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Essential Biodiversity Variables
• What are Essential Biodiversity Variables (EBVs)?

• Measurements required to study, report, and manage 

biodiversity change

• The ideal EBV:

• Able to capture critical scales and dimensions of 

biodiversity

• Biological

• A state variable (in general)

• Sensitive to change

• Ecosystem agnostic (to the degree possible)

• Technically feasible, economically viable and 

sustainable in time

• Group on Earth Observations - Biodiversity 

Observation Network (GEO-BON) 



Remote Sensing

• Advantages

• Coverage for large, inaccessible areas.

• Temporal recurrence and consistency.

• Spatially continuous (forest gain/loss detection).

• Increase in the certainty of estimates

• Deducting the properties of 

elements on the Earth’s 

surface from the conditions 

observed in radiation 

reflected from them.



Remote Sensing- Enabled Essential Biodiversity Variables

• RS-enabled EBVs:

• A subset of EBV which can be fully or partly 

measured from remote sensing sources

Sources: O’Connor et al. 2015 and Pettorelli et al. 2016 Remote Sensing in Ecology and Conservation



What is LIDAR?
• LIDAR = ‘a light radar’. A scanner that uses 

a laser to measure distances.

• Platforms: on the ground or onboard drones 

/ airplane / satellite

• Detects the position of ground = measures 

vegetation heights

Light Detection and Ranging
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Deriving components of forest structure from LIDAR



Components of Forest Structure

Source: Coops et al. 2016 Ecological Indicators



Pathways for EBVs 
informed by LIDAR

• EBVs fully informed by LIDAR

EBVs that can be evaluated / 

monitored using LIDAR data alone

• EBVs partly informed by LIDAR

EBVs that would require coupling 

LIDAR with ancillary data 

(calibration)

• The high resolution of LIDAR 

means that ancillary datasets 

need to be very accurately co-

located/geolocated (e.g. it poses 

a very high requirement on the 

GPS positioning of ground data)



Pathways for EBVs 
informed by LIDAR

Source: Valbuena et al. 2016 

Ecological Indicators



Using the World Database on Protected 
Areas (WDPA) and airborne LIDAR

• An international collaborative effort to put 

together those indicators already calculated 

using country-wide LIDAR datasets.

• Objective:

• Linking the effects of protection for 

conservation with ecosystem morphological 

traits derived from LIDAR (structural 

components). 

• Methods:

• Employ WDPA to create structural 

gradients: protected / non-protected, 

management regimes, etc.

• Assess differences among strata



Using the World Database on Protected 
Areas (WDPA) and airborne LIDAR

• Results using WDPA were (still) unsuccessful

Possible causes and further research lines

• Too large scale. May need stratification –

specially the areas outside of WDPA.

• Better knotting the link between LIDAR 

ecosystem structure and biodiversity assets 

(Vihervaara et al. 2015 Landsc.Ecol.)

• Need for higher density (Adnan et al. 2017 

Can.J.For.Res.)

• Some of the indicators are still dependent on 

acquisition parameters

• Need for multitemporal LIDAR data



Airborne versus Satellite LIDAR



Current and future availability of 
LIDAR data: satellite

• Global Ecosystem Dynamics Investigation Lidar (GEDI).

GEDI LIDAR waveform and planned GEDI products. Source: NASA.



Current and future availability of 
LIDAR data: satellite

• Pro: globally 

consistent acquisition.

• Con: non-spatially 

continuous 

information. 

• Con: limited coverage 

and spatial recurrence. 

GEDI laser track coverage. Source: NASA.



Current and future availability of 
LIDAR data: satellite

• Advanced Topographic Laser Altimeter 

System (ATLAS) on Ice, Cloud and land 

Elevation Satellite (IceSAT-2).

• Pro: no latitude limitation. 

• Con: very low sampling intensity in tropical 

areas. May typically not give information 

about ground position. 

IceSAT-2 laser track coverage. Source: NASA.



Current and future availability 
of LIDAR data: airborne

• Pro: there is a lot of 

freely available data.

• Con: not (ever) 

globally consistent 

acquisition. 

Available Airborne LIDAR data. 

Source: Melin et al. 2017 WWF 

Conservation Technology Series.



Current and future availability of LIDAR data

• Geographical bias in data 

availability is a current 

problem for any type of 

data.

Mean species inventory completeness – percentage of expected richness 

inventoried. Source: Meyer et al. 2015 Nature Communications



The way forward: multisource data fusion

Source: Valbuena 2014 Chapter 4 in: 

Forestry Applications of Airborne Laser Scanning. Springer



Information is Power

Data acquisition Modelling Estimation

• The more information, the more 

certainty in EBV estimates.
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Key messages

▪ Spatio-temporal coverage: Satellite LIDAR is not the holy grail – national 
airborne LIDAR programmes offer many benefits

▪ EBV datasets need to be flexible to source data – NO one LIDAR dataset 
(or any other data source) can be used for seamless coverage of the world

▪ Components of LIDAR add value to assessment of vegetation canopy, 
especially volumetric (i.e. vertical & horizontal) structural detail.

▪ LIDAR is multipurpose: Biodiversity indicators of ecosystem structure and 
carbon storage potential

▪ LIDAR has its limitations on its own – vegetation indices etc (so far).

▪ Nowadays there are publicly available datasets and free software to handle 
them. Use LIDAR in your conservation projects!
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