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Copernicus for Biodiversity Workshop Agenda
• 15.00 Introduction, Michel Massart, European Commission, Directorate General JRC
• 15.05 Copernicus, EO Space Flagship Program, Michel Massart, EC DG JRC
• 15.15 EO Nature protection: an EU policy perspective, Bruno Combal, EC DG ENV
• 15.30 Copernicus Services and Copernicus In Situ component 
 State of play of the Copernicus services, the products and their interest for biodiversity monitoring. 
 Andreas Brink, DG JRC for Copernicus Land Service, Tina Silovic, MOI for Copernicus Marine Service, 

Laurence Rouil, ECMWF for Copernicus Atmosphere Service, Samual Almond, ECMWF for Copernicus 
Climate Change Service, Jose Rubio, EEA for Copernicus In Situ component.

• 16.30 Coffee Break
• 17.00 Panel discussion
 Relevance of the Copernicus service products for biodiversity monitoring, the potential evolution of the 

products towards new challenges and the strengthening of user uptake.
 Jillian Campbell (UN-CBD), Alice Hughes (GEOBON), Pavel Milenov (EEA), Enrique Montes 

(NOOA), Steven Ramage (CEOS-GEOBON), Andrea Taramelli (ISPRA), Victor Martinez Vicente (PML)
• 18.30 End
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The EU Space Programme
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Copernicus History
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Copernicus Overview
• Copernicus is the European Union programme 

aimed at developing European information 
services based on satellite Earth Observation 
and in situ data

• Copernicus is coordinated and managed by the 
European Commission

• Copernicus is implemented in partnership with 
the Member States, ESA, EUMETSAT, ECMWF, 
EEA, EC JRC, Mercator, EMSA, SatCen, Frontex

• Copernicus Multiannual Financial Framework 
2021-2027 > 5 billion €

• Tool for economic growth

• Operational, Sustainable, Free and Open
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Value-added                     Services 

Sentinels
Contributing missions

Six Copernicus Services

Copernicus Components

In situ data
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Copernicus Land Service : 65+ industry partners / 350+ experts
Building on existing expertise
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The Copernicus Services

9

LAND MARINE ATMOSPHERE

CLIMATE EMERGENCY SECURITY
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Sentinel Mission and Status Key Features

SENTINEL-1: 
4-40m resolution, 6 days revisit at equator

Polar-orbiting, all-weather, 
day-and-night radar imaging

SENTINEL-2: 
10-60m resolution, 5 days revisit time 

Polar-orbiting, multispectral 
optical, high-res imaging 

SENTINEL-3: 
300-1200m resolution, <2 days revisit 

Optical and altimeter mission 
monitoring sea and land parameters

SENTINEL-4:  
8km resolution, 60 min revisit time

Payload for atmosphere chemistry 
monitoring on MTG-S

SENTINEL-5p: 
7-68km resolution, 1 day revisit 

Mission to reduce data gaps 
between Envisat, and S-5

SENTINEL-5: 
7.5-50km resolution, 1 day revisit 

Payload for atmosphere chemistry 
monitoring on MetOp 2ndGen

SENTINEL-6:  
10 day revisit time

Radar altimeter to measure sea-
surface height globally

The Copernicus Sentinels
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Sentinel Satellite Deployment
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Copernicus Expansion Missions
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Copernicus Contributing Missions

• Emerging Companies
(EU and Copernicus participating states)

• Established Companies
(EU and Copernicus participating states)

• Non-EU Companies (Copernicus cooperating states)

13
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How to access the Copernicus data and products

https://
dataspace.
copernicus

.eu

Copernicus Data Space 
Ecosystem (CDSE) Portal

https://
www.wekeo

.eu

Copernicus services’ portals

WEkEO Portal

Thematic Hubs

https://dataspace.copernicus.eu/
https://dataspace.copernicus.eu/
https://dataspace.copernicus.eu/
https://dataspace.copernicus.eu/
https://www.wekeo.eu/
https://www.wekeo.eu/
https://www.wekeo.eu/
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Knowledge Centre on Earth Observation
Pillar 1: Policy Needs, Uptake & Coherence Pillar 2: Mainstreaming R&I

KCEO

Focused entry point

Inclusiveness & Transparency: Dialogue with external partners; international 
organisation; society
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Thematic Deep Dive Methodology
Summary of steps

1. Policy needs assessment

2. Earth Observation Value Chain

3. Translation of needs into quantitative 
requirements   

4. Assessment of fitness for purpose with 
regards to existing products, services, 
infrastructure, capacities

5. Gap analysis and recommendations for 
evolution
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Urban 
Green 
Spaces

Ecosystem 
adaptive 

capacity: forest & 
wetlands

Habitats for 
biodiversity 
investments

Key Landscapes 
for 

Conservation

Biodiversity in 
Agricultural 
landscapes

Marine 
Protected 

Areas

INTPA

REGIO

AGRI

ENV

CLIMA

MARE

Wetland  
habitats

Fisheries 
habitats

EU 
Biodiversity 

Strategy

Birds 
Directive

Habitats 
Directive

Nature 
Restoration 

Law

Cohesion 
Policy

European 
Regional 

Development 
Funds

EU-AU 
Strategy

NaturAfrica

Link MSFD 
and Habitat 
Directives

Maritime 
Spatial 

Planning 
Directive

Common 
Fisheries 

Policy

Common 
Agricultural 

Policy

EU 
Biodiversity 

Strategy

EU Strategy on 
Adaptation to 

Climate 
Change

EU Climate 
Law

EU Forest 
Strategy for 

2030

Deep Dive on Biodiversity 
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General recommendations on EO support to EU 
biodiversity policy 

• Sustained assistance to cover the “last mile” for an efficient uptake: products 
need to be tailored

• Efficiency potentially gained addressing cross-policy needs 
• Spatial resolution and thematic detail more important than high time 

frequency 
• Time series length, consistency and regular updates to improve e.g., for 

benchmarking and observing evolutions over time 
• Improving thematic details of EO products; standard land cover classes not 

sufficient for many biodiversity applications. Need of a harmonised ecosystem 
typology classification (other communities are going in this direction). 

• Integration of in situ data and models is key but far from operational 
• Availability of in situ data is still a challenge 
• Access to EO products and services for decision makers to improve

KCEO Biodiversity Deep Dive 

https://publications.jrc.ec.europa.eu/repository/handle/JRC132908
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ESA UNCLASSIFIED - For ESA Official Use Only 1

BioSpace25 - Biodiversity insight from Space
10 - 14 February 2025 | ESA-ESRIN | Frascati - Italy

EO and Nature protection:
an EU policy perspective

Bruno Combal (PhD), DG ENV - Nature protection unit



Natura 2000
Birds Directive (1979, 2009/147/CE)
Protects all wild birds occurring in the EU + regularly 
migrating species.

Habitats Directive (1992, 92/43/EEC) 
Concerns 232 Habitats types and thousand of non-birds 
(fauna/flora) species.

 The directives aim to maintenance of biodiversity in the 
European territory

 Both directives requires the Member States to 
designate protected sites (Natura 2000) to maintain, or 
where appropriate restore, at a favorable conservation 
status habitats and species.

https://natura2000.eea.europa.eu

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147&qid=1688543287015
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A31992L0043
https://natura2000.eea.europa.eu/


Nature Restoration Regulation
Restore EU’s land and sea areas, and define conservation measures

Article 4: Terrestrial, Coastal, and Freshwater Ecosystems
Member States are required to implement restoration measures to improve and re-establish 
habitats listed in Annex I of the Habitats Directive. The targets includes:
• Art 4.1: Restoring at least 30% of the total area of these habitats that are not in good 

condition by 2030, with progressive increases to 60% by 2040 and 90% by 2050.
• Art 4.4: Re-establish annex I habitats in areas where it does not occur
• Art 4.7: Ensuring that there is a continuous improvement in the quality and quantity of habitats 

for species listed in Annexes II, IV, and V of the Habitats Directive, as well as for wild birds 
covered by the Birds Directive.



Main usage of geospatial/EO information
Habitats directive
Article 4: MS must identify in their territory Habitats to protect in Natura 2000
 Opportunity to separate habitats mapping from degradation monitoring

Article 17: MS must report on their protected habitats and species conservation status, 
occurring in their whole territory (including outside Natura 2000).
Resource intensive, sometimes not complete

Article 6.2 (compliance): MS take steps to avoid degradations in Natura 2000 sites. The 
Commission is interested in detecting signs of degradation.
For grasslands intensification and abandonment are the main pressures leading to the 
grasslands degradations.



Habitats conservation status

Range
• Refers to the geographic extent where the habitat occurs.
• Criteria: range is stable or increasing.

Area • The overall surface area occupied by the habitat within its natural range.
• Criteria: area is stable or increasing.

Structures 
and 

functions

• Assesses the qualitative state of the habitat: vegetation composition, ecological 
conditions (hydrology, substrate), and overall functionality.
• Includes the availability of elements necessary for long-term survival.
• Criteria: ecological functions are maintained, with no major pressures.

Future 
prospects

• Considers trends for the above parameters, as well as threats and conservation 
measures.
• Criteria: integrated evaluation of factors influencing conservation in the medium or 
long term.

FV

U1

U2

XX

Favourable
('green')

Unfavourable –
Inadequate

('amber')

Unfavourable ‐
Bad

('red')

Unknown
(insufficient

information to make an
assessment)

Overall conservation 
status

Parameters





EU Grassland Watch: first attempt to go beyond CLMS specifications (EP funded project, 
EEA+JRC are partners), for natural/semi-natural grasslands

 Continuous monitoring from 1994 to now, yearly updates

 Indicators of intensification/abandonment (most important pressure on grassland biodiversity) + 
last mile application

 Need for community building with Member States experts: appropriation + co-creation

EU Wetland Watch: Similar approach for wetlands

 methodology: start from policy needs, define wetlands typical pressures and their proxies

 Work led by JRC Knowledge Centre on Earth Observation (KCEO)

Monitoring Annex I habitats



First objective: Training / Validation

Not enough in-situ data ready to be used

Second objective: combine EO with in-situ data (in particular on species) to better 
assess conservation status

In situ information are essential!



Biodiversity Meets Data (BMD), KO 4/03/2025

Answer the question: can we create an EU-wide IT platform, for biologists collecting in-situ 
data, offering data hosting, data processing (imagery, sound, eDNA, etc), and data sharing?

 Support biodiversity experts, but also EU projects (LIFE, Horizon), national projects, etc.

 Encourage normalisation (data cube, normalised taxonomy), and good practices

 Simplify data exchange (and access for Cal/Val), and encourage cross-domain research

BioDiMoBot: KO 5/02/2025 – Robotic solution, long time drifting solution 
(days/weeks/months), collecting water biodiversity + water properties (physical and chemical) 
– on-board pre-processing, data transfer to BMD

 in-situ data intensification

In situ data: 2 Horizon projects



Thank you
© European Union 2024

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of 
elements that are not owned by the EU, permission may need to be sought directly from the respective right holders.

https://creativecommons.org/licenses/by/4.0/
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Land Monitoring

• variables to measure biodiversity change
• distill the complexity of biodiversity into a manageable list of priorities
• coordinated approach to observing biodiversity on a global scale from 

Earth Observation and In Situ measurements
• promoted by GEO BON

2

Essential Biodiversity Variables

GEO BON, 2024



Land Monitoring
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Needs and Requirements

Skidmore, A.K. et. al (2021). Priority list of biodiversity metrics to observe from space. Nature Ecology & Evolution, Vol. 5, July 2021, 896–906



Land Monitoring
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Earth Observation based EBV’s

Criteria Description
Relevance Use and user fully identified

Feasibility
Maturity of the science, technology and availability of 
remote sensing data, the ease of access and the 
completeness to such data

Remote sensing status: 
Accuracy

Effectiveness of remote sensing data and techniques to 
achieve an accurate and precise value of the remote 
sensing-enabled biodiversity product

Remote sensing status: 
Maturity

Operational implementation FI
T4

PU
R

PO
SE

Modified from: Skidmore, A.K. et. al (2021). 
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Ranking remote sensing biodiversity products
RS biodiversity product

RS -enabled
biodiversity 
variable

EBV class Rank within
EBV class

Rank across 
all
EBV classes

Fire disturbance Ecosystem disturbance
Habitat structure

Ecosystem function
Ecosystem structure

1
1

1
1

LAI
Ecosystem physiology
Habitat structure
Species physiology

Ecosystem function
Ecosystem structure
Species traits

3
3
1

5
5
21

Land cover (vegetation type) Habitat structure Ecosystem structure 3 5

Ice cover habitat Habitat structure Ecosystem structure 5 8

Net primary productivity (NPP) Ecosystem physiology
Species physiology

Ecosystem function
Species traits

5
2

11
28

Gross primary productivity (GPP) Ecosystem physiology
Species physiology

Ecosystem function
Species traits

5
2

11
28

Fraction of absorbed
photosynthetically active radiation 
(FAPAR)

Fraction of vegetation cover Habitat structure Ecosystem structure 7 11

Peak, start, end of season Ecosystem Phenology Ecosystem function 8 22

Ecosystem soil moisture Ecosystem physiology Ecosystem function 14 28

C
O

PE
R

N
IC

U
S 

LA
N

D
 M

O
N

IT
O

R
IN

G
 S

ER
VI

C
E

Modified from: Skidmore, A.K. et. al (2021). 
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Copernicus Land Monitoring Service - products

Priority area 
monitoring Satellite data

Land cover and 
land use mapping

Bio-geophysical 
parameters

Reference and 
validation data

Ground motion 
monitoring
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Global biophysical variables

June 2023NDVI

LAI – FAPAR – FCOVER
DMP – NPP
LSP
LST
SSM
SWI



Land Monitoring
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Land Surface Phenology

Date of the peak of growing season - 2023



Land Monitoring

• 10 meter annual processing of 
13 metrics.

• Near Real-Time: vegetation 
indices & biophysical variables

• Future prospects:
 Tree Cover Disturbances
 Biomass Productivity (GPP/NPP)

9

HR Vegetation Phenology 
& Productivity

2017 2018 2019 2021 20222020 2023 2024



Land Monitoring

10

Global Land Cover

EXTEND
• Sub-annual products

• Specific Tropical Forest Products 
(TCD, TCPC)

ENHANCE
• Spatial resolution: towards 10 m

• Temporal resolution: towards 
monthly and NRT

• Improved accuracy

• Consistent change mapping

CONTINUE
• Continuation of 100m global LC

• Yearly updates (2020-2026)



Land Monitoring

• High-resolution land cover status (10m)
• Timely availability 

(reference yr + 1yr)
• 11 basic land cover classes

11

CLCplus Backbone

2018 2021 20252023

CLC 2018 - CLCplus Backbone 18 - 21 - 23 (Laakirchen, Vorchdorf - Austria)



Land Monitoring

HRL Tree Cover & 
Forests

• Tree Cover Density (TCD)
 0 – 100 % canopy density;
 10 meter resolution for EEA38/9;
 Annual;
 overall >90% accuracy with high spatial consistency.

• Dominant Leaf Type (DLT)
 Coniferous / Broadleaved classification;
 10 meter resolution for EEA38/9;
 Annual

• Forest Type (FTY)
 Coniferous / Broadleaved classification;
 FAO forest definition, filtering:

• >10% TCD;
• <0.5 ha MMU;
• trees in agricultural and urban context (from CLC and 

HRL Imperviousness)
 10 meter resolution for EEA38/9;
 3 Year

12

HRL – Tree Cover & Forests

2012 2015 2018 2021 2022 202320202019 2024



Land Monitoring

• Grassland Status (GRA)
 Binary
 Annual

• Herbaceous (HER)
 Annual
 Binary (Permanent & Temporary)

• Ploughing Indicator (PLOUGH)
 Annual
 0 – 6+ years since identified last ploughing

• Grassland Change (GRAC)
 3-yearly
 Classified (Gain/Loss)

• Grassland Mowing (GRAM)
 Annual
 Events (GRAM-E)

• 0 – 4+ identified events
 Dates (GRAM-D)

• Four layers. One for each event
• Day-of-Year

13

HRL Grassland
HRL Grasslands

2012 2015 2017 2021 2022 202320202018



Land Monitoring

14

Hot Spot Monitoring - Biodiversity



Land Monitoring

• Vector based VHR LC/LU mapping of priority areas
• MMU 0.5 ha
• Tailored nomenclature
• Update on a 6/3 year cycle: status and change mapping

Urban Atlas
2006-12-18-21-24

Riparian Zones
2012-18-21-24

Protected Areas
2006-12-18-21-24

Coastal Zones
 2012-18-21-24

Priority Area Monitoring



Land Monitoring

16

Copernicus for CBD GBF Goals / Targets and SDG
EBV class Remote sensing 

biodiversity product Aichi targets SDG targets

Ecosystem Structure (an ecological structure that can be 
monitored at a global level)

Fire disturbance 
LAI
Land cover (vegetation type)
Ice cover habitat

7,9,10,12,14,15
5,7,9,10,12,14,15
5,7,9,14,15
5,7,9,14,15

15.2, 15.3
15.2, 15.3, 15.5
15.2, 15.3, 15.5
15.2, 15.3, 15.5

Species Traits (trait of an organism of known species that 
can be monitored at a local level)

Peak, start, end of season
Gross primary productivity (GPP)
Net primary productivity (NPP)
LAI

5,7,9,12,14,15
5,7,9,10,12,14,15
5,7,9,10,12,14,15
5,7,9,10,12,14,15

15.4
15.4
15.4
15.4 

Community Composition (composition of a community 
that can be monitored at a global level)

Peak, start, end of season 5,7,9,12,14,15 15.4

Ecosystem Function (an ecological function monitored 
over time at a global level)

Peak, start, end of season
Gross primary productivity (GPP)
Net primary productivity (NPP)
LAI
Evapotranspiration
FAPAR
Ecosystem soil moisture
Fire disturbance 

5,7,9,12,14,15
5,7,9,10,12,14,15
5,7,9,10,12,14,15
5,7,9,10,12,14,15
5,7,10,12,14,15
5,7,10,12,14,15
5,7,10,12,14,15
7,9,10,12,14,15

15.4
15.2
15.2
15.2
15.2
15.2
15.2
15.2, 15.3

FI
T4

PU
RP

O
SE

Re
le

va
nc

e 
– 

Fe
as

ib
ili

ty
 –

 A
cc

ur
ac

y 
- M

at
ur

ity

Modified from: Skidmore, A.K. et. al (2021). 
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Advancing marine 

monitoring and protection with 
Copernicus Marine

Tina Silovic et al.- Mercator Ocean International



C o p e r n i c u s M a r i n e  S e r v i c e

Online catalogue 
marine.copernicus.eu    

More than 300 
scientifically 

qualified products

>80 000 subscribers

User driven

Open and Free



C o p e r n i c u s  M a r i n e  P o r t f o l i o



C o p e r n i c u s  M a r i n e  P r o d u c t s – G r e e n  O c e a n

100m a 25 km

Hourly, daily, 
monthly, yearly

10 days
forecasts

Time series up to 
30 years

Updated daily



O C E A N  O B S E R V I N G  A N D  F O R E C A S T I N GS u p p o r t i n g  w i d e  r a n g e  o f  a p p l i c a t i o n s

von Schuckmann et al., Marine Policy Vol 121, 2020, 104154

https://www.sciencedirect.com/journal/marine-policy/vol/121/suppl/C


S u p p o r t  M a r i n e  C o n s e r v a t i o n  &  B i o d i v e r s i t y



C o n s e r v a t i o n  &  B i o d i v e r s i t y - U S E  C A S E S



O C E A N  O B S E R V I N G  A N D  F O R E C A S T I N GC h a l l e n g e s  f o r  C o n s e r v a t i o n  &  B i o d i v e r s i t y

GOALS:
> Protected marine 
biodiversity
> Sustainable 
exploitation of 
marine resources
> Environment 
policies

CHALLENGES:
> Increasing Pollutions
> Over – fishing
> Heatwaves
> De-Oxygenation
> Ocean acidification
> Loss of Habitats



S u p p o r t  P o l i c i e s  a n d  O c e a n  G o v e r n a n c e





O C E A N  O B S E R V I N G  A N D  F O R E C A S T I N GT o w a r d s  a  n e w  o f f e r  f o r  m a r i n e  b i o l o g y

Gathering and processing of new biogeochemical 
and biology in situ and satellite observations

 New processes in biogeochemical models 
(benthic/pelagic coupling, riverine inputs).

 Ecosystem modelling ( low mid high tropic 
level) – NECCTON project

 Assessing scenarios for climate change impacts 
on stocks and protected species – SEACLIM 
project

 Digital Twin of the Oceans (DTOs) includes 
ecosystem models and data, what-if scenarios.

Inform marine biodiversity and 
food resource management



 enable CMEMS to inform marine biodiversity conservation and food resources management, by fusing innovative 
ocean ecosystem models and new data

T o w a r d s  a  n e w  o f f e r  f o r  m a r i n e  b i o l o g y

PI: Stefano Ciavatta, MOi

neccton.eu



T o w a r d s  a  n e w  o f f e r  f o r  m a r i n e  b i o l o g y



Satellite-derived
vertically integrated PP

µm

mm

Zooplankton

PhytoplanktonGLORYS Ocean physics
reanalysis + PPsat (or BGCH 

model) = zooplankton

Season and year had no effect on 
40-Hz calling rates, but prey biomass 
did, confirming its food-associated 
function for the first time..



T o w a r d s  a  n e w  o f f e r  f o r  m a r i n e  b i o l o g y

 PRISMA (PRecursore IperSpettrale della Missione 
Applicativa) is a hyperspectral imaging mission launched 
by the Italian Space Agency (ASI)

 covers a spectral range of 400–2500 nm with high spatial 
resolution

 potential for enhancing the understanding of aquatic 
ecosystems through hyperspectral imaging, (advanced 
atmospheric correction algorithms tailored for marine and 
coastal environments are necessary

 PACE compared with in situ hyperspectral data from 
WATERHYPERNET to test the transferability of the 
validation approach

 outcome: integration of PRISMA data with biogeochemical 
models can enhance the description of plankton and 
optically active properties



The Copernicus Marine Service for biodiversity policy: the future

Major evolutions planned in Copernicus 2 (2021-2028) via R&D projects (Horizon) will 
expand marine biodiversity monitoring and protection supporting EU policy needs

 Gathering and processing new biogeochemical and biology in situ and satellite observations
 Data assimilation of new satellite products (including biogeochemistry and biology)
 Habitats for key protected species (e.g. marine mammals), Marine Protected Areas design.
 Assessing scenarios for climate change impacts on stocks and protected species.
 Critical role of present (S2, S3) and future (CHIME, S2NG, S3NG) Sentinel missions and in-situ 

observations (e.g. acoustic data, plankton imaging, omics, pollutants, plastic, fish surveys and 
landings)  

 Digital Twin of the Oceans (DTOs) includes ecosystem models and data, MPAs DTO, what-if 
scenarios
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Copernicus Climate Change Service (C3S) for 
Biodiversity 

Samuel Almond (& C3S)
European Centre for Medium Range Weather Forecast / Copernicus Climate Change Service (C3S)
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Climate Change & Biodiversity – Context

• Climate change is playing an increasingly important role in the decline of biodiversity. 

• Large changes in biodiversity are expected to occur if climate change continues at its current pace

• Climate change has shown to impact the health of ecosystems, influencing shifts in the distribution of 
plants, pest & disease, animals, and even human settlements. 

• Climate change affects: 

• ecosystem dynamics, ecosystem structure, function and health

• Distribution and abundance of species and habitats

• Intensity and frequency climatic extremes - fires, storms & periods of drought.

• Ecosystem structure, landscape phenology, community composition, ecosystem function and species 
populations are all essential biodiversity variables (EBVs) which can be monitored with remote sensing 
biodiversity products (Skidmore et al. 2021) and Copernicus products

• Copernicus Climate Change Service, and its data can play a key role in adaptive ecosystem management



Climate
Change

CLIMATE DATA FOR BIODIVERSITY

Climate projections

Reanalysis

Seasonal to decadal predictions

Observations

Past Present Possible futures

OUR 
CHOICES

C3S PRODUCTS



Climate
Change

C3S Global reanalysis: ERA5

ERA5: Full-observing-system global reanalysis for the atmosphere, land and ocean waves

• Most popular dataset in the CDS 
• > 100 TB daily downloads
• No gaps in space/time, integrator of all observations
• Over 100 billion observations used so far
• Hourly snapshot 31 km resolution up to about 80 km height
• Available from 1940 onwards 
• Daily updates 5 days behind real time
• It relies on external gridded products: SST and sea-ice cover; GHGs, 

aerosols, TSI, (diagnostic) ozone
https://doi.org/10.1002/qj.3803
The ERA5 scientific journal paper (2020) has now topped 10,000 citations

ERA5 Surface air temperature from  Climate Pulse
app, including (absolute values and anomalies).

https://doi.org/10.1002/qj.3803


Climate
Change

Climate projections: Global, Regional & IPCC Climate 
Atlas

CMIP6 annual global temperatures 1850 - 2100

Downscaled Euro-CORDEX projections

A novel tool (data and viewer) for IPCC AR6 for flexible 
spatial and temporal analyses of observed and projected 
climate change information

C l i m a t e  p r o j e c t i o n s :  G l o b a l ,  R e g i o n a l  &  t h e  I P C C  C l i m a t e  A t l a s



Climate
Change

More Than Climate Data..... Climate Information 

Typical download:  70 TB /day



Climate
Change

The C3S Application Strategy

Catalogue

User

CDS Data CDS Data CDS Data

Reanalysis 
archiveIn-situ Climate 

Projections

Cloud 
Compute

Ap
pl

ic
at

io
n

earthkit
Impact models / Climate Impact Indicators



Climate
Change

Operational water sector: C3S European hydrology seasonal forecasts

C3S operational multi-model 
seasonal hydrological prediction 
service for Europe – soon to include 
more climate and hydrological 
models

Example: 7-month river discharge 
forecast from January 2024 for 
River Drammen in Norway

Below normal river flow expected 
4 of the next 7-months

Also provide hydrological model 
output forced with ensemble 
climate projections



Climate
Change

Europes' Evolving Fire Risk 
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Biodiversity: Demonstrator Service

https://climate.copernicus.eu/sites/default/files/2021-07/C3S_Biodiversity_factsheet_20210616.pdf

• The service provides two 
datasets of 79 customized 
bioclimate indicators for the 
past, present and future. 

• The indicators are derived 
climate datasets, i.e. ERA5 
for historical reconstruction 
and CMIP climate 
projections data

• The service also offers 
bioclimate data at a 1km x 
1km grid for selected 
locations, which responds to 
high-resolution 
requirements of specific 
biodiversity challenges

https://climate.copernicus.eu/sites/default/files/2021-07/C3S_Biodiversity_factsheet_20210616.pdf


Climate
Change • Interactive applications to visualize and explore 75 

key bioclimate indicators (Europe & Global)

• Data developed for biodiversity community in 
Climate Data Store (CDS)

• Explore per country or by Natura 2000 site*

• User can use a species ‘climatic envelope’ to help 
identify when climatic conditions are no longer 
suitable (leading to stress, dispersal, extinction, …) 
* 

• Dedicated case studies for:

– European grasslands, 

– Hedge species (flora)

– Marine fish species & Marine Protected 
Areas (MPA)

Exploring the impact of climate suitability on 
key species & European landscapes

Applications to Support Biodiversity: Assessment of Climatic Suitability

11
* Application was developed in old infrastructure



Climate
Change

Example Application: Climatic suitability of key European tree species

Climate data can help inform future species distribution and productivity – supporting 
biodiversity applications 

C3S data enabled Tecnalia (Spanish SME) to provide distribution maps for key European 
tree species. Such info can support establishing climate resilient forest (EU Forest 
strategy 2030)

Beech tree growth changes from 1986 to 
2016 relative to the 1955–1985 period mean.
Source: Martinez del Castillo et al, 2022. 



Climate
Change

C r e a t i n g  C l i m a t e  I n f o r m a t i o n  &  A p p l i c a t i o n s  
f o r  U s e r s  A c r o s s  S e c t o r s



Copernicus Atmosphere 
Monitoring service: 
supporting 
BIODIVERSITY 

Laurence ROUIL (ECMWF)

Biospace 2025 – ESA/ESRIN – 13th Feb 2025

Director of CAMS 



Atmosphere
Monitoring

C A M S  S C O P E  – A t m o s p h e r i c  C o m p o s i t i o n

CAMS provides open & free 
information products based 
on Earth Observation about:

• past, current and near-
future (forecasts) global 
atmospheric 
composition;

• the ozone layer;

• European air quality;

• emissions and surface 
fluxes of key pollutants 
and greenhouse gases;

• solar radiation;

• climate radiative forcing.

http://atmosphere.copernicus.eu
http://ads.atmosphere.copernicus.eu 



Atmosphere
Monitoring

CAMS WORKFLOW (Combin ing  observa t ions  w i th  mode ls )  

Earth Observation 
from satellite (>80 
instruments) and in-
situ (regulatory and 
research)

CAMS main operational data 
assimilation and modelling systems

CAMS users
>23500
(>3050 routine)

40km Globe (twice daily, d+5)

10km Europe
       (daily, d+4)

Major multiplication factor
(100Mil+)



Atmosphere
Monitoring

E x a m p l e  o f  s e r v i c e s  r e l a t e d  t o  a i r  
p o l l u t i o n

Dust plumes 

Air pollution 
episodes

Reanalyses of air quality metrics (since 
2013)

• https://atmosphere.copernicus.eu 
• https://policy.atmosphere.Copernicus.eu

• https://ads.atmosphere.copernicus.eu/cdsap
p#!/search?type=dataset 

Wildfires

https://atmosphere.copernicus.eu/
https://policy.atmosphere.copernicus.eu/
https://ads.atmosphere.copernicus.eu/cdsapp#!/search?type=dataset
https://ads.atmosphere.copernicus.eu/cdsapp#!/search?type=dataset


Atmosphere
Monitoring

R e - a n a l y s e s :  t h e   b e s t  e s t i m a t e  

ASSIM minus CONTROL
S5P NO2 first-guess departures

S5P NO2 analysis departures

Assimilation of TROPOMI NO2 data reduces the 
CAMS NO2 analysis over Asia and improve the 
quality of the assessment

Active since 12 Oct 2021

Example : Tropomi tropospheric NO2

Using CAMS re-analysis (2003-NRT) of 
atmospheric composition 

Ex: 2021 CO anomaly



Atmosphere
Monitoring

A i r  p o l l u t i o n  a n d  b i o d i v e r s i t y

UNECE Air convention : 
https://unece.org/environmental-policy-1/air 

AOT40 : to measure impact
of O3 on ecosystems
CAMS reanalysis for 2022

https://unece.org/environmental-policy-1/air


Atmosphere
Monitoring – Deposition flux products to be improved 

by:
• DA of improved AQ retrievals from 

Geostationary GEMS, Sentinel4, TEMPO 
missions: high-temporal resolution over 
Asia, Europe and North-America 

• Utilise satellite-based emissions inversion 
framework (CO2MVS)  in global CAMS 
system for deposition flux correction

• Improved DA methodology
• Increased number of in-situ observations 

for evaluation 
• Improved emission data and inventories 

(more timely, activity better and 
variability)

• Observation based correction of surface 
fluxes  

• Provision of uncertainty information

I n  p re p a ra t i o n  w i t h i n  C A M S  :  d e p o s i t i o n  p ro d u c t s

CAMEO H2020 project : https://www.cameo-project.eu/ 

https://www.cameo-project.eu/


Atmosphere
Monitoring

F i r e  e m i s s i o n s  m o n i t o r i n g  i n  C A M S :  G l o b a l  
F i r e  A s s i m i l a t i o n  S y s t e m  ( G F A S )

• Global Fire Assimilation System (GFAS); see 
https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-
global-fire-emissions-gfas?tab=overview 

• Uses satellite observations of Fire Radiative Power (FRP)
• Currently Aqua and Terra MODIS FRP observations
• FRP from VIIRS, Sentinel-3, and geostationary satellites 

are being tested and implemented

• Global Coverage at ~10km Resolution
• Daily Output: 1-day behind NRT
• Hourly Output (+24-h means): 7-hours behind NRT

• Emissions of aerosols and gases are estimated using factors 
dependent on vegetation type.

• Injection heights calculated using Plume Rise Model and 
IS4FIRES schemes

• Application : Summary of forest fires in Europe, combining C3S, CAMS 
and EFFIS (European Forest Fire Information System) information, 
published for each year in the European State of the Climate report.

• 2023 report: https://climate.copernicus.eu/esotc/2023/wildfires

https://climate.copernicus.eu/esotc/2023/wildfires


Atmosphere
Monitoring

R e s s o u r c e s :  

• CAMS website and news : 
https://atmosphere.Copernicus.eu

  
• Datasets provided by the CAMS 

services freely available on the 
Atmosphere datastore: 
https://ads.atmosphere.eu

• Policy services: 
https://policy.atmosphere.Copernicus.eu 

• Aerosol alert service: https://aerosol-   
alerts.atmosphere.copernicus.eu

https://atmosphere.copernicus.eu/
https://ads.atmosphere.eu/
https://policy.atmosphere.copernicus.eu/
https://aerosol-alerts.atmosphere.copernicus.eu/
https://aerosol-alerts.atmosphere.copernicus.eu/


Atmosphere Monitoring

Thank you !

Laurence.rouil@ecmwf.int

mailto:Laurence.rouil@ecmwf.int


PROGRAMME 
OF THE EUROPEAN UNION Implemented by

In situ

1

José Miguel Rubio Iglesias (EEA)

Copernicus In-Situ 
Component 
Cross-cutting in-situ activities 
supporting biodiversity applications

BIOSPACE 25, 13 February 2025



In situ

What for?
- Production and validation in Copernicus 
services
- As stand-alone observation products
- Cal/Val of satellite sensors

2

In-situ data in Copernicus

Copernicus in-situ data: observations, geospatial 
reference and ancillary data licensed or provided 
for use in Copernicus

Without in-situ data, Copernicus simply cannot deliver its data, 
products and services



In situ

3

Where does in-situ data come from?
In Situ data comes from a myriad of data providers and networks at national, regional 
and global level. 

European 
networks and 

countries

Research 
Infrastructures 

International 
organisations, 
other countries 



In situ

Entrusted Entities access and 
manage in situ data directly 
according to their operational 
needs on a day-to-day basis.

The EEA intervenes when a 
coordinated approach to 
accessing in situ data is required 
at a programmatic level: “cross-
cutting activities”

Governance of the Copernicus In-Situ



In situ

Cross-cutting coordination activities (2021-2028)

• State of Play report
• Copernicus In-Situ 

Data 
Requirements 
(CIS2)

• Factsheets

STATE OF 
PLAY

• Copernicus 
Reference Data 
Access Portal 
(CORDA)

• Access to specific 
in situ data

DATA 
ACCESS

• Licensing 
agreements 

• Use cases
• Inventory of data 

providers

ENGAGING 
WITH DATA 
PROVIDERS

• In Situ Working 
groups

• Thematic Reports,  
inventories

• GEO, R&D

SUPPORT 
AND ADVICE



In situ

6

Capturing data requirements: 
the CIS2 database
• Overview of Copernicus in situ data 

requirements and how these are met
• Comprehensive list of products, 

data providers (European and 
global) and key datasets
 330 Copernicus products, 357 in situ 

requirements, 900 data providers and 
networks 

• Ongoing reviews and updates with 
support from Entrusted Entities, two 
versions per year

• Dashboards under development
https://cis2.eea.europa.eu/ 

Copernicus in-situ data requirements

https://cis2.eea.europa.eu/


In situ

State of Play : key issues encountered

Insufficient spatial 
coverage

Access 
conditions and 
use restrictions 

Uncertain 
sustainability of 
critical networks

Increasing 
demands in 

frequency and 
resolution

Insufficient 
acknowledgement

Lack of alignment 
with data 
providers

More data needed 
on specific areas 

Fragmentation 
and 

heterogeneity

Not long enough
historical high time 

series

Rapid 
accessibility



In situ

8

State of Play: Areas for evolution

Closing data 
gaps

Strengthening
partnerships

Long-term
evolution



In situ

Access to geospatial data: CORDA

– Single entry point node to national 
and regional geospatial data

– Data hosted in origin by default
– Continuous monitoring and update 
– Semantically harmonized multi-

country databases for key topics
– Restricted for Copernicus service 

providers and data providers  
https://corda.eea.europa.eu/ 

https://corda.eea.europa.eu/


In situ

Examples of downloadable data in CORDA

Wetlands

• 15 national 
datasets

• 8 regional 
datasets

LiDAR

• 15 national 
datasets

• 16 regional 
datasets



In situ

Engaging with data providers

Comprehensive inventory of data providers and networks Use cases of national data in Copernicus

Overarching licensing agreements for Copernicus use
Engagement with thematic communities, 
programmes and initiatives 



In situ

Use cases of in-situ data in Copernicus



In situ

Relevant reports and inventories
Assessment of the use of LUCAS in 
Copernicus Land production activities

Metadata inventory of historical in-situ 
data for vegetation phenology products
https://insitu.copernicus.eu/resources/library/global-phenology-
inventory 

https://insitu.copernicus.eu/resources/library/assessment-of-the-
current-usage-of-lucas-survey-in-copernicus-january-2024  

Crowdsourcing approaches for the 
collection of grassland mowing events
https://insitu.copernicus.eu/resources/library/crowdsourcing-campaign 

Assessment of the availability of 
wetlands dataset for CLC+

https://insitu.copernicus.eu/resources/library/global-phenology-inventory
https://insitu.copernicus.eu/resources/library/global-phenology-inventory
https://insitu.copernicus.eu/resources/library/assessment-of-the-current-usage-of-lucas-survey-in-copernicus-january-2024
https://insitu.copernicus.eu/resources/library/assessment-of-the-current-usage-of-lucas-survey-in-copernicus-january-2024
https://insitu.copernicus.eu/resources/library/crowdsourcing-campaign


In situ

insitu.copernicus.eu
In situ copernicus.insitu@eea.europa.eu



In situ

Ongoing in situ support activities

Design of a crowdsourcing campaign

Design a pilot crowdsourcing-
based campaign in support of 
CLMS (grassland mowing events 
under HR VLCC). 

Support on the future of LUCAS survey

Inventory of phenology datasets

Creation of inventory of in-situ 
historical metadata of data 
relevant for vegetation phenology 
products: citizen science, 
phenocams and ecological 
observatories. 

Inventory of phenology datasets



In situ
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Requirements for in-situ data at global level

• River discharge
• Reservoir volumes

Hydrology

• Concentrations of major air pollutants (NOx, PM10, PM2.5, CO, SO2, HCHO, Pb, TSP, 
C6H6, among others).

• Improved observation of size resolved chemical composition of aerosol.
• Improved global observations of greenhouse gas concentrations and related species 

(CO2, CH4, N2O, 14C, …).
• Vertically resolved concentration data of pollutant gases and aerosol.
• Solar radiation and UV.

Atmosphere

• Surface observations from all stations registered in WMO Oscar/Surface 

Climate

• Land cover ground observations, and for some specific areas of interest, crop type 
observations

• Water quality observations
• Water level observations
• Soil moisture information
• GBOV complementing stations

Land
More than 10 International 
Arrangements with non-EU 

countries



In situ

17

New Copernicus In-Situ website – subscribe! 

https://insitu.copernicus.eu  

https://insitu.copernicus.eu/


In situ

Reference datasets
• GPP: from eddy covariance (flux towers):

49 sites
• PhenoCam: greenness from phenological

camera images: 32 sites
• PEP725 ground phenological observations:

manual field observations:
925 sites

• Agricultural crop data (Belgium, Austria):
150 + 278 + 600 fields

18

Calibration against reference data

Tian, F., et al., 2021, Calibrating vegetation phenology from Sentinel-2 
using eddy covariance, PhenoCam, and PEP725 networks across Europe.  
Remote Sensing of Environment, 260, 112456.
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