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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

REMOTE SENSING was

used in NFlIs since the very
beginning with traditional
aerial photography

From NFls to

Enhanced Forest Inventories
Sensu White et al. (2016)

1st century
of NFls

Erkki Tomppo - Thomas Gschwantner «
Mark Lawrence - Ronald E. McRoberts
Editors

National Forest Inventories

Pathways for Common Reporting
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A century of national forest inventories — ®
informing past, present and future

decisions

Check for
updates

Johannes Breidenbach'”, Ronald E. McRoberts?, Iciar Alberdi®, Clara Antdn-Fermnandez' and Erkki Tomppo®

Abstract

In 2019, 100 years had elapsed since the first National Forest Inventory (NFI) was established in Norway. Motivated
by a fear of over-exploitation of timber resources, NFls today enable informed policy making by providing data vital
to decision support at international, national, regional, and local scales. This Collection of articles celebrates the
100th anniversary of NFIs with a description of past, present, and future research aiming at improving the

monitoring of forest and other terrestrial ecosystems.

Introduction

The establishment of the Norwegian National Forest In-
ventory (NFI) in 1919 was motivated by a fear of over-
exploitation of timber resources. Just a few years later -
in the 1920s = similar monitoring programs were to fol-
low in Finland, Sweden and the USA (Tomppo et al
2010). In the 1960's, during the World War II recon-
struction phase, the NFIs of France, Austria, Spain,
Portugal and Greece, were initiated (Vidal et al. 2016).
Concerns regarding acid rain in the 1980's were a trigger
for initiating NFIs in central Europe. In recent years, cli-
mate change (REDD+) has prompted the establishment
of new NFls, especially in developing countries, while
most developed countries now have regular NFI
programs.

One hundred years ago, the primary motivations for
establishing NFls were to obtain an overview of timber
resources and to guide the sustainable use of the forest
resources. Since then, NFIs have gradually evolved to
provide answers for a much broader range of issues.
While monitoring timber resources and sustainability is
still a major component, NFls today also monitor forest
damage and diseases, forestry management, carbon
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sequestration as well as biodiversity indicators and many
other ecosystem services in general. Today, NFls enable
informed policy making by providing data vital to deci-
sion support at international, national, regional and even
local scales. For example, NFls provide data to inter-
national reporting under the United Nations Framework
Convention on Climate Change, and to international
forest health monitoring programs. In line with the wid-
ening of objectives during the past century, techniques
and sampling designs in NFIs have evolved to provide
relevant answers for societal problems.

From May 19th to 23rd 2019 the Norwegian NFI team
took the opportunity to celebrate the first 100 years of
NFI history by bringing together researchers and practi-
tioners with an interest in forest monitoring in Sundvol-
len, Norway. Approximately 200 participants from more
than 20 countries discussed past challenges, lessons
learned, and methods for improving future large-scale
forest and landscape inventory programs via more than
100 presentations and posters. Exhibitors presented their
measurement devices and services in the poster hall, and
during a field excursion the five Nordic NFIs explained
their plot setups in the forest. Six keynote speakers gave
far-sighted presentations that introduced session topics
and were live-streamed for those who could not partici-
pate in person.
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Abstract
National forest inventaries (NFIs) have a long history,
the twentieth century. Recent issues such as concern
increased demand for forest data, international repor
NFIs to include more variables, greater diversity in sar
focuses on six selected topics: (1) a brief historical revis
review of international reporting requirements using
@ amovervic of inventory estimation methods that ¢
neighbors prediction and estimation techniques; and
inventories in developing countries and use of lidar ¢
sampling designs, plot configurations and measureme
countries with tropical forests. Technological advances
have led to greater inventory efficiencies, better maps
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Introduction

Strategic national forest inventories (NFls)
conducted by at least 40 countries represen
2.4 billion hectares of forest, more than half
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ABSTRACT

Light deseciion and ranging (lidar) daia acquired from airbesne or spaceborne plavfomms have reveludionized
- - o .
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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
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Data assimilation/data integration

How to integrate multiple input data from multiple sources?
We just have to choice!
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Use of partial-coverage UAV data in sampling for large HEHR
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Combining UAV and Sentinel-2 auxiliary
data for forest growing stock volume
estimation through hierarchical model-
based inference
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Integrating NFI with remote sensing

National Forest Inventory
sampling data

Remote Sensing data

Sweden
Biomass map 2010
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New opportunities from Earth Observation

* Increasing number of high resolution multispectral
optical and radar platforms (Sentinels, Landsat) G Enl
« New LiDAR data (ICESAT, GEDI, TLS, UAV) ECOSYSTEM LIDAR
* 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)

L\,a__——- k //———‘? See Change.

Change the World.

LANDSAT NINE

KSC « GSFC « EROS
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1. Introduction

s and high-perf « ing systems are be-
(.LII[IIILI, abundant {Lu:su el dL 2010: Nemani et al., 2011) and large-
scale cloud ¢ is cally ilable as a commodity. At the
same lime, petalyte-scale archives uflr:nlu[r: sensing data have become
freely available from multiple US. Government agencies including
NASA, the L5, Geological Survey, and NOAA (Woodcock et al, 2008;
Loveland and Dwyer, 20012, Nemani et al, 2001), as well as the Europe-
an Space Agency (Copernicus Data Access Policy, 2016), and a wide va-
fiety of tooks have been developed to facilitate large-scale processing of
geospatial data, including Terralib (Gimara et al, 2000), Hadoop
(Whitman et al, 2014), GeoSpark (Yu et al, 2015), and GeoMesa
{Hughes et al, 2015).

Unfortunately, taking full advantage of these resources still requires
considerable technical expertise and effort. One major hurdle is in basic
information technology (IT) management: data acquisition and storage;
parsing obscure file formats; managing databases, machine allocations,
Jobs and job queues, CPUs, GPUS, and networking; and using any of the
multitudes of spatial data processing fi

This burden can put these tools out of the reach Ufmduy researchers
s, restricting access Lo the information contained

and operational wse
within many large ie-sensing datasets o Le-sensing experts
with special aceees to high-performance computing reseurces.

Google Earth Engine is a doud-based platform that makes it easy to
access high-performance computing resources for processing very large

* Coresponding authos.
E-aruil evfdvesss: gonelickiPgougle com (N, Gorelick).

hietpfdx doiong 10101 6jre 201706031

D034-4257 40 2017 The Author(s). Published by Elsevier Inc. This is an open sccess article under the O BY license (i,

drought, disaster, disease, food seourity, water climate and protection.
It is unigue in the field as an integrated platform designed to empower not only traditional remote sensing sci-
entists, bt also a much wider audience that lacks the technical capacity needed to utilize traditional supercom-
puters or large-scale commodity coud computing resources.

£ 2017 The Author(s). Published by Ekevier Inc. This is an open acress article under the CC BY license (http://

areativecommons org licenses by, 4.0/).

pgeospatial datasets, without having to suffer the IT pains currently sur-
rounding either. Additionally, and unlike most supsrcomputing centers,
Earth Engine is also designed to help researchers easily disseminate
their results to other researchers, policy makers, NGOs, lield workers,
and even the general public. Once an algorithm has been developed
on Earth Engine, users can produce systematic data products or deploy
interactive applications backed by Earth Engine’s resources, without
needing to be an expert in application development, web programming
or HIML

2. Platform overview

Earth Engine consists of a multi-petabyte analysis-ready data catalog
co-located with a high-performance, intrinsically parallel computation
service. It is accessed and controlled through an Internet-accessible
application programming interface {AP1) and an associated web-based
interactive development environment (IDE) that enables rapid
prototyping and visualization of resulis.

The data catalog houses a large repository of publicly available
geospatial datasets, including observations from a variety of satellite
and aerial imaging systems in both optical and non-optical wave-
vironmental variables, weather and dimate forecasts and

lengths,
hindcasts, land cover, topographic and socio-economic datasets. All of
this data is preprocessed 1o a ready-to-use but information-|
Form that allows efficient access and removes many barriers
with data management.

Users can aceess and analyze data from the public catalog as well as
thedrown private data using a library ol operators provided by the Earth
Engine APL These operators are implemented in a large parallel

eativerommuons o Toenses Ty A
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High-Resolution Global Maps of 21st-Century Forest
Cover Change

M. C. Hansen'”", P. V. Potapov', R. Moore?, M. Hancher?, S. A. Turubanova', A. Tyukavina', D. Thau?, S. V. Stehman?, S. J. G...
+ See all authors and affiliations

Do we have to rely to Google and NASA in Europe too?
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Results from time-series analysis of Landsat images
characterizing forest extent and change.

Trees are defined as vegetation taller than 5min
height and are expressed as a percentage per output
grid cell as ‘2000 Percent Tree Cover’. ‘Forest Cover
Loss' is defined as a stand-replacement disturbance,
or a change from a forest to non-forest state, during
the period 2000-2018. ‘Forest Cover Gain’ is defined
as the inverse of loss, or a non-forest to forest
change entirely within the period 2000-2012. ‘Forest
Loss Year' is a disaggregation of total ‘Forest Loss’
to annual time scales.

Reference 2000 and 2018 imagery are median
observations from a set of quality assessment-
passed growing season observations.
Download the data.

Reset to default view
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Such «GLOBAL» approaches have to be
used carefully

Article

Abruptincreaseinharvested forest areaover
Europe after 2015

Guide Ceccherini'™, Gregory Duveiller', Giacomo Grassl', Guido Lemoine®, Valerio Avitabile',
Roberto Pilli' & Alessandro Cescatti'

https://dol.org/10.1038/s41586-020-2438-y
Received: 17 May 2019
Accepted: 23 April2020

Forests provide a series of ecosystem services that are crucial to our society. In the
European Union (EU), forests account for approximately 38%of the total land surface’.
These forests are important carbon sinks, and their conservation efforts are vital for

Published anline: 1July 2020

| ®|Check for updates
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Matters arising

Il Eurcpe broadieaf
I Asia broadleaf

North America beoadieaf
I North Amesica conifer o &

detection of change between years. Instead, stratified sample esti-
mation procedures” are better suited to GFC data®. Such analyses,
which address both omission and commission errors, offer accurate
and unbiased results of forest change. Moreover, sample reference
data tailored to the specific purpose of a given study can be used to

Windthrow in Central Europe

Insect darmage (%)
Auerage 2016-2018
[C]=25% W-25%

1.4t [] 20042018
W z016-201a

0
Harvested area in ref. |

Fig.1|Abrupt changesin GFCafter 2015 are visible
inmany temperate regions. Thisreflects the
various improvements in detection that were noted
inref.”.a, Annual forest cover loss from GFC data in
four forest regions: Europe broadleaf (blue); Asia
broadleaf (orange): North America broadleaf
{yellow) and North America conifer (purple). The
vertical dashed line marks the point of the increasein
loss reported by Ceccherini et al.”. Dashed coloured
linesare linear i the period 2004~
2015. b, The mean annual loss over 2004-2015 and
2016-2018; error barsshow +1s5.d. (samplesizeis
number of years each). ¢. The locations of the four
forest regions. d. A comparison between the
harvested area proposed by Ceccherini etal.” for
ltaly and the accuracy of the GFC forest lossas

inref.*(based i i
harvested areas mapped in the field). The increaseir
estimated harvest from the GFC largely reflects
changes in detection. Different colours denote the
periods compared by Ceccherinietal.”.

165 20 i B

discriminate proportions of loss due to natural disturbances withii
the overall forest loss rates™.

Ceccherini etal.' argue that the socio-economic context and th
policy framework are the most important drivers explaining th
abruptincrease in harvest area because their analyses excluded natura

Change in harvested forest area
2016-2018 versus 2004-2015 (%)

-100 0 100 200
{from ref. 7)

Bark beetls in Czech Republic

Walume of trees kiled i 1,000)
Cumulative 2016-2018
. 28321
321773
TTA-1267
126.7-250.6

Fig. 2| Thespatial distribution of

many arcas that were estimated as hotspots for increased harvesting by
Ceccherini et al.’ have been i by us 1di: es, and thus
these areas were not properly compensated forin the calculations in ref.”. The

E mapinthec P ced from ref. !, Springer Nature) shows the
wvariation of vested forest area for 20016-2018 compared
with 2004-2015 (blue to red colours according to figure 2b in Ceccherinietal ).
Three examples of omissions are given in the insets and overlay forest

perc

e inforr es (allinblack). Topleft, 2016~ 2018 windthrow
events from the FORWIND v2 ' left, 2016-2018 av insect
attacks in which more tham 25% of trees were affected, courtesy of the Spanish
Ministry of Agriculture, Fisheries and Food. Right, district-wise statistics from
the Czech Republic of the cumulative cubic metres of salvaged trees that were
killed by bark beetle in 2016-2018. Country boundaries © ESRI and Garmin

ional reference.

Matters arising
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:“"“ Mapping the forest disturbance regimes of Europe

ANALYSIS

. Undisturbed Torest

I =z Cornelius Senf®"*= and Rupert Seidl ®'**
. 2010 Changes in forest disturbances can have strong impacts on forests, yet we lack consistent data on Europe's forest disturbance
regimes and their changes over time. Here we used satellite data to map three decades of forest disturt across i
28 tal Europe, and analysed the patterns and trends in disturbance size, frequency and severity. Between 1986 and 2016, 17% of
Europe's forest area was disturbed by anthropogenic and/or natural causes. We identified 36 million individual disturbance
patches with a mean patch size of 1.09 ha, which equals an annual of 0.52di per km? of forest area.

&, Dislurbance saveqty

The majority of disturbances were stand replacing. While trends in disturbance size were highly variable. disturbance fre-
000 quency i ly it d and disturb severity d d. Here we p a i |
Europe's forest imes and their over time, providing spatial i jon thatis c L
025 the ongoing changes in Europe’s forests. . remote sens "ng m\b\y
. 0.50 Technical Note

. 075 tant ecosystem services to society, ranging from carbon seques-  mation available on disturbance regime
tration to the filtration of water, and protection of soil from  time, especially when considering both ¢ Google Earth El“lgil‘le

. .00 erosion and human infrastructure from natural hazards'. Europes  bances. While previous studies have cha
forests have expanded in recent decades’ and have accumulated  regimes of some of Europes forest ecos

substantial amounts of biomass due to intensive post-World War 1T ies have either focused on purely natural

Ls 33% of E 's total land d ide i - I ard to E: there is o it . .
I:'m et e haty. campine From b secen o on disturbance regime I Mplementation of the LandTrendr Algorithm on

Robert E Kennedy 1%, Zhigiang Yang 2, Noel Gorelick *, Justin Braaten !, Lucas Cavalcante 4,
‘Warren B. Cohen ® and Sean Healey ®

1 College of Earth, Ocean, and Atmospheric Sciences, Oregon State University, Corvallis, OR 97331, USA;
braatenj@oregonstate.edu

2 College of Forestry, Oregon State University, Corvallis, OR 97331, USA; zhigiang.yang@oregonstate.edu

3 Google Switzerland, Zurich 8002, Switzerland; gorelick@google.com

1 Google, Mountain View, Mountain View, CA 94043, USA; lucassc@google.com
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Abstract The LandTrendr (LT) algorithm has been used widely for analysis of change in

edu; Tel.: +1-541-737-6332

check for
updates

. Landsat spectral time series data, but requires significant pre-processing, data management,

( LA N DT R E N D R I n G E E ) b u t and computational resources, and is only accessible to the community in a proprietary programming
language (IDL). Here, we introduce LT for the Google Earth Engine (GEE) platform. The GEE

platform simplifies pre-processing steps, allowing focus on the translation of the core temporal

H H d f E segmentation algorithm. Temporal segmentation involved a series of repeated random access calls

(o) pt imize or U to each pixel’s time series, resulting in a set of breakpoints (“vertices”) that bound straight-line
segments. The translation of the algorithm into GEE included both transliteration and code analysis,

resulting in improvement and logic error fixes. At six study areas representing diverse land cover

types across the U.S, we conducted a direct comparison of the new LT-GEE code against the heritage

code (LT-IDL). The algorithms agreed in most cases, and where disagreements occurred, they were

largely attributable to logic error fixes in the code translation process. The practical impact of these

changes is minimal, as shown by an example of forest disturbance mapping. We conclude that the

LT-GEE algorithm represents a faithful translation of the LT code into a platform easily accessible by

the hraadar neer cammumite

‘_,....Vertex

Spectral Index

Years

P

Fig. 1| Forest disturbances in Europe, 1986=2016. a, The cocurrence of disturbances across Europe. b, Year of disturbance. ¢, Severity of disturbance for
three selected areas (scale, 0-1): (1) a bark beetle outbreak of varying severity in and around the Harz Mational Park (Germany); (2) salvage-logged wind R Some. 2018, 10,691, e L0390 fral 0050491 o com/jourmal/remotesensing
disturbance in an intensively managed plantation forest in the Landes of Gascony {France), with very high disturbance severity; and (3) fire disturbances
on the Peloponnese peninsula (Greece), with variable burn severity. Disturbance maps were derived from analysis of >30,000 Landsat images across
continental Europe. See Extended Data Fig. 7 for a high-quality version of the main disturbance map.




Specific approach for Mediterranean coppices 313D on Google Earth Engine
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The Three Indices Three Dimensions (313D) algorithm: a new
method for forest disturbance mapping and area estimation
based on optical remotely sensed imagery

Saverio Francini (5>, Ronald E. McRoberts?, Francesca Giannetti (27,
Marco Marchetti®, Giuseppe Scarascia Mugnozza® and Gherardo Chirici(®*

“Dapartment of Agriculture, Faod, Environment and Forestry, Universita Degli Studi Di Firenze, Firenze, Italy;
*Dipartimenta Di Bioscienze E Territorio, Universita Degli Studi Del Molise, Iseria, Italy; “Dipartimento per
I'nnovazione Dei Sistemi Biologici, Agroalimentari E Forestali, Universita Degli Studi Della Tusdia, Viterbo,
haly; “Department of Forest Resources, University of Minnesota, Saint Paul, Minnesota, USA

— _ _ ABSTRACT ARTICLE HISTORY
1 Although estimating forest disturbance area is essential in the Received 10 November 2020
_— context of carbon cycle assessments and for strategic forest plan-  Accepted 13 February 2021

I - ning projects, official statistics are currently not available in several
| countries. Remotely sensed data are an efficient source of auliary
information for meeting these needs, and multiple algorithms are
commonly used worldwide for this purpose. However, both more
accurate maps and precise area estimates are strongly required,
especially in Mediterranean ecosystems, and scientific research in
this topic area is anything but concluded.

In this study, we present the new Three Indices Three
Dimensions (313D) algorithm for the automated prediction of forest
disturbances using statistical analyses of Sentinel-2 data. We tested
313D in Tuscany, Italy, for the year 2016, and we compared the
results to those obtained using the Global Forest Change Map
(GFC), LandTrendr (LT), and the Two Thresholds Method (TTM).
The 313D map was the most accurate (omissions = 27%, commis-
sions = 30%) followed by TTM (omissions = 35%, commissions = 39%),
LT (omissions = 41%, commissions = 43%) and lastly GFC with
slightly fewer omissions than LT (39%) but with many more commis-
sions (69%). We also presented a probability sampling framewark to
estimate the forest harvested area using a model-assisted estimator
O 0 - that can be used at an operational level to produce large-scale

statistics. 313D and TTM produced the smallest standard errors of
the area estimates (8%) followed by LT (13%) and GFC (17%).
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1. Introduction
Figure 3. 313D, TTM, LT and GFC performan(es comparison. A bar graph comparing the performance Environmental problems arising from forest degradation, deforestation and human land

of the four algﬂrithms in term of P, R, MCC, and F. use are greater than ever and are increasing rapidly (Ramankutty et al. 2007). In this
r ' 1 context, and in view of climate change, sustainable management of forest ecosystems is

essential (FAO, 2015) because forest growth offsets a substantial propertion of carbon

CONTACT Saverio Franini ) saverio francinigunifiit ) Dipartimenta per Innovaziane Dei Sistemi Biologici,
Agroalimentari E Forestali, Universita Degli Studi Della Tuscia, Via San Camilla De Lells, Viterbo, Italy

é Supplemental data for this article can be accessed here.

‘ 2021 informa UK Liited, trading as Taylar & Frands Group



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 o)

is a high-precision
digital model of the
Earth that will integrate
the Earth system model
with modern Earth
Observation (EQ) data,
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SINGLE.EARTH

A DIGITAL TWIN OF
WORLD'S NATURE

TURNING CARBON AND BIODIVERSITY INTO DIGITAL GOODS

REAL NATURE DIGITAL TWIN OF EARTH MERIT TOKEN

https ://WWW_ Si 1] g I e.ea rt h/ Single.Earth works directly with landowners to We combine satellite data, big data analysis, We emit one tradable MERIT token to the
conserve and restore forests, wetlands, and and machine learning to transparently landowner everytime 100kg of CO2 is

other natural resources through sustainable represent how nature works in the digital captured in biodiverse nature in real-time.
land management. world. MERITs are tradable on the transparent and
secure Single.Earth marketplace.
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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 wil 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 te st 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

WP 3 EFINET wiil 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

EFINET

European Forest Information Network
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European forest types
14 categories
o 1. Boreal forest

¢ Joint Research Centre

o 2. Hemiboreal forest,
nemoral coniferous
and mix:
broadieaved-
coniferous forest

o 3. Alpine conferous
forest

European C issi Joint R ch Centre (JRC)

The European Commission closely cooperates with the ICP Forests since 1
monitoring activities have been co-financed under Regulation EC No 2125,
Regulation (EEC) No. 3528/86.

Visit the JRC

@ 4. Acidophylous oak
and oak-birch forest

5. Mesophytic deciduous
forest

@ European Commission, Joint Research Centre 6. Beech forest

© 7. Mountainous beech
rest

8. Thermophilous
deciduous forest

© 9. Broadieaved
evergreen forest

o 10. Coniferous forest of
the Mediterranean,
Anatolian and
Macaronesian regions
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o 11. Mire and swamp forests

12, Floodplain forest

© 13. Non-riverine alder,
birch or aspen forest

o 14. Plantations and
self-sown exotic forest

[ Mo data
[] Outside data coverage

EFFIS, Trees Atlas, EFDAC, ...
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We still do not have an OFFICIAL forest map of Europe!!!
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* Open access (of a small part of the) NFls
plots (including precise geographic
location) . — —

Remote Sensing of Environment B
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* NFls are not just data provider

other structural attributes using Landsat composites and lidar plots
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ARTICLE INFO ABSTRACT

Keywonds Passive optical remotely sensed images such as thase from the Landsat satcllites enable the development of

[ ]
i spatialy comprohensive, wel calbraie oflecance mezsures tha Suppart Largearea mapping. n rocent years, )
Eomient as an alternative to field plot data, the use of Light Detection and Ranging (lidar) acquisitions for calibration and o
= . valdatian purposcs fn combination with such satelle refectance data to model  range of fores: Srucural £ A
onitori, response variables has become well established. In this rescarch, we use a predictive modeling approach to map ; g

forest structural attributes over the — 552 million ha boreal forest of Canada. For model calibration and in

we lidar derived forest vertical structure (known as lidar
plots) ltsined in 2010 v 3 = 25,000 km transeet bsed natons! survey. Models were developeel lnking the
lidar plot structural variables to wall.to-wall 30-m spatial resolution surface reflectance composites derived from
Landsat Thematic Mapper and Enhanced Thematic Mapper Plus imagery. Spectral indices extracted from the
composites, disturbance information (years since disturbance and type), as well as geographic pasition and

. topographic variables (i.c., elevation, slope, radiation, eic.) were considered as predicior variables. A nearest &
neighbor imputation approach based on the Random Forcst framework was used to predict a total of 10 forest \ %1
from 040 to 0.61 for key response variables such as eanopy cover, stand height, basal area, stem volume, andl

LN aboveground biomass. Additionally, a predictor variable importance analysis confirmed that spectral indices,

clevaton, and geographic coordinates were key sources of informaon, ultimately offring an improved un- fo
derstanding o the driving variabis for largearea forcs stracture modeling. This stuly demonstrates the in g

tegration ofarborne lidar anc Landsat-derived eflocance products 1o generate detailed and spatially cxicasive

mape of fonest struciure. The methods are portable 1o map other atributes of intere: {based wpon <alibration
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1. Introduction conservation (e.g., preservation of wildlife habitats) and human use
needs (c.g., building materials, fucls), borcal forests require compre

In Canada, forest ecosystems are a mosaic of trees, wetlands, and  hensive, timely, and accurate in o and monitoring efforts. To this

lakes, occupying an area of —650 million ha (Wulder ct al, 2008b),  end, data collection gns ar sary to characterize and map

with a treed area of 347 million ha (N ou 6). ning, cributes sach a5 canopy covcr, heizht
cal forest, an important source of both rencwable and non-re - well as age, specics, land-cover, and dis bk

resources, occupies an area of 552 million ha (with 270 mil L, 2014).
Vion ha of trees) and forms an eastest irate national forest structural information,

d across the country, re
et al

e URGENT need for: reference EU LiDAR,
EU forest type map, integrated approach —e e
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* JOIN EFINET! https://efi.int/efinet
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