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Overview

Aim
Discuss the challenges and opportunities for monitoring grassland
and savannah conservation at global and continental scales

Format
Mix of presentations and group discussions supported by WooClap

Attendance
In room: 35 - 40 people

Online: up to 17 sign-ins

WooClap: 45 users
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What is the main challenges or pain points
you face when monitoring grassland?

CE¢s @esa

Lack of data

Capability of tools to monitor grassland

Access to funding

Physical access to plot / area

Lack of trained personal

Lack of an actual demand for information

Lack of computing infrastructure

Reporting requirements

Other

0 5 10 15 20 25 30 35 40 a5
%
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What is missing to really achieve

operational grassland monitoring?

Consensus / Coordination

Unified approaches and definitions. Common nomenclature & indicators.

Monitoring protocols. Clear metrics for grassland health / biodiversity.
Translation to political terms

In-situ data

Quality. Representativeness. Historical. Biological monitoring.
Products

Accurate. Physically-based. Hyperspectral.
Services

Validated models. Unified databases. Consolidation in a platform.

4

am — W L = D111 D 88 = s Bl 2R = — i |+l * THE EUROPEAN SPACE AGENCY






Take home messages

ccoBeN CE¢s (esa

General conclusions:

Classification versus the inherent natural heterogeneity including seasonal
dynamics remain a major challenge in grassland assessment.

Global conservation / reporting obligations may fall behind local priorities.

Citizen science is considered a valuable asset in grassland assessment.

Recommendations to ESA:

Enable access to and promote platforms for the distribution of in-situ data as
key to improving EO-based modelling and assessment.

Push for increased spatial and temporal resolution of sensors to improve their
capability, both in terms of spatial and thematic accuracy.
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Status — What remote sensing products match EBV?

Trends in satellite technology
Trends in algorithms/products/EBV

Missing/Needs (data/coordination) to be addressed/Research to be
done — What are the challenges?
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Q2.1 Which Essential Ocean Variable / Essential Biodiversity variable can you contribute to?Based

on currently accepted GOOS terminology (source: ...what-we-do/framework/essential-ocean-variables/)
38 risposte

é Y

Phytoplankton biomass and... 21 (55,3%)
OOPIANKION DIOMd aNd dil. .. (’IU,{)‘VO)
Fish abundance and distribu... 7 (18,4%)
Marine turtles, birds, mamm [ (18.4%)
Hard coral cover and compo... 6 (15,8%)
Seagrass cover and compos... 14 (36,8%)
Macroalgal canopy cover an... 9 (23,7%)
\ Mangrove cover and compo... 3 (7,9%) )
Microbe biomass and diversi... 5 (13,2%)
Invertebrate abundance and... 4 (10,5%)
None 3 (7,9%)
Dissolved organic carbon 1(2,6%)
Glacial sediments 1(2,6%)
Translation into policy 1(2,6%)
Microphytobentos 1(2,6%)

AL

AL






TECHNOLOGY/SCIENCE TRENDS

oBeN CE¢€S (esa

and NEEDS e

1. In situ data: need more data
|s citizen science the answer?
Many levels of citizen science (regular vs trained vs opportunity)
Challenges on quality
Data ACCESS (raw!) FAIR
2. Models and Al
Models to help train Al

Validation/testing concepts harmonisations

3. eDNA and DNA metabarcoding

Emerging work with satellite derived products but needs harmonisation of in-situ data (DNA community
needs to do that!)

4
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Science and technology needs

- CEg¢s (esa

Characteristics of your ideal next sensor or combination of sensors
- Free (VHR) images
- Satellite that can detect deeper under the water

- What are the infrastructure to keep the data? Are we having the capability to work and storing and keeping data? - super
computer to store, keep, and use data

- bm 15 bands high signal to noise ratio
- Observing phenomena at night - moonlight sensor
- High resolution thermal — 50 cm resolution

- Data storage: What are the infrastructure to keep the data? Are we having the capability to work and storing and keeping data? 2>
super computer to store, keep, and use data

- Merge different satellite technologies :Lidar, SAR, PACE, Sentinel, Fluorescence

- Other combinations of sensors: hierarchical resolutions merging in different sensors resolutions in more structured way, and
calibrating with different spatial and temporal resolutions.

- System of systems with near real-time to a particular issue in a specific moment: we have gliders, satellites, and data
transmitted to a marine center to do something about it: example: Alert systems for whales — sponsored by Canadian Space
Agency; CSA does not run it.

5
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POLICY NEEDS

CEg¢s (esa

- What needs to be monitored? Mapping the stakeholders and what data they need. (EBV to CBD
indicators part)

Policies and indicators evolve through time. Should we (scientists) have more to say what
indicators to measure?

Build a dialogue between the remote sensing community and MSP or data managers or
data scientists

- Who is going to do the flow from products to indicators? Intermediary scientist? scientists about
legislation?

- Condense the key information derived from satellites for decision-making. Uncertainty from remote
sensing products is different from uncertainty in decision-making processes.

6
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RECOMMENDATIONS TO ESA

O

» Technological recommendations
High spatial resolution (either through new sensors or data processing)
Multisensors combinations need to be exploited better
Better interface with in situ observations
» Community recommendations
More funding for marine ecosystem biodiversity

Support translating of Remote sensing Biodiversity relevant products TO EBV (e.g. Areal extent of ¢
habitat > EBV habitat structure)

Support translating EBV into Indicators for policy (e.g. phytoplankton functional classes trends or
changes in phenology)

Reminder that >70% of the planet is oceanDo a BIOSPACE on Marine and coastal ecosystems !!

7
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ccoBeN CE¢s (esa

Many thanks to all participants
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oBeN CE¢€S (esa

COPERNICUS FOR BIODIVERSITY

®

Objective of the workshop

» To present Copernicus services and in situ component including the Copernicus products supporting
biodiversity monitoring, and

« To discuss the relevance of these products with a panel of experts

Agenda

« Session with a presentation of 4 Copernicus services (Land, Marine, Climate and Atmosphere) and the
Copernicus In Situ component

« Session with 7 panelists (UN-CBD, GEOBON, EEA, NOAA, ISPRA, PML) to discuss the services and their
relevance for biodiversity monitoring at Global and European scale

2
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ccoBeN CE¢s (esa

COPERNICUS FOR BIODIVERSITY

)

—

Messages & Recommendations « Capacity building, development of skills are needed
» Recognize the value of Copernicus « Building trust on the products, better communication,
e Confirmation of the h|gh relevance of the services documentation of the prOdUCtS and their Iimitations,

- Integration and complementarity with national develop case studies

products at EU national level for reporting * Foster link between services, thematic hubs
regrouping service products under a thematic topic
are useful, develop cross services products, services
are in silo, need better integration between services to
Improve user experience

 NCP community is essential

« Copernicus widely used by countries when national
data are not available

* Propose the development of indicators for end

_ * Minimum standard of quality should be defined and
users/policy makers

applied
* Need to distinguish users from scientists to policy

« Importance of in situ data, including training data
makers

o . * No need for additional satellite missions
* Need to move from scientific to operational products

. . . . « Recommend CoDesign for better user engagement
« Encourage the dialogue and interaction with

GEOBON ;

- o= = 4 ]1 - 00
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COPERNICUS FOR BIODIVER

SIT

)

—

Follow us in Social Media, and stay tuned for updates!!!

See you in our General Assemblies

Usue.Donezar@eea.Europa.eu
Andreas.BRINK@ec.Europa.eu
Michel. MASSART@ec.Europa.eu
4
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Key questions for workshop E_» Tccosen ci¢s @esa

1) Howcanwegetthe  gteps from satellite data to application-ready data sets

most of our

investment in satellite The production chain from infrastructure to user-friendly output :

technology? ) ) B ,
Satellite In situ data on P Non- Application ‘last mile
hardware biodiversity e processed ready data 8 user

2) What are the needs for (ground & space) | for calibration satellite data sets tools’
in situ data & who will
produce them? Relative investment across the production chain:

3) How to make EO data
as useful as possible
to end users?

Appli
catio

n
ready

data
sets

Non-processed
satellite data

Research
investment

Satellite hardware

(ground & space)

4) Who has what role in
the EU system?

& last
mile
tools

O E D CY R G ek et A ) i

2V
European Environment Agency -)—_;;')}
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Summary and recommendations E_» Tceosen ce¢s esa

The workshop reviewed the following themes:

» What are the current Copernicus land monitoring products & how can they support EU ecosystem accounts
» What makes a biodiversity monitoring system ‘operational’ ?

» Approach focused on a policy user perspective

» Satellite-based monitoring as part of an overall integrated biodiversity monitoring approach

Recommendations:

» Biodiversity monitoring needs in relation to EU policy targets are often clear -> focus on what we know we need
and less on complex analytical challenges that require further refinement

» There is a clear need for strengthening the in situ biodiversity data foundation; we discussed:

= Tools and platform for extracting and hosting already available in situ data; defining standards and protocols for
in situ data characteristics; developing the governance of in situ data generation and curation

= Targeted investment for collecting biodiversity in situ data via ground surveys & other tools

3
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Developing a new satellite mission takes ~15 years — building

the in situ data foundation that matches future satellite

capabilities is also a very complex task => let’s start now!

We need to decide how to do that and who to take the lead.

4
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Dr. Andrew Gonzalez

The need for GBiOS

Dr. Andrés Marmol-Guijarro

The story of EuropaBON and EBOCC

Speakers

Dr. Alice Hughes
Addressing critical data challenges in the Asia Pacific region

Dr. Yelena Finegold,
FAQO’s Open Foris story - supporting global carbon monitoring

Dr. Gary Geller
Sage thoughts on how to design and implement GBiOS





What are the steps to implementing GBiOS?

We need to build on the the blueprint for GBIOS: what are the
pillars of this plan?

The GBIOS implementation plan would identify the major
practical actions that should be undertaken in the next 5 (20307!)

How can GEO BON - GBIOS help ESA/NASA and European
Commission realize this vision together?





GBIiOS - Towards an Implementation Plan

Break out groups

. Filling data gaps

. Ensuring sustainability of capacity and funding

. Engaging with countries

. Managing data for use (Obs. to EBVs to indicators)
. Global Biodiversity Knowledge/Data Centres

. Improving data quality, availability, and utility.

. Coordinating observing infrastructures

~N O O b WOIN -





Recommendations
What

e GBIOS - focus on an observing system built on federated national and thematic BONS. —
Mission: to overcome systemic barriers to data gathering and mobilisation.
e Space agencies and their satellite systems are critical to the vision and delivery.

e For funding: clarify “what is the ask?”: sustainability funding model for long-term monitoring(
GEF-9)

Who

e Close coordination with space agencies (CEQS) is vital. (e.g. Copernicus services, OpenEO)
e CBD TSCs can be regional ‘nodes’ supporting coordination of observations across countries
and the harmonization of methods.

e UN CBD dialogues and partnership with regional TSC for BON establishment process and
indicator work flows.





How

e Start small and build with the clear UN CBD GBF mandate. Phase growth
e Make the monitoring process for headline indicators much easier

e Foster community contribution of EO-based pipelines that make reporting in-situ data much
easier (e.g. BON in a Box, ARIES and other open tools)
e BON development guidelines should include national and regional guidelines on implementing

EBVs with EO and in-situ.

e We need an global biodiversity digital twin to assess options for GBiOS implementation (VOI and
ROI) and site networks. Partnerships needed to build this with large scale simulation.

e Remarkable network of LTER, Field stations and UNESCO Biosphere reserves - GBiOS backbone.

Immediate next step

A joint statement by CBD, GEO BON and partners to COP (SBSTTA Oct. 2025) to communicate
the pressing need coordinate and coalesce the monitoring community and existing data (OBIS,
GBIF) observing systems (GOQOS, GCOS, GTOS) to support parties.

Funding model scope and development





Linking Global Biodiversity Monitoring, Data infrastructures &
Knowledge Support Services

Knowledge access and capacity development

Data infrastructures I CBD Regional
Technical
GBIF, OBIS
iBOL @ Support g

GenBank Centres

GBiOS

Mational BONs

interoperable observations,
models for trend detection
and attribution

Monitoring Frameworks

UNFCCC UN CBD
Parties Parties






Thank you to the team!











Why we need a GB10S

* Profound inequities 1n data coverage, availability and access.

* Without monitoring biodiversity we cannot reach future targets

* We have to stop treating biodiversity change (loss and gain) as a
distant and “trivial” 1ssue.

* GB10OS can contribute the understanding that underpins the values and
risks arising from biodiversity loss/gain.

* Making reporting easier and standardised 1s in everyone’s interests as
it reduces reporting burden for countries and businesses etc. This
increases the use and value of data

* Making monitoring easier also accentuates the value of local expertise
and facilitates more efficient use of resources at all scales





Realising the GB10S vision

e GBIOS - a sustainable observing system.

« BONSs are the building block of GBiOS

e Federate the existing BONSs to provide an economy of scale, adaptability to meet needs.
e Sustained national engagement requires national ownership (data sovereignty).

e Need a system for supporting engagement during development (funding, technical
capacity, guidance document; transparent governance process, strong policy mandate).

e Addressing systemic barriers to data gathering and mobilisation at all stages.
e Meeting the needs of major stakeholders and partners - respecting data sovereignty.

¢ Build with existing opportunities better and developing structures that normalise this
(Ships of opportunity)

e Making the monitoring process easier: all countries have reporting mandates.
e CBD TSCs as regional nodes that can support coordination of observations.

e Develop tools and pipelines that make reporting easier to incentivise data use
standardisation (BON-in-a-Box).
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Workshop Participants N ") | ccoBeNn  CcE€s @esa

Familiarity with the following topics Area of expertise of the participants and professional

background
Genetic Diversity others
15% Genetic 9%
Essential . o,
Biodiversity POLIC\;' 34 Earthf
Variables (EBV) 5% observation

35% 34%

Ecology
23%

Remote sensing

Biodiversity
Product
32%
Biodiversity
25%
2
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Workshop Participants “ ) [ ccoBeN  cE¢s @esa

Job category of the participants

EARLY-CAREER MID-CAREER SENIOR MANAGER CONSULTANT OTHERS
RESEARCHER RESEARCHER RESEARCHER

3
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Which EBV do you see as (most)

relevant for the GBF targets?

Not familiar gpecies)

system process  Landuse land cover function Specieg abundance Species distribution

(potentially
Functioning
disappeared

phenology

Effective population size
Genetic Composition
Specie distribution
Ecosystem function
Specie distribution
Ecosystem structure
Functional diversity
Species abundance
species populations
Community composition
Ecosystem extent

Species

Species richness Commu nlt‘f CﬂmpGSitiﬂ'n

Habitat extents

Protection level

Specie distribution

Genetic Composition

Effective population size

PDF  Ecosystems monitoring DMNA
Carbon and water fluxes

composition

Extent structure funcions

Distribution

Ecosystem extent s~

Ecosystem Functional divers |ty Stf’u Ctu re ECDSY’StEITI structure phenclogy diversity

cosystem extent condition Carbon

; vegetation traits
Habitat distribu

b Forest/vegetation height

Ecos\,rgtem function nteractions Canape Height
Interaction diversité

g | =i~ =
!.-" a'g.'-“l.--.-."! Clons

connectivity Ecostsrem structure

Estructure

Pratected area Species habitat index

Extent Habitat quality

Ecosystem fragmentation

Fauna accounting floristic composition

All of them

Ecosystem functionning
Phenology

Community composition
Primary productivity
Ecosystem extent
Species abundance
species distribution
Genetic diversity

Functional diversity

Ecosystem disturbances

0 5 10 15 20
0 2 4 6 8 10 12 14 16 18
4
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Which Remote Sensing Biodiversity

- GCOB&@N  CEES esa
Products are you using? es @

EVI MODIS Land cover maps

biophysical variables Nlcd Object Height Model
Soil moisture

e e e S [ sentinel-2 lidar optical
MR-y Copernious proecelC

Population model
Land surface phenology MODIS NDVI HFP P sissiiacins Copernicus HRL  Planet NICF

S Vodea ! Human industnal index

Biodiversity intactness index T,
Habitat - Worldview3

m CHI : o PO Y 1. ¥ ———
Global F;::r:.L Change PlanetScope i i SEHtiﬁEl-}% L'da r Se nt' n e l- 2 Landsat Ei Map I v Erl:.If.v::l::‘el;:...ﬂ;rnctdré

Phenology and vegetation 1Magery wuite SPectral diversity NDVI  Sentinel 2 30 Modis Sentinel Optics:: 4oV, e 1
Planwt superdove Satellite - | Ndwi
Ocean frontmaps opic s | oW SUPES ‘“Z oy "Oltion  Orthophotos EVI land cover pem Sentinel 1 mapping Carbon Terrestrial o
Hyperspectral Copernicus NIRV : S s TN
Hr vpp Forest structure . + . cover B p Land cover land use

Gross Matter Productivity Habititat map

Nono vegetation indices  cpecies traits

143 2a2
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Which EBVs are relevant for the

GBF targets?

Target 1: Plan and Manage all Areas To Reduce Biodiversity Loss

Ecosystem structure

Species abundance

Primary production

Taxonomic/phylogenetic
diversity

Phenology
Reproduction
Ecosystem disturbances
Species distributions

Physiology

Target 2: Restore 30% of all Degraded Ecosystems

|
M)

Primary production

Reproduction

Species abundance

Species distributions

Community Composition

Ecosystem structure

Trait diversity

Ecosystem functioning

Interaction diversity

Target 3: Conserve 30% of Land, Waters and Seas

= BN b= B

O

Species distributions

Reproduction

Ecosystem structure

Ecosystem disturbances

esa

CEES

Some of the EBV candidates repeatedly selected
as relevant to GBF targets

GBF is based on policy targets, while EBVs are
scientific definition of measuring biodiversity

Recommendation:
 Educate each other about our needs and what are
doing.

* There is confusion between the EBVs proposed by
GEO BON and the EBV list prepared by the
EuropaBON project.

6
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Reviewing the RS-Biodiversity
Products linked to EBVs

CEES

More RS products that be considered as RS Biodiversity Products (update list)

Accessibility and Scalability are still an issue for some of the RS Biodiversity
Products

Despite progress, it is still difficult to assess improvements in accuracy and
maturity of the RS Biodiversity Products

o nature ecology & evolution
Gaining trust of the end-users

Explore content ¥ About the journal ¥  Publish with us v

nature > nature ecology & evolution > perspectives > article

. Perspective | Published: 13 May 2021
Main message: Priority list of biodiversity metrics to observe from
« We need to improve the models we use to retrieve RS-Biodiversity space

p rod u CtS Andrew K. Skidmore E, Nicholas C. Coops, Elnaz Neinavaz, Abebe Ali, Michael E. Schaepman, Marc

Paganini, W. Daniel Kissling, Petteri Vihervaara, Roshanak Darvishzadeh, Hannes Feilhauer, Miguel

= o= 1= il
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What needs to happen on the science policy *
interface to support the use of EBVs and.improve
indicators?

EBVs are only descriptive, not providing direct information on biodiversity

The ranking of EBVs' importance is ecosystem-dependent, but some
guidance is still necessary

The EBV framework requires distinct levels of EBVs for the different levels
at which decision-makers or reporting agencies operate

Thresholds are needed to guide the categorization process

Address countries needs

8
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Which Remote Sensing BiodiversityjProducts g~ ) " ccoBen ce¢s @esa
can inform reporting on these indicators? ”

Trust, understanding and accessibility still required among conservationist, policy makers, EO
experts, etc. (everybody involved | biodiversity).

ECV products ae complementary and in some cases necessary to be used for reporting GBF
indicators

Maturity and utility are not the same for the EO products

Message: If EO data is made understandable for non-EO experts, they would use it—not just EO-
driven products

9
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Conclusions " ) U coBeN  CcE¢S @esa

)\ ] oroets
VAP ] ™

RS Biodiversity Products

/ N Conservationist, policy

EBVs

10
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Workshop participants

oBeN CE¢€S (esa

Thank You!

11

= o= 1= il

a

= o OE b BN 5Z X = = em im I+ > THE EUROPEAN SPACE AGENCY





		Slide Number 1

		Workshop Participants

		Workshop Participants

		Which EBV do you see as (most) relevant for the GBF targets?

		Which Remote Sensing Biodiversity Products are you using?

		Which EBVs are relevant for the GBF targets?

		Reviewing the RS-Biodiversity Products linked to EBVs

		What needs to happen on the science policy interface to support the use of EBVs and improve indicators?

		Which Remote Sensing Biodiversity Products can inform reporting on these indicators? 

		Conclusions

		Workshop participants




P
:"‘ A
I.;*i';, )

Bruno Smets VITO) & Qerlna Grﬂ?-%

[/

ESA UNCLASSIFIED - For ESA Official Use Only 1

= P EE oI EEFEBPE DD EEEEEE DD ESEEE =TT » THE EUROPEAN SPACE AGENCY

- wl=






Monitoring Biodiversity with

" ecoBeN cEgs @esa

Ecosystem Accounts

e Diverse audience, good interaction

Indicator A.2 Indicator B.1
e SEEA EA concept and link to GBF Extent of natural ecosystems Services from ecosystems
o Basis for 2 Headline Indicators 1
o Potential for other indicators (condition) STOCK ACCOUNTS ~ FLOW ACCOUNTS
(& change in stocks)
e Priorities for R&D roadmap: O @)
. Ecosystem Ecosystem
o Urgency of scaling up extont condition @)
o Capacity building E‘Eﬁzm
o Definition natural (flow & use)
o Scalable models
o Define tipping points
Expl fCF ° °
© EXplore use o ECORVEERN Ecosystem Physical
e sccouns
change in stock) (flow & use) Monetary
accounts
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Farmland Habitat Biodiversity (152)

Workshop on the development of an indicator based on remote
sensing data

Talie Musavil, Marcel Schwieder?, Christian Levers3, Momtchil
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FHBI implementation — Germany as pilot country
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Scaling the FHBI up at continental extent

Employing next iteration of EEA
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Overarching workshop feedback:

The current approach needs some improvements

Please rate the current state of the development!
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World Café: Round table discussion

 Two tables, two topics

1. Input data & variables for FHBI mapping

2. Linking land use to biodiversity

e Feedback & solutions

 Open discussion
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Feedback from round table 1:

"Input data and variables for FHBI mapping"

* FHBI should be scale depended: from regional to continental scale
* Wall-to-wall data as additional input (e.g., soil quality, water bodies, ...)

* Account for the larger landscape beyond farmland:
* Urban/settlements, natural areas (e.g., forests, grasslands).

* For example including measures of spatial "awareness":
* Landscape connectivity and heterogeneity.

* Output raw information and additional metrics:

e Statistical distribution of HQVs, sub-indices, farm as aggregation unit, time period.
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Feedback from round table 2:

"Linking land use to biodiversity"

Use in-situ taxonomic diversity data for index parameterisation:

* Reverse engineering, parameterisation of FHBI.

e Or alternatively use thresholds from literature and "validate" with in-situ
data (e.g., GBIF).

 FHBI needs to be targeted for single taxa or functional groups.

* Possibly linked to Nature Restoration Regulation indicators:
* Farmland birds and butterflies.

* Non linear parametrisation: linear relationship of structural and functional
diversity and grassland management might not always hold.
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Way forward

1. Screen feedback from workshop:

e What's necessary | optional | out of scope.

2. Expand community open tools:

e |nteractive FHBI web viewer.

e Individual adjustment of Habitat Quality Values. -
3. Community building:

e Expand working group for anyone interested.

8alta Polesine.
\

e Contact points for partecipation:
talie.musavi@ec.europa.eu

marcel.schwieder@thuenen.de e PT
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Presenters:

- Mario Vargas Shakaim - Indigenous Shuar from the Ecuadorian Amazon

- Diana Mastracci - Space4Innovation & GEO Indigenous Alliance

- Gabrielle Crowe - Vice Chair & Secretary of Environmental Sciences in the Gabrielino-Shoshone
Tribal Council of Southern California

- Axayactazi Kuauhtzin - undergraduate Earth Systems major at Stanford University, California, and
graduate of Anawakalmekak School

Additional Co-Organizers:

- Kyla Dahlin — Michigan State University

- Erin Hestir — University of California Merced

- Adriana Uscanga — University of Minnesota

- Elsa Ordway — University of California Los Angeles

The workshop included presentations and small group discussions.
Remote participants —including an Indigenous youth contingent— also attended
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GEO Indigenous Alliance smm & b Qcosen  cigs  @esa

Key Recommendations for ESA by the GEO Indigenous Alliance (GEOIA)

1. Partner with the GEO Indigenous Alliance to Strengthen Indigenous-Led Earth Observation
Established in 2019 at the UN level and led by Indigenous leadership, the GEO Indigenous Alliance has

been leading efforts to integrate Indigenous knowledge with Earth observation. We invite ESA to work in

partnership with the GEOIA to strengthen Indigenous-led approaches in space and Earth sciences.

2. Align ESA Projects with Indigenous Rights, UNDRIP, and GEO Indigenous Alliance Standards

o The GEO Indigenous Alliance has set precedents ensuring that all Earth observation projects respect

international treaties on Indigenous rights, including the United Nations Declaration on the Rights of
Indigenous Peoples (UNDRIP), and follow Free, Prior, and Informed Consent (FPIC). We welcome ESA
to align with these principles for ethical and effective collaboration.

3. Strengthen Indigenous-Led Participation, Governance, and Workforce Development

Indigenous leadership must be central to decision-making, governance, and access to funding in Earth

observation initiatives. We encourage ESA to support Indigenous data sovereignty and invest in
workforce development through capacity-building, leadership opportunities, and direct engagement with

Indigenous experts in space and Earth sciences.

@)

@)
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Take Home Messages fromGroup 1 E_ ) " ccoBeN cE¢s @esa
Q

1. Indigenous Data Sovereignty & CARE Principles

Data Sovereignty is Paramount. Indigenous communities have inherent rights over their data and knowledge. This goes
beyond individual privacy and extends to collective rights over ancestral lands and cultural knowledge.

Challenges
e Lack of Consent: EO data is often acquired without prior informed consent, raising ethical concerns
o "All EO acquisitions are ostensibly without permission."

e Misuse of Data: The potential for misuse, loss of CARE principles through data scraping, re-scraping, especially with the rise of Al
tools, poses a significant threat.

e Defining Ownership and Opt-Out: Determining land ownership and creating mechanisms for communities to opt-out of data
collection is complex and requires careful consideration. "Who defines whose land it is? What is ownership? How could
someone/some group request to opt out."

Opportunities
e Upstream Data Provider Engagement: Working with data providers to implement guardrails and labels is crucial to enacting
CARE
e Local Context and Labelling: Initiatives like the GBIF Indigenous Task Force and Local Context & Labels system are vital for
providing Indigenous perspectives on land and data and can serve as models for the EO community
e Space Agency Role: Space agencies can enact policies and procedures to ensure CARE principles are applied
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Take Home Messages from Group 2 FE_» " ccoBen cE¢s esa
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2. Equitable Co-Production & Collaboration

Relationship Building is Key. The EO community must shift from extractive approaches to building relationships based on
trust, respect, and genuine partnership.

Challenges

e Colonial Structures: Funding agencies, academic institutions, and EO agencies are all operating within colonial structures that were not built
to support or incentivise this type of work

e Parachute Science: Researchers from outside a community must avoid "parachuting” in and conducting research without proper
engagement. Not all Indigenous communities are minorities, many are majorities and parachute science is not taking into account local
voices.

e Lack of Funding & Time: Flexible funding, reporting, and time are necessary to support long-term relationship building and collaborative
work.
Fear of "Not Doing it Right": EO community may feel paralyzed by the challenge of equitable engagement.

Focus on Rational Decision-Making: A lot of science assumes people are rational decision makers, which does not acknowledge the
nuances in decision-making in different cultures.

Opportunities

e Co-Design & Co-Production: True collaboration requires designing research projects WITH Indigenous communities, not just for them.
e Moving Beyond Data: Recognize that Indigenous knowledge is not simply data; it includes complex systems passed down through
storytelling, which require cultural context

e Empowering Communities: Focus on empowering communities to use data and drive decision-making on their lands, not just participate in
research
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Take Home Messages from G%Oﬁp 3 E.» " ccoBeNn cE€s @esa

3. Amazon Indigenous Earth Observation

Youth empowerment, long-term data projects, and respecting Indigenous governance will strengthen Indigenous groups’
resilience and autonomy in addressing environmental and social issues.

Challenges

Lack of Connectivity: Many Indigenous communities in the Amazon face a lack of internet connectivity, which hampers communication,
education, and data collection.

Environmental Threats from External Actors: Mining, logging, and other illegal activities in the region are sources of conflict and
environmental harm.

Energy and Infrastructure Limitations: For example, some communities have solar panels but not all.

Data Sharing and Trust: Convincing local communities to share data with external organizations, particularly private companies, raises trust
issues and requires consent through complex governance structures.

Opportunities

Technology Solutions for Connectivity: Starlink offers a potential solution for internet connectivity, with discounts available, though it raises
questions around data sharing and long-term agreements with private companies.

Indigenous Knowledge and Science Integration: Integrating Traditional Ecological Knowledge (TEK) into scientific methodologies could
help refine taxonomies and improve data accuracy.

Youth Empowerment and Education: Technology can help youth stay in their communities while gaining education. Leveraging remote
learning tools and data collection initiatives can build local capacity for innovation, leadership, and self-governance.

Collaboration and Global Support: Collaboration with external organizations can bring valuable resources, while supporting local

communities in their governance and decision-making processes. 6
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Take Home Messages from the

" coBeN CE€s @esa

Workshop

4. Practical Steps & Future Directions

e "Moving at the Speed of Trust": Collaboration requires time and patience and cannot be rushed.
Opt-Out Mechanisms: Explore and implement mechanisms to allow Indigenous communities to opt-out of
remote sensing data collection over their lands.

e Storytelling: Recognize the importance of storytelling as a means of knowledge sharing and preservation:
“Storytelling is an essential component to this.” Hold space for storytelling in collaborative projects.

e Reframing Language: Shift away from terms that reinforce extractive perspectives; consider referring to
"resources" as "relatives."

e Structural Changes: Identify and advocate for changes in funding structures and research institutions that
reinforce colonial practices.

e Nagoya Protocol for EO: Explore the possibility of extending principles of the Nagoya protocol to EO data
beyond biological materials

e Working Groups: Establish working groups focusing on Indigenous engagement within agencies such as
ESA
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Session ob j ectives m CEES @ e

* Provide Civil Society Organizations (CSOs) and Non-Governmental Organizations (NGOs) active in
ecosystems conservation the opportunity to share their perspectives on current practices and needs
related to EO data and tools

« Gather experiences in best practices (and potential pitfalls) in co-design

« Conceptualize and co-develop EO-supported tools to be further elaborated during ESA’'s PEOPLE-
ECCO project

* Identify needs and priorities for EO capacity development

2
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Main messages f “) DcoBen  cE€s  @esa

Identified obstacles related to

« Lack of methods to derive actionable insights
« Lack of user-friendly platforms to process and inspect data
« Lack of EO capacity with NGOs/CSOs and lack of conservation capacity with EO experts

Co-design Do’s & Don'’ts:
v’ Iterative, openness (to new ideas, but also to criticism), expectation management

x Arrogance (“scientist knows it all”), over-promise, rushing, assumptions

EO Capacity Development focus:

* For NGOs/CSOs: not only on 'technicalities’, also train NGOs/CSOs in planning for EO-work: how to
budget EO items? How to plan for EO activities? What way of working is needed? Develop capacity in
making EO-tools part of practitioner workflows!

« For EO experts: conservation is complex

Open communication about feasibility and relevance from the NGO/CSOs as well as EO experts

3
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Main conclusions and
recommendations

ccoBeN CEEs (esa

« NGOs/CSOs need to have perspective; longevity of tools, data and approaches is key.

o The SEF initiative is useful. Communication of concrete actions is very welcome - in the project
proposal and execution phase

« Call for tenders that require strong partnerships are useful tools for bringing the conservation and EO-
communities together.

o Keep making sure that user-community can get sufficient budget.

o Framework for linking more NGOs/CSOs/local stakeholders to consortiums to avoid "the usual
suspects” of users.

« Continued focus on well-known barriers
o Capacity building, as most GIS/RS resources are reserved for landcover and not topics like biodiversity
o Engage with NGOs/CSOs leadership to ensure buy-in

o Ensuring data quality and accuracy at local scales

4
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BioSpace25

Biodiversity insight from Space

O WS: Wetland ecosystem workshop

O

Key workshop outcomes
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BioSpace25 - Biodiversity insight from Space

WS: Wetland ecosystems

This summary outlines the main points required For upscaling EO products to support wetland
inventories, wetland habitat conservation, GHG profiling, and Flood regulation

Wetland (and Soil) Inventory Needs

Need For higher quality and more quantity of in-situ data For validation and training in addition to better soil and
soil drainage data from both remote sensing (RS) and in-situ sources, especially L-band data for palustrine wetlands.

- Global standards For defining wetland change.

More showcase projects that demonstrate best practices for EO-based National Wetland Inventories (NWI),
including citizen science and super-site projects combining RS, drones, and in-situ data.

Development of user-driven EO products on wetland habitats corresponding (in their classification and nomenclature)
to national wetland habitat inventories.





BioSpace25 - Biodiversity insight from Space

WS: Wetland ecosystems

This summary outlines the main points required For upscaling EO products to support wetland
inventories, wetland habitat conservation, GHG profiling, and Flood regulation

Wetland Habitat Conservation

Using EO to support wetland conservation requires the right skills. Therefore building the capacities of EO
scientists in wetland hydrogeology is crucial in developing EO based products that are of use to support users in
their wetland conservation work.

More investment In situ data is key as EO technologies face challenges in identifying small, fragmented wetlands.
In-situ data are vital for improving EO product accuracy, validating remote sensing data, and addressing
misrepresentation y under conservation of small range patchy habitats typical in the case of wetland habitat types.

Regular release (seasonal) of thematic EO driven products to detect wetland hydro-ecological values (i.e.
habitat condition, degradation, and connectivity) . Thematic products shall be co-designed by wetland ecologists and
EO technicians and validated by filed practitioners, with transparency in their accuracy and limitations.

Improve atmospheric corrections and measurements of Land Surface Temperature (LST) products are crucial
for monitoring wetland health and stress.





BioSpace25 - Biodiversity insight from Space

WS: Wetland ecosystems

Greenhouse gas Fluxes and carbon sequestration capacities (GHG Profile) Needs

More Funding in producing in-situ data on GHG (CH4 and C) is needed from key wetland habitats, including
coastal wetlands. This should be collected through towers, chambers, and across various degradation/restoration
stages to understand GHG profiles and carbon storage capacity.

High spatial and temporal scale EO data on hydrology, water table depth, habitat boundaries, and changes over
time are essential.

A harmonized approach to GHG data collection and analysis should be established to support understanding of
emission factors in wetlands.

Flood Regulation Needs

Need for Tailored Large scale harmonized Products, such as terrain roughness and runoff coefficients, are needed
for accurate flood modeling.

Improvements in temporal resolution for real-time flood monitoring products are needed, as extreme events
have short durations. Drones equipped with radar could provide valuable local-scale flood data.

Building capacities by bridging the knowledge gap between radar and optical data experts helps maximizing the
potential of remote sensing data for flood regulation.

EO solutions to fill the unavailability of in In-situ water quality data during flooding events is crucial for upscaling
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Workshop Organisers

Anabelle Cardoso Kyla Dahlin Erin Hestir Mike Harfoot Carsten Meyer
University at Buffalo, USA & Michigan State University of California Vizzuality & Dalhousie iDiv, Germany
University of Cape Town, University, USA Merced, USA University, Canada

South Africa

Javier Pacheco -Labrador Christian Rossi Maria Santos Adam Wilson
Spanish National Research University of Zurich, University of Zurich, University at Buffalo,
Council, Spain Switzerland Switzerland USA





Why is this important?

Demand for biodiversity knowledge
across society: Countries (GBF), land
managers, sustainability reporting,
nature-related finance

Most large-scale data products involve
integration of in situ and Earth
Observations

Seldom
propagate or communicate

uncertainties






Workshop Objectives: The task of the breakout groups

e What applications of integrated in situ/RS
biodiversity data products need better uncertainty
quantification?

e What are the priorities to reduce uncertainty in
integrated in situ/RS biodiversity data products?

*& ’a ‘t Qz L tinyurl.com/biospaceuncertainty

Species Species Community Ecosystem Ecosystem All materials are on the WOI’kShOp
populations traits composition functioning structure . . I
website - check it out!






Workshop Finding/Recommendation 1: Harness existing data

Existing in situ data needs to be mobilised, harmonised and standards and
protocols developed for key variables to be collected in the future

Problem: Much in-situ data exist but are scattered, inconsistently formatted with inconsistent metadata
and a lack of standardisation in data collection protocols. Data harmonization is resource intensive and
under-invested.

Recommendations:

Community: Incentivize open in situ data

Agencies: Mandate open in situ data

Enhance and invest in harmonization efforts to allow existing datasets to be aligned with
standardized formats

Ensure common standards and protocols for in situ data collection

Promote common metadata standards ensure these accompany data

Ensure future in situ data is collected in a way that aligns with SRS (e.g. multi-scale sampling)
Train local scientists, build local capacity for data collection, and empower local communities to
create SRS-aligned data





Workshop Finding/Recommendation 2: Develop uncertainty methods

Develop methods for propagation of uncertainty through processing steps from
in-situ and SRS data

Problem: Uncertainties exist at all levels (e.g., measurement, model assumptions, sensor calibration) but
are rarely communicated effectively. In situ data are treated as “truth,” but they vary.

Recommendations:

Develop methods for propagating uncertainty through different processing levels

Improve training & education in uncertainty propagation and analysis

Ensure that uncertainty estimates are transparently included in final EO products - provide explicit
uncertainty layers or confidence measures alongside gridded products

Standards for uncertainty estimation and reporting standards are essential to facilitate fair
downstream consideration

Enable community integration to encourage knowledge sharing between in situ and SRS data
communities.

Develop guidance on how to interpret and use uncertainty information effectively.

Encourage user engagement to ensure uncertainty estimates are accessible and actionable





Workshop Finding/Recommendation 3: Fill gaps

Fill in situ data gaps

Problem: Large geographic, ecosystem- and variable-specific gaps exist in in-situ measurements

Recommendations:

Prioritize new observations in underrepresented regions and ecosystems, such as savannahs, semi-arid
grasslands, tropical regions, Africa, and South America.
Use value of information approaches e.g. sensitivity of products to new observations to strategize new
data collection.
Consider shifting the mandate of agencies to include the necessary in situ data collection

o Inter-agency and intergovernmental coordination and leadership is hecessary to unlock much

existing data

o Learn from successful models of global coordination for in situ data (e.g., Aeronet)

There was a near-unanimous vote to prioritize in situ data mobilisation over new satellite development
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Workshop: Increasing Space Agency Impact
on Biodiversity Conservation

Gary Geller, NASA Jet Propulsion Laboratory, > 1
California Institute of Technology AR S g

Antonio Ferraz NASA JPL af =" |

Peter Kalmus NASA JPL s

Shaun Levick, CSIRO fr g
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Marc Paganini, ESA =
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Woody Turner, NASA *‘_;";;T’

BioSpace25
10-14 February 2025
ESRIN, Frascati, Italy
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on biodiversity conservation?”





Barriers

1 Capacity of many users is limited

d Wide range of EO instruments is confusing (e.g., redundancy)

O Existing data products are difficult to find, access, use

 Not enough higher level products (e.g., EBVs, Indicators...)

d In situ data lacks coordination—not findable, not standardized

O Lack of easily available historical satellite data for baseline scenarios





Recommendations

O Capacity
* Expand existing training programs for broad biodiversity community
» Stronger relation between agencies and knowledge hubs in global south
* Provide funds for fellowships, esp. in global south
O Coordination
* CEOS should standardize data among space agencies
* CEOS should develop a roadmap to help coordinate multi-agency biodiversity work
* Form an biodiversity user advisory group in CEOS
1 More higher level products

Develop more partnerships to facilitate data product generation. (BON in a Box role...)

Leverage existing services such as openkEV

Need new, young coders who do things in new ways (e.g., beyond L2 to...traits...)

Make change maps—everyone is interested in change





Recommendations

O Simplify access to data
* Cross-agency standards for product generation methodology
* CEQOS create a searchable, LLM built on Agency documentation
* Coordination & increased access to airborne campaign data
 Various
* Create sustainable supersites for study and calibration
* Make more historical data available, esp. Landsat, SPOT

> All of this will feed directly into CEOS Biodiversity Study Team
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Objectives ~ b " ccoBeN cE¢s @esa

Discuss national reporting for the Global Biodiversity Framework:
« Help countries prepare their national reports due in February 2026.
Discuss drafting of National Restoration Plans:

« Assist EU countries in developing draft National Restoration Plans for the Nature Restoration Regulation later in
2026.

Understand how requirements at different levels of governance fit together and complement one another
« Restoration is often local, with policies at all levels of governance including EU and international.
Foster collaboration among stakeholders:

« Bring together end-users, EO downstream industry, and stakeholders at European, international, and national
levels.

Maximize impact and success:
 ldentify strategies for achieving the best outcomes in biodiversity and nature restoration efforts.
Address blocking points:

« Highlight and tackle potential challenges that could hinder progress in effective policy implementation and meeting
these deadlines. ;
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Key Messages from Speakers,. ~ ) [ ccoBeN  cE€s @esa

- The Nature Restoration Regulation (NRR) presents an opportunity to harmonize data reporting across
countries. Implementation challenges remain. Many aspects of the NRR remain difficult to put into practice due to
a lack of clear methodologies and guidelines.

- Easily measurable indicators and standardized data are essential for cross-country comparisons.
- Targeted support is needed to help partners implement restoration efforts effectively.

- Advances in monitoring and well-defined metrics on what countries report should prevent inconsistencies seen
in the Habitat Directive by ensuring clear methodologies.

- We need clear insights globally into the status, locations, and impact areas of restoration efforts, including their
connections to nature and to people .

* More in situ data and well-funded standardization efforts are necessary, fostering collaboration among diverse
stakeholders.

* National stakeholders require additional resources and a stronger policy mandate to implement restoration
initiatives.

- Stronger partnerships between the Earth Observation industry and public institutions are key, built on trust,
mutual understanding, and capacity building.
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Recommendations ~ ) ccoBen  ce¢s  @esa

- Strengthen multi-stakeholder dialogue: having continued and iterative conversations and collaboration between
Member States, NGOs, institutions, the EO industry (including ground data expertise), and public and private
users with interests in restoration activities complementing existing structures like Eionet — need for “facilitators
of knowledge” for a "continued process of knowledge co-creation” — role for ESA?

* Facilitate policy implementation: provide targeted guidance to support policy implementation at the Member State
level.

« For the Nature Restoration Regulation, create clear methodologies for monitoring which allow for the provision of
uniform data.

- Create a knowledge-sharing platform: develop a dedicated space for exchanging best practices and lessons
learned.

« Act with urgency: proactive action now will prevent future inefficiencies and challenges.

« Ensure ambitious coordination: maintain strong collaboration between national and European entities to
effectively contribute to global frameworks.

* Involve countries in tool development: engage Member States in designing implementation tools to ensure they
are practical and fit for purpose.
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Nature Finance workshop: summary

Objectives:

1.Establish a shared understanding off Nature Finance user requirements for EO
2.Explore current EO tools and methods that could be applied
3.Create a vision for the future of EO for Nature Finance

Main messages from speakers:

« Current state of Nature Finance; greening finance/financing green (N Ranger)
* The concrete EO ask for Nature Finance pilots under the LEON project (J Bull)
* Linking GBIOS to Nature Finance, and beyond (A Gonzalez)

* The crucial role of the TNFD (M Connelly)

Conclusions and recommendations:

 Extensive notes, too numerous to capture here; to be shared in a wider report!





Nature Finance workshop: outcomes by LEON project pilots

Mining and Agri-Food (pilots 1, 2):

We need data and metrics that are transparent and comprehensible to investors and the corporates themselves to enable measurement of impacts on
nature and verifiable outcomes from mining and agriculture supply chains

In order understand biodiversity impacts of business we need to know supply chains

Also, soil biodiversity, and positive Impacts e.g. agroforestry, field edges

Risks (pilot 3):

We need a globally consistent and comparable measurement of ecosystem degradation and biodiversity loss that can be attributed to specific
economic activity, human, and environment drivers; and we must assess ecosystem service provision and/or change over time

Take a ‘vulnerability’ approach to map most exposed area (requires spatial information); localize the material impact of ES at the level of a company
footprint

Decide which scale: identify cost-benefit of improving accuracy and reduce uncertainty vs improving scale and maintaining accuracy

Biodiversity credits (pilot 4):

We need a system that can provide useful monitoring and accountability for large landscape scale biodiversity credit projects as well as many small-
scale projects across a single landscape

Spatial and spectral resolution for habitat condition monitoring

Indicators beyond species detection, focusing on structural and ecological condition

Also, EO as an early warning system for failure e.g. identify heat stress

Natural Capital Accounting (pilot 5):
We need reliable maps of current, historical and future projections of ecosystem extent and state to facilitate opportunity identification for conservation
and restoration

Debt for Nature swaps (pilot 6):

We need to be able to monitor the implementation and outcomes of specific ‘key performance criteria’ on financial instruments, and we need metrics
that can capture and attribute a risk reduction benefit of specific restoration or protection activities that can be used to justify and measure a reduction
In loan interest or monitor activities conducted with money saved on interest
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Global Ecosystem Atlas — Workshop Summary

Major Points Discussed,;

The importance of building partners, sharing data and approaches — and limiting wherever
possible the duplication of ecosystem mapping efforts.

The need to share the specific methods developed by Atlas to crosswalk national maps to the
IUCN GET.

The strong need to show the original sub-national, national data layers (wherever licensing
allows), requiring efforts on negotiating the re-licencing of data.

 Atlas will provide a full data catalogue, and crosswalking methods.

The need for temporal based ecosystem extent data for ecosystem accounting, national
reporting etc., and the difficulty in generating that data in the short term for Atlas.

The need to coordinate between in-country teams working on ecosystem ground mapping and
related projects - benefiting from existing resources.

The difficulties in resolving cross boundary (nations, state) ecosystem classifications.

14/02/2025
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