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Essential 
Climate 
Variables- 
ECVs

• An example: global temperature

http://data.giss.nasa.gov/gistemp/graphs/

2



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 GCOS Essential Climate Variables

Atmospheric
(Over land, sea
and ice)

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).

Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases, Ozone and 
Aerosol, supported by their precursors.

Oceanic

Surface: Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea ice, Surface current, 
Ocean colour, Carbon dioxide partial pressure, Ocean acidity, Phytoplankton.

Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon dioxide partial pressure, Ocean 
acidity, Oxygen, Tracers.

Terrestrial

River discharge, Water use, Groundwater, Lakes, Snow cover, Glaciers and ice caps, Ice sheets, 
Permafrost, Albedo, Land cover (including vegetation type), Fraction of absorbed 
photosynthetically active radiation (FAPAR), Leaf area index (LAI), Above-ground biomass, Soil 
carbon, Fire disturbance, Soil moisture.

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

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!"

https://www.evogeneao.com/en/learn/tree-of-life
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WHY BIODIVERSITY MATTERS: THE EXAMPLE OF ECOSYSTEM 
SERVICES
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Indicators using 
species observation

• A single indicator (like temperature increase)
• Problems: weighting, technique changes over time 

• Scalability 
• Comparison

http://www.livingplanetindex.org/search

Global Living Planet Index 
shows a decline of 70% 
between 1970 and 2018 
(https://www.livingplanetind
ex.org/latest_results)
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• 2022 Living Planet Index
• 33 per cent of the species 

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

https://www.ft.com/content/5c8c2aa5-8735-
4123-8092-aca3fcda37a4
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International Response ------
UN Sustainable Development Goals & CBD Aichi targets
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CBD 
Kunming-
Montreal 
Post 2020 
biodiversity 
targets

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


Defining how to measure biodiversity 
????????????????

• ESSENTIAL 

• BIOLOGICAL

• POLICY
• FEASIBLE

• SCALABLE

• ECOSYSTEM AGNOSTIC

• CHANGE

1x1 km 4x4 km 16x16 km 64x64 km 

Modeled species richness  

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.” 
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What are 
Essential 

biodiversity 
variables 
(EBVs)

18 JANUARY 2013    VOL 339    SCIENCE    www.sciencemag.org 278

POLICYFORUM

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
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Offical 
GEOBON 
EBVs and 
EBV Classes
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EBV

Terrestrial Marine Freshwater Generic 
Glossary

Identifying 84 EBV candidates
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Terrestrial Realm
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Terrestrial Realm



20

Marine Realm
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Freshwater Realm



OBSGESSION 
uses the 
official 

GEOBON 
EBVs
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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
• Species abundance
• Species distribution
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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 
masses, but together they define a distribution, which is characteristic for each species.
§ EBVs
• Phenology
• Morphology
• Reproduction
• Physiology
• Movement
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Community composition 
is the identity and relative abundances of all 
taxa in a community.

• EBVs
• Community abundance
• Taxonomic/phylogenetic diversity
• Trait diversity
• Interaction diversity
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• Ecosystem functions are broadly defined as the 
biological, geochemical and physical processes 
that take place or occur within an ecosystem.

• EBVS
• Ecosystem productivity
• Ecosystem phenology
• Ecosystem disturbances
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• Ecosystem structure The 
spatial arrangement of 
ecosystem units collectively 
defined by organisms forming 
these units.

• EBVS
• Live cover fraction
• Ecosystem distribution
• Ecosystem vertical profile
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Prioritizing 
RS 
Biodiversity  
Products
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Taxonomic 
Gaps in 
Biodiversity

Taxonomic gaps in biodiversity
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Spatial Gaps in Biodiversity Monitoring

The Living Planet Database Index 
(WWF) 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

2010

2020
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Identifying Essential Remote Sensing 
Biodiversity Products

Research 
organizations 

Research and 
development sector

Implementing 
agencies

Space agencies 

User

1. Brainstorm
2. Organise 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

32



33



Prioritizing 120+ 
Remote Sensing 

Biodiversity 
Products

• Relevance

• Feasibility

• RS status: accuracy

• RS status: maturity
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Priority List of RS 
Products Important 
for Biodiversity

• Top 30 RS biodiversity 
products listed in paper

• Ecosystem Function: 
products include capturing 
biological effect of 
disturbance & ecosystem 
physiology

• Ecosystem Structure: 
products include habitat 
structure, fragementation & 
vegetation traits
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Examples of Prioritized Remote Sensing Products
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RS Products 
Linked to SDGs 
and Aichi Targets

RS products important for 
biodiversity

RS products directly map into the 
SDG and CBD Targets
RS products directly map into the 
SDG and CBD Targets
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https://land.copernicus.eu/global/products/lai
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https://land.copernicus.eu/global/products/lai


Conclusions

• What is biodiversity?
• How much biodiversity is being lost?
• How to measure biodiversity?
• Outcome: Substantially improve 
reporting on the state of biodiversity
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