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KCEO Activities & this Third Deep Dive
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Compliance Assurance & EO's role

A Treaty obligation of the European Commission in overseeing and enforcing EU laws

Compliance Assurance refers to the process and mechanisms designed to ensure adherence
to EU laws, regulations, and policies by individuals, organizations, and Member States

EO plays a crucial role across three core components:

Compliance promotion: Free-and-open data fostering
awareness, transparency, and stakeholders education

Implementation Monitoring: Broad-scale, continuous
monitoring to detect areas at risk of non-compliance and
ensure prompt detection of deviations

Enforcement: Rapid response and essential evidence
for legal interventions, and assessment of impacts of illegal
activities




KCEQO Deep Dive Approach

Policy context & Application needs: Identification of legislative objectives, policy-cycle stage, links
to complementary policies, and identification of EO application needs, co-designed with policy DGs
ENV, CLIMA, ENER and GROW (six emerging use cases), with DG AGRI and DG MARE (established
CAP and maritime domains)

Translation into technical requirements: Define specific technical specifications (spatial and
temporal resolution, geographic scope and temporal extent, and thematic content)

Fitness-for-purpose analysis: Screen all available products and services against the technical
requirements and compile relevant products that could contribute to each application (full, partial, no
match)

Gap analysis and Recommendations: Distinguish cross-cutting gaps from domain-specific ones,
then target recommendations along three pathways: direct implementation, Copernicus programme
evolution and priority research
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Scope of the Assessment

\
Q UC1 — Monitoring building thermal performance
(bQ and solar potential (DG ENER, with DG CLIMA)
Q Thermal characteristics and rooftop solar potential of European cities
¢ Q (Covenant of Mayors, EU energy and climate policy)

UC2 — Monitoring GHG emissions and air quality at city
level (DG ENER, with DG CLIMA and DG ENV)

Municipal climate action under the Covenant of Mayors and the &
Ambient Air Quality Directives

%)
§

UC3 — Monitoring energy sector emissions and
inventories (DG ENER, with DG CLIMA and DG ENV)

CH4 and CO2 emissions from fossil fuel operations under the

@\ Earth Observation
Methane Regulation and the fossil fuel phase-out to support

/

UC4 — Carbon removal certification (DG CLIMA)

Peatland restoration monitoring in support of the Carbon Removal
Certification Framework

UCS5 — Monitoring water quality (DG ENV)

Pan-European monitoring and alert capability under the Water
Framework Directive and the Marine Strategy Framework Directive

UC6 — Monitoring critical raw material sites (DG GROW)
Site mapping, environmental risk evaluation and monitoring
of strategic mining projects under the Critical Raw Materials Act

Established applications

Agriculture monitoring

Monitoring of agricultural practices in support of CAP performance and
sustainability objectives

Maritime surveillance and marine environmental
monitoring

Vessel tracking, pollution detection and marine ecosystem
status assessment

Security monitoring
_

Systematic monitoring of activities affecting security, safety
and stability, including detection of illegal activities

Compliance
Assurance

/

Terrestrial ecosystem monitoring

Habitat protection under the Nature Directives, environmental
crime investigations and forest monitoring under the EUDR

Land use emissions monitoring

Emissions and removals from the LULUCF sector under the LULUCF
Regulation
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Complementarity of Copernicus services
for compliance assurance

Compliance monitoring — Follow-up and enforcement

v ON-DEMAND SERVICES: operational for time-critical situations requiring immediate response
or specific monitoring

CEMS on-demand mapping (JRC, Disaster Risk Management Unit)
24/7 global activation, quasi-real-time products from VHR optical and SAR imagery (Contributing Missions)
2 Evidence used in judicial proceedings (ilegal logging, waste dumping — Beck et al., 2024)

@ Global coverage for natural and human-made emergencies

Copernicus Security Service (CSS): three surveillance components — CMS (EMSA), SESA (SatCen), CBSS (Frontex)

Copernicus Maritime Surveillance Service and CleanSeaNet SESA - Support to EU External and Security Actions (SatCen)
(EMSA) Q Sub-metre VHR imagery
Quasi-real-time detection of oil Spllls and other MARPOL {\‘! |||ega| mining detection and characterisation

pollutants (within 20 minutes of acquisition, CleanSeaNet) 4 Unauthorised logging monitoring

‘7 MARPOL and Directive 2005/35/EC compliance monitoring -i- lllegal waste dumping

e, Restricted-access products; since 2025 open to the EU
i Vessel identification integrated with pollution monitoring “ environmental crime community (DG ENV as Requesting Party); DG
GROW designated Requesting Party for CRM in May 2026

that can support baselines, anomaly detection and early identification of potential non-compliance.

[~

Copernicus

Terrestrial
ecosystems and

environmental crimes

Maritime surveillance
Security monitoring

Critical raw materials
(UC6)

J

v/ CONTINUOUS SERVICES: Marine (CMEMS, Mercator Ocean International), Atmosphere and Climate (CAMS and C3S, ECMWF), Land (CLMS,
JRC and EEA) and the early-warning component of CEMS (EFAS, GIoFAS, EDO, GDO, EFFIS — JRC), providing regular and predictive monitoring
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Synthesis of fithess-for-purpose of available
products and services (section 5.1)

Building characteristics (footprint, height, type)

Table 18. Synthesis of relevant Copernicus and non-Copernicus products for EU compliance assurance. Fitness-for-purpose categories (Full Match / Partial Match)
follow the methodology defined in 3.1.2 and apply to the six emerging use cases (UC1-UCB) only. Parameters shown in grey background indicate the limiting criteria, e.g.
those between the minimum and optimum (Partial Match) The rightmost column flags products that are also relevant to the established application domains assessed in
section 2 (CAP - 2.2, MAR - 23, SEC - 2.4, TER - 2.5; LULUCF - 2 5); these flags are qualitative cross-references and do not constitute a formal fitness assessment for
those domains.

Cross-cutting
relevance

Spatial Temporal Temporal Spatial
Parameter | Product / Service P P P P Fitness for UC1-UCE
resolution resolution extent extent

CEMS GHSL BUILT-S | 100 m historical; 1975-2030 o

CEMS EMCBUILT-S | 10m (from 2018 5 years 2022 Global ﬁcf{%m ':;r?ﬁ';":a Partial ';Et';;i‘f“'emem

CEMS GHS BUILT-S | for GHSL BUILT-S) 2017, 2022

CLMS HRL Every 3 2018-2021 o . LUL (settlement

Impervious Built-up 10m years (2024 pending) EEA3B+UK UC1: Partial Match (footprint) extent)

JRCDBSMR2025 | Building-level Annual 2024-2025 EU27 UCL, UC2: Full Match (footprint) ';':l';‘niftg;?em

EUBUCCO Building-level Annual Recentperiod | EUz7 + cH | UCL UCZ: Full Match (footprint, | LUL (settiement

- height, type) extent), SEC
Building
footprint . Every few Recent period UCL, UCZ: Full Match (footprint); | LUL (settlement
and height Overture Maps Bullding-level years (last 2 yrs) Global Partial Match (height, type) extent)
2004+ MAR (port
?h"'?l'f:e‘?“ap Building-level REg:::; (monthly Global UCL, UCZ: Full Match (footprint) | infrastructure
uiidings up updates) context), SEC

World Settlement 10 m (footprint); . UC1, UCZ: Partial Match LUL {settlement

Footprint (WSF) 90 m (height) e 2015 2019 Global (Footprint) extent)

Global Building Atlas | Building-level / ~10 Sln_gle 5018-2019 Global UC1: Partial Match (footprint) LUL (settlement

{TUM) m raster period extent)

AW3D30 public 20m Regular Recent Global UCL: Partial Match (height) TER, CAP {terrain

updates baseline)
Building CEMS GHS-BUILT-C | 10m Single 2018 Global UC1: Partial Match LLIL (settlement
type period marphology)
E=LRLN|* =1}
T - T annual T T o T
T S e annual Tt T T
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Key messages

Key findings, placed along the chain from observation to decision

DETECT

products and services

OBSERVE

sensors and missions

VERIFY

evidence and uncertainty

DECIDE

inspection, prosecution, sanction

section 2
EO already underpins EU compliance
frameworks

Builds on operational practice, not a prospective exercise; maturity varies
across domains

OPERATIONAL

CAP area CleanSeaNet On-demand EUDR forest LULUCF activity

monitoring (MARPOL) services products data &
Emerging use cases: mostly partial SACTAL
matches
Thematic content relevant; The resolution versus frequency trade-off explains 0)

most mismatches M

Full matches: CLMS LCFM 10 m, tasked point-source GHG missions, non-
Copernicus building datasets sections 3 and 5.1

Derived indicators from
Sentinel data (mowing,
ploughing, encroachment)
instead of raw imagery to
process

Much is within reach without new
sensors

The main gap is often not resolution but the absence of
derived products and of integration into workflows

Undocumented uncertainty; Al-
enhanced imagery may carry
synthetic content: provenance
protocols needed

Uneven capacity across
Member States; products
designed for specialists, hard
to use for compliance officers

Pan-European VHR
acquisition is feasible

&2 (VHR Image 2024) but not
yet used in compliance
workflows

e Four barriers beyond the sensors

I [

section 4
BARRIERS

They stand between a detection and a decision that holds up

No EU framework for legal
admissibility: accepted by the
CJEU, not yet routine in
national proceedings

Weak integration with in-situ
data and models; citizen and
NGO reporting underexploited

Citizen and NGO reporting
combined with satellite
and aerial evidence (JRC
GEOINT4ECA model)

sections4 & 5
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Recommendations along three pathways

NOW

Direct implementation

and last-mile applications: turn existing products into
operational tools

Monitoring and alert systems built from existing
D products, with an explicit uncertainty estimate, to
prioritise inspections

Thematic hubs combining Copernicus outputs with
in-situ data, models, infrastructure data and
commercial VHR

«

@ Capacity building, guidance and a helpdesk for
Member State authorities and enforcement bodies

Upcoming missions will close many observation gaps.

Operational compliance monitoring also requires:

NEXT

Copernicus programme evolution
fill the layer underneath the annual 10 m land cover

l 4

Consistent 10 m time series: vegetation indices
and sub-annual thematic products (forest,
wetland, grassland, cropland, water), CEOS-ARD
aligned

Systematic Contributing Mission VHR coverage,
extending the VHR Image 2024 model to more
frequent and timelier delivery

Next Generation missions (S2NG, LSTM, CHIME,
CO2M) close observation gaps, with caveats on
point-source attribution and the 1990 baseline

BEYOND

Priority research
make results explainable, quantified and admissible

Change and anomaly detection with explainability,
trained and validated on standardised shared
datasets

Uncertainty quantification frameworks, from the
pixel to the compliance threshold

Legal admissibility and evidentiary standards for
EO in environmental enforcement

. . Methodological I . Legal framework
standardisation Institutional capacity adaptation




— European | ;
S Joint Research Centre
==— Commission

////

m

Earth Observation in Support
of Compliance Assurance

across EU Policies

A deep-dive assessment of the Knowledge %
Centre on Earth Observation A
Vancutsem C, Grecchi R, Lahsaini M., Kilsedar C, Beck P.S.A, Strobl P, Dowell M
2026

)

European Joint Research Centre
=— Commission

Em =

SCIENCE FOR POLICY BRIEF - Earth Intelligence

Earth Observation in support of
Compliance Assurance

How Earth Observation helps promote, monitor and enforce EU law

2026

HIGHLIGHTS

https://publications.jrc.ec.europa.eu/repository/handle/JRC147232



https://publications.jrc.ec.europa.eu/repository/handle/JRC147232

	Earth Observation in support of Compliance Assurance across EU policies
	KCEO Activities & this Third Deep Dive
	Slide Number 3
	KCEO Deep Dive Approach
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Thank you

