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Ecosystem Structure Essential Biodiversity Variables -
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Project AMAZECO: Covering the Amazon with an 
Ecosystem Structure Essential Biodiversity Variable 
(EBV) product combining satellite and airborne LIDAR 



FORIG Oxford Maryland

UPSCALING FROM FIELD PLOTS (GHANA) TO SATELLITE LIDAR (W. AFRICA)

FAO national estimates in West Africa



Biodiversity Assessments



Biodiversity Assessments

Remote Sensing
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DNA 
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Biodiversity Assessments



Policy Relevance



Policy Relevance

FinlandSweden



Omission of small forest disturbances in earlier years

Policy Relevance



Misattribution of natural disturbances as being harvest

Processionary 
moth in Spain

Windthrow in Germany 
and Poland

Bark Beetle in Central 
Europe

Policy Relevance



What should be the Main Objectives                      
in Forest Monitoring?
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FORWARDS: The ForestWard Observatory
to Secure Resilience of European Forests
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FORWARDS components
Environmental Monitoring of Forests

Developing a network of SUPERSITES to adapt ICP FORESTS
to make it compatible for using along remote sensing data
sources.

Guidance in Forest Management

Developing a network of pilots testing management
alternatives for CLIMATE-SMART FORESTRY, ECOSYSTEM
RESTORATION and BIODIVERSITY PRESERVATION.

Considerations of Social Perspectives

The ForestWard Observatory will be constructed under the
principle of CO-DESIGN, engaging both forest stakeholders
and the public in decision-making.



Environmental Monitoring 
of Forests
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• Network of Supersites

• Novel methods for forest
disturbance characterization



Climate-Smart Forestry

18

• Spatially explicit projections on 
forests 

• Evaluate synergies and trade-offs of 
conversion and restoration activities

• Good practice guidance on effective 
CSF & Restoration management 



Societal Perspectives
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• Stakeholder forum for co-design and 
citizen engagement

• Forest owner societal attitudes 
across Europe

• Governance for the delivery of 
climate-smart forestry and pan-
european integration of forest 
information 



Grants to Third Parties

• 50 grants of  
€150k each

• Non-
FORWARDS 
partners are 
eligible
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Nationwide area based lidar
estimates of Swedish forests 

Mats Nilsson

Swedish University of Agricultural Sciences
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Estimation of forest variables

Laserdata från the National 
Land Survey 

Field surveyed plots 
from the National 
Forest Inventory

Estimation of
forest

variables

Raster databases 
with estimated forest 
variables



Reference data from the National Forest Inventory
(NFI)

• 11 500 permanent, 
undivided NFI plots, in 
productive forest land, 
max 4 years old 

• Blue = clusters with 5 m 
position accuracy

• Yellow = plots with 1 m 
position accuracy

Permanent plots

P

10 m



Forest maps from laser data

Estimated variables
• Mean height

• Mean stem diameter

• Basal area

• Stem volume

• Biomass

• Representing forest conditions 
in 2009-2015-2019

• Presented for 12.5 × 12.5 m 
grid cells for all land



Laser data from the Swedish Mapping Agency

Laser data NH (2009 – 2019)

• Point density: 0.5-1 pts/m2

• Flying altitude: 1,700-2,300 m

• Max scan angle : ± 20º

• Footprint: 0.4-0.9 m

Laser data, forest (2019 - )

• Point density : 1-2 pts/m2

• Flying altitude:  3,000 m

• Max scan angle: ± 20º

• Footprint: < 0.75 m



Forest maps from laser data

Version 1 
2009-2019

Version 2
2021-11-17

Produced by combining laser data from the 
Swedish Mapping Agency and field data from 
the Swedish NFI.

Provided as open data by the Forest Agency 
(https://www.skogsstyrelsen.se/skogligagrun
ddata)

Variables
• Standing volume
• Mean tree height
• Mean diameter
• Basal area
• Tree biomass

Cell size
• 12.5 x 12.5 m
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Data are distributed freely over internet

Interface only in Swedish



Site Index

Laser data from two time points

NFI data

SIS = f(height growth, height , …)

Altitude, Latitude, soil moisture, … Raster maps with site 
index for pine and spruce

• Regression

• Random Forest 

• k Nearest Neighbours (kNN)



Site index (SIS) spruce



Data for SI estimation

• National Forest Inventory data

• Pine or Spruce (basal area >65%)

• Permanent plots: for model calibration

• Temporary plots: for model validation 

• Stands with thinnings (or clear cuts) 
were removed.

• Combined leaf-on and leaf-off seasons

• Model height above 5m

Final predictor variables:

• Height at the second scanning (p90_t2)

• Annual height growth (p95)

• Latitude

• Altitude

• Distance to coast

• Probability of Soil wetness (SLU soil 
moisture map) 



Accuracy of the models

Scots pine: 2.02 m (9.7 %)

Norway spruce: 2.00 m (7.5 %)



Thank you!



A Roadmap for Europe-wide Forest Disturbance 
Detection & Characterization

• Disturbance detection needs satellite data 

• Disturbance charachterization needs local knowledge

• Two-phase Disturbance characterization based on:

o Copernicus prompt forest detection system

o A Europe-wide network for characterization, validation (or deep
learning?) 



A Roadmap for Europe-wide Forest Estimates 
from Airborne LiDAR

• Two different approaches:

o Wall-to-wall mapping

o Lidar sampling

• Roadmap for Wall to wall mapping:

o In the short term: let’s make a ’bad map’ with what we got

o In the long term: NFI’s optimised for use in lidar mapping

• Roadmap for lidar sampling:

o A EU-wide tender for homogeneous airborne lidar transect sampling



Thank you!
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