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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 NFIs since the very
beginning with traditional
aerial photography
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A century of national forest inventories — ®
informing past, present and future

decisions
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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 persomn.




Nuove opportunita dalle piattaforme di

osservazione dallo spazio
GEPD!

* Increasing number of high resolution multispectral
optical and radar platforms (Sentinels, Landsat)
. New LiDAR data (ICESAT, GEDI, TLS, UAV) FEOSYSTENM LIDAR
* Incresing number of spatial remotely sensed based
data at COPERNICUS

* New high resolution small satellites platforms

(PLANET), real time monitoring LANDSHTNINE

« New hyperspectral platforms (PRISMA)
* UAV and digital photogrammetry (SFM)

4 ﬁ ’ net
e [—-? See Change.

Change the World.



L
e
1

(R

LT A VS

BT Y L L LVAVANAR

E
E

i
L

™
l:‘k :H.‘ 1|l"1|".1'.\.\ e

I,
J

Piid

i
I.g.
S~
i

B LR

A '\i =
val Nl
i

-
-

/7




High-Resolution Global Maps of 21st-Century Forest
Cover Change

&1 & Global Forest Change X & +

&« O ) D Non sicuro https://earthenginepartners.appspot.com

Global Forest Change

Published by Hansen, Potapov, Moore, Han

DEPARTMENT OF GHOGRAPHICAL SCIENCES
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

Data Products
Forest Loss Year (2018 Highlight)

Other Data Layers

Primary Humid Tropical Forests

Background Imagery

Year 2000 Bands 5/4/3 v

Example Locations

Forestry and Tornado in Alabama v

Zoom to area
Dati mappa ©2019 GeoBasis-DE/BKG (©2009), Google, Inst. Geogr. Nacional, Mapa GISrael, ORION-ME | 200 km e | Termini e condizioni d'uso |

Published by Hansen, Potapov, Moore, Hancher et al. - Powered by Google Earth Engine - Help



e

Google Earth Engine

Landet 7 Srtaca etacn IR |

i
+

CcC 0

App @ Altmetricit!

& Expression Map

I Filtered Composite
B Linear Fit

& simple Cloud Score
& Animated Thumbnail

& Landsat Simple Composite

» Feature Collection

@ Nuova scheda

@ code.earthengine.google.com

ResearcherlD.com Web of Knowledge... @ Gmail - 'oregon’ @ Cartellino - gehirici.. @ macchina: Settembr... E LAStools: convertin... EFACS - Home EuroCambi: euroco... @ Portale dell'assisten... Web of Knowledge... @ Dati Samo - gchil @ Google

Search places and datasets..

o

Renmle Se

& Open Journal Syste...

Contents lists available at ScienceDirect

Remote Sensing of Environment

journal homepage: www.alsevier.com/locate/rse

LI
Beatport

= (@ pauss

European ForestIns... [Jl] PCN - ARCGIS

om P

ca anaN oxoewo it

psing of Environment 202 (2017) 18-27

» Charts L
11 Remo s

» Arrays 12 var mask2 = image.mask().reduce(ee.Reducer.min());
» Primitive 13 return image.updateMask(cloud.not()).updateMask(mask2);
~ Cloud Masking i: b

¥ Landsat457 Surface Reflectance 16 Mab T :

& Landsat8 Surface Reflectance 17 var collection G i

; oogle Earth Engine:
& Landsat8 TOA Reflectance QA Band 18 -filterDate('2 2 g
4 19 -

& MODIS Surface Reflectance QA Band ol var: comosite = coliection Noel Gorelick **, Matt Hancher

B Sentinel2 21 -map (cloudMaskL457) * Gagle Switzerland, Brandschenkestyasse 110, Zarich 002 Switzerland

& Sentinel2 Cloud And Shadow 22 .median(); b Google fnc, 1600 Amphitheater Parkwiy, Moeintain View, CA, 94043, USA

= 23

~ Code Fditor

® ~ v R

ARTICLE INFO ABSTRACT
Artidle istory:

Received 9 July 2016

Received in revised lorm 5 Juse 2017
Accepted 27 June 2017

Availasle valine & July 2017

Keywords:
Cloud computing

Big data

Analysis

Platform

Data densoctatization
Earth Ersgitse

2017 The Authar{s).

Mar del Nord

1. Introduction

s and high-perf « 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 tial data processing [

This burden can put these tools out of the reach Ufmduy researchers
and operational users, restricting access to the information contained
within many large i datasets o i ing 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).
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Planetary-scale geospatial analysis for everyone

034425740 2017 The Author(s). Published by Elsevier Inc. This is an open sccess article under the O BY license (i,
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Google Earth Engine is a clowd-based platform for planetary-scale peospatial analysis that brings Google's mas-
sive computational capabilities to bear on a variety of high-impact societal i
drought, disaster, disease, food seourity, water
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 doud computing resources.

Published by Ekevier Inc. This is an open acress article under the CC BY license (http://

ues mcludmg deforestation,
protection.

climate

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
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Forest Landscape Integrity Index

ARTICLE
Anthropogenic modification of forests means only
40% of remaining forests have high ecosystem

integrity

https://www.forestintegrity.com/home




Such «GLOBAL» approaches have to be
used carefully in Europe

Article

Abruptincreasein harvested forest area over
Europe after 2015

https://dol.org/10.1038/s41586-020-2438-y
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Guldo Ceccherini'™, Gregory Duvelller', Glacome Grassl', Guido Lemoine®, Valerio Avitabile',
Roberto Pilli' & Alessandro Ceseatti!

Forests provide a series of ecosystem servicesthat 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

2004

Harvested forest area per year (%)
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detection of change between years. Instead, stratified sample esti-
mation procedures” are better suited to GFC data®. Such analyses,
which address both and ¢ i 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

T W g

10
Harvested aves in ref. !

Fig.1|Abrupt changesin GFCafter 2015are visible
inmany temperate regions. Thisreflectsthe

[ 20022015 variousimp in tion that
Wl 20162018 inref.”.a, Annual forest coverloss from GFC datain
four forest regions: Europe broadleaf (blue); Asia
I {orange); North Americ.
I (yellow) and North America conifer (purple). The

vertical dashed line marks the point of theincrease in
loss reported by Ceccherini et al.”. Dashed coloured
lines are linearregressions over the period 2004~
2015. b, The mean annual loss over 2004-2015and
2016-2018; errorbarsshow £1s.d. (samplesizeis
number of years each). ¢, The locations of the four
forest regions. d, A comparison betweenthe
harvested area proposed by Ceccherinietal.'for
Italy and the accuracy of the GFC forest lossas
inref.*(based
harvested areas mappedin the field). Theincreaseir
estimated harvest from the GFC largely reflects

against

Matters arising

changesindete Different cols d the
periods compared by Ceccherinietal.’.

15 20 30 35

discriminate proportions of loss due to natural disturbances withi
the overall forest loss rates®.

Ceccherini et al.' argue that the socio-economic context and the
policy framework are the most important drivers laining thi

Concerns aboutreported harvestsin
Europeanforests

Received: 3 July 2020

26 January 2021

Marc Palahi'*“, Rubén Valbuena®*<, Cornelius Senf’, Nezha Acil*%, Thomas A. M. Pugh*®*,
Jonathan Sadler*%, Rupert Seidl’, Peter Potapov’, Barry Gardiner®, Lauri Hetemaki',
Gherardo Chirici®, Saverio Francini**®, Tom4s Hlasny", Bas Jan Willem Lerink®,

Hikan Olsson®, José Ramén Gonzalez Olabarria™, Davide Ascoli®, Antti Asikainen™,

abruptincreasein harvest area because theiranalyses excluded natura

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

0 100 200
(from ref. )

Volume of trees kiled (m? x 1,000)
Cumulative 2016-2018

. :' . 26321
321-77.3
77.3-1267
A: 126.7-2506
250.6-4025
Insect damage (%) ® 40250836
Average 2016-2018 ® 9836-33402
[C25% m-25%
Fig.2| The ial distributi: f disturbance it es (allinblack). Top left, 2016-2018 windthrow
many i a fori vesting by events from the FORWIND v2 By left, 2016-2018 i
Ceccherini etal.' have been i byus 1 di: es, and thus attacks in which more than 25% of trees were affected, courtesy of the Spanish
these areas were not properly inthe inref.". The Ministry of Agriculture, Fisheries and Food. Right, district-wise statistics from
mapinthe centre (rep fromref.", Springer h the the Czech Republic of the cubic salvaged thatwere

percentage variation of European harvested forest area for 2016-2018 compared
with 20042015 (blue to red colours according to figure 2b in Ceccherini et al.’).
Three examples of omissions are given in the insets and overlay forest

killed by bark beetle in 2016-2018. Country boundaries © ESRI and Garmin
International have been added for reference.
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a, Disturbance occurrence

[l Disturbed torest name | - ANALYSIS
Sustal Ilablll ty https://doi.org,/10.1038/541893-020-00609-y

M) Ghack for updates.
b, Disturbance year

:‘”" Mapping the forest disturbance regimes of Europe

I undisturbed forest

Il 2002 Cornelius Senf®"*= and Rupert Seidl ®'**
. 2010 Changes in forest disturbances can have strong impacts on forests, yet we lack consistent data n|| Eumpn's forest disturbance
regimes and their changes over time. Here we used satellite data to map three decades of forest across i
2018 tal Europe, and analysed the patterns and trends in di t size, fi and ity. B 1986 and 2016, 17% of
Europe's forest area was disturbed by anthropogenic and/or natural causes. Wn ulnnhli-l 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.

¢, Disturbance severity

The majority of dmlurhn:u mrn :uml r-phcmg WInIn trends i in disturbance size were lq;hl, variable. disturbance fre-
0.00 quency i d and di d. Here we p a
Europe's forest il and their mrllmu, providit spthnl ion thatis a1 oy
025 the ongoing changes in Europe’s forests. . remote sens "ng m\b\y
- 0.50 Technical Note

tant ecosystem services to society, ranging from carbon seques-  mation available on disturbance regime ImPlemEﬂtﬂtlun of the LandTrendr Alg()l'lthm on

.7
. o tration to the filtration of water, and protection of soil from  time, especially when considering both ¢ Google Earth El“lgil‘le
. 1.00 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 [T ies have either focused on purely natural

Focrests cover 33% of Europe’s total land area and provide impor- In regard to Europe there is current]
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p p Abstract The LandTrendr (LT) algorithm has been used widely for analysis of change in

. 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 segmentation algorithm. Temporal segmentation involved a series of repeated random access calls

(0] pt imilze or E 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

Af,.fVertex

Spectral Index

Years

P

Fig. 1| Forest disturbances in Europe, 1986-2016. a, The occurrence 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 National 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.
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The forests around Canada’s prairies are dominated by poplars (including trembling aspen and balsam
poplar), but these species can also be found almost anywhere in Canada. Pines, too, are common
throughout Canada, but are especially dominant in areas where forest fires have occurred frequently.

Forest composition across Canada

Canada's forests contain many tree species. Grouping species according to genus makes it easier to see
where trees of different types are dominant.

The West Coast is dominated by forests of -
East Coast are heavily mixed and species ri

For example, moving northward from Canada's most densely populated areas in Ontario and Quebec, Faded colours on the map represent less di

Remote Sensing of Environment 209 (2018) 90-106

of each genus, to represent that genus and
different parts of Canada.

one passes first through maple-dominated forests, then through birch, and on into the spruces (including
black spruce, white spruce and others) that dominate the boreal zone, a broad sweep of land from Yukon
to Newfoundland and Labrador.
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Large-area mapping of Canadian boreal forest cover, height, biomass and
other structural attributes using Landsat composites and lidar plots
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ABSTRACT

Passive opical remotely sensed images such a5 those from the Landsat satellites enable the development of

spatially that support Large-area mapping. In recent years,
asarnalmmnuvemﬁddpjmdam,dmmeothglnnemmmdkmgmg(hdnlaqmmﬁnruhbmmmd
ion purposes in ion with such satellite reflectance data to model a range of forest structural

response variables has become well established. In this research, we use a predictive modeling approach to map
forest structural attributes over the ~552 million ha boreal forest of Canada. For model calibration and in-
dependent validation we utilize airbome lidar-derived measurements of forest vertical structure (known as lidar
plms}ubmnedmmlumn>zimhnumm-bnnximwmlxmqMuddswmdzvdnve\:lludungmg
lidar pl | variables to wall 1l 30-m spatial resolution surface refl ites derived from
Iandmlﬂmmllappwami&dmmdﬂnmhclhppﬂmuwry Spectral indices extracted from the
i (ymmdlmnbmnndtype}nswdllsmphnmhunmd
{i.e., elevation, slope, radiation, ete.) were icl iables. A nearest
nm,ghhnrlmpulnmmawrmhnlmunaulﬂmnmﬁmwuriwaslmdmpm‘hﬂammldlﬂm
The model was and wvali on = 80,000 lidar plots, with R* values ranging
ﬁumﬂ.wmo.ﬁ]hrkzymvanablﬁmd:usmwymslmldhelghr,banlmmvnlnnm,md
d biomass. Ads lly, a predictor variable importance analysis confirmed that spectral indices,
levation, and hi di wu!kzymnlmﬂurmahun,dhmnlﬂyuﬁ:nngmlmwwedm—
derstanding of the driving variables for large leling. This study d the in-
wmthmmmmmmmmmmmmmunyMW
maps of forest structure. The methods are portable to map other attributes of interest (based upon calibration
data) through access fo Landsat or other appropriate optical remotely-sensed data sources, therchy offering
unigue ities for science, and
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conservation (e.g., preservation of wildlife habitats) and human use
needs (e.g., building materials, fuels), boreal forests require compre-

In Canada, forest ecosystems are a mosaic of trees, wetlands, and hensive, timely, and accurate inventory and monitoring efforts. To this
lakes, occupying an area of —650 million ha (Wulder et al., 2008b), end, data collection campaigns are necessary to characterize and map
with a treed area of 347 million ha (Natural Resources Canada, 2016). forest structure, determining attributes such as canopy cover, height,
The boreal forest, an important source of both renewable and non-re- biomass, stem volume as well as age, species, land-cover, and dis-
newable resources, occupies an area of 552 million ha (with 270 mil- turbance hmnry (White et al., 2014).
lion ha of trees) and forms an east-west band across the country, re- The ili a[amurate i forest structural information,
presenting a range of climatic, physiographic, and vegetation often collected following sample-based inventories (Tomppo et al,
conditions (Brandt, 2009). To eﬂ‘el:uvely implement mmnble main- 2010), is the foundation for satisfying a variety of science and policy
aiming at d: both e ion needs as well as for meeting national and international

E-mail addrese: glona matasel@gmail com (G. Matased).
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Dataset link: A Sentinel-2 detived dataset
of forest disturbance occurred in Italy
between 2017 and 2020 (Original data)

Forests absorb 30% of human emissions associated with fos-
sil fuel burning. For this reason, forest disturbances monitor-
ing is needed for assessing greenhouse gas balance. However,
in several countries, the information regarding the spatio-
temporal distribution of forest disturbances is missing. Re-
mote sensing data and the new Sentinel-2 satellite missions,
in particular, represent a game-changer in this topic.

Here we provide a spatially explicit dataset (10-meters res-
olution) of Italian forest disturbances and magnitude from

INTERNATIONAL JOURNAL OF REMOTE SENSING
2021, VOL 42, NO. 12, 4693-471

1 Taylor & Francis
hetps://doi.org/10.1080/01431161.2021.1899334.
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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 (>, Ronald E. McRoberts?, Francesca Giannetti (3°,
Marco Marchetti®, Giuseppe Scarascia Mugnozza® and Gherardo Chirici(®

“Department of Agriculture, Food, and Forestry, Universi tudi Di Firenze, Firenze, taly;
“Dipartimento Di Bioscienze E Territorio, Universita Degli Studi Del Molise, Isernia, Italy; ‘Dipartimento per
I'nnovazione Dei Sistemi Biologici, Agroalimentari E Forestali, Universits Degli Studi Della Tusdia, Viterbo,
Italy; “Department of Forest Resources, University of Minnesota, Saint Paul, Minnesota, USA

?Mmé;nh E 2017 to 2020 constructed using Sentinel-2 level-1C imagery D ARTICLE HISTORY
R:;ﬂfe Sensin;mne and exploiting the Google Earth Engine GEE implementation A\(hnugl‘;' anig:)an‘ng If:ru dislurhan(:] ?rea is asal;(ial in Ime ::E:: ||n3 r:m;“-gha zﬁfﬂ
: context of carbon cycle assessments and for strategic forest plan- ebruary
Open-access of the 313D algorithm. For each year between 2017 and 2020, ning projects, official statistics are currently not available in several
Big data we provide three datasets: (i) a magnitude of the change countries. Remotely sensed data are an efficient source of auxiliary
_ . infarmation for meeting these needs, and multiple algorithms are
Cloud computing map (between 0 and 255), (ii) a categorical map of forest commenly used worldwide for this purpose. However, both more
forest fires disturbances, and (iii) a categorical map obtained by strati- accurate maps and predise area estimates are strongly required,
wind damages fication of the previous maps that can be used to estimate ensallyjin| Mecktsmariean scosysiems iad icient elscarch iy

forest harvestings

the areas of several different forest disturbances. The data
we provide represent the state-of-the-art for Mediterranean
ecosystems in terms of omission and commission errors, they
support greenhouse gas balance, forest sustainability assess-
ment, and decision-makers forest managing, they help forest
companies to monitor forest harvestings activity over space

DOI of original article: 10.1016/j.jag.2021.102663

* Corresponding author.

E-mail address: Saverio.francini@unifi.it (S. Francini).
Social media: W @saveriofrancini (S. Francini), W @GherardoChirici (G. Chirici)
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2352-3409) 2022 The Author(s). Published hy Elsevier Inc. This is an apen access article under the CC BY license
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Fig. 1. Forest disturbances predicted in Italy between 2017 and 2020 using the 313D algorithm. The percentage of the
forests that were disturbed over Italy considering the whole period is shown in the largest panel using a pixel size of
1-km. The four smaller panels (a-d) show zooms of the disturbance boolean maps.

this topic area is anything but concluded.

In this study, we present the new Thres Indices Three
Dimensions (313D) algarithm for the automated prediction of forest
disturbances using statistical analyses of Sentinel-2 data. We tested
3130 in Tuscany, ltaly, 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 = by TTM (omissions = 35%, issions = 399),
LT (omissions = 41%, commissions = 43%) and lastly GFC with
slightly fewer omissions than LT (39%) but with many more commis-

it We al: i | to
estimate the forest harvested area using a model-assisted estimator
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%).

1. Introduction

Environmental problems arising from forest degradation, deforestation and human land
use are greater than ever and are increasing rapidly (Ramankutty et al. 2007). In this
context, and in view of climate change, sustainable management of forest ecosystems is
essential (FAO, 2015) because forest growth offsets a substantial preportion of carbon

CONTACT Saverio Francini o franci it (2 Dipani pe ione Dei Sistemi Biologici,
ralimentari E Forestali, Universita Degli Studi Della Tuscia, Via San Camillo De Lellis, Viterbo, laly.
Supplemental data for this article can be accessed her

© 2021 informa UK Limited. tiading as Taylor & francis Group




Legend
Forest map yea

Bl 2000
B 2004

CHM

CHM (m)

M 0-5
= 5-10
[ 10-15
B 15-20
Ml 20

Fig. 1- Acquisition year of
local maps used to create
the high resolution forest

mnacl

Research Article

Forest Mask

I Forest
[] Non-Forest

100 0 100 200 300 400km
N [— ]

0 100 200 300 400 km




mipaaf

Prototipo della Carta - e

7

L ] //
Forestale Italiana Categoria CF
WmAB
WAF < 2
) M AL
Scala 1:10.000 —Y
Multidefinizione B AN
B AQ
B AR
W CA
mcs
nomenclatura senza nomenclatura | locale
X X —MFA y
Basiicata | X X FR e
[PABoane | X X —
X X LS
Definita = MU
X X B OS
MG X X PA
X X B PD
X X M PE
X X PF
| Marche | X X PL
| Molise | X X N PM
X X I PN
X X M PS
X Definita i QC
E X X M QF
X X M QR
X X = (S)l}/ -
| Umbria | X X
Vallodhosta X X A ——
Veneto | X X A\



European Forest Information Network - EFINET

RES® EFINET

FO r e St P a h CO-DESIGNING HOLISTIC FOREST- BASED poLicy”
; PATHWAYs FOR CLIMATE CHANGE MITI _ ;

Duration: September2022 February

Forest Nawgdfm

Navigating european forests and
forest bioeconomy sustainably
to EU climate neutrality

S U P E R B __:'__,_ N \_‘- e,
Upscaling Forest Restoration I - M AEST RO
ARSI
Innovative forest management

strategies for a resilient bioeconomy
under climate change and disturbances




