
G LO B D I V E RS I T Y  
P ROJ EC T
WITH RS-ENABLED EBVs KEY CHARACTERISTICS OF 
BIODIVERSITY CAN BE OBSERVED AND MONITORED 
WITH SATELLITES ON A GLOBAL SCALE
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Remote Sensing-enabled                       
Essential Biodiversity Variables 

CANOPY CHLOROPHYLL CONTENT

BACKGROUND AND RATIONAL
Canopy chlorophyll content (CCC) is the product 
of chlorophyll content of a fresh green leaf 
per unit leaf area and leaf area index (LAI). It 
describes chlorophyll pigments distribution 
within the three-dimensional canopy surface. 
CCC contributes to the ecosystem function class 
of Essential Biodiversity Variables and has been 
long used for a wide range of terrestrial ecological 
applications. CCC can be used as an important 
input variable for terrestrial biosphere models 
to quantify carbon and water fluxes, primary 
productivity and light use efficiency. In addition, 
monitoring the dynamics of CCC provides valuable 
information about plant physiology and ecosystem 
processes or functions at different scales, 
thus supporting assessments of the influence 
of climate change and other anthropogenic 
and natural factors on plant functions. 

ALGORITHM SPECIFICATIONS
A trade-off analysis by The University of Twente  
identified two operational algorithms for 
measurement of CCC from remote sensing data. 
These were (1) a simple ratio vegetation index 
(SRVI) and (2) a Look-Up Table (LUT) inversion 
of two physically-based models: one for forest 
ecosystems (“INFORM”), and an alternative 
one for non-forest/short vegetation ecosystems 
(“PROSAIL”). The algorithms were used to generate 
the CCC product from Sentinel-2 reflectance data, 
and showed good robustness and consistency 
across space and time. Figure 1 shows the CCC 

product generated using the SRVI and LUT 
inversion of INFORM algorithms in Laegeren 
forest in Switzerland. A close relationship between 
CCC generated using the SRVI, and LUT inversion 
was observed in several pilot sites (Figure 2). 

VALIDATION AND APPLICATIONS 
Average leaf chlorophyll and LAI measurements 
sampled from plots in different biomes were 
used to validate the CCC product. The product 
was generated for 2017 and 2018 across 10 
pilot sites distributed around the globe. The CCC 
algorithms and products were then demonstrated 
in an applied forest biodiversity management 
study that aimed to develop an early warning 
system for the detection of spruce bark beetle 
infestation in temperate European forests. 
Chlorophyll content changes in response to 
biotic and abiotic stresses such as pathogen 
infection, light stress, water deficiency as well 
as to seasonal variation and plant growth stage. 
Thus, chlorophyll content can be used as an 
index to diagnose disease and stress as well as 
examine the status of nitrogen and other nutrients 
in vegetation. Moreover, climate in different 
seasons leads to varying amounts of chlorophyll 
content during the growing periods. Therefore, 
temporal records of CCC are important to examine 
and understand plant responses to climate 
and other environmental changes by detecting 
variation in the state of the vegetation (Figure 
3). The CCC algorithms are available under open-
source licences and ready for download and use.

The GlobDiversity 
project aims to 
demonstrate how 
satellite remote 
sensing can contribute 
to monitoring Essential 
Biodiversity Variables 
(EBVs) – a concise 
set of harmonized 
biodiversity 
observations to 
inform indicators for 
policy-making. It is 
the first fully funded 
project focused on 
engineering the 
EBV concepts from 
satellite data into 
usable data products. 
They include Land 
Surface Phenology 
(LSP), ecosystem 
Fragmentation 
(FRAG) and Canopy 
Chlorophyll Content 
(CCC). 

www.GlobDiversity.net

Figure 1.  LSP extracted using a double logistic model
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PILOT SITES

01 
Toolik Lake  
Tundra, Alaska, USA

02 
La Camargue 
Mediterranean, France

03 
Lägern 
Temperate, Switzerland

04 
Bavarian Forest NP 
Temperate, Germany

05 
Kruger NP 
Tropical, South Africa

06 
Udzungwa Mountains NP 
Tropical, Tanzania

07 
Aldabra 
Deserts, Seychelles

08 
Lambir 
Tropical, Borneo

09 
Danum Valley 
Tropical, Borneo

10 
Kytalyk 
Tundra, Siberia, Russia
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Figure 1. Spatial distribution of CCC in Laegeren forest, Switzerland, generated using the 
LUT inversion of INFORM and SRVI algorithms.
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Figure 2. Scatter plot of CCC generated using the LUT inversion of PROSAIL and SRVI 
methods for the Kruger national park, South Africa.
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Figure 3. Temporal variation of CCC in Aldabra, Seychelles, using SRVI, the LUT 
inversion of INFORM (for forest) and PROSAIL (for short vegetation) algorithms.
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COMPLETED TASKS WITHIN THE  

GLOBDIVERSITY PROJECT

01  
REQUIREMENT 
ANALYSIS 

RS-enabled EBVs were 
defined and their 
satellite observation 
requirements to 
track changes in 
terrestrial biodiversity 
at global scales were 
characterized; results 
are detailed in the 
Satellite Observation 
Requirements 
document available on 
the GEO BON website. 

02  
PRODUCT 
BENCHMARKING 

A trade-off analysis of 
published algorithms 
and a proof of concept 
of selected algorithms 
for engineering RS-
enabled EBV products 
was successfully carried 
out. 

03  
ALGORITHMS 
PROTOTYPING

Selected RS-enabled 
EBVs algorithms were 
successfully prototyped 
and are now available 
in GitHub repositories. 
Results are detailed in 
the Algorithm Technical 
Baseline Document 
available on the GEO 
BON website.

04  
CONSERVATION 
APPLICATIONS 

The core RS-enabled 
EBVs were applied 
in conservation-
oriented use cases 
which focused on 
ecosystem modelling, 
invasive species 
monitoring, habitat 
health assessment and 
fragmentation analyses. 
The outcomes are 
exhaustively described 
in the User Hand Book. 

The European Space Agency 
(ESA) is Europe’s gateway to 
space. Its mission is to shape 
the development of Europe’s 
space capability. 

GlobDiversity focuses on the 
development  
and engineering of RS-enabled 
EBVs. 

If you would like to know more get in touch at  
info@globdiversity.net; 
or if you would like to know more about the GlobDiversity project 
then visit www.globdiversity.net

This brochure is produced by GlobDiversity and ESA. The information provided in this brochure reflects only the views of the GlobDiversity consortium.


