via EU-AU Green Deal & Global Biodiversity Framework.

2. CMS-KCEO Joint Project: “BISON EUROPA” (European Bison Recovery)

Objective:
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• Expand European bison populations from currently around 7,000 individuals to 50,000 individuals

across Europe through transnational corridors and integrated land-use planning.

Key Actions:

• EO Habitat Monitoring: Utilize Sentinel-1 SAR for forest density mapping and Sentinel-3 for

monitoring food availability in forests.

• Transnational Policy Integration: Create and expand Natura 2000 bison corridors between Poland,

Romania, Slovakia, and Ukraine.

• Sustainable Economic Models: Promote eco-tourism and sustainable forestry to involve local

communities in bison conservation efforts.

Timeframe & Budget:

• Timeframe: 15 years (2025–2040).

• Budget: €1.2 billion via EU Green Deal and LIFE Programme.

3. IUCN-KCEO Joint Project: “SAIGA RESURGENCE” (Saiga Antelope Recovery)

Objective:

• Stabilize Saiga antelope populations from currently fewer than 100,000 individuals to 300,000 by

securing migration corridors across Central Asia.

Key Actions:

• Satellite Tracking & Anti-Poaching: Use Sentinel-2 EO data for tracking migration bottlenecks

and Copernicus Emergency Management Service for poaching control.

• Policy Integration: Advocate for Saiga protection measures in national policies and collaborate

with local governments on anti-poaching.

• Market Regulations: Combat illegal Saiga horn trade with the support of EU-Central Asia policy

frameworks.
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Timeframe & Budget:

• Timeframe: 10 years (2025–2035).

• Budget: €500 million via EU-Central Asia Partnership.

4. CMS-KCEO Joint Project: “TUNA 2050” (Atlantic Bluefin Tuna Recovery)

Objective:

• Rebuild Atlantic bluefin tuna stocks from current estimates of 40,000–50,000 individuals to 1

million individuals by improving fisheries management and monitoring with EO-based tools.

Key Actions:

• EO-Based Fisheries Monitoring: Use Copernicus Marine Service to track tuna populations and

monitor illegal fishing activities.

• Policy Strengthening: Enhance EU fishery policies and enforce ICCAT quotas based on real-time

monitoring data.

• Market and Trade Cooperation: Work with EU and Japan to strengthen sustainable tuna trade and

fisheries regulations.

Timeframe & Budget:

• Timeframe: 25 years (2025–2050).

• Budget: €3 billion via EU Maritime & Fisheries Fund.

Conclusion

• These projects leverage KCEO EO data to enhance species conservation through habitat

restoration, policy design, and economic incentives.
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• Scalability & Policy Relevance: Each initiative integrates global conservation frameworks with

EU sustainability objectives, ensuring long-term policy impact.

• Strategic Policy Alignment: These projects align with the EU Biodiversity Strategy 2030, Global

Biodiversity Framework, and CMS/IUCN conservation mandates.

16.Inoculating Geoethical values

As per Nir Orion (2019) key geoethical values to be inoculated in our off-spring could be the

following ones:

1. Sustainability: Ensuring that our actions today do not compromise the ability of future

generations to meet their needs.

2. Respect for Nature: Valuing and preserving the natural environment and its biodiversity.

3. Social Responsibility: Acknowledging and addressing the social impacts of geoscientific

activities, including the well-being of communities.

4. Integrity: Upholding honesty, transparency, and ethical behavior in all geoscientific

practices.

5. Adaptation: Promoting resilience and adaptability in response to environmental changes

and challenges.

These values guide responsible and ethical behavior in the geosciences, aiming to balance human

activities with the health and sustainability of the Earth system.

This could translate into a model list of content for an educational book at high school level in the

following manner:

Geoethics and Earth System Science: A Holistic Approach for High School Education

This educational book will integrate geoethical values within an Earth System Science framework,

ensuring coherence across sustainability, respect for nature, social responsibility, integrity, and

adaptation. The structure will emphasize interdisciplinary learning, connecting physical and social

sciences with ethical reasoning.
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Proposed Content Structure

1. Introduction to Geoethics and Earth System Science

• Definition and significance of geoethics (Nir Orion’s perspective)

• Earth as an interconnected system (lithosphere, hydrosphere, atmosphere, biosphere,

anthroposphere)

• The Anthropocene and human impact on planetary health

2. Sustainability: Balancing Resources and Needs

• Natural resource cycles (water, carbon, nitrogen)

• Ecological footprints and planetary boundaries

• Renewable vs. nonrenewable resources

• Case studies: Circular economy models, sustainable urban planning

3. Respect for Nature: Ethical and Scientific Perspectives

• Biodiversity and ecosystem services

• Indigenous ecological knowledge and conservation ethics

• Ethics of land use: Deforestation, mining, and urban expansion

• Ethical dilemmas: Balancing economic growth with ecological preservation

4. Social Responsibility in a Changing World

• Environmental justice: Disparities in climate impact

• Climate change as a socio-political challenge

• Disaster preparedness and resilient communities
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• Science communication and misinformation in environmental debates

5. Integrity in Science and Decision-Making

• Scientific ethics and responsible research practices

• The role of data transparency in environmental policy

• The precautionary principle and ethical risk assessment

• Case studies: Geoengineering, genetic modification in agriculture

6. Adaptation and Resilience in the Face of Global Change

• Climate adaptation strategies (coastal protection, agroecology)

• Mitigating risks from extreme weather events

• The role of technology in fostering resilience

• Ethical considerations in artificial intelligence and environmental monitoring

7. Systems Thinking and Problem-Solving for Geoethical Leadership

• Systems dynamics: Feedback loops and unintended consequences

• Policy frameworks for sustainability (e.g., SDGs, Paris Agreement)

• Ethical decision-making models for environmental stewardship

• Project-based learning: Local sustainability challenges and solutions

8. Future Directions and Call to Action

• The role of students as change agents

• Career paths in geoethics and sustainability
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• Global cooperation and the ethics of planetary stewardship

• Reflective exercises on personal and collective responsibility

Pedagogical Approach

• Case-Based Learning: Real-world applications of geoethics

• Interdisciplinary Projects: Science, ethics, and policy integration

• Fieldwork & Citizen Science: Hands-on engagement with environmental issues

• Simulations & Role-Playing: Climate negotiations, land-use conflicts

• Critical Reflection Exercises: Ethical debates on sustainability dilemmas

This book would equip students with both scientific literacy and ethical reasoning skills, fostering

responsible global citizens prepared for the challenges of the Anthropocene. Would you like

specific lesson plans or exercises for any of these sections?

17.Did Noah built the ark alone?

The Hebrew phrase האם“ נוח בנה את התיבה ”?לבדו (Ha’im Noach bana et ha-teiva levado?)—“Did

Noah build the ark alone?”—carries layers of meaning when we examine the roots of key words in

Hebrew.

Noach) – Rest, Comfort, and Guidance) נוח .1

The name Noach ( חח (ננ comes from the root ח”נו (N-W-Ḥ), meaning rest, ease, comfort, and guidance.

This root is also linked to navigation ,נווט) navat), suggesting that Noah’s role was not just to

survive but to guide humanity through a transition.

Noach’s very name poses a paradox: was his “rest” an individual task, or did it require a collective

effort? His survival depended on obedience, preparation, and the ability to lead others onto the ark.
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Bana) – Building, Establishing, and Understanding) בנה .2

The verb בנה (B-N-H) means to build, but it also connects to בינה (Bina), which means

understanding, insight, and wisdom. In Hebrew thought, building is never just physical—it is

intellectual and moral.

Thus, בנה“ את ”התיבה (bana et ha-teiva, “built the ark”) could be read not just as constructing a

vessel but also as forming a system of survival, an infrastructure of knowledge, a framework for

resilience.

Teiva) – Ark, Word, and Language) תיבה .3

The word תיבה (teiva) means ark, but it also means word. This dual meaning invites a deeper

reading: Noah’s ark was not just a physical refuge but a message, a language of survival.

In Kabbalistic interpretation, the word תיבה represents the power of words to shape reality. Just as

Noah’s ark preserved life, words and language preserve knowledge.

?Levado) – Alone, or Set Apart) לבדו .4

The word לבדו (levado) means alone, but its root ד.ב.ל (L-B-D) also carries the sense of being set

apart for a purpose. Was Noah truly alone, or was he chosen, set apart as a prototype for a new

world?

This duality reflects today’s planetary challenges: no single nation, scientist, or institution can act

alone, yet leadership is still required.

The Deeper Question: Is the Ark a Metaphor for Global Governance?

If we read the story through these linguistic layers, the question “Did Noah build the ark alone?”

transforms into:

• Can survival be an individual effort, or must it be collective?
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• Is the ark a physical vessel or a framework of knowledge and governance?

• Is building resilience just about structures, or does it require understanding ,(בינה) guidance ,(נוח)

and shared language ?(תיבה)

From Noah to Today: Building the Ark of Planetary Stewardship

The lessons embedded in the Hebrew roots illuminate the challenge we face today. Like Noah, we

must build an ark—not of wood, but of data, governance, and collective action. Just as words (תיבה)

shape reality, the policies we craft now will determine the survival of future generations.

The question is not whether we can build this ark, but whether we will recognize, in time, that it

cannot be built alone.

לבדו? התיבה את בנה נוח האם

And now, we stand at a similar crossroads.

We once faced the thinning of the ozone layer, a planetary crisis that threatened all life. Yet through

global cooperation, scientific determination, and decisive policy action, we managed to turn the tide.

If we could heal the sky, can we not also unlock the deeper mysteries of Earth’s system?

Can we not strengthen our governance, build a truly integrated data infrastructure, and create a

planetary surveillance network that keeps our world within safe operating limits?

The challenge before us is not one for lone builders. The complexity of Earth’s tipping points—

climate change, biosphere integrity, land-system shifts—demands a new ark, one built from

cooperation, knowledge, and shared responsibility.

This is the grand challenge of our time.

We have the tools. We have the science. What remains is the will to act—together.
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18. The European Ocean Pact

Water symbolises the whole of all potentialities, a fountain of ideas and the origin of life and the

source of all possible existence. In any analysis, there is always acdanger of breaking apart or

reducing to separate elements what was a single unity, a cosmos, in the minds that produced it,

Mircea Eliade writes.

The European Ocean Pact: Content, Holistic Intent, Challenges, and Global Leverage

1. Content of the European Ocean Pact

The European Ocean Pact is a policy initiative aimed at strengthening ocean governance, marine

biodiversity protection, sustainable blue economy, and climate resilience. It aligns with EU

commitments under the European Green Deal, the Paris Agreement, and the UN Sustainable

Development Goals (SDGs), particularly SDG 14 (Life Below Water).

Key components include:

• Marine Protection & Biodiversity Conservation: Expanding Marine Protected Areas (MPAs) and

enhancing marine restoration programs.

• Sustainable Blue Economy: Transitioning maritime industries (fisheries, shipping, offshore energy)

to low-impact and climate-resilient models.

• Climate Resilience & Ocean-Climate Nexus: Strengthening coastal defenses, integrating oceans

into climate mitigation strategies, and developing nature-based solutions.

• Marine Pollution & Circular Economy: Reducing plastic waste, chemical runoff, and shipborne

pollution while promoting circular economy models.

• Ocean Governance & Data Integration: Enhancing global cooperation, reinforcing maritime

security, and expanding satellite-based ocean observation programs.
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2. The Holistic Intent of the Pact

The European Ocean Pact is designed to be a unifying framework that integrates:

• Environmental protection with economic sustainability (balancing conservation with blue

economy growth).

• Scientific knowledge with policy implementation (leveraging data-driven ocean governance).

• EU leadership with global partnerships (positioning the EU as a standard-setter in ocean

governance).

It aims to shift ocean governance from fragmented sectoral policies to a systemic, ecosystem-based

approach.

3. Key Challenges

Despite its ambition, the European Ocean Pact faces several obstacles:

• Fragmented Governance: Different maritime policies at the national, EU, and international levels

create inconsistencies.

• Economic vs. Environmental Trade-offs: Resistance from industries (e.g., fisheries, shipping) to

stricter regulations.

• Data and Monitoring Gaps: Insufficient satellite-based ocean observation systems to enforce and

assess policies.

• Geopolitical Tensions: Conflicts over maritime jurisdiction, deep-sea mining rights, and Arctic

governance.

• Climate Change Uncertainty: The accelerating pace of ocean warming, acidification, and

biodiversity loss outpacing policy responses.
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4. Leveraging the Pact in the EU and Globally

To maximize its impact, the EU must integrate the European Ocean Pact into its broader

geopolitical and economic strategies:

Within the EU

• Integrate ocean policies with the European Green Deal to ensure financing for sustainable

maritime infrastructure.

• Expand the EU’s digital ocean twin initiative to improve predictive modeling and real-time

monitoring.

• Strengthen enforcement mechanisms through the European Maritime Safety Agency (EMSA) and

enhanced satellite surveillance.

Globally

• Position the Pact as a blueprint for global ocean governance, engaging partners like the US, China,

India, Brazil, Australia, Russia, and Pacific states.

• Leverage international climate finance to support small island developing states (SIDS) in

implementing sustainable ocean policies.

• Mutualize Earth observation satellite programs (e.g., SWOT, Copernicus, MERIDIAN) to address

data gaps.

• Push for stronger high-seas protection under the UN High Seas Treaty and integrate ocean security

into NATO and EU security strategies.

Summary

The European Ocean Pact is more than an environmental policy—it is a geopolitical, economic, and

security strategy. By integrating ocean governance into the EU’s global outreach, the Pact can serve

as a catalyst for international cooperation and a model for holistic planetary stewardship. However,



- 155 -

its success will depend on political will, technological innovation, and international alignment—a

challenge that, much like Noah’s Ark, cannot be undertaken alone.

19.Imagining the community of the European Union in 2040

One must reflect on the dynamics of authority, values, and the reshaping of capitalism within a

sustainable societal framework. The insights drawn from Yuval Noah Harari’s Sapiens—where the

premodern cycle was marked by strong family and community, weak state and market, and weak

individuals, while the modern cycle flipped this with strong state and market, weak family and

community, and strengthened individuals—serve as a key framework to understand the shifting

balance between societal forces.

Reordering Authority in 2040: EU as a Post-Capitalist Union

By 2040, the EU may have experienced a reordering of authority in response to mounting pressures

from environmental degradation, economic inequality, and social fragmentation. The balance of

power between the state, market, family, and community will likely evolve into a more holistic

system, where institutions and individuals become deeply intertwined with the collective

responsibility of sustaining both environmental health and social well-being.

In the context of European capitalism, a distinct post-capitalist framework will likely emerge—one

that is less focused on maximizing profit and more on well-being, sustainability, and social equity.

This form of capitalism, often referred to as European or regenerative capitalism, will prioritize

long-term goals over short-term financial gains. The role of the state will be central in enforcing

sustainability laws, establishing ethical markets, and protecting public goods. The market, while

still crucial, will operate under a framework of responsibility rather than unchecked competition.

This new vision of capitalism would feature corporations that no longer maximize shareholder

value but instead aim to contribute positively to societal welfare, ecological stability, and human

flourishing. They will be structured around human-centered design, sustainability, and fairness,

aligning with European values of social justice and solidarity.

Spirituality and Freedom in a Sustainable Society
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A profound transformation of capitalism also presents an opportunity to rethink the relationship

between spirituality and freedom. Historically, modern capitalism, driven by the forces of global

markets and state institutions, has led to individualism, consumerism, and the erosion of traditional

spiritual practices. However, in a sustainable society of 2040, spirituality could experience a revival

that transcends its historical role as an escape from materialism.

In this new society, spirituality would not be confined to religious doctrines but would expand to

encompass practices that foster mindfulness, collective consciousness, and respect for nature. The

pursuit of individual freedom would shift from consumer choice to personal fulfillment—grounded

in ethical living, self-reflection, and a deeper connection with both humanity and the planet.

A sustainable society could see the rise of a new spirituality that emphasizes inner growth,

connectedness, and intergenerational responsibility. This would be rooted in principles of

compassion, non-materialism, and a shared sense of purpose that could guide political, economic,

and personal decision-making. The ability to freely express oneself would not be defined by

consumption but by the capacity for creativity, collaboration, and harmonious coexistence with

nature.

Striking the Balance Between Spirituality and Freedom in 2040

A balance between spirituality and freedom could emerge through:

1. Community Empowerment and Solidarity:

The EU’s future society could prioritize stronger communities, where people find a sense of

belonging not in economic transactions but through social ties and spiritual practices that emphasize

connection to each other and the planet. The family and community could once again become

pillars of society, serving as nurturing environments for individuals to explore their freedom in a

meaningful, responsible way.

2. Economic and Political Re-structuring for Sustainability:

The EU state could shift from being the enforcer of economic growth to being the guardian of

ecological and social justice. Economic systems would reward long-term sustainable practices,

decent work, and the sharing of resources, rather than short-term profit-making. This would allow
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individual freedom to be more about personal growth and collective well-being rather than the

accumulation of wealth and consumption.

3. Redefining the Meaning of Freedom:

True freedom in this context would be aligned with the freedom to live authentically, engage in

meaningful work, and make choices that do not harm the environment or others. Spiritual freedom,

too, would be enhanced in a society where people have the space to explore their own sense of

purpose without the distractions of excessive materialism or state surveillance.

4. Integrating Sustainability into Daily Life:

As the EU embraces sustainability, the freedom to live in harmony with nature could become a

cornerstone of European values. People would have access to green spaces, clean air and water, and

a world where humanity’s impact on the planet is minimized. The spiritual freedom in this context

would not just be personal but collective, with the EU community sharing a common purpose to

protect and restore the planet.

Examples of Implementation in the EU Context

• Luleå, Sweden:

In Luleå, known for its strong commitment to sustainable development, the community-driven

approach could empower local citizens to participate in green energy projects, nature conservation,

and local agriculture. Freedom here would mean the autonomy to shape the future through

technological innovation and ecological restoration, while spirituality would be reflected in the

connection to nature and collective well-being.

• Bordeaux, France:

Bordeaux, already recognized for its wine production, could transition to an eco-tourism hub where

individuals are free to explore new ways of living in harmony with local ecosystems. This shift

could include spiritual retreats, mindfulness practices, and sustainable farming methods that allow

both individual freedom and collective responsibility.
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• Danube River Basin:

The Danube River Basin could be a model for regional cooperation on issues of water conservation,

eco-friendly shipping, and responsible farming practices. The freedom of people in these regions

would be rooted in clean water, access to green spaces, and the opportunity to live off the land in

harmony with nature, all while pursuing spiritual growth through community engagement and

connection to the water.

Summary

A sustainable society in the European Union of 2040 would strive to find a new equilibrium

between spirituality and freedom—one where the market and state no longer dominate but serve the

interests of both individuals and collective well-being. A post-capitalist order would integrate

values of ecological balance, social justice, and human flourishing. Spirituality would not just be an

individual pursuit but a collective journey toward a shared purpose rooted in sustainable practices

and a profound respect for the planet and one another.

Could the EU lead globalization ?

Globalisation is a catchword for the intensification of global commercial and social interactions on

the back of mainly US-led multinational companies who orchestrate most of the international trade.

With the US running large deficits with China, China increasing representing 65% of Asia’s

emissions and its reach as the primary trading partners of more and more countries and not just as

the world’s manufacturing plant while still growing exponentially70, the onus is on the EU’s MNC

not only to increase its RDI budgets71 but also on the EU to partner-up combing pull in the market

with flexibility and direction on how to enhance the EU’s innovation driven growth economy72.

70 https://www.conradbastable.com/essays/unequal-growth-the-zero-sum-games-you-dont-see
71 https://iri.jrc.ec.europa.eu/scoreboard/2024-eu-industrial-rd-investment-scoreboard
72 https://www.weforum.org/stories/2016/07/new-fortune-global-500-shift-business-landscape/
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Source:

https://www.reddit.com/r/Infographics/comments/17raxbk/all_the_worlds_carbon_emissions_in_20

21/v

For the EU to lead globalization, it must strengthen its economic, geopolitical, technological, and

normative power while addressing internal cohesion and external strategic positioning. Below is a

comprehensive breakdown of the conditions required for EU leadership in globalization:

For the EU to lead globalization, it must strengthen its economic, geopolitical, technological, and

normative power while addressing internal cohesion and external strategic positioning. Below is a

comprehensive breakdown of the conditions required for EU leadership in globalization:

2. Geopolitical Power & Strategic Autonomy

Condition: The EU as a Sovereign Global Actor

The EU must project power effectively in:

• Defense & Security: Developing an EU Security and Defense Union with joint capabilities
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• Trade & Investment Leadership: Using trade deals to expand normative influence (sustainability,

human rights, labor standards)

• Strategic Partnerships: Strengthening alliances in Africa, Latin America, and the Indo-Pacific

• Diplomatic Unity in Foreign Policy: Overcoming fragmentation by reforming unanimity rules in

external relations

Example: The EU’s Indo-Pacific strategy must move beyond economic engagement to include

security cooperation with ASEAN, India, and Japan.

3. Technology & Digital Sovereignty

Condition: Leading the Next Technological Revolution

• AI & Quantum Computing Leadership: Europe needs €100B investment in AI & quantum

research by 2035

• Data & Cloud Independence: Expand GAIA-X to challenge Amazon, Google, and Microsoft in

cloud services

• Cybersecurity & Digital Infrastructure: Create a pan-European cybersecurity agency with real

enforcement powers

• Regulatory Leadership in AI & Data Governance: Ensure EU norms become the global standard

(as GDPR did)

Example: The EU’s AI Act is a regulatory first, but the EU needs AI giants to match the US and

China.

4. Green Leadership & Sustainable Globalization

Condition: Making the EU the Benchmark for a Green Economy

• Decarbonization & Clean Tech Exports: Scale up renewable energy exports and hydrogen hubs
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• Carbon Border Adjustment Mechanism (CBAM): Ensuring a level playing field while preventing

trade conflicts

• Sustainable Supply Chains: Enforce ESG criteria on global trade deals

• Green Belt & Road Initiative: Offer green infrastructure financing as an alternative to China’s Belt

& Road

Example: The EU’s Green Deal Diplomacy must push for climate coalitions with Africa and Latin

America.

5. Institutional Reform & Internal Cohesion

Condition: A More Efficient & Unified European Governance Model

• Reforming the Decision-Making Process: Ending veto power in foreign policy & fiscal decisions

• Enlargement & Integration: Preparing for the inclusion of Ukraine, Moldova, and the Western

Balkans

• Fiscal & Social Cohesion: A European Social Union to avoid internal wage competition & brain

drain

Example: The NextGenerationEU plan showed how joint debt can strengthen resilience, but a

permanent EU fiscal capacity is needed.

The EU as the New Globalization Leader?

The EU can lead globalization if it:

Becomes an economic powerhouse with technological sovereignty

Develops geopolitical autonomy & strategic partnerships

Shapes global norms in sustainability & digital regulation

Overcomes institutional inefficiencies & fragmentation



- 162 -

Final Thought: From Regulatory Superpower to Strategic Global Leader

The EU is no stranger to influence. It dictates standards, sets norms, and, through the sheer weight

of its regulatory frameworks, compels the world to adjust. Yet, to call it a global power—well, that

would not be an overstatement.

And yet, what is a rulebook without the power to enforce it? What is a compass without the will to

set sail? The EU, hailed for its governance, must be more than the world’s most sophisticated notary.

It must wield not just the pen, but also the shield and the engine, writing the future while defending

its vision and propelling it forward.

For too long, Europe has spoken in regulations and treaties, in directives and agreements—

necessary, yes, but insufficient. It has led the world in setting the rules, yet hesitated in enforcing

them. It has shaped markets, yet wavered in shaping power. It has championed soft power, yet

balked at hard power. It must do both.

And here we are at a crossroads where trade wars collide with security imperatives, where

technological sovereignty defines geopolitical relevance, and where economic strength is

meaningless without strategic autonomy. The EU has the foundation—it must now build the

fortress.

The Union is more than Brussels; it is Paris and Berlin, Rome and Madrid, shipyards and satellites,

factories and fiber-optic cables. It iis a force that must not merely regulate the future but shape it.

And so, the choice is clear: Will the EU remain the world’s most eloquent referee, or will it step

onto the field and play to win?
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20.Conclusion

The article underscores the critical role of the European Union (EU) in advancing Earth sciences

and environmental stewardship. By examining the EU's comprehensive initiatives, legislative

framework, and collaborative efforts, it becomes evident that the EU is at the forefront of scientific

innovation and environmental protection. The EU's commitment to interdisciplinary research,

governance, and addressing environmental challenges is commendable. Furthermore, the

introduction of the "Destination Earth" program signifies a bold step towards creating a digital

replica of the Earth by 2030, with the potential to revolutionize Earth science research and policy-

making. This highlights the EU's dedication to monitoring, simulating, and predicting interactions

between natural phenomena and human activities, thereby supporting policy-making and

technological advancements. In conclusion, the EU's strategic involvement in Earth sciences

exemplifies its unwavering commitment to environmental sustainability, scientific advancement,

and global leadership in addressing pressing environmental issues.

The great circulation of Earth – the water cycle, carbon cycle and nutrients – replenishes what life

needs and helps regulate the climate system. Earth is a dynamic planet; the continents, atmosphere,

oceans, ice and life are ever-changing and ever-interacting in myriad ways. These complex

processes comprise the Earth system as we currently understand it. Understanding the functioning

by studying the interactions between the Earth’s major components: the atmosphere, hydrosphere,

geosphere, biosphere, and cryosphere. These components are interconnected, and changes in one

can affect the other. Earth system models are geared to understand man-made climate change. The

purpose is to understand how different parts of the Earth system interact and influence each other.

The interactions are complex and changes in one component can cause cascading effects throughout

the system. Earth science models can also be used to develop scenario analysis to think out of the

box and with the long light on by running different scenarios, such as varying levels of greenhouse

gas emissions or land-use changes. This helps in understanding potential future states of the Earth

system and the effectiveness of different mitigation strategies. This provides for policy-relevant

advice through evidence-based predictions that can guide decision-making on issues like emission

reductions and climate adaptation measures. Continuous advancement in Earth System Models,

including better data integration and more sophisticated algorithms, enhance their predictive

accuracy. This allows scientists to make more reliable forecasts about future climate conditions and

their impacts. In summary, integrated Earth science models are essential for a descriptive

understanding of the Earth’s system to a more causal and predictive framework. They enable us to
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anticipate future changes and develop strategies to manage and mitigate the impacts of climate

change effectively.

A cohesive Earth system should be the pride of The European Union, demonstrating its

commitment to sustainability, innovation, and scaling up its global environmental leadership.

Bibliometric studies confirm that British and Chinese researchers publish the most in Earth science.

The EU needs to invest more to put in guardrails regarding safe operating zones and tipping points.

The former to ensure that the balance between the negative effects of climate change – extreme

weather, elevated sea levels , loss of bio-diversity, health risks, water scarcity and economic losses -

and the positive effects of climate change – longer growth seasons, new agricultural areas, lesser

heating needs and increased biodiversity in certain areas – are held within planetary boundaries.

The latter in order to forestall cascading multiplication effects from CO2-Emissions, feed-back

mechanisms (melting ice caps, heat absorption and global warming) and a change in ocean currents

( having an impact on the distribution of heat, marine eco-systems, sea level and temperature,

disruptions to the carbon cycle and the absorption capability to CO2 and alteration in precipitation

patterns, affecting agriculture and water resources).

Integrated Earth science systemic approaches are crucial for ensuring sustainable development and

resilience against climate change and other environmental challenges. By bolstering investment in

these areas, the EU can better navigate the complex interactions within the Earth system, avoid

critical thresholds, and promote a more secure and stable future for all member states. To lead in

Earth science diplomacy, the EU must integrate policies, invest in research and innovation, promote

public-private collaboration, promote education and awareness, monitor and hold officials

accountable.

AI can be harnessed in the demanding Earth System Science in several impactful ways through the

following applications:

(1)Climate Modelling and Prediction: AI enhances the accuracy of climate models by integrating

vast amounts of data from various sources, improving predictions of climate change impacts73.

(2)Remote sensing and Monitoring: AI processes satellite imagery and other remote sensing data to

monitor environmental changes, such as deforestation, glacier melt, and ocean health.

73 https://www.ecmvf.int/en/about/media-centre/news/2019/experts-probe-use-ai-earth-system-applicaitons?
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(3) Natural Disaster Prediction: AI models can predict natural disasters like hurricanes, floods, and

wildfires, providing early warnings and helping in disaster preparedness.

(4) Biodiversity and Ecosystem Management: AI helps track species populations and health, aiding

conservation efforts and ecosystem management.

(5) Data Assimilation and Fusion: AI integrates data from multiple sources (e.g., satellites, sensors,

and ground observations) to create comprehensive data sets for better analysis and decision-making.

This will require data assimilation centers to create unified models.

An integrated approach to Earth science at the EU and international level, particularly from the

perspective of the maritime dimension of European security, involves several organisational and

financial implications concerning collaboration and coordination, interdisciplinary research,

capacity building, and ensuring that Earth science policies are integrated into broader EU policies

on security, environment, and climate change. Significant financial resources are required to

support integrated Earth science projects, including funding for research, technology development,

and infrastructure improve-ments. Investment in advanced technologies for Earth observation, data

collection, and analysis is crucial for effective integration. To facilitate data sharing and

collaboration, financial contributions to international initiatives and partnerships, such as the Global

Earth Observation System of Systems (GEOSS)74. Ensuring sustainable financing mechanisms to

support long-term integrated Earth science projects and initiatives must be a European priority.

There is an institutional return to power in terms of the maritime dimension of European security,

including maritime surveillance, security operations, environmental protection, and capacity-

building. These organisational and financial implications highlight the com-plexity and importance

of an integrated approach to Earth science and maritime security. Addressing these challenges

requires a coordinated effort from all stakeholders to ensure a sustainable and secure future.

Destination Earth's development potential beyond 2030 lies in its ability to continuously evolve and

expand, leveraging advanced technologies to create a comprehensive, interac-tive digital replica of

Earth that can inform and enhance global sustainability efforts. It will also provide participation and

user platforms to help rally the citizens of Europe behind the noble course of the EU as a green

superpower.

74 https://old.earthobservations.org/geoss.php
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1.The Destination Earth: The initiative aims to create a highly accurate digital replica of the Earth,

which will monitor, simulate, and predict the interactions between natural phenomena and human

activities

2.Continuous Evolution: DestinE is expected to continuously evolve by extending its operations

and developing further components through co-design of applications with a wide range of users.

This will ensure that the system remains up-to-date and relevant as new data and technologies

become available.

3.Expansion of Digital Twins: Initially focusing on climate change and extreme weather events,

DestinE will expand to include digital twins of other thematic domains such as oceans, biodiversity,

and urban environments. This will provide a comprehensive view of the Earth system and its

various components

4.Enhanced Interactivity and Accessibility: The initiative aims to make the digital replica fully

interactive and accessible to a wide range of users, including non-scientific experts. This will enable

users to perform highly accurate, dynamic simulations and improve prediction capabilities for

various sectors such as agriculture, forestry, energy, public health, and water resources

5.Support for Policy-Making: DestinE will support EU policy-making by providing tools to assess

the impact of existing environmental policies and support evidence-based decision-making for

future policies. This will help in developing effective strategies for climate change adaptation and

mitigation.

6.Strengthening Technological Capabilities: The initiative will leverage Europe's high-

performance computing (HPC) capabilities and artificial intelligence (AI) for data analytics and

predictive modeling. This will enhance Europe's industrial and technological capabilities and

contribute to global sustainability efforts

7.Global Collaboration: DestinE represents a key component of the European strategy for data,

consolidating access to valuable sources of data across Europe and fostering international

collaboration. This will enable the initiative to benefit from diverse expertise and resources, further

enhancing its impact.
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By continuing to develop and expand beyond 2030, Destination Earth has the potential to

significantly contribute to global sustainability efforts, improve our understanding of the Earth

system, and support informed decision-making for a more resilient and sustainable future.75

It's a complex and often heated debate, but focusing on the broader context can help us understand

the potential benefits of prioritizing investments in energy technologies over climate compensations.

The word "destiny" comes from the Latin word "destinare", which means "to determine, appoint,

or set apart”. It originally referred to the idea of something being fated or pre-destined. Even so, it is

quite an Ariadne thread being spun here. That it is not inevitable that the European Union shall

develop into a great power is true, and there is freedom of choice in deviating from the founding

fathers’ plan for Europe. This is Europe’s choice. And making the right choice influences the

immediate circumstances of the European Union. DestinE suggests what we do in life echoes in

eternity, remember you are already dead. It indicates that between the Iron Cage of the Earth

Science and the laws of change in international politics, there is a margin of maneuver for les

calculs des moyens. Shall Europe forever be in suspense? The vocation of the EU is to unite Europe.

As we fix the Earth and secure Europe, let us determine the relationship between necessity, liberty

and ethical conduct. So let’s choose Europe together and take responsibility for our Planet.

Where do we come from ? Where do we go ? Who are we ? How do we figure out how to proceed ?

And can explain why it is in all’s interest to make the EU into an influential actor in the world ?

The implication is we need to develop an EU Earth Science Model Framework in order to bridge

Policy and Research for Climate Risk Assessment

As climate risks intensify, the EU must enhance its capacity to assess, anticipate, and mitigate

environmental threats through a Pan-European Earth System Model (EU-ESM). This initiative

would integrate cutting-edge research with policymaking, reinforcing the EU’s leadership in global

environmental governance.

75 https://destination-earth.eu/
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1. The EU Earth Science Model Framework

The EU-ESM Framework would serve as a structured platform to:

• Unify Research & Policy: Create a seamless interface between scientific models and decision-

making.

• Develop Predictive Capabilities: Improve risk assessment for extreme weather, biodiversity loss,

and ecosystem shifts.

• Strengthen Strategic Autonomy: Reduce reliance on external models (e.g., U.S. or UK systems)

and align climate response with European priorities.

To achieve this, the framework would consist of:

Figure Building Blocks of the EU-ESM for Climate Risk Assessment

Component Purpose Implementation Strategy

1. Data Infrastructure Centralized, real-time climate and

earth observation data

Expand Copernicus Programme

and integrate with EU research

networks

2. Climate Modelling Hub High-resolution regional and

global climate simulations

Establish an EU-wide

supercomputing network for earth

system modeling

3. Risk Assessment Tools Probabilistic models for extreme

weather, sea-level rise, biodiversity

collapse

Develop sector-specific risk

indices for agriculture, water

security, and urban resilience

4. Policy Integration Unit Direct link between model outputs

and EU policy instruments

Embed climate modeling in

regulatory impact assessments

(e.g., Green Deal, CAP, cohesion

policy)

5. Open Science & Global

Cooperation

Promote transparency,

international data-sharing, and EU

leadership

Promote transparency,

international data-sharing, and EU

leadership
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2. A Policy Roadmap for EU Environmental Leadership

To consolidate its role as a global environmental leader, the EU should adopt a three-pillar strategy:

I. Climate Diplomacy & Data Sovereignty

• Establish EU-ESM as a global public good, ensuring open access to climate risk data.

• Partner with Africa, Asia-Pacific, and Latin America to enhance regional climate resilience.

• Lead in climate finance innovation, tying financial instruments (e.g., green bonds, Carbon Border

Adjustment Mechanism) to climate risk assessments.

II. Resilient European Green Deal

• Mandate EU-ESM risk analysis for all major EU policies (agriculture, industry, infrastructure).

• Strengthen climate adaptation funding through the Multiannual Financial Framework (MFF).

• Expand Copernicus and Destination Earth (DestinE) to improve forecasting accuracy.

III. Science-Policy Integration & Industry Mobilization

• Fund AI-enhanced climate models via Horizon Europe to improve prediction capabilities.

• Engage industries in co-developing climate risk solutions (insurance, carbon markets, supply

chain resilience).

• Establish an EU Climate Intelligence Unit to support decision-makers with real-time insights.



- 170 -

3. Why This is in Everyone’s Interest

For Policymakers

• Improves risk-informed decision-making, preventing economic and social disruptions.

• Enhances the effectiveness of the Green Deal, ensuring investments are climate-resilient.

For Scientists & Researchers

• Provides access to unprecedented climate and earth system data for innovation.

• Strengthens EU’s position in global scientific collaborations (e.g., IPCC, WMO, ESA).

For Industry & Economy

• Creates a predictable investment environment for green technologies.

• Supports climate-proofing supply chains and infrastructure, reducing business risks.

For Global Stakeholders

• Positions the EU as a leader in climate science diplomacy.

• Supports climate-vulnerable nations through data-sharing and policy innovation.

A Pan-European Earth System Model is both a scientific necessity and a strategic imperative. By

linking policy with research, the EU can transform climate risk assessment into actionable resilience

strategies, reinforcing its global leadership. The EU-ESM would ensure that Europe not only meets

its climate commitments but also leads the world toward a more sustainable and climate-resilient

future.

Below are several potential counterarguments and limitations that critics might raise regarding the

study and the proposed framework:
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1. Model Uncertainty and Complexity

• Uncertainty in Projections:

Critics may argue that even state‐of‐the‐art Earth system models inherently contain significant

uncertainties—especially when simulating non-linear climate processes, feedback loops, and

extreme events. Such uncertainties could undermine the reliability of policy decisions based solely

on model outputs.

• Complexity vs. Usability:

The complexity of integrating multiple data sources and model components might result in “black

box” systems, where the inner workings are not fully transparent to policymakers. This could make

it challenging for decision-makers to understand, trust, or effectively use the model’s outputs.

2. Financial and Infrastructure Constraints

• High Costs:

Building and maintaining a Pan-European Earth System Model, with high-resolution simulations

and integrated risk assessment tools, requires substantial investment in computing infrastructure,

data acquisition, and expert manpower. Critics might question whether the costs are justifiable

compared to other adaptation or mitigation strategies.

• Resource Allocation:

The study could be critiqued for potentially diverting funds from other critical areas, such as on-the-

ground climate adaptation measures, especially if the economic benefits of such advanced modeling

remain uncertain.

3. Data and Integration Challenges

• Data Quality and Gaps:
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Effective modeling depends on high-quality, harmonized data from across Europe. Inconsistencies

or gaps in observational and satellite data could limit the model’s accuracy, especially when applied

to regional or local scales.

• Policy Integration Barriers:

Integrating scientific outputs with policy processes is challenging. The differences in time scales

(model projections versus political cycles), priorities, and bureaucratic processes can hamper the

timely translation of scientific insights into actionable policy measures.

4. Stakeholder and Governance Issues

• Coordination Among EU Member States:

Achieving a cohesive pan-European approach might be hindered by differing national interests,

levels of technological advancement, and political willingness to share data or resources. This could

result in uneven implementation or acceptance of the model.

• Transparency and Accountability:

There’s a risk that the reliance on a centralized, sophisticated model could reduce local

accountability. Policymakers might over-rely on model outputs and neglect localized knowledge,

potentially leading to decisions that are less effective on the ground.

5. Overemphasis on Modeling at the Expense of Practical Measures

• Risk of Misplaced Priorities:

Critics could argue that the study places too much emphasis on technological solutions and

modeling, potentially at the expense of more immediate, pragmatic approaches to climate

adaptation and mitigation. In other words, while models are crucial for long-term planning, they

might not address urgent, localized needs.

• Potential for Policy Inertia:
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If policy is overly reliant on model predictions, there might be a delay in taking action when early

warning signals emerge, especially if model outputs are debated or contested among experts.

In summary, while the proposed EU Earth Science Model framework offers a promising route to

integrate cutting-edge climate research with policy development and to enhance global

environmental leadership, its success depends on overcoming significant hurdles. These include

managing model uncertainties, securing sustained investment, ensuring data quality, aligning

diverse stakeholder interests, and maintaining a balance between technological forecasting and

actionable, on-the-ground measures. Addressing these challenges transparently will be key to

ensuring that the framework remains robust, trusted, and effective in the face of rapidly evolving

climate risks.

Perspective

Now, scenario-making is a technique whereby the long light is put on in order to think outside the

box and make a leap in strategic development through imaging the future:

Scenario 1: System Collapse

Future Vision: The consequences of inaction and continued environmental degradation culminate in

a global system collapse.

Key Features:

1. Climate Catastrophes: Uncontrolled climate change leads to frequent and severe natural

disasters, such as hurricanes, droughts, and floods, overwhelming infrastructure and disaster

response systems.

2. Resource Depletion: Overexploitation of natural resources, including freshwater, arable land,

and biodiversity, results in widespread scarcity and conflict over remaining resources.

3. Economic Instability: Global economies are destabilized due to the collapse of key

industries, disrupted supply chains, and unmanageable migration flows driven by

uninhabitable conditions.

4. Social Unrest: Widespread displacement, inequality, and lack of access to basic needs lead

to social unrest, political instability, and conflict.
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Outlook: This scenario emphasizes the dire consequences of failing to address environmental

challenges and underscores the urgent need for sustainable practices.

Scenario 2: Sustainable Transformation

Future Vision: A concerted global effort leads to a transformation towards sustainability, reversing

environmental damage and stabilizing Earth's systems.

Key Features:

1. Renewable Energy Revolution: Massive investments in renewable energy technologies and

infrastructure lead to a significant reduction in carbon emissions and a transition away from

fossil fuels.

2. Circular Economy: Adoption of circular economy principles minimizes waste, promotes

recycling, and optimizes resource use, creating a more sustainable economic model.

3. Global Cooperation: International collaboration and strong governance frameworks facilitate

sharing knowledge, technology, and resources to collectively address global challenges.

4. Biodiversity Restoration: Large-scale rewilding and conservation efforts help restore

ecosystems, improve biodiversity, and enhance natural resilience to climate change.

Outlook: This scenario illustrates the potential for a positive and sustainable future achieved

through proactive and coordinated efforts across all sectors of society.

Scenario 3: Upside-Down World

Future Vision: Technological advancements and societal shifts lead to a fundamentally different

way of living and interacting with the environment.

Key Features:

1. Technological Integration: Breakthrough technologies such as artificial intelligence,

biotechnology, and nanotechnology are integrated into daily life, optimizing resource use

and environmental management.

2. Urban Transformation: Cities are redesigned with vertical farms, green buildings, and smart

infrastructure, drastically reducing urban footprints and enhancing quality of life.

3. Decentralized Economies: Localized, self-sufficient communities emerge, reducing

dependency on global supply chains and promoting resilience and sustainability.



- 175 -

4. Human-Nature Harmony: A cultural shift towards valuing nature and sustainability leads to

lifestyle changes that prioritize ecological balance and well-being over consumption and

growth.

Outlook: This scenario highlights the potential for radical changes in technology and societal norms

to create a sustainable and harmonious future.

These scenarios offer a range of possibilities for the future, from dire consequences to

transformative opportunities. They provide a framework for strategic planning and decision-making

to navigate towards a sustainable and resilient future for Earth.

If we managed to fix the ozone layer, perhaps the heavens themselves – once veiled in our folly –

would bear witness to our wisdom, for who but humanity, the hands of Prometeus and the heirs of

Rome, could mend what was broken and reaffirm nature’s pact ? Let this be our proof: what we

break, we can heal – if only we dare.

Appendix 1 -Reforming the EU Funds Supporting the EU’s Energy Independence Ratio

No amount of data collection and new angles and scietific ideas can make up for the optimal

allocation of ressources into new energy technologies that can reduce the way we produce and

consume energy, how transport is powered and industries run, homes heated, food prepared and the

land tilled. For this a revolution in energy technologies are needed to reduce carbon emissions. The

real game-changer lies in effectively allocating resources toward developing and implementing new

energy technologies. These technologies need to fundamentally change how we produce and

consume energy, power transportation, run industries, heat homes, prepare food, and manage

agricultural practices.

Optimal Allocation of Resources

1. Financial Investment: Significant financial resources need to be directed toward research

and development (R&D) of sustainable energy technologies. This includes government

funding, private sector investment, and international cooperation.

2. Human Capital: A well-trained and skilled workforce is crucial. Investing in education and

training programs to equip individuals with the necessary skills to innovate and operate new

technologies is vital.
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3. Infrastructure: Developing infrastructure that supports new technologies, such as charging

stations for electric vehicles, smart grids, and renewable energy plants, is essential for

practical implementation.

Key Areas for Technological Revolution

1. Renewable Energy Sources: Scaling up the use of wind, solar, hydro, and geothermal

energy to replace fossil fuels.

2. Energy Storage: Advancing battery technologies and other energy storage solutions to

ensure reliable energy supply from intermittent renewable sources.

3. Energy Efficiency: Improving the energy efficiency of buildings, appliances, and industrial

processes to reduce overall energy consumption.

4. Electric Transportation: Transitioning to electric vehicles (EVs) and developing efficient

public transport systems powered by clean energy.

5. Industrial Innovation: Developing cleaner industrial processes and technologies that

reduce emissions and waste.

Policy and Regulatory Support

1. Incentives and Subsidies: Governments can provide incentives such as tax credits,

subsidies, and grants to promote the adoption of clean technologies.

2. Regulations and Standards: Implementing stringent environmental regulations and

standards to drive industries toward cleaner practices.

3. Carbon Pricing: Introducing carbon pricing mechanisms like carbon taxes or cap-and-trade

systems to internalize the environmental cost of carbon emissions.

Public Awareness and Engagement

1. Education Campaigns: Educating the public about the importance of reducing carbon

emissions and the benefits of new energy technologies.

2. Community Involvement: Encouraging community-based initiatives and local projects that

promote sustainable practices and energy use.
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International Cooperation

1. Global Partnerships: Collaborating with international organizations, governments, and

private entities to share knowledge, technologies, and best practices.

2. Funding and Aid: Providing financial aid and technical assistance to developing countries

to help them adopt sustainable energy technologies.

Research Questions for Future Exploration

1. How can we accelerate the development and deployment of renewable energy

technologies on a global scale?

2. What are the most effective ways to store renewable energy and ensure a stable supply?

3. How can we enhance the energy efficiency of existing infrastructure and industrial

processes?

4. What policies and incentives are most effective in encouraging the adoption of clean

energy technologies?

5. How can we engage the public and stakeholders in supporting and implementing

sustainable energy practices?

By addressing these aspects and questions, we can create a comprehensive and coordinated

approach to undertaking a revolution in energy technologies, ultimately leading to a significant

reduction in carbon emissions and a more sustainable future.

Organisational aspects

To reorganize the plethora of EU funds towards a greater energy independence ratio, the EU can

adopt a strategic approach that focuses on efficiency, coordination, and targeted investments. Here

are some steps and targets to consider:

Reaching energy independence is a complex and multifaceted challenge for the EU. Here are some

key challenges:

1. High Dependency on Imports: The EU imports almost 60% of its energy, which makes it

vulnerable to supply disruptions and price volatility.

2. Geopolitical Risks: Diversifying energy sources away from dominant suppliers like Russia

introduces new supply risks from other third countries.
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3. Economic Impact: The energy crisis can lead to public and private debt, inflation, and

destabilization of the European energy market.

4. Technological Barriers: Advancing technologies such as electrification, grid

interconnections, storage systems, and the integration of renewable energy sources like

hydrogen and biomethane are still in development.

5. Cross-Border Connectivity: Improving cross-border energy network connectivity is

essential but comes with the risk of a lack of solidarity between Member States in the event

of a supply crisis.

6. Short-Term Investments: Short-term investments in alternative fossil fuels and energy

price caps may dilute incentives for the green transition.

7. Raw Material Dependence: Enhancing renewable energy's strategic autonomy requires

managing its dependence on imports of necessary raw materials.

Addressing these challenges requires a coordinated and comprehensive approach, inclu-ding policy

updates, technological advancements, and international collaborations.

According to Pierre Schennellekens, Director for Energy Policy: Strategy and Coordination at the

Commission’s Directorate-General for Energy, there are 12 EU funding programs oriented

towards energy independence76. The administrative disarray means nobody seems to understand

what the levers are, and the level of funding. Let us assume, the Eu financial levers are above €1,3

bn annually.

Impact According to JRC

The Joint Research Centre (JRC) has highlighted the positive impact of these measures on the EU's

energy independence. By reducing reliance on fossil fuels and increasing the share of renewable

energy, the EU can achieve greater energy security and sustainability. The JRC's models and reports

suggest that continued investment in renewables and energy efficiency will be crucial for achieving

these goals. The EU has shown remarkable adaptability in divesting from the Russian market77 with

negligible impact on energy prices and acting as a spur for the integration of energy markets.

Steps to Reorganize EU Funds

76 https://energy.ec.europa.eu/news/focus-eu-energy-policy-energy-independence-2023-06-14_en
77 https://revolve.media/features/the-price-of-eu-energy-independence
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1. Centralized Coordination: Establish a centralized body to oversee and coordinate the

allocation of funds, ensuring that resources are directed towards the most impactful projects.

2. Prioritize Key Sectors: Focus on sectors with the highest potential for reducing energy

dependence, such as renewable energy, energy storage, and energy efficiency.

3. Streamline Funding Mechanisms: Simplify the application and approval processes for

funding, making it easier for projects to receive financial support.

4. Encourage Public-Private Partnerships: Foster collaborations between public entities and

private companies to leverage additional resources and expertise.

5. Monitor and Evaluate: Implement robust monitoring and evaluation mechanisms to track the

progress of funded projects and ensure accountability.

Targets and Timelines

1. Increase Renewable Energy Share: Set a target to increase the share of renewable energy

in the EU's energy mix to at least 45% by 2030.

2. Enhance Energy Efficiency: Aim to reduce final energy consumption by at least 11.7% by

2030 compared to projected energy use.

3. Expand Energy Storage Capacity: Develop and deploy energy storage solutions to

balance supply and demand, with a target to increase storage capacity by 2030 significantly.

4. Electrify Transport and Heating: Promote the electrification of transport and heating

sectors to reduce fossil fuel use, with specific milestones to be achieved by 2030 and 2050.

5. Interconnected Energy System: Create a more interconnected and circular energy system

to enhance resilience and flexibility, with ongoing efforts to be reviewed and adjusted as

needed.

Likely Impact of Reorganization of EU Funds

Reorganizing EU funds to focus on energy independence could have several positive impacts:

 Enhanced Energy Security: The EU can reduce its reliance on fossil fuels and external

energy sources by investing in renewable energy and energy efficiency.

 Economic Growth: Targeted investments in green technologies and infrastructure can

stimulate economic growth and create jobs.
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 Environmental Benefits: Increased funding for sustainable projects can help the EU meet

its climate goals and reduce greenhouse gas emissions.

Organizational, Legislative, and Financial Implications

1. Organizational Implications:

o Centralized Coordination: Establishing a centralized body to oversee the allocation

of funds can improve efficiency and ensure that resources are directed towards

impactful projects.

o Public-Private Partnerships: Encouraging collaborations between public entities

and private companies can leverage additional resources and expertise.

Legislative Implications:

 Policy Updates: Updating policies and regulations to support the transition to a cleaner and

more sustainable energy system is crucial.

 Compliance and Monitoring: Implementing robust monitoring and evaluation mechanisms

to track the progress of funded projects and ensure accountability.

Financial Implications:

 Budget Allocation: Reallocating funds to prioritize energy independence may require

adjustments to the existing budget and financial plan

 Investment in Innovation: Investing in research and development of new technologies and

solutions can drive long-term economic and environmental benefits.

By addressing these organizational, legislative, and financial aspects, the EU can effectively

reorganize its funds and work towards a more energy-independent future.

Structuring the EU’s energy transition

Drawing from insights from Charles Weiss and William Bonvillian's work on the intersection

between technology and energy policies78, a road-map could be elaborated:

1.Launching Technological Innovation in Energy

78 https://www.bonvillian.org/book-links
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 Public-Private Partnerships: Encourage collaboration between government, industry, and

academia to drive innovation.

 Incentives for Private Investment: Provide tax breaks, grants, and subsidies to stimulate

private investment in new energy technologies.

 Research and Development (R&D) Funding: Increase funding for R&D in energy

technologies to support breakthrough innovation.

2.Energy R&D Funding

 Government Funding: Allocate a significant portion of the national budget to energy R&D.

 International Cooperation: Collaborate with other countries to share knowledge and

resources for energy R&D.

 Private Sector Involvement: Encourage private companies to invest in energy R&D

through incentives and partnerships.

3. Evaluate Gaps in EU and MS Governance

 Policy Alignment: Ensure that energy policies are aligned with broader economic and

environmental goals.

 Regulatory Frameworks: Develop clear and consistent regulatory frameworks to support

energy innovation.

 Stakeholder Engagement: Engage with stakeholders to identify and address gaps in

governance.

4.Relationship Between Innovation and Technology

 Interdisciplinary Approach: Foster collaboration between different fields (e.g., energy,

digital, and environmental sciences) to drive innovation.

 Technology Transfer: Facilitate the transfer of technology from research institutions to

industry to accelerate innovation.

 Intellectual Property Rights: Protect intellectual property rights to encourage innovation

while ensuring fair access to new technologies.
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5. Evaluation and Impact of National Energy and Climate Plans (NECP)

 Performance Indicators: Develop clear performance indicators to measure the impact of

NECPs.

 Regular Reviews: Conduct regular reviews of NECPs to assess progress and make

necessary adjustments.

 Public Reporting: Ensure transparency by publicly reporting the results of NECP

evaluations79.

By following this roadmap, we can address the challenges and drive technological innovation in the

energy sector, ultimately leading to a more sustainable and efficient energy system. For this, the

EU’s loosely coupled together Strategic Technology Plan will have to be reviewed.

6.Estimation of funding needs

Estimating the total funding needs for the energy transition in Europe involves considering various

factors, including investments in renewable energy, energy efficiency, grid infrastructure, and new

technologies. According to the European Commission, energy investments in the EU will need to

reach €396 billion per year from 2021 to 2030 and €520-575 billion per year in the subsequent

decades until 205080

Analysts believe, the total funding needs exceeds 5,2trillion until 205081. These figures highlight the

substantial financial commitment required to achieve a sustainable and climate-neutral energy

system in Europe. It's a significant challenge, but also an opportunity for innovation and economic

growth.

From the technology policy perspective, funding needs for the energy transition are substantial and

multifaceted. According to the International Energy Agency (IEA), the annual global investment

required in the energy sector to achieve net-zero greenhouse gas emissions by 2050 ranges from $5

trillion to over $7 trillion. However, current invest-ments are less than $2 trillion per year,

indicating a significant funding gap82

To bridge this gap, a strategic approach is needed, focusing on:

79 https://www.iea.org/reports/technology-innovation-to-accelerate-energy-transitions
80https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI%282023%29754623_EN.pdf
81 https://www.weforum.org/stories/2022/04/bnef-european-energy-transition-2022/

82 https://www.deloitte.com/global/en/issues/climate/financing-the-green-energy-transition.html
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1.Public Funding: Governments should allocate more resources to energy R&D and innovation.

2.Private Investment: Incentivize private sector investment through tax breaks, subsidies, and

other financial mechanisms.

3.International Cooperation: Collaborate with other countries to share knowledge, resources, and

funding for energy projects.

4. Policy Frameworks: Develop flexible, market-based policy measures that encourage private

sector engagement and innovation.

5.Technology Transfer: Facilitate the transfer of technology from research institutions to industry

to accelerate innovation83.

By addressing these areas, we can mobilize the necessary funding to support the energy transition

and achieve a sustainable, low-carbon future.

7.Maximizing Utility for most citizens per spent €uro

The EU can maximize utility per spent euro on its technology policies and RDI (Research,

Development, and Innovation) programs to lower the price of green energy by focusing on several

key strategies:

1.Coordination and Collaboration: By aligning national and regional RDI programs, the EU can

avoid duplication of efforts and ensure that resources are used efficiently. This includes fostering

partnerships between public and private sectors, as well as international cooperation84.

2.Targeted Investments: Directing funds towards high-impact technologies such as renewable

energy sources, energy storage solutions, and smart grid technologies can drive down costs through

economies of scale and technological advancements85.

3.Standardization and Interoperability: Developing and implementing standards for new

technologies can reduce costs and accelerate adoption. This includes standardizing communication

protocols for smart grids and ensuring interoperability of renewable energy systems.

83 https://www.iea.org/reports/technology-innovation-to-accelerate-energy-transitions
84 https://energy.ec.europa.eu/topics/research-and-technology/strategic-energy-technology-plan_en
85 https://cetpartnership.eu/
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4.Innovation Ecosystems: Creating innovation clusters and hubs where researchers, businesses,

and policymakers can collaborate and spur innovation and reduce the time it takes for new

technologies to reach the market.

Regulatory Support: Streamlining regulatory processes and providing incentives for green

technology adoption can encourage investment and reduce barriers to entry for new technologies.

Implications for EU and UN Development Aid and Climate Transfers

1. Enhanced Global Leadership: By leading in green technology, the EU can set an example

for other countries, encouraging them to adopt similar technologies and policies86.

2. Increased Aid Effectiveness: Lowering the cost of green energy can make it more

accessible to developing countries, enhancing the effectiveness of EU and UN development

aid in reducing malnutrition, anti-poverty, education, and disease.

3. Climate Change Mitigation: The EU can contribute significantly to global efforts to reduce

greenhouse gas emissions by making green energy more affordable, aligning with the UN's

Sustainable Development Goals (SDGs) and climate commitments.

4. Economic Growth and Job Creation: Investing in green technology can stimulate

economic growth and create jobs, both within the EU and in partner countries receiving

development aid. There is G20, out of which Brasil leads, with a little help from the US -UK,

focusing on green industrial strategies, reshaping of financial institutions and ensuring

equitable global governance to ensure all benefit from green growth87

5. Resilience and Security: Reducing dependence on fossil fuels and promoting energy

independence can enhance energy security and resilience against geopolitical and economic

shocks.

By focusing on these strategies, the EU can maximize the impact of its spending on RDI programs

and contribute to global efforts to combat climate change and promote sustainable development. By

allocating sufficient money to research into new energy technologies and spending wisely on their

development and implementation, we can accelerate the transition to a sustainable energy future.

86 https://www.eeas.europa.eu/sites/default/files/documents/2024/EU_UN_Partnership_2024-09_0.pdf
87 https://www.g20.org/en/tracks/sherpa-track/climate-change/the-g20-taskforce-on-a-global-mobilization-against-
climate-change-tf-clima
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This will help to reduce carbon emissions significantly, create new economic opportunities, enhance

energy security, and improve the overall quality of life by fostering cleaner, more efficient, and

resilient energy systems. We can pave the way for a greener and more prosperous world through

strategic investment and collaborative efforts.

Climate Compensations vs. Energy Investments

It's a complex and often heated debate, but focusing on the broader context can help us understand

the potential benefits of prioritizing investments in energy technologies over climate compensations.

Climate Compensations

1. Short-term Relief: Climate compensations, often seen as financial aid or reparations,

provide immediate relief to countries in the Global South affected by climate change. They

can help rebuild after natural disasters or fund adaptation measures.

2. Equity and Justice: There's a moral argument for compensations as developed nations,

historically the largest polluters, owe a debt to developing countries who suffer

disproportionately from climate impacts.

3. Dependency Risk: Over-reliance on compensations might lead to dependency, where

countries wait for aid instead of developing their own resilient systems.

Energy Investments

1. Long-term Sustainability: Investing in renewable energy technologies like solar, wind, and

hydropower can provide sustainable, long-term solutions that reduce greenhouse gas

emissions and combat climate change at its source.

2. Economic Growth: Development of energy infrastructure can stimulate local economies,

create jobs, and reduce energy costs. It can also foster innovation and technological

advancement.

3. Energy Independence: Renewable energy can reduce dependency on imported fossil fuels,

enhancing energy security and political stability.

4. Resilience Building: By investing in resilient energy systems, countries can better

withstand climate impacts and reduce vulnerability to future shocks.
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Strategic Balance

Finding a balance between compensations and investments might be the wisest course of action.

Climate compensations can provide necessary immediate support, while investments in energy

technologies can ensure long-term resilience and sustainability.

Global Examples

1. Africa: Countries like Kenya and South Africa are leading in renewable energy investments,

harnessing vast solar and wind resources to power their economies.

2. India: Investing heavily in solar energy through initiatives like the International Solar

Alliance, aiming to improve energy access and reduce carbon emissions.

Shifting focus to renewable energy investments can empower countries to build a more sustainable

future, reducing emissions and driving economic growth. It aligns with global efforts to combat

climate change and helps build resilient communities prepared for future challenges.

Ah, the irony of those who claim to protect and serve, yet end up tarnishing the very institutions

they swore to uphold. It's a classic tale of hubris and downfall. These free-wheeling, extreme right-

wing officers, proto-fascistic fin de regne opportunists, anti-semitic puddles, pedarasts with an

identity problem with their arrogance and self-serving agendas, and narcissistic aura have not only

damaged their country's reputation but also cast a shadow over the monarchy they were supposed to

protect. As they face jail time and the inevitable reorganization of the PET (Politiets

Efterretningstjeneste), one can only hope that justice will be served and that a new era of integrity

and accountability will dawn. It's a stark reminder that no one is above the law, and that true loyalty

lies in upholding the principles of justice and honor.

What a twist of fate, indeed.
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