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Improving biodiversity monitoring using satellite
remote sensing derived indicators
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Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)

Media Release
(Cliguez ici pour le texte en Francais)

* Summary for Policymakers, photos, ‘B-rolf, other media resource
» Media launch webcast live from #IPBEST (Paris, France): bit.by/IP| starts at 1p.m. (Paris time — CEST) /7 a.m. (US EDT)/ neon (Londen — BST)

« For interviews: med

=.net or French: +33 62520-0281 English: +1-416-878-8712 or +1- 415-290-5516 or +49- 176-2538-2223 (After 7 May: +49-152-3830-0867

Nature’'s Dangerous Decline ‘Unprecedented’
Species Extinction Rates ‘Accelerating’

Current global response insufficient;
‘Transformative changes’ needed to restore and protect nature;
Opposition from vested interests can be overcome for public good

Most comprehensive assessment of its kind;
1,000,000 species threatened with extinction







Biodiversity monitoring is critical to understand how to mitigate mass
extinction

» Biodiversity is multidimensional
 There is no unique indicator to describe or monitor biodiversity

—2>Group on Earth Observations Biodiversity Observation Network
(GEO BON) aims at improving the availability of biodiversity change
data to decision makers and scientists in support of policy
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A global system of harmonized observations is
needed to inform scientists and policy-makers.
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Essential Biodiversity Variables
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Remote sensing as a key data source for biodiversity monitoring

Earth observation appropriate to provide
iInformation for the monitoring of biodiversity

_ ‘RS enabled EBVSs’
L. - Regional / global monitoring

« Cost effective
#-y° Coupling with global modeling tools
"« Combined with in situ observation networks

...
coll 2 7

SA’s Landsat 8 satellite in 2013.

Agree on biodiversity
metrics to
track from space

Ecologists and space agencies must forge a global
monitoring strategy, say Andrew K. Skidmore,
Nathalie Pettorelli and colleagues.

capture

Very active domain of research, boosted by

iIncreased RS data availibility (including LandSat &
Copernicus)

Skidmore et al. 2015, Nature, 523(7561)
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Essential Biodiversity Variables

Scenarios for biodiversity
& ecosystem services (e.g. for IPBES)

High-level indicators of biodiversity
& ecosystem services (e.g. for CBD)

Ancillary attributes Ecosystem-service
(slow changing) valuation & other data

Observations of policy
& management

responses

Observations
of drivers & _ o :
pressures Essential Biodiversity

Variables

Genetic composition Community composition

Species populations

Ecosystem structure

Species ftraits Ecosystem function

Primary observations of
change in state of biodiversity

In-situ Remote
monitoring  sensing

» They provide the first
level of abstraction
between low-level primary
observations and high-
level indicators of
biodiversity

An ideal EBV should be

able to

O capture critical scales
and dimensions of
biodiversity

O a state variable (in
general) sensitive to
change

O ecosystem agnostic (to
the degree possible)

O technically feasible
economically viable
sustainable in time
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Methods in
Ecology and
Evolution
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JImproving Biodiversity

Monitoring Using
Satellite Remote
Sensing

‘Improving Biodiversity Monitoring using Satellite Remote Sensing#”, le dernier numéro spécial de la revue Methods in Ecology and Evolution#
sous la direction de Sandra Luqued, Nathalie Pettorelli#, Petteri Vihervaarad et Martin Wegmann &, documente ce que la télédétection apporte a

I'écologie.

, Pettorelli, N et al. (18 more authors) (2018) Measuring beta
ge for biodiversity monitoring. MEE ISSN 2041-210




Jean Baptiste Féret
http://cao.stanford.edu/

http://spectranomics.stanford.edu/



Application with high resolution imaging spectroscopy

Ecological Applications, 24(6), 2014, pp. 1289-1296
© 2014 by the Ecological Society of America

Mapping tropical forest canopy diversity
using high—ﬁdelity imaging spectroscopy

JEAN-BAPTISTE FERET' AND GREGORY P. ASNER

Shade/cloud Mask Continuum removal PCA and feature selection

PROCESSING

PREPROCESSING

K-means clustering on To each pixel of aplot - Shannon diversity index

random selection: assign a spectral species - Pairwise BC dissimilarity
Spectral spedies distribution within a kernel

BIODIVERSITY
ASSESSMENT

of k “spectral species”

L

a-diversity

ESTIMATION OF BIODIVERSITY
INDICATORS




Operationalization of Biodiversity mapping with satellite data
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Measuring p-diversity by remote sensing: A challenge for
biodiversity monitoring
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Influence of environmental factors on species composition

9 Spatially exhaustive maps of biodiversity allows linking different
components of biodiversity to multiple factors
Terrain: elevation, slope, orientation
Hydrology
Geological & edaphic context
Various human induced effects

Imaging spectroscopy is powerful, yet complex to (pre) process and
quite costly




Biodiversity monitoring in tropical forests

Mapping tropical forest canopy diversity

using high-ﬁdelity imaging spectroscopy Definitions :

« a-diversity : mean species diversity at local scale

JEAN-BAPTISTE FERET' AND GREGORY P. ASNER

Féret & Asner, Ecological Applications 2014

usual metrics for
a-diversity :

a diversity hyperspectral

- Richness

- Shannon index
- Simpson index
- Fischer index
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Biodiversity monitoring in tropical forests

Mapping tropical forest canopy diversity

using high-fidelity imaging spectroscopy Definitions :
« a-diversity : mean species diversity at local scale

« B-diversity : compositional turnover between sites

JEAN-BAPTISTE FERET' AND GREGORY P. ASNER

Féret & Asner, Ecological Applications 2014

usual metrics for
a-diversity :

pdiversity hyperspectral

- Richness

- Shannon index
- Simpson index
- Fischer index

usual metrics for

- Bray Curtis
dissimilarity

- Jaccard
distance
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Operationalization of Biodiversity mapping with satellite data
|
» Other types of data may be considered for application of
methods for diversity mapping based on spectral
heterogeneity, but further studies required

* \ery high spatial resolution multispectral sensors
« Worldview
* LandSat-8

To be explored if interested in regional scale

e Other types of data
 LIDAR: structural heterogeneity

« Radar




Example: diversity mapping with Sentinel-2

a-diversity

CAO AToMS Sentinel-2

SR:2m SR:10m

B-diversity




‘ Example: diversity mapping with Sentinel-2




* Landscape scale (80 km x 40 km)




Example: diversity mapping with Sentinel-2

* Landscape scale (80 km x 40 km)




* Landscape scale (80 km x 40 km)




ith Sentinel-2

ing w

ty mappi

iversi

d

Example

« Landscape scale (100 km x 100 km)
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Example

LLandscape scale (100 km x 100 km)




Spectral variation hypothesis

Comparison among spectral metrics




Structuring framework for present & future research on biodiversity:

defining the Essential Biodiversity Variables (EBV)

International networks and collaborations
A e-Sourcebook of Methods and Procedures for Monitoring Essential Biodiversity
Variables in Tropical Forests with Remote Sensing
nttp://geobon.org/products/books;

A SOURCEBOOK OF METHODS AND PROCEDURES FOR |
MONITORING ESSENTIAL BIODIVERSITY VARIABLES IN
TROPICAL FORESTS WITH REMOTE SENSING

8 GEO BEN

Globe! Observation of Forest and Land Cover Dynamics

Group on Earth Observations
Blodiversity Observation Network

Gill, M., Jongman, R., Luque, S., Mora, B., Paganini, M., Szantoi, Z. (Eds. ) 2017


http://geobon.org/products/books/
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Over-arching research goals RS-EBV’s

Innovation & technology for improved biodiversity monitoring

Higher landscape heterogeneity (derived from RS) Is related to
higher amount of species occupying different niches

Operational method to Improve biodiversity monitoring despite
assumptions

Operational methods & tools to be linked to policies for
Improvement of public awareness and cost-effective management of
biodiversity




Alpine ecosystems:
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