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• 15 Universities in Italy have forestry
programmes

• The first one was at the University of 
Florence since 1869, until 1982 it was
the only one UNIFI
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Traditional National Forest Inventories
(NFIs) use a design based approach to 
infer statistics over LARGE areas from 

field measures acquired in a VERY 
SMALL sample (approx 0.001%) of the 
forest area

From NFIs to
Enhanced Forest Inventories
Sensu White et al. (2016)

1st century
of NFIs

REMOTE SENSING was
used in NFIs since the very
beginning with traditional
aerial photography



In NFIs Remote sensing contributed:

- To the production of more timely, cost efficient, and 
precise traditional inventory estimates

- To derive new spatial products (maps, small area 
estimates)

Technologies that are now on the horizon have the 
potential to alter radically the ways in which trees are 
measured,estimates are produced, and products are 
delivered. 

The lack of standardized, spatially exhaustive open 
access datasets, as well as community consensus on 
methods and best practices limits the broader uptake and 
operationalization of these approaches



White et al., 2013. The Utility of Image-Based Point Clouds for 
Forest Inventory: A Comparison with Airborne Laser Scanning. 
https://doi.org/10.3390/f4030518 

Puliti et al., 2017
Use of partial-coverage UAV data in sampling for large 
scale forest inventories.
https://doi.org/10.1016/j.rse.2017.03.019 Puliti S, Saarela S, et al., 2018

Combining UAV and Sentinel-2 auxiliary
data for forest growing stock volume 
estimation through hierarchical model-
based inference
https://doi.org/10.1016/j.rse.2017.10.007

Data assimilation/data integration
How to integrate multiple input data from multiple sources?
We just have to choice!

Vega et al., 2021
A new small area estimation algorithm to balance between 
statistical precision and scale
https://doi.org/10.1016/j.jag.2021.102303
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Integrating NFI with remote sensing

National Forest Inventory 
sampling data

Wall-to-wall
spatial
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New opportunities from Earth Observation
• Increasing number of high resolution multispectral

optical and radar platforms (Sentinels, Landsat)
• New LiDAR data (ICESAT, GEDI, TLS, UAV)
• Incresing number of spatial remotely sensed based

data at COPERNICUS
• New high resolution small satellites platforms

(PLANET), real time monitoring
• New hyperspectral platforms (PRISMA)
• UAV and digital photogrammetry (SFM)







Tree cover height
30 m, 2019, GEDI+Landsat



Do we have to rely to Google and NASA in Europe too?



Such «GLOBAL» approaches have to be 
used carefully



«GLOBAL» approach
(LANDTRENDR in GEE) but
optimized for EU



3I3D on Google Earth Engine 
1985 2017

Specific approach for Mediterranean coppices



Digital Twins of TREES and FORESTS?

A digital twin is a virtual representation that 
serves as the real-time digital counterpart of a 
physical object or process (Wiki)



Digital Twin 
Earth (DTE)
is a high-precision 
digital model of the 
Earth that will integrate 
the Earth system model 
with modern Earth 
Observation (EO) data,

doi:10.1553/giscience2021_01_s130

https://doi.org/10.1553/giscience2021_01_s130


https://www.single.earth/



EFINET
The European Forest 
Information Network

A proposal for the European Forest Institute (EFI) Network Fund G-01-2021
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to develop a conceptual framework and its required institutional network, 
for derivation of pan-European forest information products and close-to-
real-time monitoring of forest changes, forest structural variables, forest 
biodiversity and forest health at European level

To take the most from both remote sensing data (Landsat/Sentinel and ALS) 
and field measurements (NFIs)

WP1 We will first develop the conceptual framework with 

stakeholders, reviews of the literature, identifying the gaps that need 
to be filled to make pan-European forest information products a reality

WP2 we will then test the proposed forest monitoring system on a 
selection of relevant case studies representative to the variety of European 
forests (at least 3), evaluating its strengths and weaknesses in the context of 
European policy making

WP3 EFINET will lay the basis for long term changes in monitoring schemes 

for Europe’s forests, including a strategic plan for taking the 
development of a European forest information system forward

AIM



FAO: FRA, EarthMap (GEE)

https://forest.eea.europa.eu/

https://earthmap.org/login

http://icp-forests.net/EFFIS, Trees Atlas, EFDAC, …
https://forest.jrc.ec.europa.eu/en/ http://enfin.info/

https://foresteurope.org/



We still do not have an OFFICIAL forest map of Europe!!!



Take home messagges
• Open access (of a small part of the) NFIs

plots (including precise geographic
location)

• NFIs are not just data provider
• Multiscale approach with LiDAR plots 

(see Canadian example)
• New technologies (DIGITAL TWINS)…. oh 

yes there will be always a new 
technology

• URGENT need for: reference EU LiDAR, 
EU forest type map, integrated approach

• JOIN EFINET! https://efi.int/efinet
Comparable dimensions!
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