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Preparing all future missions + technologies for 

science and operational (Met & Copernicus) 

programmes

EO 
Foundations

Science, Applications, Innovation and creating  

business opportunities and jobs . Encompasses 

former EO4Society , Climate  Change Initiative  

(CCI) and Global Development Assistance (GDA)

Earth 
Action

Developing of missions and associated ground 

segment and reinforcing innovation to deliver 

space data into the broader economy and 

society

EO 
Missions

& Data

FutureEO  Programme, embracing Climate Change 
Initiative and Global Development Assistance
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Addressing the ñtriple crisisò 

Climate Change, Biodiversity Loss, Pollution/Waste 

through actionable climate and environmental 

information and solutions for society, 

while fostering disruptive innovations 

and business ideasDelivering actionable climate and environmental information 
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Uptake  through  co-design  and co-development

End- User 
Community 
consultations

&

Requirements 
consolidations

Prototypes

and 

Large scale 
demonstrations 
with an EO as 
integrated 
solution

EO-Industry 
best 
practices

& 

End-Users 
Community 
of practice

&

Capacity 
development

Sustained 
technical 
support 

&

Direct user 
stewardship

Adoption

&

Full 
operational 
uptake 

&

Commercial 
services

& 

Direct 
stakeholders' 
investments
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Earth System and Climate Science
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Earth Observation Science Strategy
The driver

Overarching Science Themes

Strategic Areas of Action

Earth Action 3-year goals

A1 Frontier Science and 

Discovery: 

a strong foundation

Å Breakthroughs in the 
understanding of the Earth 

system & climate science 
Å Address evolving knowledge 

gaps
Å Provide European leadership in 

Earth System & climate science 
Å Consolidate and extend 

international science 
collaboration  

A2 From Science to Benefits: 

meeting societyôs needs

Å EO Policy implementation 

roadmaps and guidance 
Å Contribute R&D and 

methodology development to 
main policy frameworks

Å Build strategic collaborations 
with space and non-space 

partners
Å Evolve resilience expertise and 

capabilities Advance 
predictability science 

A3 Reducing critical 

knowledge gaps: taking 

expedient action

Å Boost Industrial 
Competitiveness 

Å Formulation of an EO strategy 
for commercialisation 

A4 Filling critical observation 

gaps: preparing for 

tomorrow starts today

Å EO Science Roadmaps 
Å Establishing dedicated 

feedback loop between mission 
operation and exploitation 

experts and space 
infrastructure developers 

Å All new activities will be explicitly mapped to the 

EOSS 

Å Monitoring and evaluation in the frame of the 

Earth Action impact analysis and reporting during 

annual updates of Earth Action Strategy in 

workshop with Participating States

Å Earth Action strategic priorities directly developed following 

the structure of the EO Science Strategy

Å Earth system and climate science activities will be tightly linked 

and described in relation to the six over -arching themes

https://esamultimedia.esa.int/docs/EarthObservation/ESA_Earth_Observation_Science_Strategy_issued_Sept_2024.pdf
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AI-REACT

Strategic assessment activity to evaluate the readiness of artificial intelligence to support 

Earth system science and future ESA Earth Observation mission concepts. 

The activity will:

Å Assess AI approaches across the EOSS Overarching Science Themes, with a 

focus on identifying where AI is already delivering credible scientific value, 

where important scientific and technical gaps remain, and where maturity is 

sufficient to support mission-facing tasks. 

Å Build a structured evidence base, assess scientific rigour and mission 

relevance, and develop an AI readiness framework aligned with ESA readiness 

principles, leading to a prioritised roadmap for FutureEO investments and 

follow-on actions. 

A core outcome of the study is a decision-ready assessment of where AI can 

credibly strengthen future EO mission science and planning, and where further 

evidence or development is still required.

Target budget: 400 kEuro
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IMPACT-10 

IMPACT-10 will assess the scientific and socio-economic impact of ESAôs Earth and 

Mission Science activities:

ÅFocuses on activities in ESAôs FutureEO programme that enable and prepare 

future ESA EO missions connected to the EO Science Strategy (exploratory 

studies, mission science developments, scientific analyses, modelling advances) 

on conceptual investigations connected to the EO Science Strategy (EOSS).

Å Deliver a consistent set of case studies demonstrating how foundational scientific 

research, mission-science activities, and exploratory analyses contribute to 

scientific excellence, community growth, mission definition, and programme-level 

value. 

A dedicated science-impact component will complement traditional socio-economic 

benefits, covering metrics such as publications, citations, SRL evolution, algorithmic 

improvements, community engagement, and uptake in international assessments.

Target budget: 500 kEuro
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EGV-Pilot

The Geodetic Foundations for Future Earth Observation - Pilot Study 

Activity aimed at structuring, mapping and preparing the geodetic foundations 

required to support future Earth Observation missions and Earth System science. 

Å Builds on internationally coordinated geodetic developments (definition 

of Essential Geodetic Variables (EGVs) within GGOS and IAG) 

translating these into an ESA-relevant framework aligned with the Earth 

Observation Science Strategy (EOSS) and future EO mission planning. 

ÅPreparing the ground for integration into ESAôs programmatic elements 

such as the Digital Twin Earth (DTE), while explicitly supporting activities 

targeted at ESA missions such as NGGM/MAGIC and GENESIS 

with the objective of facilitating the effective use of their data and 

contributing to the preparation of their final mission and data

exploitation set-ups.

Target budget: 350 kEuro

Gruber et al., 2025
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Climate Science
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ESA Climate Change Initiative
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Tipping Elements

Additional ECVs

Interfacing 
Obs./Model

Biodiversity Cities

Health Adaptation
Cross-ECVs

ESA Climate Change Initiative

SRM

Campaigns

CDRS from 1-KM AVHRR
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Climate Activities under Earth Action: 
Evolution of the Essential Climate Variables (ECV) framework - Rational

Evolution of requirements of major drivers in the international 

climate network:

Á The Global Climate Observing System (GCOS) is reviewing and 

updating the ECV definitions

Á IPCC 7th assessment report cycle started in 2024 takes into account 

recommendations made in terms of gaps and evolving requirements 

from previous report

Á Support the UNFCCC Global Goal on Adaptation ñindicatorsò enabling 

countries to track progress towards adaptation measures

Á Strengthen the link between the climate observation and modelling 

communities (e.g., WCRP CMIP & CORDEX IPOs)

Á Support the needs of the operational climate services  (C3S, CAMS, 

CMEMS, CGLS, EUMETSAT and national climate services)
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Thematic 

area 

ECVs covered (Projects) 

Land and 
biosphere

Á Above-ground Biomass Carbon Stocks & Change 

Á Soil Moisture

Á Land Cover, Land Cover Change 

Á Vegetation Parameters

Á Fire 

Á Lakes & River Discharge 

Cryosphere

Á Ice Sheets

Á Snow & Glaciers

Á Permafrost 

Á Sea Ice 

Ocean and 
coastal areas

Á Sea Level & Sea State (including SLBC)

Á Sea Surface Salinity 

Á Ocean Colour & Productivity 

Á Ocean-Air Carbon Fluxes & Ocean carbon 

storage 

Atmosphere
Á Clouds, Aerosols, Radiation budget

Á Ozone, Water vapour, Precursors

Á Greenhouse gases (CO2, CH4, N2O, F-gases) 

Cross-sphere Á Surface Temperatures (Land, Sea, Ice)

Á Develop & validate algorithms responding to GCOS ECV 

requirements, QA4EO quality assessed, to generate extended 

multi-sensor data records

Á Requirements consultation & consolidation with international 

scientific user communities 

Á Backward extension & gap-filling of ECVs, & generation of their 

related Climate Impact Driver indices for climate science & 

services 

Á Development of processing & reprocessing data systems for 

transfer to operational climate services

Á Strengthen climate modelling community links (CMIP, CORDEX)

Á Involvement in intercomparison or assessment initiatives 

Á Demonstrate ECV product value in climate science and climate 

service case studies

40M EUR 

Tender Issue Planned: 3rd Quarter 2026 

Intended Start Date: 1st January 2027 

Estimated Contract Duration: 3 Years 

Climate Activities under Earth Action: 
Evolution of the Essential Climate Variables (ECV) framework - Objective
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Climate  Activities  under  Earth  Action  beyond  2026

Á Evolution of the Essential Climate Variables (ECV) framework: 2027-2029 

Á Current ECV Framework activities under CLIMATE-SPACE will end Q4 2026 / Q1 2027

Á Current activities under CLIMATE-SPACE (Precursor / Cross-ECVs, Tipping Elements, Support to 

Paris Agreement etc.) will end Q4 2027 / Q1 2028 

Á Prioritised cross -ECV exploitation  activities  (including  Tipping  Elements)  to respond directly to 

identified community science requirements (e.g. WCRP Strategic Plan, GCOS 2028, IPCC AR6 

knowledge gap analysis) & contribute directly to the IPCC assessments. Q1/Q2 2028

Á Precursor  projects  started under CLIMATE SPACE will be upgraded to full ECV projects Q4 2028
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Earth Science
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CryoRad ECO   
Hydroterra+ Keystone

2010-present

2009-2013

2009-present

2013-present
2018-2023

2024-present

2025

2026

2027

2029

2031/32

2036

EE12

Advancing EO Methods, Techniques and Products

FLEX+ Innovation: Set of parallel highly innovative studies aimed at exploiting the 

novel nature of FLEX data, addressing key science challenges, observational gaps 

and novel techniques and methods where FLEX may provide a unique contribution. 

Overall budget ~2MEuro

Earth Explorer+: Set of parallel highly innovative studies aimed at exploiting the 

novel nature of EEs. Preliminary priorities 2026 will go to a) EarthCARE and the 

radiation budget and b) BIOMASS multi-mission (multi-frequency) biomass 

retrievals. Overall budget ~1MEuro

Towards the reconciliation of LRM, SAR and SWATH Altimetry Measurements: 

advance the understanding of the physical processes governing the interaction of 

radar altimeter echoes with the ocean surface and their impact on the retrieval of 

geophysical parameters, with the goal of reconciling LRM, SAR, and swath altimetry 

measurements.. Overall budget ~700Keuro
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Engaging the 

community

STEM training and 

Education

Open Science 

Tools/Virtual Labs

Advanced simulations

 & predictability

New methods & 

observation products
Advancing Earth 

System Science

Transfer to future 

missions

Scientific

Campaigns

Frontier Science and Discovery: a strong foundation
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Energy  Cycle  - Ocean

EO4  Ocean Heat Content (OHC)

Å Provide 4 - D OHC  estimates at all spatial and temporal 
scales, with improved uncertainties, globally and in 

selected test areas (e.g., Arctic, SO, Med Sea).

Å Improve EEI characterization and uncertainties
Å Overall budget: ~800Keuro

Space for AMOC 

Å Capitalise on latest satellite technology to develop 

indicators and metrics derived from satellite 
observations (SSH, SST, SSS, ocean currents, ocean 

mass, etc.) to characterize key components of the AMOC. 

Å Estimate AMOC variability across s/t scales, and 
embody in - situ  measurements (e.g. RAPID and OSNAP 

arrays), model outputs and ML  techniques.

Å Discern AMOC perspectives -  persistence, slowdown or 
collapse?

Å Overall budget: 1MEuro
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Extremes and Hazards

SimulEarth  Extremes ï Earth Intelligence and Multi -

Hazards: Set of parallel activities advancing data-driven 

understanding, characterisation and prediction of extremes 

and multi-hazards risk and vulnerability based on novel 

artificial intelligence, physical-informed and hybrid modelling 

approaches. Priorities will be given to hydroclimatic extremes 

and its multi-hazards, severe storm, floods, draughts, heat 

waves and hurricanes/medicanes. Overall budget: ~2MEuro

Geo-hazard+: Set of parallel research projects advancing 

understanding, modelling and simulation of geo-hazards with 

focus on volcanoes, earthquakes and land slides and their 

multi-hazards. Priorities will be given to address major driven 

questions of ESA science strategy. Overall budget: 

1.2MEuro.
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Carbon Cycle - Terrestrial

Fire  Impacts  on the Earth  System  and Carbon  Cycle  ï HOLOFIRE: 

Advancing towards a holistic understanding of fire processes and their 

impacts using EO to assess what the contribution of fire to the carbon 

cycle is globally, and for individual fires, including: assessments of the 

role of wildfire in the carbon cycle, assessment of impact on air quality, 

black carbon, snow/ice albedo and ocean productivity, improving 

models and AI-based simulations incorporating fire dynamics as 

drivers of the carbon cycle. Overall budget: ~1MEuro

SimulEarth  Carbon  - Towards  a novel  Data Driven  Carbon  

Assessment : Advancing towards a data-driven (AI-based, hybrid, 

physical informed AI) modular Carbon Model to simulate/predict 

carbon fluxes based on EO at high resolution, regionally. Maximising 

the use of novel EO data (BIOMASS, FLEX, Sentinels 1, 2, 3, and 

incoming future CO2M). Emphasis on enhanced characterisation of 

land surface processes, vegetation structure and functioning and land-

atmosphere interactions. Overall budget: ~1MEuro
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Carbon Cycle - Methane

Multi -Mission  approach  for  regional  Methane  retrieval

Disentangling anthropogenic and biogenic emissions is of crucial importance 

for understanding the overall CH4 global budget. 

ÅCombination of atmospheric observations of CH4, co-emitted species (such 

as NO2 and CO) and land EO products (such as wetlands) to create 

regionally  characterised  methane  products . Integrates  area  
mappers  and  source  mapper  and  includes  use  of  S5, IASI -NG

ÅDeveloping methods for the synergistic use of modelling and observational 

data, and  leveraging  understanding  from  land  focused  high  

resolution  optical  and  SAR e.g. BIOMASS  to  support  emissions  

allocation
ÅUnderstanding both the detection and the quantification of GHGs sources 

and removal processes of the GHGs in the atmosphere mostly driven by 

the atmospheric oxidation capabilities through OH proxies for the variability 

in atmospheric oxidation (e.g. CO/NOx ratio, HCHO, water vapour)

Overall budget: 1MEuro
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Carbon Cycle - Ocean

Ocean Carbon Budget +: Advancing towards a 

novel high - resolution data -driven and comprehensive 
estimate of the ocean carbon budget, its pools and 

fluxes, including: Fine - tuning of OA and carbonate 

system estimates, incorporating the role of h/v 
advection; Advance on PFT/PSD, phenology, 

Addressing non -CO2 gas fluxes. 

Overall budget: ~1MEuro

EO4mCDR ï marine Carbon Dioxide Removal: 
Exploring novel methodologies and u nderstand how 

EO can help to monitor, inspect, document and 

verify mCDR  techniques ( eg , iron fertilization, ocean 
alkalinity enhancement, micro/macro -algae 

cultivation). Inspect related feasibility, efficacy and 

risk/benefits. 
Overall budget: ~500KEuro
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Towards a global assessment of anthropogenic impacts on the water cycle: 

advancing the understanding of how human activities alter the terrestrial water cycle by 

exploiting the full diversity of EO data to quantify and attribute changes in surface and 

groundwater storage, as well as water fluxes, and to evaluate the sustainability of 

observed trends at High resolutions. Key processes processes includes dams and 

reservoirs, land-cover change, water abstraction, irrigation, and other infrastructure 

interact to influence water availability, storage dynamics, and the partitioning of 

precipitation into evapotranspiration, runoff, and recharge in natural ecosystems.

Overall budget: 1Million Euro

SimulEarth  Hydrology - Data driven Hyper -Resolution Hydrology : Advancing 

towards a novel data-driven (AI based, hybrid, physically informed) modelling system 

capable of reconstructing, simulating and predicting the hydrological cycle by jointly 

estimating a coherent, consistent, and uncertainty-aware suite of hydrological variables 

at a targeted spatial resolution of 1 km. The system shall be based on advanced EO data 

(low- and high-level products), rigorous uncertainty propagation, ensuring consistency 

across precipitation, evapotranspiration, soil moisture, runoff, snow water equivalent, 

water-body storage changes, groundwater variations, discharge, and human water use. 

The system and data shall be open to the community.

Overall budget: 1Million Euro

Water Cycle & Hydrology
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Coupling  - Polar regions in the Earth system

Antarctica InSync is a programme of the UN Decade of Ocean 

Science for Sustainable Development (2021-2030), also known as 

the ñOcean Decade.ò Aims to advance the understanding of 

Antarcticaôs dynamic role within the coupled Earth system through 

internationally synchronised, multi-platform observations across 

atmospheric, oceanic, cryospheric, and biological domains.

ESA Science Contribution to Antarctica InSync

Set of advanced collaborative research projects addressing the key 

research questions identified during preparatory phase and 

community white papers (https://scar.org/scar-news/insync-white-

papers), projects shall aim to undertake science investigations to 

fully utilizing EO datasets and collaborating with modelling and in-

situ campaigns planned in Antarctic Insync to improve process 

understanding and characterise change in Antarctica and SO 

maximising the impact of EO data. 

Overall budget: ~2.5Million Euro

https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
https://scar.org/scar-news/insync-white-papers
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Coupling  - Solid and Magnetic Earth

4D Dynamic Earth +: Enhance observation, understanding and 

characterisation of solid Earth dynamic processes ranging from rapid 

events such as earthquakes to slow, large-scale motions in the mantle 

and explore its impact on future potential societal applications, like 

earthquake hazard assessment, natural resource exploration, and 

predicting sea-level change. This project tackles these challenges by 

developing and extending modeling frameworks that integrate data 

from multiple sourcesðseismic, gravity, electromagnetic, and satellite 

observationsðto form a coherent picture of Earthôs interior.

Overall budget: ~1MEuro

4D Ionosphere initiative. This activity is built upon the results of 

existing 4D Ionosphere projects. With this activity ESA aims at 

maximasing the use of SWARM data for enhancing the 

understanding, modelling and simulations of the ionosphere, its 

process and interactions with the Earth system with special focus on 

small scale structures, both during quiet and active times. These 

should be characterised by both ionospheric but also magnetic 

contributions and in terms, for example, of collision frequency, ion 

composition, etc. 

Overall Budget : ~1MEuro
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Evaporation rates 

Sen4ET

Biodiversity and Terrestrial Ecosystems, 
Agriculture

Energy, water and nutrients cycles in agricultural fields :: Linking the energy cycle, the water 

cycle and nutrient cycles (including carbon and nitrogen cycles). Focus on VHR evapotranspiration, 

precipitation, photosynthesis, water and nutrients content in soil and crop, management practices, 

run-off, and water quality (and eutrophication) in impacted rivers (in-situ measurements) and 

lakes/coastal areas. Advance retrievals of carbon and nitrogen content in soil and crop at field scale. 

Include soil quality in particular in terms of toxicity. (Use of FLEX data.). Overall budget ~1mEuro

Towards monitoring heterogeneous agroecosystems: Advanced methodological developments 

for complex scene assessment (smallholder systems, mixed cropping, agroforestry, fragmented 

landscapes). Including biodiversity monitoring in agricultural landscapes. Multi-sensor approaches 

(including VHR, hyperspectral). Overall budget: ~500KEuro

Interdisciplinary Assessment of Biodiversity Change . Enhanced EO-based quantification and 

understanding of the impacts of the main direct drivers of biodiversity changes on terrestrial and 

freshwater ecosystems (i.e. land use changes, pollutions, climate change, invasive alien species 

and exploitation of natural resources). Tis includes enhancing understanding of ecosystem 

functioning, prediction of their trajectories (e.g., elaboration of scientifically-sound scenarios of 

future changes in biodiversity for key terrestrial and freshwater ecosystems), assessment of integrity 

and resilience of natural ecosystems to extremes. Overall Budget: ~1MEuro



35

Atmosphere Cluster 2026 Activities

Advancing Air Quality Assessment with a 

multi-scalar multi mission approach 

Preliminary Objectives

Å Develop a novel Synergistics framework 

exploiting joining S4, S5, S5P, IASI-NG, IRS 

instruments. 

Å Advancement  of key trace gas products e.g. O3, 

NO2x,  NH3, AOD, PM2.5, PM10, VOCs;

Å Advancing on synergistic products between 

diverse data sources such as atmospheric and 

land products, e.g. NOx and fire radiative power. 

Å Enhancing modelling of regional transport of 

pollutants by means of synergistic hourly S4 

observations, high resolution observations and in 

situ data to improve the source apportionment and 

chemical transport models.

Å Overall budget: 1MEuro
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Participatin

g to more 

than 40 

Training 

events from 

partners

Training  and Education

STEM Education, Living Planet Fellowship, MOOCs, Advanced Training


