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Essential Biodiversity Variables as data-model fusion

Fernández et al (2020) in Remote Sensing of Plant Biodiversity



What are the Essential Biodiversity Variables (EBVs)?
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tion. However, EBVs relating to species popu-
lations or traits and to genetic or community 
composition require representative sampling 
across taxonomic groups or community types. 
These EBVs need to balance specifi city and 
generality, enabling valid aggregation of data 
from multiple monitoring programs, while 
allowing for fl exibility in the species or taxo-
nomic groups addressed by these programs.

Variables selected as EBVs fi ll a niche 
not covered by global observation initiatives 
looking at environmental pressures [e.g., 
GCOS ( 8), Essential Ocean Variables ( 18)]. 
An EBV such as species abundance provides 
data for indicators such as the Living Planet, 
Wild Bird, and Red List indices (LPI, WBI, 
and RLI) (see the table). Assessing ecosystem 
services (ES) requires knowledge of changes 
in benefi cial species, functional groups, or 
ecosystem processes; additional physical, 
social, and economic data (fi g. S1) can be 
obtained from valuation studies, surveys, 
and national statistics ( 19). Complemen-
tary spatial information on responses imple-
mentation (e.g., coverage of protected areas) 
can inform indicators of the effectiveness of 
policy and management (fi g. S1). This fun-
damental, but fl exible, role of EBVs confers 
robustness to the system: EBVs are insulated 
from changing technologies at the observa-
tion level and from changing approaches at 
the indicator level.

Building Consensus and Capacity
Identifi cation of EBVs and defi nition of sam-
pling protocols are done by an open process 
that requires engagement of scientifi c, pol-
icy, and other communities. Major roles can 
be played by IPBES, national biodiversity 
authorities, space agencies, nongovernmen-
tal organizations, and citizen-science com-
munities. Information on the EBV process 
is updated at ( 11); written contributions can 
be sent to GEO BON. Side events will be 
organized in scientifi c and policy meetings 
over the next year. This will refi ne the EBV 
list, which, once stable, will periodically be 
updated by GEO BON in a process similar to 
that used for ECVs ( 8).

Coordination of sampling schemes by 
GEO BON across countries and scales can 
minimize costs and improve spatial repre-
sentativeness. Developing suitable fi nancial 
mechanisms to share costs between develop-
ing countries, where most biodiversity occurs, 
and developed countries, which share in the 
benefi ts but drive many of the pressures ( 20), 
will play a key role in the development of a 
truly global system. We hope that EBVs will 
catalyze investment in biodiversity observa-
tions, as ECVs have done for climate. 
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Examples of candidate Essential Biodiversity Variables

Allelic diversityGenetic
composition 

EBV
class

EBV 
examples

Measurement and scalability Temporal
sensitivity

Feasibility Relevance for CBD targets
and indicators (1,9)

Generation
time

1 to 5 
years

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

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

Targets: 12, 13.
Indicators: Trends in genetic diversity of selected 
species and of domesticated animals and cultivated 
plants; RLI.

Taxonomic
diversity

Community
composition 

5 to >10
years 

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

Targets: 8, 10, 14.                                                             
Indicators: Trends in condition and vulnerability of 
ecosystems; trends in climatic impacts on 
community composition.

Consistent multitaxa surveys and 
metagenomics at select locations. 

Habitat
structure 

Ecosystem
structure 

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

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

Targets: 5, 11, 14, 15.
Indicators: Extent of forest and forest types; 
mangrove extent; seagrass extent; extent of 
habitats that provide carbon storage. 

Abundances
and 
distributions

Species 
populations

PhenologySpecies 
traits

1 to >10
years

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. 

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).

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.  

1 yearTiming of leaf coloration by RS, 
with in situ validation.

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

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

Nutrient
retention 

Ecosystem
function 

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

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

Targets: 5, 8, 14. 
Indicators: Trends in delivery of multiple ES; trends 
in condition and vulnerability of ecosystems.  

10.1126/science.1229931

Supplementary Materials
www.sciencemag.org/cgi/content/full/339/6117/277/DC1

Published by AAAS

 o
n 

Ja
nu

ar
y 

17
, 2

01
3

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 

Pereira, H.M. et al (2013) Science

Taxa/Biological Entities:

All birds
Endangered birds
Farmland birds

All ecosystems
Habitats in Habitats Directive
Forests
Wetlands



What are the Essential Ecosystem Service Variables (EESVs)?

Balvanera et al (in prep)

Entities



EBV monitoring design choices

● Surveillance versus targeted monitoring
● Spatial and temporal resolution
● Biological entities and metrics



Surveillance versus targeted monitoring

Carvalho et al. 2017 J App Eco



Spatial sampling schemes and spatial model output

Pereira et al. 2016 GEO Handbook Biod Obs Net 

Hurlbert and Jetz (2007) PNAS



What taxa/biological entities?
● All species on Earth?
● All mammals?
● Rare mammals?
● Large mammals?
● Threatened mammals?

● Depends on policy question and on feasibility



What metrics need to be monitored?

Pereira et al. 2016 GEO Handbook Biod Obs Net 



A shopping list for EBVs
Species Populations Community Composition Ecosystem Structure Regulating Services

Variable Name Species Distribution
Species 
Population

Species 
Distribution

Community 
abundance

Community 
abundance

Community 
abundance

Ecosystem 
distribution

Ecosystem 
distribution Insect Pollinators?

Entity scope
Mammals All birds

Endangered 
plants Insects

Freshwater 
invertebrate Plants

All habitats in 
habitats 
directive Forest

Agricultural 
landscapes

Metric
Presence/absence

Population 
density

Presence/ab
sence Total biomass

Taxonomic 
diversity

Taxonomic 
diversity

Area of 
coverage

Relative 
magnitude of 
fragmentation Abundance

Spatial resolution of the modelled 
EBV 10x10km 10x10km 10x10km 1kmx1km 5kmx5km 300x300m 1x1km 30x30m 1kmx1km

Spatial resolution of the 
observations No coverage at the 

moment

Temporal resolution Yearly Yearly
Every 5 
years Yearly Yearly Yearly Yearly Yearly Yearly

Derived policy support tools Spatially Explicity Farmland and Forest Bird Indicator

Policy question Status of species 
(e.g. Birds and 
Habitats Directive)

Status of 
species (e.g. 
Birds and 
Habitats 
Directive)

Status of 
species (e.g. 
Birds and 
Habitats 
Directive)

Status of habitats; 
Status of insect 
populations

Status of 
freshwater 
habitats

Status of 
habitats

Status of 
habitats

Status of 
habitats

Upcoming CAP 
requirement

Data sources Atlas of mammals Citizen science, comon farmland monitoring, atlas

Models Habitat distribution 
models Habitat distribution models

Novel technologies
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