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Precision
forestry

* Recentemente, lo sviluppo delle tecnologie
dell'informazione e della comunicazione (Ict)
ha favorito I'applicazione al settore agricolo di
nuove strategie e metodologie gestionali note
nel loro complesso come Precision
Agriculture (Agricoltura di Precisione).

* Con il termine Precision Forestry si
identifica I'acquisizione e 'utilizzo di dati
derivanti da tecnologie Ict a supporto di un
uso sostenibile delle risorse forestali.

* InItalia, il termine Precision Forestry viene
generalmente tradotto in “selvicoltura di
precisione”, intendendo l'insieme di pratiche
di monitoraggio, pianificazione, gestione e
utilizzazione delle risorse forestali.




The building blocks of moving from traditional to
precision forestry require a new approach.

From:

Traditional forestry systems involving highly manual and
analog processes, “broad-brush”
management prescriptions
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. ¥ A"
i T® Precision forestry system with
digital data capture and planning, granular
management prescriptions, and tight operational control

Natural regeneration of forests with seed trees of
same genetic material

Selectively bred and cloned seedlings, raised in nurseries
under tightly controlled conditions

Use of 2-3 standard fertilization prescriptions
depending on broad soil-type classifications

Site-specific fertilization treatment based on granular
assessment of soil nutrient deficiencies

to inform production planning and ranging (lidar), or in-forest scanning with smartphones

Motor-manual harvesting with no data capture Fully mechanized harvesting, integrated with supply-

chain planning

Satellites and drones to provide early fire detection and
inform centrally planned response

Reacting to forest fires detected only by direct
observation

‘ Manual in-field forest inventory based on sampling I I Digital forest inventory using drones and light detection
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Mapping global forest canopy height through integration of GEDI and
Landsat data
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Applicazioni in Italia
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Esempio di applicazione sul dato INFC2005

National application

LOO R2=0.61 and RMSE = 52 m3ha'l

INFC (2005)

observed
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Wall-to-wall spatial prediction of growing stock volume based on Italian
National Forest Inventory plots and remotely sensed data Sy
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Yearly estimations of growing stock volume

Design based estimations
REGIONS

Desion based estimati uncertainty
esign based estimations & i ssessment

Growing Stock Volume
maha

REGIONS =

Rl

Vangi et al., 2023



Validation against independent datasets
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Large-scale high-resolution yearly modeling of forest growing stock volume
and above-ground carbon pool

Elia Vangi™ ® Giovanni D’Amico ™%, Saverio Francini >, Costanza Borghi?,
Francesea Giannetti ®, Piermaria Corona °, Marco Marchetti °, Davide Travaglini “, Guido Pellis®,
Marina Vitullo %, Gherardo Chirici®
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" Dipartimento di Biosciense ¢ Territorio, Universith degli Studi del Molise, ltaly

© CREA Research Centre for Forestry and Wood, ltaly

9 Fondasione per il Futuro delle Cittiz, Firense, fealy

© Istituro Superiore per la Protesione ¢ la Ricerca Ambienzale, Iraly

ARTICLE INFO ABSTRACT

Keywords:
Naional forest inventory
Gav

Carbon stock

Forest modeling

Spatial modeling

Italy

Within the Paris Agrccment’s Enhanced Transparency Framework, consistent data collections arc the prereg-
uisite for a successful reporting of GHG emissions. For such purposes, NFls are usually the primary source of
information, cven if they are frequently niot designed for producing estimations on a yearly basiz and in the form
of wall-to-wall high-resolution maps. In this framework, we present a new spatial medel to produce yearly
growing stock volume (G8V), above-ground biomass (AGE), and carbon stock wall-to-wall cstimates. We tested
the model in [taly for the period 20052018, obtaining a time-serics of yeasly maps at 23 m spatial resolution.
Results were validated against the 2015 Italian NFI reaching an average RMSE% of 19% for aggregated arcas.

Results were aleo compared against data reported by the ltalian GHG inventory, reaching an RMSES of 28% and
20% for GSV and carbon stock respectively.

We demonstrated that the modeling approach can be successfully used for setting up a forest menitoring

system to meet the interestz of governments in inventories of GHG emissions and private entities in carbon offset
investments.

1. Intreduction sink (Sellers et al., 2018). Forests are estimated to sequester 309 of the
total glabal ©O; released into the atmosphere 'm.nu'dlv (Houghton and

Under the enhanced transparency framework of the Paris Agree- o 2017), corresponding to 7.6 Gt CO2y™", reflecting a balance

o o
AN <
Predicted C (min t)

60

ment, each country Party must report every two years an inventory of
their anthropogenic greenhouse gases (GHGs) emissions by sources and
removals by sinks following the Intergovernmental Panel on Climate
Change (IPCC) guidelines and guidance (IPCC et al 006). The GHG
emission inventory has to fulfill the IPCC key principles: transparency,
accuracy, completeness, consistency, and comparability while providing
helpful information for assessing the climate impacts. The “Land Use,
Land-Use Change and Forestry”™ (LULUCF) is exceptionally demanding,
dealing with natural carbon dynamics and aiming to assess emissions
and removals related to the impact of anthropegenic activities. The
LULUCF sector is responsible for significant GHG emissions globally,
mainly due to deforestation activities. In this frameworl, forests are
pivotal ecosystems, being a substantial and growing atmospheric carbon

between gross carbon removals and gross emissions from deforestation
and other disturbances (Harris et al,, 202; Xu et al., 2021). Increasing the
carbon stored in the above and below-ground forest biomass is a miti-
gation mechanism to fight climate change and offset anthropogenic
emissions worldwide (Di Cosmo et al., 2016).

Despite the UNFCCC requirements related to the provision by Parties
of biennial forestry-related carbon stock change, many National Forest
Inventories (NFI) are not designed for continuous yearly reports and
cannot cope with the required reporting frequency due to longer update
eycles (McRoberts et al., 2018). Estimating carbon stock changes be-
tween consecutive NFls is a pivotal step in accomplishing the reporting
requirements. The methodology should be based on year-te-year
measured forest variables or prediction models to extend NFI-based

bientali

* Corresponding author. Dipartimento di Scienze ¢ T logie Agrarie, Aliment:
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Le mappe derivanti dalla
spazializzazione possono essere
utilizzate a supporto della gestione
e della pianificazione forestale

Il risultato della spazializzazione dei dati
inventariali permette di ottenere mappe
per alcune delle principali variabili
(provvigione, area basimetrica, numero
di alberi ad ettaro, grado di copertura,
biomassa, ecc.) per ogni pixel di bosco

Le stime per pixel possono essere
aggregate a livello di particellare
forestale in piani di gestione o nei piani
forestali d’indirizzo territoriale
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Detecting trends in forest disturbance and recovery using yearly Landsat time series:

1. LandTrendr — Temporal segmentation algorithms

Robert E. Kennedy **, Zhigiang Yang *, Warren B. Cohen "

* Department of Forest Ecosystems and Society, Oregon State University, 321 Richardson Hall, Corvallis, OR 97331, United States
Y pacific Northwest Research Station, USDA Forest Service, Corvallis, OR 97331, United States

Analysis | Published: 14 September 2020
Mapping the forest disturbance regimes of Europe
Cormnelius Senf B & Rupert Seidl

Nature Sustainability 4, 63-70(2021) | Cite this article

1852 Accesses | 7 Citations | 294 Altmetric | Metrics
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Abstract

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 disturbances across continental 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 .09 ha,
which equals an annual average of 0.52 disturbance patches per km? of forest area. The
majority of disturbances were stand replacing. While trends in disturbance size were highly
variable, disturbance frequency consistently increased and disturbance severity decreased.
Here we present a continental-scale characterization of Europe’s forest disturbance regimes
and their changes over time, providing spatial information that s critical for understanding
the ongoing changes in Europe’s forests.

Documentation by Justin Braaten of Oregon State University's eMapR Lab, directed by Dr. Robert
Kennedy

This site is a guide to the Google Earth Engine implementation of the
LandTrendr spectral-temporal segmentation algorithm.
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Differences between Boreal forests and Mediterranean coppice forests recovery rates
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in Mediterranean coppice forests with Landsat time series
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A New Method for Automated Clearcut Disturbance
Detection in Mediterranean Coppice Forests Using

Landsat Time Series

', Ronald E McRoberts 7,
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Davide Travaglini ' 7, Marco Marchetti *
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Absteact: A Larclsat time series has been recognired a3 a viable sousce of information foe monitaring

and assessing forest disturbances and for continuous reporting on forest dynamics. This study
focused on devel ed procedures for detecting disturbances
forests which are characterized by rapid regrowth after a cut. Specifically, new methods speific
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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
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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
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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
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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
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ABSTRACT ARTICLE HISTORY
To combat global deforestation, monitoring forest disturbances at sub-annual scales is a key Received 16 April 2020
challenge. For this purpose, the new Planetscope nano-satellite constellation is a game chan- Revised 2 August 2020
ger, with a revisit time of 1 day and a pixel size of 3-m. Accepted 3 August 2020
We present a near-real time forest disturbance alert system based on PlanetScope imagery: KEYWORDS
the Thresholding Rewards and Penances algorithm (TRP). It produces a new forest change map Near-real time forest
as soon as a new PlanetScope image is acquired. monitoring; forest
To calibrate and validate TRP, a reference set was constructed as a complete census of five disturbances; change
randomly selected study areas in Tuscany, Italy. We processed 572 PlanetScope images detection; PlanetScope
acquired between 1 May 2018 and 5 July 2019.
TRP was used to construct forest change maps during the study period for which the final
user’s accuracy was 86% and the final producer’s accuracy was 92%. In addition, we estimated
the forest change area using an unbiased stratified estimator that can be used with a small
sample of reference data. The 95% confidence interval for the sample-based estimate of
56.89 ha included the census-based area estimate of 56.19 ha.
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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

The West Coast is dominated by forests of hemlocks, cedars and Douglas-firs, whereas the forests of the
where trees of different types are dominant.

East Coast are heavily mixed and species rich.

For example, moving northward from Canada's most densely populated areas in Ontario and Quebec,

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.

Faded colours on the map represent less densely forested areas. A silhouette is shown for one species
of each genus, to represent that genus and provide an indication of the shape and size of trees found in Proponion of area
different parts of Canada.
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* Le nuove tecnologie di monitoraggio delle foreste mettono a disposizione dei
gestori e dei pianificatori a un minor costo

* | forestali devono essere in grado di trasformare questi nuovi dati in

* E’ possibile I'impostazione di pili avanzati per una
gestione forestale piu capillare e distribuita
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