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Essential Climate Variables

* 50+ GCOS Essential Climate
Variables (ECVs) (2010)

 GEOSS/GEOBON Essential
Biodiversity Variables
(EBVs)
* Land cover, fAPAR, LAI,
biomass, (fire)

disturbance, soil
moisture, soil carbon

Domain

Atmospheric
(Over land, sea

GCOS Essential Climate Variables

Surface: Air temperature, Wind speed and direction, Water vapour, Pressure, Precipitation, Surface
radiation budget.

Upper-air: Temperature, Wind speed and direction, Water vapour, Cloud properties, Earth
radiation budget (including solar irradiance).

and ice)
Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases, Ozone and
Aerosol, supported by their precursors.
Surface: Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea ice, Surface current,
Ocean colour, Carbon dioxide partial pressure, Ocean acidity, Phytoplankton.
Oceanic
Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon dioxide partial pressure, Ocean
acidity, Oxygen, Tracers.
River discharge, Water use, Groundwater, Lakes, Snow cover, Glaciers and ice caps, lce sheets,
Terrestrial Permafrost, Albedo, Land cover (including vegetation type), Fraction of absorbed

photosynthetically active radiation (FAPAR), Leaf area index (LAl), Above-ground biomass, Soil
carbon, Fire disturbance, Soil moisture.

http://gosic.org/ios/MATRICES/ECV/ECV-matrix.htm



http://gosic.org/ios/MATRICES/ECV/ECV-matrix.htm

EBVs

...global geosystems have been altered

How have humans impacted on the Earth’s ecosystems and
biology that may be creating a global signal in the
permanent geological record?

Monitoring the change with Essential Biodiversity Variables
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Definitions of Biodiversity
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Quaternary ice age*

= Earliest apes / humans

+« Karoo ice age*

+ Earliest tetrapods

+ Andean glaciation*

+ Cambrian explosion

+ Ediacaran biota

+ Cryogenian ice age*
Earliest animals

+ Earliest plants

+ Earliest fungi
+ Earliest multicellular life

+ Sexual reproduction

« Huronian glaciation®
= Atmospheric oxygen

+ Pongola glaciation®

+ Earliest oxygen

+ LHB meteorites
+ Earliest fossils

+— LUCA
+ Earliest water

+ Earth formed
*Ice Ages

Biodiversity: more than just a number

The term Biodiversity was proposed by Raymond F. Dasmann in 1968.

Definition adopted by the United Nations Convention on Biological Diversity:

“Biodiversity is the variability among living organisms from all sources, including terrestrial, marine, and
other aquatic ecosystems, and the ecological complexes of which they are part: this includes diversity
within species, between species and of ecosystems.” (UN 1992)

Biodiversity and evolution — phylogeny (tree of life)




Biodiversity: the variety of Life

Biological organization levels

* Genetic Diversity
The genetic variation contained in the genes of all
species.

* Species Diversity
The total number of species and the number of
individuals per species.

* Ecosystem Diversity
The variety of habitats, communities and ecological
processes.




"LIFE ON EARTH IS ONE BIG EXTENDED FAMILY!"

Echinoderms

© 2008 Leonard Eisenberg.
All rights reserved.
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WHY BIODIVERSITY MATTERS: THE EXAMPLE OF ECOSYSTEM

SERVICES

Pollination -~

Proportion of the
most productive
crops, including
most fruits and
oilseeds, which are
animal-pollinated

3

2
; 00/0
Estimated cost to-
US-producers in

2007 due to collapse
of bee colonies

$15

billion

Water retention. & flood control Pest & disease control
Cost of flooding linked to deforestation Annual losses caused by mismanaged or
which destroyed c.25 million hectares of accidental species introductions as agricultural

crops in Bangladesh, China, India and pests in the US, UK, Australia, South Africa,
Vietnam in 1998 India and Brazil

$23 billion  $100 billion’

Genetic variability

Sofquélity‘&“r“e‘téhﬂbn Commercial interest in genetic banking

Amount of cropland is indicative of its value to producers.

spge Continued loss of biodiversity will
abanQoneq dug b | I I on necessitate increased expenditure on
KGN SOOI 0 seed banking or genetic variability will be
= \J hectares

R PRSI yours lost. Crop samples currently maintained

. by 1,500 gene banks around the world
Economic

€53 Pervectarel 6 million’

Source: Biodiversity & risk, World Economic Forum



A single indicator (like temperature increase)

Problems: weighting, technigue changes over time

Indicators using

. . Scalability
species observation

Comparison

2.0
s Global
Global Living Planet Index

~ b shows a decline of 70%
I between 1970 and 2018
§ . (https://www.livingplanetind
o ex.org/latest_results)
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http://www.livingplanetindex.org/search

.— Darker greys represent greater declines

1970
] _ e 2022 Living Planet Index

Europe and Central Asi:
187% decline

deemed “non-threatened” by
the International Union for
Conservation of Nature were
also declining

https://www.ft.com/content/5c8c2aa5-8735-

- II I  dermed o e
-bun B - { 4123-8092-aca3fcda37a4
11



https://www.ft.com/content/5c8c2aa5-8735-4123-8092-aca3fcda37a4
https://www.ft.com/content/5c8c2aa5-8735-4123-8092-aca3fcda37a4

International Response ------
UN Sustainable Development Goals & CBD Aichi targets

Summary of linkages between SDGs and Aichi Biodiversity Targets

Relevant Alchi
Sustainable Development Goal Blodiversity Target’

End poverty in all its forms everywhere
2. End hunger, achieve food security and improved and p le agricubn.

3. Ensure healthy lives and promote well-being for all at all ages

4, Ensure inclusive and equitable quality education and promote Iifelong leamning opportunities
for all

5. Achieve gender equality and empower all women and girls

6. Ensure the availability and sustainable management of water and sanitation for all

reliable, bl d sl

7. Ensure access to affordabl energy for all

8 Promote sustained, inclusive and sustainable economic growth, full and productive employment
and decent work for all

9. Build resilient infrastructure, promote Inclusive and sustainable industrialzation and foster
Innovation

10. Reduce inequality within and among countries

11, Make cities and human settlerments inclusive, safe, resillient and sustainable

12. Ensure

bk and prod patterns
13, Take urgent action to combat climate change and its impacts

14. Conserve and sustainably use the oceans, seas and marine resources for sustainable
developmaent
15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage

forests, combat desertification and halt and reverse land and halt biod y loss
16. Promote ful and Incls for sustainable ! provide access to justice
fior all and build effe a0 ible and Inclusive insti atall levels

17. Strengthen the means of implementation and revitalize the global partership for sustainable

development
g Incentives reformed

M sustainable agriculture,
squaculture and forestry

Overview of Aichi Biodiversity Targets

of
increased
E_l l Il‘lablm!ouhmﬁu

Sustainable management
+ J of aquatic living sources

2,6,7.14
4,6,7.13,18
8,13,74,16,18

1,19

14,17,18
8,11,14,15
5.7,14,15,19
2,4,6,7.14,16

2.4,8,14,15,19

8,15,18, 20
2,4,8,11,14,15
1,4,67.819
2,5,10,14,15,17

2,3,4,56,7,810,
L1 14,1517,19

2,4,5,7,9.11,12, 14,
15,16

17

2,12,19, 20

|
‘ Sustainable producti
2 J and coraumption

- -
Poliution reduced
— -

Access to snd sharing
benefits from geneti
relources

10

Invasive alien species *| Ecosystems vulnerable to
prevented and controlled . J climate change Protected Areas
ﬁ ! Safeguarding genetic Ecosystem restoration and
13 diversity o J Ecosystem services resilience
4l -
Biodiversity strategies and |/ {"' B4 Shark
Kl 74 action plans [ 18 S— o L 19

o] ilizing
\ V) froem all sources

—

GOAL 15: PROTECT, RESTORE AND PROMOTE SUSTAINABLE USE OF
TERRESTRIAL ECOSYSTEMS, SUSTAINABLY MANAGE FORESTS, COMBAT
DESERTIFICATION AND HALT AND REVERSE LAND DEGRADATION AND
HALT BIODIVERSITY LOSS

__"‘“‘”‘“

152

154

155

156

157

158

By 2020, ensure the conservation, restoration and sustainable use 4,5,7,11,14,15
of | and inland and their services,
in p:rucular forests, wetlands, mountains and drylands, in line with

under i i g

By 2020, p the impl of bl W
of all types of forests, halt deforestauon restore degraded forests and
increase and globally

SRR +20 biodiversity indicators proposed by the convention on biodiversity

in 2010

By 2030, combat desertification, restore degraded land and soil,
indluding land affected by desertification, drought and floods, and
strive to achieve a land degradation-neutral world

4,515

By 2030, ensure the cor of i includi —— ¢Aichi #15 Restore at least 15% of degraded systems
their biodiversity, in order to enhance their capanty to provide ben-eﬁts

that are essential for sustainable development

11,14,15

Take urgent and significant action to reduce the degradation of natural
habitats, halt the loss of biodiversity and, by 2020, protect and prevent
the extinction of threatened species

———— > +Aichi #5 Halve rate of loss by 2020

Promote fair and equitable sharing of the benefits arising from the 16
utilization of genetic resources and promote appropriate access to such
resources, as internationally agreed

Take urgent action to end poaching and trafficking of protected species 12
of flora and fauna and address both demand and supply of illegal

wildlife products

By 2020, introduce measures to prevent the introduction and 9
significantly reduce the impact of invasive alien species on land and

water and control or eradicate the priority species

By 2020, i and bi | and 2
local planning, development processes, poverty reduction strategies
and accounts

ity values int




Kunming-Montreal Global Biodiversity Framework
Themes and Targets

23. Ensure gender equality 1 Reducing land- and sea-use change

22. Respecting rights and cultures of Indigenous ‘ 2. Restoration of degraded ecosystems C B D

peoples and local communities

21. Ensure data, information and — 3. Protect and conserve areas

]
knowledge, are accessible to decision B : — K u n m I n -
A . B 4, Halting species extinctions and

reducing extinction risk

20. Strengthen capacity-building and ; e d M o n t re a I
. 3 . 14 ? o 5. Harvesting and trade of wild species

technical and scientific cooperation

9. Substantially and progressively Global - U, E | 5 Managing nvasive affen species P o S t 2 O 2 O
wcrease the level of financial resources -

Biodiversity 8 2 7. Reducing negative impact of

makers, practitioners and the public

pollution on biodiversity
3. Identify, and eliminate, phase out or Fra mework *
form incentives, including subsidies % -:(é—

8. Minimize impacts of climate change b i o d i Ve rs i ty
mmmm“ ’;s w N r— targets

as set out in Article 8(g)

10. Agriculture, aguaculture, fisheries,
16. Encourage and enable and forests are sustainably managed

sustainable consumption choices

|

11. Restore, maintain and enhance nature’s contributions

15. Integrate legal, administrative or policy ’ to people, including ecosystem functions and services

measures within business and financial institutions

- . . . . 12. Urban blue and green spaces
14. Integrate biodiversity and its multiple values into

policies, regulations, planning and development processes

13. Fair and equitable sharing of genetic resources and DSI



https://www.cbd.int/gbf/targets/

Defining how to measure biodiversity
2290090

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

U e
Ecosystem-service
valuation & other data

* ESSENTIAL
* BIOLOGICAL

I

Ancillary attributes
(slow changing)

Observations Observations of policy o P O LI CY
of drivers & & management
pressures

* FEASIBLE

* SCALABLE
* ECOSYSTEM AGNOSTIC

....................

The Essential Biodiversity Variables (EBVs), defined “as the derived measurements

required to study, report, and manage biodiversity change, focusing on status and

trend in elements of biodiversity should play the role of brokers between
monitoring initiatives and decision makers.” B



What are
Essential
biodiversity

variables
(EBVs)

EXAMPLES OF CANDIDATE ESSENTIAL BIODIVERSITY VARIABLES

EBV
class

Genetic
composition

Species
populations

Species
traits

Community
composition

Ecosystem
structure

Ecosystem
function

EBV
examples

Allelic diversity

Abundances
and
distributions

Phenology

Taxonomic
diversity

Habitat
structure

Nutrient
retention

Measurement and scalability

Genotypes of selected species
(e.g., endangered, domesticated)
at representative locations.

Counts or presence surveys for
groups of species easy to monitor or
important for ES, over an extensive
network of sites, complemented
with incidental data.

Timing of leaf coloration by RS,
with in situ validation.

Consistent multitaxa surveys and
metagenomics at select locations.

RS of cover (or biomass) by height
(or depth) globally or regionally.

Nutrient output/input ratios
measured at select locations.
Combine with RS to model regionally.

Temporal
sensitivity

Generation
time

1to>10
years

1 year

5to>10
years

1to5
years

1 year

Feasibility

Data available for many species and
for several locations, but little global
systematic sampling.

Standardized counts under way for
some taxa but geographically
restricted. Presence data collected for
more taxa. Ongoing data integration
efforts (Global Biodiversity
Information Facility, Map of Life).

Several ongoing initiatives
(Phenological Eyes Network,
PhenoCam, etc.)

Ongoing at intensive monitoring sites
(opportunities for expansion).
Metagenomics and hyperspectral RS
emerging.

Global terrestrial maps available with
RS (e.g., Light Detection and Ranging).
Marine and freshwater habitats mapped
by combining RS and in situ data.

Intensive monitoring sites exist for N
saturation in acid-deposition areas and
P retention in affected rivers.

Relevance for CBD targets
and indicators (1,9)

Targets: 12, 13.

Indicators: Trends in genetic diversity of selected
species and of domesticated animals and cultivated
plants; RLI.

Targets: 4, 5, 6, 7, 8,9, 10, 11, 12, 14, 15.
Indicators: LPI; WBI; RLI; population and extinction
risk trends of target species, forest specialists in
forests under restoration, and species that provide
ES; trends in invasive alien species; trends in
climatic impacts on populations.

Targets: 10, 15.
Indicators: Trends in extent and rate of shifts of
boundaries of vulnerable ecosystems.

Targets: 8, 10, 14.

Indicators: Trends in condition and vulnerability of
ecosystems; trends in climatic impacts on
community composition.

Targets: 5, 11, 14, 15.

Indicators: Extent of forest and forest types;
mangrove extent; seagrass extent; extent of
habitats that provide carbon storage.

Targets: 5, 8, 14.

Indicators: Trends in delivery of multiple ES; trends
in condition and vulnerability of ecosystems.

15



EBV class

Genetic composition

Species populations

Species traits

Offical
GEOBON
EBVs and
EBV Classes

Community composition

Ecosystem functioning

Ecosystem structure

[ B B O]

EBV name
Genetic diversity (richness and heterozygosity)

Genetic differentiation (number of genetic units and
genetic distance)

Effective population size
Inbreeding

Species distributions
Species abundances
Morphology

Physiology

Phenology

Movement

Reproduction
Community abundance
Taxonomic/phylogenetic diversity
Trait diversity

Interaction diversity
Primary productivity
Ecosystem phenology
Ecosystem disturbances
Live cover fraction
Ecosystem distribution

Ecosystem Vertical Profile




HOME ABOUT»> NEWS- WORKPACKAGES DOCUMENTS v EBVS v © MEMBERS PORTAL f v O

Europa Biodiversity Observation Network: integrating data streams to support policy

Final Stakeholder Conference EuropaBON Network Dashboard

Generic

Terrestrial Marine Freshwater Glossary

This project receives funding
from the European Union's
Horizon 2020 research and

Identifying 84 EBV candidates

innovation programme

under grant agreement No

101003553

17




» Species abundances of selected terrestrial bird species
« Species distributions of terrestrial birds
» Species abundances of selected terrestrial mammals

T t : I R I - Species distributions of all terrestrial mammals
e rres rl a ea m » Species distributions of terrestrial reptiles
» Species abundances of butterflies

——JP * Species distributions of terrestrial priority invertebrates and key pollinators
« Species distributions of selected terrestrial plants

 Species distributions of lichens (as indicators of pollution)
» Species distributions of invasive alien terrestrial taxa of European concern
]  Species abundances of selected terrestrial animal disease vectors

’ Species populations T_ * Species abundances of selected terrestrial crop and forest pests
—h Genetic composition : p ° Genetic diversity of selected terrestrial taxa
\ » Phenology of fructification of mushrooms
| H H ‘ » Phenology of fructification of wild fruits
—> Species traits I

> ° Phenology of flowering and leaf senescence
 Phenology of migration of terrestrial birds
| * Phenology of the emeraence of butterflies and time of arrival of migratory butterflies

Terrestrial _»  Community composition |

« Community biomass of selected functional groups of terrestrial arthropods (e.q. predator, decomposer)
* Community biomass of soil microbes

—PQ Ecosystem structure | S « Community abundance and taxonomic diversity of pollinator insects
J ———P - Acrial biomass of migrating birds

« Aerial biomass of migrating bats
 Aerial biomass of migrating insects

—> Ecosystem function — « Functional composition of soil biota

 Vertical structure of vegetation

» Ecosystem distribution of terrestrial EUNIS Habitats
—> . Connectivity of terrestrial ecosystem habitat types

» Standing and lying deadwood

« Terrestrial ecosystem productivity
« Total bird herbivory
« Total mammal herbivory
N » Rate of decomposition
« Fire disturbance regime
« Ecosystem disturbance as measured by HANPP
« Terrestrial ecosystem phenology

18



EBV classes and names

There are 6 EBV classes and 21 EBV names. By clicking on the icon you will get more detailed information.
. - - . . . e

Species populations

,—. The spatial and temporal variability in the distribution and abundance of species populations.

Terrestrial Realm

EBV name EBV description
Species distributions The species occurrence probability over n
contiguous spatial and temporal units -
- “ addressing the global extent of a species
—» Species populations
Species abundances Predicted count of individuals over contiguous
spatial and temporal units addressing the
global extent of a species group.
> Genetic composition p ° Genetic diversity of selected terrestrial taxa

» Phenology of fructification of mushrooms
2 . » Phenology of fructification of wild fruits
—> Species traits ,
| » Phenology of flowering and leaf senescence
» Phenology of migration of terrestrial birds
* Phenology of the emeraence of butterflies and time of arrival of migratory butterflies

Terrestrial ——>» Community composition

« Community biomass of selected functional groups of terrestrial arthropods (e.q. predator, decomposer)
* Community biomass of soil microbes

—> Ecosystem structure » Community abundance and taxonomic diversity of pollinator insects
—— - Acrial biomass of migrating birds

« Aerial biomass of migrating bats
 Aerial biomass of migrating insects

—> Ecosystem function « Functional composition of soil biota

» Vertical structure of vegetation

» Ecosystem distribution of terrestrial EUNIS Habitats
« Connectivity of terrestrial ecosystem habitat types

» Standing and lying deadwood

« Terrestrial ecosystem productivity
« Total bird herbivory
« Total mammal herbivory

5 » Rate of decomposition

« Fire disturbance regime
» Ecosystem disturbance as measured by HANPP

« Terrestrial ecosystem phenology

19




Marine Realm

» Species abundances of selected marine bird species
* Species distributions of marine fishes

» Species abundances of marine commercial fish species and long-distance migratory fishes
» Species distributions of marine birds

 Species distributions of marine mammals

* Species distribution of marine turtles

* Species distributions of benthic marine invertebrates

* Species distributions of invasive alien marine taxa of European concern

— Species populations

— P Genetic composition
_Lb « Genetic diversity of selected marine taxa

—> Species traits

. » Phenology of migration of marine birds
Marl ne > Communitu composition —) * Phenology of migration of highly migratory marine mammals
» Phenology of migration of highly migratory marine fish

— b Ecosystem structure « Functional composition of marine plankton (based on traits)
> . Community abundance of functional groups of soft-bottom benthic macroinvertebrate communities

» Ecosystem distribution of hard corals habitats

» Ecosystem distribution of marine macroalgae canopy cover
» Ecosystem distribution of marine seagrass habitats

» Ecosystem distribution of oyster reef habitats

—> Ecosystem function —

» Degree of seabed disturbance

» Harmful marine algal blooms

» Phenology of marine spring phytoplankton bloom
« Marine ecosystem productivity

20



Freshwater Realm

Freshwater

Species populations

Genetic composition

Species traits

Community composition

Ecosystem structure

Ecosystem function

» Species abundances of selected wetland bird species
» Species distributions of freshwater fishes

» Species distributions of amphibians

» Species distributions of freshwater mammals

_ * Species distributions of freshwater invertebrates

« Species abundances of dragonflies

» Species distributions of dragonflies

* Species distributions of freshwater macrophytes

« Species distributions of invasive alien freshwater taxa of European concern
* Species distributions of freshwater reptiles

* Genetic diversity of selected freshwater taxa

* Phenology of migration of wetland birds

> « Phenology of migration of freshwater fishes

+ Community composition of phytoplankton

+ Community composition of macrophytes

» Community composition of phytobenthos

« Community composition of benthic invertebrates
* Community composition of fishes

* Community composition of zooplankton

+ Community composition of aquatic fungi

» River Connectivity/Free river flow

., * Ecosystem distribution of freshwater EUNIS Habitats

 Structural complexity of riparian habitats

* Harmful and non-harmful freshwater algal blooms

»  Freshwater ecosystem productivity

* Rate of decomposition

21



OBSGESSION
uses the

official
GEOBON
EBVs

[ ] [ ] ﬂ MYR Puerta Serranos, Valenc X & Whatare EBVs? -GEOBON X

3 Cc 23 geobon.org/ebvs/what-are-ebvs/

A Editorial Manager® @ Databases | Web o... [@l Login & bicome_whitepap... [ Funding & tenders @ ‘Web applications f... ﬂ NRS UNIT4 BUDG.. @j Husqvarna Group... ¥ WhenAvailable - Fi...

EBV classes and names

There are 6 EBV classes and 21 EBV names. By clicking on the icon you will get more detailed information.

. . . . . . e

EBV class

Genetic composition

Species populations

Species traits

Community composition

Ecosystem functioning

EBV name
Genetic diversity (richness and heterozygosity)

Genetic differentiation (number of genetic units and
genetic distance)

Effective population size
Inbreeding

Species distributions
Species abundances
Morphology

Physiology

Phenology

Movement
Reproduction
Community abundance
Taxonomic/phylogenetic diversity
Trait diversity

Interaction diversity
Primary productivity
Ecosystem phenology

Ecosystem disturbances

* O

»

o0 :

[ All Bookmarks
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Genetic Composition EBVs

Genetic diversity Genetic differentiation Effective
Inbreeding population size
Richness Heterozygosity iuimber of Disiance (N.)

genetic units genetic units
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BIOLOGICAL Camiiee
REVIEWS Philosophical Society
Original Articl e & OpenAccess @ ® O S

Global genetic diversity status rends: towards a suite of
Essential Biodiversity Variablesag s) for genetic compositiol

ick 1. Archer, Laura D. Bertola, Jason G. Bragg, Martin F. Breed, Michael W. Bruford,
kblom, W. Chris Funk, Catherine E. Grueber ... See all authors



Conservation Biology g

REVIEW @ OpenAccess () @

A quantitative global review of species population monitoring

Caroline Moussy, lan J. Burfield, P. ). Stephenson, Arabella F. E. Newton, Stuart H. M. Butchart,
William ). Sutherland, Richard D. Gregory, Louise McRae, Philip Bubb, Ignacio Roesler ... See all authors

First published: 17 February 2021 | https://doi-org.ezproxy2.utwente.nl/10.1111/cobi.13721 |
Citations: 24

Species
populations

* A population is a group of individuals of the
same species that live in the same geographic
area that interbreed with each other. Many
species consist of multiple populations dispersed
over a few to many geographic areas.

* EBVS
e Species abundance
e Species distribution

24




Species Traits

nature ecology & evolution

Explore content v About the journal v Publish with us v

Species traits are defined as qualities of all organisms of a species, like body mass, length or height. Due to
intraspecific variation different organisms of a species have different trait values, e.g. different body

nature > nature ecology & evolution > perspectives > article

Perspective | Onen access | Published: 17 September 2018 o masses, but together they define a distribution, which is characteristic for each species.
Towards global data products of Essential Biodiversity

Variables on species traits = EBVs

W. Daniel Kissling &, Ramona Walls, Anne Bowser, Matthew O. Jones, Jens Kattge, Donat Agosti, Josep ° P h e n O I Ogy

Amengual, Alberto Basset, Peter M. van Bodegom, Johannes H. C. Cornelissen, Ellen G. Denny, Salud

Deudero, Willi Egloff, Sarah C. EImendorf, Enrique Alonso Garcia, Katherine D. Jones, Owen R. Jones, L] M o rp h o | Ogy

Sandra Lavorel, Dan Lear, Laetitia M. Navarro, Samraat Pawar, Rebecca Pirzl, Nadja Riiger, Sofia Sal, ... R

Robert P. Guralnick ~ + Show authors ° Re p rO d u Ct | O n

Nature Ecology & Evolution 2, 1531~1540 (2018) | Cite this article ° P hys | o) | o) gy

* Movement
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Community composition

is the identity and relative abundances of all Composttion
taxa in a community.

* EBVs
e Community abundance
* Ta xonom I C/ p hyl Oge net I c d ive rs Ity Changes in soil bacterial and fungal community composition and functional |25
* Trait diversity st et N
* Interaction diversity

Soil Biology and Biochemistry

ELSEVIER journal homepage: www.elsevier.com/locate/soilbio

2]

Guoyong Yan "™, Qinggui Wang “"

26



* Ecosystem functions are broadly defined as the
biological, geochemical and physical processes
that take place or occur within an ecosystem.

* EBVS

e Ecosystem productivity
e Ecosystem phenology
e Ecosystem disturbances

HOME > SCIENCE > VOL.294,NO.5543 > BIODIVERSITY AND ECOSYSTEM FUNCTIONING: CURRENT KNOWLEDGE AND FUTURE CHALLENGES

Biodiversity and Ecosystem Functioning: Current
Knowledge and Future Challenges

M. LOREAU, S. NAEEM, P INCHAUSTI, J. BENGTSSON, J. P GRIME, A. HECTOR, D. U. HOOPER, M. A. HUSTON, D. RAFFAELLI [...], AND D.A. WARDLE | +2 authors | Authors

Info & Affiliations

Ecosystem Functions

1 Productivity 3 Energy Flow

P Decomposition 4 Nutrient Cycling

27



. ]

e Ecosystem structure The
spatial arrangement of
ecosystem units collectively o 4
defined by organisms forming | ”“"" L
these units.

* EBVS
* Live cover fraction
e Ecosystem distribution

. Buttress roots

Ground level

e Ecosystem vertical profile
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Prioritizing
RS
Biodiversity
Products




RELATIVE NUMBERS OF NAMED SPECIES

other organisms
fungi g

Taxonomic L
Gaps in e
Biodiversity

Current Biology Vol 22 No 21
R900

Biodiversity in water
and on land

chard K. Grosberg'*
Geerat J. Vermej2
and Peter C. Wail
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Spatial Gaps in Biodiversity Monitoring

The Living Planet Database Index
(WWEF) holds time-series data for
21,000 populations of more than 4392
species

Systematic stratified sampling
Over-representation of groups

Over-representation of regions

Scientific and government literature




Identifying Essential Remote Sensing
Biodiversity Products

1. Brainstorm
2.0rganise by EBV classes
3.Reduce to ESSENTIAL EBVs by
» a) Coalesce EBVs into biological groups
* b) EBVs remote sensing relevant
4. Expert agreement (RS & biodiversity communities)
5. Prioritize




/

Remote sensing
group L Prioritization
Q sclentists orlincla
...... Relevance
Spacs agency , % ... Feasibility
Sc_ pdk:y mgm e ane m
lence [M'....... Maturity
EoobgistsO
EBV class Candidate EBV
™ -
Genetic Allelic
composition diversity
Species Species
populations distribution
traits
Community g Taxonomic/
composition phylogenetlc
P & diversity
Ecosystem Live cover
structure fraction
Ecosystem w Primary
function ‘ productivity p

Example remote sensing
biodiversity product

'

This EBV class is not
measurable from space

Tropical tree species
distribution

Vegetation canopy
height

Functional composition
of temperate forest

Land cover

Fraction of absorbed
photosynthetically active

radiation




Prioritizing 120+
Remote Sensing
Biodiversity
Products

Relevance

Feasibility

RS status: accuracy

RS status: maturity

Table 1| Remote sensing biodiversity product prioritization criteria and ranking factors

Prioritimtion Descriot
critenia

Ranking =1 (g00d) Ranking= 3 (poer)

Relevance It is known who wants the remote sensing bicdiversity
product, what they will do with it and how it will be
usad. The remote sansing biodiversity product is
relevant: (1) for management questions; (2) toinform
the CBD targets; (3) to inform the SDG(s); and (4) to
provide data for the IPBES risk assessment processes.

Feasibility ~ The science community knows how to measure the
remote sensing bicdiversity product ot such scales
that measurements can realistically be made and/or
observations already exist. This criterion considars the
avalability of remote sansing data, the ease of access
to such data, the completeness of remote sensing in
space and time and the ease and ffordability of data
integration and analysis.

Remote A measure of the current activity for the accurate

sensing observation of a given remote sensing biodiversity

status: product. This criterion considers the effectiveness

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

Remote Institutions/organizations with hopes to generate

sensing status: remote sensing bicdiversity products can be identified

maturity and/or proposed to  funding body.

Use and user fully identified. Remote sensing biodiversity product less
directly linked to saence and sodietal
questions.

Indicates maturity of the soence,  Indicates that considarable research

technology and exparience needed  and development effort remains or that

to make the remote sensing remote sensing bicdiversity products

biodiversity product. on the scale neaded are technically,
logistically or financialy difficult to
make.

A fully operational network or Indicates that no or very limited action
service is in place, generating has been taken to ganerate accurate
remote sansing biodiversity remote sensing bicdiversity products.
products that are accurate for the

purpose.
ecok - PERSPECTIVE
ecology & evolution !

Operation: b —

M&1C rer fr:;:ls);alse (o) lodiversity metrics 10 observe

wha needs

Andrew K. Skidmore ©'2%, Nicholas C. Coops 7, Elnaz Neinavaz ', Abebe Ali'4,
Ms to b‘ Michael E. Schaepman (5, Marc Paganinié, W. Daniel Kissling 7, Petteri Vihervaara (¢,
Roshanak Darvishzadeh©', Hannes Feilhauer 0%, Miguel Fernandez 0™, Néstor Fernandez 3%,
mmuc oA Noel Gorelick©", llse Geizendorffer®, Uta Heiden ", Marco Heurich ©'®, Donald Hobern®,
Stefanie Holzwarth ©", Frank E. Muller-Karger(®7, Ruben Van De Kerchove?, Angela Lausch(®324,
Pedro J. Leitdu %%, Marcelle C. Lock(>?, Caspar A. Miicher?, Brian O'Connor®,
cannow u Duccio Rocchini 0%, Woody Turner®, Jan Kees Vis®, Tiejun Wang©', Martin Wegmann©® and
Vladimir Wingate™
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Table 2 | The 30 remote sensing biodiversity products with the highest rankings
Rank within Rank across all

[ [ [
P rl O rl t I I St o f RS Number  Remote sensing biodiversity product Remote sensing-enabled EBV class
biodiversity variable EBV class EBV classes

1 Biological effects of fire disturbance Ecosystem disturbance Ecosystem function 1 1
Products Important (recton duraton rpines, it srcurs i ;
magnitude, extent and frequency)

n n ] 2 Biological effects of irregular Ecosystem disturbance Ecosystem function 1 1
fo r B I o d Ive rs Ity inundation Habitat structure Ecosystem structure 1 1
3 LAl Ecosystem physiology Ecosystem function 3 5
Habitat structure Ecosystem structure 3 5
Species physiology Species traits 1 2
. . . 4 Land cover (vegetation type) Habitat structure Ecosystem structure 3 5
o TO p 30 RS b I O d |Ve rS Ity 5 Ice cover habitat Habitat structure Ecosystem structure 5 8
d I . d . 6 Above-ground biomass Habitat structure Ecosystem structure 6 9
p ro u Cts I Ste I n p a p e r 7 Foliar N/P/K content Ecosystem physiology Ecosystem function 4 9
Species physiology Species traits 2 28
1 . 8 Net primary productivity Ecosystem physiology Ecosystem function 5 n
o ECOSYSte m F u n Ct | O n: Species physiology Species traits 2 28
p rod u Cts i n Cl u d e Ca pt u ri n g 9 Gross primary productivity Ecosystem physiology Ecosystem function 5 n
. . Species physiology Species traits 2 28
b | O I Og' Ca I effe Ct Of 10 Fraction of absorbed Ecosystem physiology Ecosystem function 5 n
photosynthetically active radiation
d | St u r b a N C e & e Cosyste m n Ecosystem fragmentation Spatial configuration Ecosystem structure 7 n
. 12 Ecosystem structural variance Spatial configuration Ecosystem structure 7 n
p hys | O | Ogy 13 Urban habitat Habitat structure Ecosystem structure 7 n
14 Vegetation height Habitat structure Ecosystem structure 7 n
15 Plant area index profile (canopy cover) Habitat structure Ecosystem structure 7 n
® E CO SySte m St r u Ct u re . 16 Habitat structure Habitat structure Ecosystem structure 7 n
d H | d h b H 17 Fraction of vegetation cover Habitat structure Ecosystem structure 7 n
p ro u Cts I n C u e a Itat 18 Specific leaf area Ecosystem physiology Ecosystem function 8 22
f 1 Species morphology Species traits 2 28
St r u Ct u re’ ra ge m e ntat I O n & 19 Chlorophyll content and flux Ecosystem physiology Ecosystem function 8 22
Vegeta t i O n t ra its Species physiology Species traits 2 28
20 Land surface peak (maximum of Ecosystem phenology Ecosystem function 8 22
season)
Land surface green-up (start of Ecosystem phenology Ecosystem function 8 22
season)
Land surface senescence (end of Ecosystem phenology Ecosystem function 8 22

season)
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Examples of Prioritized Remote Sensing Products

Remote %0 nsing product

Bokgical attects of frg
distutance (gCm™)

FAPAR

Foasbiky
Aocumcy
Maturty

Foasbiky
Aocuracy
Maturty

Foasbiky
Aocuracy
Maturty

) e ‘]§§

15

() (@

) (

) @&

1"

Explanation

" "\
Highly relovart data yyor widaly usod for
ected arca and and managamont, as well as
ggﬂﬂgnmmnlybrmmmd
memational ing Dafa arc avalabio In
vitialy sal ime. The dala aro accuraio and e

echnology Is mature.
\

f niorprating FAPAR memains chalianging for

and asisuscasa
for is not Tuly estadiishod. Data
are mulabk n real tima. The

technology Is mature but calibation and
validation of giobal FAPAR over ime requires

kn'omlulumtl.
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RS Products
Linked to SDGs
and Aichi Targets

RS products important for

biodiversity

RS products directly map into the

v

o

(end of the season)
(Species diversity/ richness)

2 of species which grow or occur

SDG and CBD Targets

effects of Irregular inundation

ce peak (max of the season)

5,7,9,12,14,15 _

8,10,12, 14 15.1, 155 (Foody and Cutler 2006; Kerr ¢
5,7,10,12,14,15 15.1,15.2,154 (Acaraz-Segura et al. 2013, Je

5,7,10,12,14,15 151,152,154

5,7.9,14,15 15.2,15.3,155 {Sobrino and Raissouni 2000;

- {Carlson et al. 1990; Carlson a
4 152,153,155 -
e 2 Hansing 1995)

5,79,10,12,14,15 15.2,15.3,155 {Baccini et al. 2008; Drake et :

{Franklin et al. 2000; Hill and 1

{Comiso et al. 1992; Surdu et :

. ,79,14,15 15.1,15.2,15.3, 154,155 {Means et al. 2000; Streutker
B 'y

5,7,9,14,15 15.1,15.2, 153, (Carreiras et al. 2006; Stojano
5.79,14,15 15.1,15.2,15.3,154,155 {Hinsley et al. 2002; Hyde et a

7,9,10,12,14,15 (Giglio et al. 2003; Robinson 1

5,79,10,12,14,15 15.1,15.2,153,154,155 {Bates 2004; Khan et al. 2010;
5.7.9,14,15 15.1,15.2,15.3,154,155 {Gong et al. 2013; Hellman et
5.79,14,15 15.1,15.2,15.3, 154,155 (Gaitan et al. 2013)

5,7,9,12,14,15 _



Copernicus Global Land Service Gpernicus

Prouviding bio-geophysical products of global land surface
Europe’s eyes on Earth

Home Products Use cases Product Access Viewing Library Get Support

R G o0 .
n. Wv"" i, "’\.’»\‘:j g TR
M ANNVERY L

Soil Water Index
FAPAR Surf. Soil Moisture

FCOVER

Land Cover

https://land.copernicus.eu/global/products/Iai



https://land.copernicus.eu/global/products/lai

Conclusions

 What is biodiversity?
 How much biodiversity is being lost?
 How to measure biodiversity?

e Outcome: Substantially improve
reporting on the state of biodiversity



