SyYnCER: Synthesising post-disturbance
Carbon Emissions and Removals across

Brazil's forest biomes

Day 1: Mapping Secondary Forest — where are they regrowing according to
who/what dataset

Sao José dos Campos, 29 Oct 2025
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Session 1.1: Welcome, objectives, and
keynote

SynCER: Synthesising post-disturbance Carbon Emissions and Removals
across Brazil's forest biomes

Sao José dos Campos, 29 Oct 2025
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Welcome

Luiz Aragao (INPE) + Lubia Vinhas (INPE) + Frank Martin
Seifert (ESA)

Session 1.1: Welcome, Objectives, and Keynote

Sao José dos Campos, 29 Oct 2025
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SyYynCER in context of past workshops +
Main Objectsives

Viola Heinrich
Session 1.1: Welcome & Objectives

Sao José dos Campos, 29th October 2025
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Why SynCER?

SynCER: Synthesising post-disturbance Carbon Emissions and
Removals across Brazil's forest biomes

From André Giles ©®

To Viola Heinrich @ 29/01/2025, 23:43
Subject Re: question about your paper :)

That sounds great! It would be a great opportunity to meet in July and even organize
a small workshop to brainstorm ideas with you, Aragao, Catarina, and anyone
interested in exploring remote sensing indicators beyond biomass.
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Celso is also thinking about hosting a workshop end of the year
in Maranhao on restoration @2

Surface air temperature anomaly * Sep

Celso is also thinking about hosting a workshop end of the year in
Maranhao on restoration @9

Maybe we can join forces 20:59
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The Fellowship of the Biomass workshops
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The Fellowship of the Biomass workshops
R2D2, Potsdam, March 2024

June 2024

P €ecsa

Potsdam Oct 2024
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The Fellowship of the Biomass workshops

R2D2, Potsdam, March 2024

First Author

A multi-data synthesis
of carbon losses and
gains from tropical
moist forest
degradation and
regeneration

Science Advances Heinrich, Viola

G F @ I Global Forest
. Observations Initiative

Biomass

Science

thi contest of Natonal
GO Qas MeRnTor e

Biomass maps
Potsdam, Oct 2024

SynCER

To Review 08-Oct-2025

The hidden
demography of the
21st century global
forest carbon sink

Research Article

FAO Al, Rome,
June 2025

% GFZ

Liang, Jingjing

Comment = Published: 15 May 2025

Improving land-use emission estimates under the
Paris Agreement

Giacomo Grassi g, Glen P. Peters, Josep G. Canadell, Alessandro Cescatti, Sandro Federici, Matthew J.

Gidden, Nancy Harris, Martin Herold, Thelma Krug, Michael O'Sullivan, Julia Pongratz, Maria J. Sanz,

Clemens Schwingshackl & Detlef van Vuuren

Nature Sustainability 8, 579-581 (2025) ’ Cite this article

IPCC Expert Meeting on
Reconciling Anthropogenic
Land Use Emissions

Report of IPCC Expert Meetng

Under Evaluation 14-0Oct-2025

IPCC, Ispra,
June 2024
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Helmholtz Centre
for Geosciences
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Carbon losses and gains in the tropical moist forest

Deforestation
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-€arbotr losses and gains in the tropical moist forest
-Biodiversity

- Species
- Biophysm
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Measuring carbon losses and gains in tropical moist

forest %&
Space-borne pace-borne
LiDAR e.g. Optical
GEDI e.g. Landsat \

Airborne
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There are many new estimates emerging quantifying carbon losses and gains
post-disturbance from so many data sources...
' ' cove— nawral leco 4Ty forested landscape of West Africa
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...While new estimates drive science forward, they can create confusion
for application purposes

Earth Observation Initiatives International efforts National Reporting Efforté’roject level standards
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Aim - To synthesize studies quantifying carbon losses and gains in
tropical moist forest to bring clarity on:

* how estimates from disparate data sources align
* how estimates/methods can be integrated into monitoring and reporting

Work inspired by the collaborative effort from R2D2 workshop:
“Quantifying Regrowth and Recovery from Deforestation and Degradation (R2D2).”
March 2024

Julie Betbeder Lilian Blanc

Sacha Delecluse... Camilo Zamora




Synthesising 115 studies

* Who? Viola, Amelia and Clement

* Why? To bring clarity on how estimates of post-disturbance
aboveground carbon loss/gain from different data sources align

* When? Peer-reviewed studies published 1980 to 2024

 What? Key variables extracted from each paper

Study Type: Field data, Data Integration,
Airborne Remote Sensing, Satellite

Region: America, Africa, Asia
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~ 60-fold difference in carbon losses across degradation types

Synthesising 65 papers on carbon losses from different degradation types
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Regional regrowth rates across data sources may not align

Aboveground carbon accumulation rates in young Secondary Forest in the Brazilian

Amazon
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While we hope this paper addresses many issues around
carbon emissions & removals...

...Gaps remain

A multi-data synthesis of carbon losses and gains

from tropical moist forest degradation and
regeneration

Viola Heinrich2">, Amelia Holcomb3”, Simon Besnard?, Daniela Requena Suarez!, Susan Cook-
Patton?, Clement Bourgoin>, Robin Chazdon®, David Gibbs’, Flavia Souza Mendes?®, lain McNicol®,
Charlotte Wheeler® 1 Celso Silva Junior!? 13, Bienvenu Amani'4, Na Chen?'>, Philippe Ciais®®,
Ricardo Dalagnol!’, Xueyuan Gao'®1°, Bruno Hérault?°, Jo House?, David Lapola?!, Mengyu

Liang??, Gert-Jan Nabuurs?3, Johannes Reiche?*, Stephen Sitch?>, Ruben Valbuena?®, Anne-Juul
Welsink??, Yidi Xu'®, Luiz Aragdo®>?/, Martin Herold'%®
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What is the area of secondary forest in the Brazilian Amazon
biome in 20227

168,924 .51km?

75,709.39 km?

51,100.00 km?

15



What is the area of secondary forest in the Brazilian Amazon

biome in 2022/2023?

168,924.51km?

75,709.39 km?

51,100.00 km?

Setores

- e 3 ® Vegetagao Natural Florestal Secundaria  168.924,512 km? (4.0%)
&" B L =

A classe Vegetagcao Natural Florestal
Primaria foi predominante em 72,4% do
bioma Amazonia em 2022,

Amazonia

Dados de cobertura e uso da terra do bioma Amazonia para o
ano de 2022

Deforestation and Forest Degradation in
the Amazon - Update for year 2023 and
assessment of humid forest regrowth

Terra(

.

Frequencia das classes tematicas de
cobertura e uso da terra no Bioma
Amazonia em 2022,

Time series of Secondary

Vegetation * Annual by class * & & T
° 1985 - 2024
. \
+ (& visualized on the map ) led
2022
® 7,308,147 ha 262,792 ha 1T
Consclidated secondary vegetation Recovery to Secondar getatic ‘ ‘
< \
“J }
\H 1l
500 km G lat lon
-5.802521 ,-58.691250

The MapBiomas dataset described above (section 4.4) was compared with the forest regrowth
sensu lato obtained from JRC-TMF for the year 2023. Overall, Silva Junior et al. (2020) [83] mapped
56,900 km? of secondary forest in the Brazilian Amazon moist forest domain (as defined by the
_IRC -TMF dataset) while JRC TMF mapped 51 lOO km However there is a strong spatlal mismatch

16



...While new estimates drive science forward, they can create confusion
for application purposes

Earth Observation Initiatives International efforts National Reporting Efforté’roject level standards
&% 'p’ TROPICAL
2006 1PCC Guideline for Natonal .' *® FOREST

Greenhouse Gas Inventories pYa FO R EV E R
L Y" FACILITY

Agriculture, Forestry
and Other Land Use

Eited by Calvo Boendla, E. Tanabe. K., Kranje, A
Bmmum] de.utla M., Ngarize
Osaka, A, Pyrozhenko, Y., Shermanau, P, ndlnlr LS,

REDD+

Task Force on National Greenhouse Gas Inventories
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Workshop aims

1.Explore the main advances made and challenges in mapping
disturbance & regenerating forest.
2.Synthesize available estimates of carbon emissions and removals
following disturbance/regrowth for (sub-)national estimations in
Brazil.
3.Explore the diverse metrics for measuring regeneration success.
4.Discuss the applications and lessons learned for MRV
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Agenda Overview
Daily themes

Day 1

Mapping & Data
Integration
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Agenda Overview
Daily themes

Day 2

Quantifying
carbon fluxes
& other metrics
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i P T

7 Helmholtz C
Y GEZ mocee |,




Day 3

Policy
Integration

Agenda Overview
Daily themes

7 Helmholtz C
Y GEZ emozcer

21



The Essentials
Breaks, Lunch, Wifi + Toilets

Wifi:
Username: Syncer
Password: syncer2025

Day 1: @ 10.45 - 11.15 & 15.00 - 15.30 @ 12.30 - 13.30 (+ Group Photo)
Day 2: @ 10.30 - 11.00 & 15.00 - 15.30 @ 12.45 -13.45
Day 3: @ 10.30 - 11.00 @ 12.30 - 13.30

Turn left, down the
oy Stairs

PRI Day 1: 8.00 ---------—-mmmmm
*@ DLV T | [ — Dinner at Sheriff Tonight @ 19.00

“ Day 3: 8.30-------=---====-——--- Depart from Hotel at 18.30
& N <y

Amazédnia

SynCER



Thank you / Obrigada

Isadora  Luiz  Martin Celso
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Thank you / Obrigada
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Cumulative disturbances result in greater carbon losses

Cumulative Disturbances

* |tis crucial to consider cumulative
disturbances when quantifying C
losses

» Satellite remote sensing driving the
science on forest dynamics along
edges, with generally good
agreement

(n = number of studies; each pointis a
ctiidwv)
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Additional disturbance

Burnt

High severity windthrow
Multiple burning
Selective logging

NA

Data source
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Data integration
Field site
Satellite
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Carbon gains in recovering degraded and secondary forests

Main results after synthesising 67 papers Degraded Forest Secondary Forest
8
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Carbon gains in recovering degraded and secondary forests

Main results after synthesising 67 papers Degraded Forest Secondary Forest

(&)
1

1. Lower regrowth rate in degraded than | Mean £SD

secondary forest.
But low confidence

y =-0.037 +0.024 - x, r*=0.428, p<0.05

S

Data source

=+ e Airborne RS
2. Faster C accumulation rate in = K o Dataintegration
. [ [ D o .
degraded forest with greater C deficit? = e v Field site
ﬂ:++ + Satellite
o4 ¥
+
Kin Region

® America

—
1

® Africa

4
:
g;z ® Asia

Annual C increase (%C/yr) in first 20 years post-disturbance
o

0 25 50 75 100 100
% C deficit compared to undisturbed forest state ~100% C loss
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Carbon gains in recovering degraded and secondary forests

Main results after synthesising 67 papers

1.

Lower regrowth rate in degraded than
secondary forest.

But low confidence

Faster C accumulation rate in
degraded forest with greater C deficit?
Large variation in C gains in secondary
forest reflecting regional regrowth
complexity?

A  spatial bias towards
America, specifically Amazon

54/70 America based
data points are from
Amazon

Secondary Forest

(&)
1

B
1

w
1

-—
1

-

S HHE

Annual C increase (%Cl/yr) in first 20 years post-disturbance
o

100
~100% C loss

— Mean = SD

Data source

Airborne RS

+ O Data integration
o
g v Field site
1t ;
% e + Satellite
2-
%
Hio Region

America
Africa

Asia
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Session 1.2: Mapping Secondary Forest
- where are they regrowing according
to what dataset?

Sao José dos Campos, 29 Oct 2025
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BRAZILIAN GOVERNMENT

AR, -
,// GEZ! - ﬁ.ii MINISTRY OF “ rl
Helmholtz Centre
e e SCIENCE, TECHNOLOGY
% MRS IPAM d @esa AND INNOVATION A H |

Amazbnia

SynCER: Synthesising post-disturbance carbon emissions and removals
across Brazil’s Forest Biomes

STANDING WITH THE BRAZILIAN PEOPLE

Bi®mas

Official mapping of
secondary forest in Brazil

Silvana Amaral

Deputy Coordinator of the Strategic Project Division 1 — DIPE 1
Earth Observation and Geoinformatics Division - DIOTG
National Institute for Space Research - INPE

S30 José dos Campos, SP - October, 29th, 2025
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Biomas Br

Official mapping of secondary forest in Brazil

BiomasBR - INPE’s vegetation monitoring by satellite Program

Concepts

Large scale deforestation

Degradation

- Selective logging

- Fragmentation

- Edge effects

- Drought/windthrow

Contribution for
Carbon losses & gains

. Programa de Monitoramento dos Biomas Brasileiros

37



BiomasBR - INPE

Biomas Br

¥ > BiomasBR

Sobre Noticias NotasTécnicas Publicacoes AcessoaosDados FAQ

INPE’s vegetation monitoring Bi@mas
program by satellite image "

Systematic information on
native vegetation,
deforestation (suppression) and
degradation activities for all
Brazilian biomes

Official Brazilian deforestation data
for public policies

Conservation and sustainable
development

Terra

To Attend different purposes = Different timing and methods

https://data.inpe.br/big/web/biomasbr/




Biomas Br

e .J

Large scale deforestation

Inventory of
primary vegetation loss

https://a d.INPE.or/oIg/Web/Dlomasnr/prodes-monitoramento-anuadl-ada-supressao-de-vegetacao-ndativa

g Vb Ministerio da Ciencia; Tecnologia € Inovacao

> Prodes

Bi@[]]ﬂ% Sobre Noticias Notas Técnicas  Publicagtes
4 I

Prodes

Annual Monitoring of
Native Vegetation
Suppression

O Prodes € o sistema de
monitoramento anual da supressao de
vegetacao nativa por sensoriamento
remoto do INPE que produz o
mapeamento e dados oficiais sobre as
perdas de vegetacao nativa de todos os
biomas brasileiros.

Acesso aos Dados

39



What is Prodes deforestation/suppression?

Biomas Br

Deforestation: removal of areas Deforestation/Suppression mapping
by anthropogenic actions.

Observed by satellite imagery at the current year
AND
Primary vegetation observed in two previous years

Primary vegetation?
Amazon (forest): forest observed at the beginning of
monitoring (1988)

Other biomes: “Baselines” — native vegetation at the
beginning of monitoring — 2000

Deforestation/Suppression:

Forest: loss of >70% forest cover;
Loss of biomass, biodiversity, and ecological functions of forests;

Open non-forest Vegetation: complete removal of native vegetation;
exposed soil/other cover

Almeida et al. (2022) Metodologia Prodes e Deter <http://urlib.net/8JMKD3MGP3W34T/47GAF6S>




Prodes - Annual Monitoring of Native Vegetation Suppressio

Biomas Br

Prodes Amazon — Class

Deforestation by
Clear-cut deforgstatmn Clear-cut deforestation Clear-cut deforestation Clear-cut deforestation progressive degradation
bare soil herbaceous vegetation flooded forest mining

Minimum Mapping Unit 1 ha (6,25 ha - longest historic series)

41



Prodes - Annual Monitoring of Native Vegetation Suppressioa

Bioméis Br
Prodes Amazon — Degradation Classes - from 2022

Deforestation by . .
Progressive Selective logging Forest fire recurrence

degradation

42




Prodes - Annual monitoring of native vegetation suppression

Biomas Br

Tabela 3.2 — Chave de interpretacdo para as classes mapeadas e interpretadas pelo Prodes Mata Atlantica.

Ot h er b i omes Subclasse Exemplo composicao

Classe Elementos da fotointerpretagao sentinel R8G11B4 Exemplo Google Earth

interpretativa
O n Iy Cor: Vermelho, Verde ou Azul 7
Tonalidade: Clara (maioria), varia com o vigor da : ol &
pastagem e tempo de colheita;
Textura: Lisa (maioria), rugosidade leve a
depender do estagio de crescimento da cultura;

N at iVe VegEtat i o n S u p p re ss i 0 n Forma: Regular, retangulares e cilindricas;

7 7 Padrdo: Costuma ser regular a depender da
D E F O R ESTATI O N Desmatamento Area Agricola regido;
Tamanho: Grande, porém pode variar de médio a
pequeno conforme tipo de propriedade;
Contexto: Sdo geralmente cercadas por algum
elemento fisico; a matiz muda a depender do

I nte rp TEtatiO n keyS tipo de cultura e fase de desenvolvimento. Pode

ser evidenciado periodicamente fei¢oes de solo

Interpretive classes: exposto.

Cor: Verde ao Magenta;

Ag ri C u |t u re Tonalidade: Clara, varia com o vigor da pastagem;
Textura: Lisa, pode variar conforme o manejo;
Forma: Costuma ser regular a depender da

Pasture o

Padrdo: Costuma se regular a depender da

M | I"I | n g regiao;

Desmatamento Area de pastagem Tamanho: Costuma ser grande a depender da

Urban e
Contexto: O vigor das herbaceas varia ao longo
do ano, conforme a distribui¢do pluviométrica da

FO re St ry regido. Ocorre em toda a extensdo do bioma;

costuma acontecer em regides de relevo

Wate r acidentado montanhoso intercalados de

fragmentos de florestas.
etc.

METODOLOGIA DO SISTEMA PRODES MATA ATLANTICA — Edigdo 2023, INPE (2025)




Biomas Br

Prodes BRASIL

Since 1988- Brazilian Legal Amazon
All Biomes™ from 2001 to 2023 (1ha)

Sentinel-2 - Brazil Data Cube, Process automation

Official deforestation data from the Brazilian government

- Public policies: PPCDAm, Cerrado, 4 biomes, REDD+;
- Environmental compliance: Soy Moratorium, Meat TAC, EUDR
- Scientific productions.

Large scale

Contribution for deforestation

Carbon losses & gains Degradation

- Selective logging
(AMZ)

0 d2000
7 d2007
B 8d2008
B 9d2009
" 10d2010
11 d2011
12 d2012
13 d2013
14 d2014
15 d2015
16 d2016
17 d2017
18 d2018
19 d2019
20 d2020
21d2021
50 r2010
51r20M
52 r2012
M 53r2013
54 r2014
55 r2015
I 56 r2016
B 57 r2017
I 582018
B 592019
B 602020
B 61r2021
B 91 Hidrograf
Il 100 Floresta

B 101 Nao Florest

Prodes - Annual Monitoring of Native Vegetation Suppressio

o

Bogoté e ul'ain : Guiana
} 5\z§uriname Frances
3Ty I
A

Colémbia

La Paz
oy Bolivia
gochabambao

o
~ Santa Cruz
Sucred de La Sierra

Juaiuy

2 Amof:g.as(s Paraguai

SR A SN,  FORMOSA

Chile CHACO

CATAMARCA' ‘
~'SANTIAGO o e
DEL ESTERO conmmr:? L
‘.'l I v ' ,‘l'
RICJA! 4t > 3 & 3 5
! W SANTA EE-—-
SAN JUAN, [ Cérdova
\ o

CORDOVA 'ENTRE RIOS
e

‘Santiago " “Mendoze Uruguai
@

. Rosario.

SAN LUIS

CIDADE
MENDOZA AUTONOMAIDE
; BUENOS AIRES
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Biomas Br

@ DETER

Daily Monitoring of
Suppression
and Degradation of
Native Vegetation

Bi#@mas

g ‘Lb Ministério da Ciéncia. Tecnhologia € Inovagao

> Deter

Sobre Noticias NotasTécnicas Publicagcbes Acesso aos Dados

Deter

Daily Monitoring of Suppression
and Degradation of Native
Vegetation

O Deter e o sistema de monitoramento diario por
sensoriamento remoto do INPE que indica os locais
com evidéncias de supressao ou degradacao da
cobertura nativa nos biomas brasileiros.
Atualmente, o Deter produz dados chamados de
alertas, ou avisos, que informam sobre a supressao
de vegetacao nativa e a degradacao florestal na
Amazonia Legal Brasileira, e sobre a supressao de
vegetacao nativa nos biomas Cerrado e Pantanal, e
nas areas de Nao-Floresta! na Amazonia.

FAQ

Orgaos do Governo

https://data.inpe.br/big/web/biomasbr/deter-monitoramento-diario-da-supressao-e-degradacao-de-vegetacao-nativa/




Suppression and Degradation Alerts

Deter

Amazon, Cerrado, coos
Pantanal and Non Forest Amz |

Daily alerts are produced
Monthly aggregates - also released

Alerts are sent to control institutions
IBAMA, state and municipal environmental
secretariats, etc.

Arequipa <La Paz
i 1 Bolivia
Cochabambao

o
Santa Cruz

sucrew de La'Sierra

RIC
Siod : JANEIRO

SAU
: R o
Paraguai vt 230 Paulo i de Janeiro

{ 200

PARANA \
2 Curitiba

Q

FORMOSA
'

Data: polygons, tables, vectors;
Available on the TerraBrasilis platform

Minimum area of 3 hectares
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https://data.inpe.br/big/web/biomasbr/deter-monitoramento-diario-da-supressao-e-degradacao-de-vegetacao-nativa/




Suppression and Degradation Alerts @DETER

Biomas Br

DETER Class - Amazon
Deter WF1/CBERS4  Soil/shadow Alert Class
Fraction
Daily alerts WFI/CBERS4  Soil/shadow  Alert Class “
Forest
Clear-cut Degradation
Class: Deforestation
Deforestation/ Bare soil
Suppression, Selective
logging
Clear-cut (geometric)
and Deforestation
Vegetation
Selective
Fire scars, logging
. Clear-cut (irregular)
Forest Degradation, and Deforestation
Selective logging Mining
(Proxies of forest B Prodes Mask Fire scars

degradation)

B Prodes Mask

47

https://data.inpe.br/big/web/biomasbr/deter-monitoramento-diario-da-supressao-e-degradacao-de-vegetacao-nativa/




Suppression and Degradation Alerts @DETER

Biomas Br

Non-Forest Amz Pantanal
Deter - DETER Class - Cerrado
Daily alerts B \ { %
Classes i A
\ N
¢ /
/ /
i\ el /
%
Native Vegetation Suppression:
-With bare soil
-With vegetation
Mining Native Vegetation Suppression

Fire scars (Proxies of forest degradation)
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https://data.inpe.br/big/web/biomasbr/deter-monitoramento-diario-da-supressao-e-degradacao-de-vegetacao-nativa/




@ DETER

Suppression and Degradation Alerts

©

Biomas Br

DETER maps, polygons and statistics
available at TerraBrasilis Platform

Degradation
Data valuable for:

- planning and monitoring strategies Contribution for
Carbon losses & gains Regular and Irregular

e Selective logging

- analyse deforestation trends by

_ , * Fire scars
comparing perlods

49
https://terrabrasilis.dpi.inpe.br/app/dashboard/alerts/biomes/amazonia-nb/aggregated/
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Biomas Br > Biomsa > TerraClass

B@I],‘_—l% Sobre Noticias Notas Técnicas Publicagdes Acesso aos Dados
3

TerraClass

Terra Systemic Monitoring of land
use and land cover

Systemic Monitoring
of land use and land O sistema TerraClass produz mapas
cover sistémicos de uso e cobertura da terra para as

areas de supressao de vegetacao nativa
mapeadas anteriormente pelo Prodes. O
TerraClass disponibiliza dados bianuais para a
Amazonia Legal desde 2008 a 2022, e para o
bioma Cerrado para 2018, 2020 e 2022.

https://data.inpe.br/big/web/biomasbr/terraclass-monitoramento-sistemico-de-uso-e-cobertura-da-terra/
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Biomas Br

Ventirueri (2025)
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TERRACLASS PROJECT

Biomas Br

Partnership between INPE and EMBRAPA (since 2011) Terra

m BRASIL Acesso a informacao Participe Servigos Legislagdo Canais

BIOMA CERRADO

iy e g AL e s f i 17
'y L > a -~ TU0 T Pl i sl s
2] B8 o B I !"4,, g

GOVERNO FEDERAL GOVERNO FEDERAL

MINISTERIO DA MINISTERIO DA
Emo D& AGRICULTURAE CIENCIA,TECNOLOGIA
PECUARIA A n E INOVACAO oy Tl

UNIAO E RECONSTRUCAO

UNIAO E qu_ONSTRucAo



TerraClass — Data Production

Biomas Br

Terra

Em@a

Herbaceous Pasture

PRODES J

Primary Natural Forest ‘ Secondary Natural

Shrub/Tree Pasture

—

Semi-perennial
Agricultural Crop

Temporary Agricultural
Crop of 1 Cycle

——

‘ Water Body Mining

-

‘ Non Forest Urban

g™

‘ Deforestation ‘
‘ Silviculture ‘

o

Vegetation Forest Vegetation

-

Temporary Agricultural
~ Crop More than 1 Cycle

Aquaculture

Others

Perennial
Agricultural Crop

55
COEAM (2025)



Biomas Br

Thematic Classes

Agriculture

1. Perennial

2. Semi-perennial

3. Temporary 1 cycle
4. Temporary 2 or more
cycles

METHODOLOGY

Pasture

1. Herbaceous
Predominance
2. Shrub/Tree Predominance

Secondary
Vegetation

56

Terra
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Secondary Vegetation

Secondary
Vegetation

After Deforestation — Prodes...

Secondary Vegetation is detected as

Areas that have been deforested
(Prodes/clear-cut) and are in an advanced
stage of regeneration, with trees and shrubs

present (forest cover regeneration)

Fotos: Alexandre Coutinho

COEAM (2025) 57




Secondary Vegetation Mapping é@

TerraClass

Secondary
Vegetation

58

COEAM (2025)



Secondary Vegetation Mapping

Secondary
Vegetation

Prodes Mask
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COEAM (2025)



T o Secondary Vegetation Mapping

F oy o A ¥ Lo iy

7".‘!53#": < ‘_‘~"’r.-ﬂ.‘1y4.. y
e : - ey ok

4 _52“ p - S SIS o S At

TerraClass

=

Secondary
Vegetation

.4
&

X

e o - ¥
.

-l

3 C

COEAM (2025) 60



T o Secondary Vegetation Mapping

Prise "

7".‘!53#‘: < '_“'74"\'(14- . y
s a : h RS

£ _52“ W el oS L

TerraClass

=

Secondary
Vegetation

COEAM (2025) 61



Secondary Vegetation Mapping

Secondary YT LT e I
Vegetation " 1 . 4 " 3

Secondary Forest final classification

COEAM (2025)



RESULTS

Biomas Br

TerraClass 2022

Terra'

Natural non-Forest
Vegetation

5,9%

—2,7% water

Primary
Natural Forest (Kiat
Vegetation

PRODES
19,0%
Anthropic

PRODES (2022)
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RESULTS

TerraC!

Biomas Br

TerraClass 2022

— Pasture
. Shrub/tree

Temporary
. Agriculture
8,1% > cycle

TerraClass ==

Pasture o — 6,0%
herbaceous S 2022 o

other

Secondary
Primary Natural Forest Vegetation Vegetation

[
: Secondary Natural Forest Vegetation Te rra CI ass (2022)

ggggg

Silviculture
! Shrub/Tree Pasture
Herbaceous Pasture
80 Perennial Agricultural Crop
@ Semi-perennial Agricultural Crop
Temporary Agricultural Crop of 1 Cycle
Temporary Agricultural Crop of More than 1 Cycle
Temporary Agricultural Crop
&8 Mining
Urbanized
Other Uses
Not Observed
Deforestationin the Year
No Forest 64
Natural Non-Forest
gm Water Body




BIOMA AMAZONIA - VEGETACAO SECUNDARIA. NATURAL E DESMATAMENTO ACUMULADO (2022)

ST

~
o=

Amazon

BRASIL)

A
<

2 TerraClass

Biomas Br

2008
2010
2012
2014
2016
2018
2020

2022 LEGENDA
2024 * B Vegetacdo secundaria

Desmatamento acumulado
até 2022

[] Vegetacdo natural restante
[ N3o-Floresta
Hidrografia

—— Limite estadual
—— Limite do bioma

BRail-
70°0'0"W 60°0’"W | 50°0'0"W

Y,
PARAMETROS CARTOGRAFICOS
Sistema de Coordenadas Geograficas / Datum: SIRGAS 2000 / Escala 1:24.000.000 / Base Cartografica: IBGE (2020)
Fonte: TERRACLASS (2022)
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Cerrado
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Biomas Br

Brazil - Secondary Vegetation

Ll 5 B

R

« MATA ATLANTICA « CAATINGA « PAMPA » PANTANAL «

Mapping

MONITORAMENTO AMEIENTAL DOS BIOMAS BRASILEIROS POR SATELITES

2018
2020
2022

FUNGZO

AMA ZONIA

0°0'0"

10°0'0"S

20°0'0"S

30°0'0"S

TerraClass - Official mapping of secondary forest in Brazil

BRASIL - DENSIDADE DE VEGETACAO SECUNDARIA

LEGENDA

Densidade de vegetacao
secundaria no Brasil

Alto
Médio
Baixo

Ausente

—— Limite do bioma

Limite da unidade
da federacao

70°0'0"W

AMAZONIA

167.981 km?

PA|

60°0'0"W

/ wﬂ'
\ CERRADO

ANAL *

1.205

km?

AREA DE VEGETACAO
SECUNDARIA NO BRASIL

304.638,80 km?

CAATINGA
33.190 km?

85.314 km?

040 3 ot 'P‘&‘\CP.
e = K\ \(3&
B P
F WbE
o2
Oceano Atlantico
G
PAMPA
308,5 km? N
W+E
S
0 280 km
—_—y
50°0'0"W 40°0'0"W

PARAMETROS CARTOGRAFICOS
Sistema de Coordenadas Geograficas / Datum: SIRGAS 2000 / Escala 1:28.000.000 / Base Cartografica: IBGE (2020) /
Fonte: Vegetacdo Secundaria por bioma - Amazonia (INPE, 2022), Cerrado (INPE, 2020), Pantanal (FUNCATE, 2022), Mata
Atlantica (2022), Caatinga (FUNCATE, 2018) e do Pampa (FUNCATE, 2022)
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TerraClass - Official mapping of secondary forest in Brazil

Biomas Br

Secondary Vegetation monitoring: 2018-2020-2022

Amazonialegal+  Amazdnia+ Caatinga+ Cerrado+  MataAtldntica+ Pampa+  Pantanal+  Brasil+

Amazdnia Legal + Amazénia + Caatinga + Cerrado + Mata Atlantic

Bioma Pampa - Vegetacao Secundaria

&  Areas de Vegetacdo
o ’ ' Bioma Cerrado - Vegetacao RegrOWth
Bioma Pantanal - Auxiliares Contribution for

éﬂ Areas de Vegetacdo Secundaria 2014 carbon - Fragmentation
Bioma Caatinga - A Bioma Pantanal - DETER (Avisos) losses & gains - Edge effects

Bioma Amazonia - Vegetacao Secundaria

Bioma Caatinga - F Biamaizte Abdntica - A Bioma Pantanal - PRODES (Desmatamento)

Bioma Mata Atlantica - PRO

Bioma Pantanal - Vegetacao Secundaria

= o = S
< Areas de Vegetacao Secundaria 2018, 2020 e 2022 - GeoPackage [}

Bioma Caatinga - V

Bioma Mata Atlantica - Vegsg

https://terrabrasilis.dpi.inpe.br/downloads/




Biomas Br

Remnants of secondary forest
fragments

Spatial Distribution
 Distribution
* Land tenure type
* Weighted age of vegetation (years);

Landscape Metrics:

e Area (ha);

Core area (ha);

Fractal dimension index (dimensionless); |
Euclidean distance - nearest neighbor (m).
Type of nearest neighboring vegetation.

TerraClass — Landscape (MMA-INPE)

Secondary Vegetation (SV) Landscape analysis
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Biomas Br
2.3 Age

2022 SV Age? SV2018

2022 SV polygon AGE

Can be resulted from sub-areas of different ages

Weighted age of the Fragment

Average age weighted by Year area

SV2020

SV2018 and 2020

SV2018_2020_2022



Weighted age of Secondary Vegetation fragments
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Weighted age of Secondary Vegetation fragments

Biomas Br
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Weighted age of Secondary Vegetation fragments
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Unidades de Conservacao Federais, RPPNs,
. Centros de Pesquisa e Geréncias Regionais

Reference priorities

Land condition categories

Combined data from federal and state
Soiade Situncto spheres (available)

DETER | Queimadas
Visualizag¢&o sinética de indicadores

de areas criticas de supressao da
vegetacéo nativa e focos de

queimadas
1 Indigenous Lands FUNAI
2 Conservation Units (UCs) — Integral Protection ICMBio
3 Conservation Units (UCs) — Sustainable Use (Without APA) ICMBio
4 Quilombola Territories INCRA % 7 e :
5 Rural Settlements — INCRA Settlement projects- all types INCRA _ L = S
6 Environmental Protection Area (APA) - includes private Properties  |CMBio | ' b
7 Private Properties - SIGEF SIGEF/INCR
A
8 Undesignated Public Forest (FPND) SFB
9 Areas without land registration. S

M papese  unesp™  mumA
g n

o o

74



Area of Secondary Vegetation fragments

Biomas Br

r' o , = Identificar Resultados

EH BB S R 8 B~

.nggéo Valor

¥ (Derivado)

(coordenad...

IE

521992

‘ ~ Veget_Exist_aRestaurar8692
‘

(coordenad... -789773
ID da feicdo 4562
Nimero da... 1

. f' ' Nimero de... 59
Partes 1
Perimetro (... 5140,059 m
Perimetro (... 5182,506 m
Vértice mai... 522036
Vértice mai... -789884
Vértices 84
X mais prox... 1102971
Y mais prox.. 1474157
Area (Carte... 785381,949 m®
Area (Elips... 785376,398 m®

b (Acgdes)

floresta_primaria



Core Area of Secondary Vegetation fragments

A
7

Biomas Br

Patch's size and shape

References
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Edge distance = 120, 90, 60, 30 m.




) Fractal Dimension of Secondary Vegetation

L 4

Biomas Br rag VY-
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Fragmenting forests

The larger the fractal dimension, accelerates deforestation !

the greater the contact surface area.
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Distance and the closest Fragment Type to SV
Biorﬁ'as.Br - —fragTents—
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The greater the distance, the
more isolated the fragment

Primary Vegetation
Secondary Vegetation
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Secondary Vegetation Analysis

Biomas Br

Spatial and Landscape metrics for all biomes
Ares Total area (SV) = 16,247,366.72 ha (689,288 patches)
Land Category (%)
Quilombola territories 0.85
Area Polygons OBS
Integral Protection UC 1.28 . (34.38%) 7-9 (34.69%) 4 - 6 young
Weighted age (years) | - oo 13 (09.36%) 13 - 14 (4 — 9 years)
Undesignated Public Farests 1.82 Area (ha) (32.51%) 100—|1,000 (42.25%) 2—| 5 Many small,
Sustainable Use UC (without APA) 3.11 (19.28%) > 1,000 (39.40%) 5 —| 20 relevant big ones
. . relevant
Indigenous Lands 503 Core area (41.40%) 10-]| 1,000 (87.04%) zero edge effect
] . 0 0 geometric shape -
Environmental Protection Area (APA) 6.18 Fractal Dimension (99,33%) 1.25-1.5 (93.76%) 1.25-1.5 anthropogenic
15.46 Euclidean d.istance 84.30% -0 m 69.80% - Om adjacenf to
nearest neighbor vegetation
Private properties (SIGEF) 22.34 Nearest neighboring = 85.47% - primary 73.85% - primary .
43.92 vegetation vegetation vegetation B ¥EEE

To be presented by Débora Tomiatti....
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10°S

Secondary Vegetation Analysis

Biomas Br

Spatial and Landscape metrics for all biomes

70°W 60°W SOTW

I Vegetacao secundaria

Il Bioma Amazonia

~¢ I Unidades federativas brasilei
[ Paises

Aguas costeiras

Degradation
| . Contribution for :
Datum: SIRGAS 20000 , * Fragmentation
rapado i e 0w 2029, Carbon losses & gains

* Edge effects

y D :
70°W 60°W 50°W

Amazon Biome Secondary Vegetation
80




©

Biomas Br

Official mapping of secondary forest in Brazil

BiomasBR - INPE’s vegetation monitoring by satellite Program

Data freely Available

Large scale deforestation

Degradation

Contribution for _ Selective logging
Carbon losses & gains SV

- Fragmentation
- Edge effects

. Programa de Monitoramento dos Biomas Brasileiros

Restore+ BR LandUse (1985 -2025) National Inventory

From secondary vegetation detection to Carbon estimates....
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Thank youl

Silvana Amaral

@ +55 12 996255480
@ silvana.amaral@inpe.br

https://data.inpe.br/big/web/biomas/
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Four Decades of Change in Brazil's
Primary and Secondary Vegetation

Barbara Costa

Session 1.2: Mapping Secondary Forest — where are they regrowing
according to what dataset?

Sao José dos Campos, 29 Oct 2025
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MAPBIOMAS

Open, collaborative,
and applied science for
climate change
mitigation
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HOW WE ARE ORGANIZED? 25 10%
BIOMES AND CROSS-CUTTING THEMES MAPBIOMAS

Amazon
(Imazon)

Amazon

Caatinga
(UEFS e Geodatin)

Cerrado
(IPAM)

Atlantic Forest

(SOS Mata Atlantica e ArcPlan)

Caatinga

(Remap)

Cerrado

(Lapig/UFG)
TV & Solved)

Mining

(USP, Ufscar, UFBA)

Agriculture

Pantanal

Coastal Zone and
Urbanized Area

Atlantic
Forest

C
O
)

g0
)

)

@)

QO
>

QO
2
)

qv)
Z

Pampa
(UFRGS e Geokarten)

Pantanal
(SOS Pantanal e ArcPlan)




SUMMARY OF THE DATA GENERATION PROCESS
BIOMES AND CROSS-CUTTING THEMES MAPBIOMAS

R\
O -

P

Construction of Use of artificial
historical series Pixel-by-pixel intelligence
covering the entire processing

territory

Production of a new data collection each year: extended mapping period, more details with
more classes, and improved accuracy



SET OF PRODUCTS AVAILABLE

Products generated by the MapBiomas Brazil MAPBIOMAS

MAPBIOMAS

FIRE

99> MAPBIOMAS

s
i
N o

. Land Cover and Use

. Deforestation

. Secondary Vegetation
. Agriculture

. Mining

. Infrastructure

. Pasture

. Urban

MAPBIOMAS

WATER

S\ MAPBIOMAS MONITOR pa
BORAALERTA  FISCALIZACAO

9.9.9
::::::: MAPBIOMAS

o P> D osiomas
MAPBIOMAS %% RECUPERACAO
I\/I /A\ p B ﬂ Q M A S Rural Credit Vv }v
, -
RAD - Annual RAF - Annual Fire
MAPBIOMAS Deforestation Report Report

DEGRADATION
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Method overview

PSP, .
» »@® Land Use Land Cover Collection

.
%%'s”

1) Map legend aggregation

The MapBiomas dataset were aggregated into three generic

MAPPING SECONDARY VEGETATION AND DEFORESTATION

2) Evaluation of temporal trajectories

« Deforestation: must be Natural for two consecutive years prior to conversion and
Anthropogenic for at least one year after

« Secondary vegetation: must be Anthropagenic for two years prior to the
transition and Natural for at least two years after. The first year after conversion is
classified as regrowth, and subseguent years as secondary vegetation,

classes: , Natural, and Not Included
|
N "N ‘g
o"'} E
", e L J00K 200% o o X0 20046
Secondary vegetation maps B —

are produced from
transitions in land cover
and land use maps.

Analyses are performed at
different time windows,
followed by the application
of spatial filters.

5) Vegetation dynamics timeseries

Maps from 1985 to 2024

The final map
represents the annual
trajectory of each pixel,
distinguishing areas of
primary vegetation,
secondary vegetation,
vegetation loss
(primary or secondary),
and regeneration.

4) Spatial
Filter

(Remove
isolated pixels)

- ¥
Primary Vegetation Anthropogenic
o—

SeloretaLOn O

s 2000 2006 200 2005

3) Unfiltered annual maps

After applying the
persistence criteria,
the resulting maps
may contain noise, so
they are passed
through spatial filters
to remove minor
spatial
inconsistencies.

Yeoetatne

Secondary Vegetation

A\
[ 4 i.{ M
N\



1985 - 2024
Reduction of108.4 million

hectares (16%) of native vegetation
in Brazil in 40 years, an average of
2.8 million hectares lost per year

Pampa and Cerrado are the biomes
that have lost the most native
vegetation area proportionally.

- Forest Formation -Wooded Sandbank - Rocky Outcrop
-Savanna Formation -Wetland - Herbaceous Sandbank
-Floodable Forest -Grassland - River, Lake and Ocean
-Mangrove -Hypersaline Tidal Flat

A 40-YEAR OVERVIEW OF VEGETATION IN BRAZIL

& K
: v
MAPBIOMAS
1) Amazon 2) Caatinga 3) Cerrado
400
150
-15%
300 -28%
100
E 200
>3
o
3 50
100
0 0
1985 2024 1985 2024 1985 2024
4) Atlantic Forest 5) Pampa 6) Pantanal
-12%
-30%

Area (Mha)

2024

1985 2024

1985 2024 1985



ANOS

PRIMARY AND SECONDARY VEGETATION IN BRAZIL

1985 - 2024
Over the last decade (2015-2024), the
secondary ] ] on in Brazi
vegetation in area of secondary vegetation in Brazi
Brazil in 2024 has grown at an average rate of 34.5

Mha/year.

of the country's native
vegetation is secondary (2024)

AREA OF PRIMARY AND SECONDARY VEGETATION IN BRAZIL (1985 - 2024)

@ Primary Vegetation Secondary Vegetation
: 700
: » 600
N 500
o - T 400
< c
>3
6 300
Area that was : <
previously 200
deforested and is in
the process of The map shows only 100
. . areas of secondary
regrowing native )
. vegetation for ease of 0
vegetation visualization 9 o & <) > PP & O
: P D L P & S O RS S L P &
@@q\qo)\o)o)q,,bo,bq/,bomq,oq,oq,@q,0,1,



1985 - 2024

Atlantic Forest and
Pampa biomes have the
highest proportions of
secondary vegetation,
22.1% and 22.8%,
respectively. These
proportions are higher
than the national average

Amazon and Pantanal
have the lowest
proportions of secondary
vegetation. In absolute
terms, the Caatinga and
Cerrado have the largest
areas of secondary
vegetation.

-Primary Vegetation

Secondary Vegetation

*n relation to the total area of native vegetation

Area (Mha)

Area (Mha)

AMmMazon

2024: 2% secondary vegetation* (6,9 Mha)

400

300

200

100

0
1985 1990 1995 2000 2005 2010 2015 2020 2024

Atlantic Forest

2024 22,1% secondary vegetation* (7,4 Mha)

40

6]
1985 1990 1995 2000 2005 2010 2015 2020 2024

PRIMARY AND SECONDARY VEGETATION IN BRAZILIAN BIOMES

Caatinga

2024:16,6% secondary vegetation* (8,3 Mha)

80

(0]
1985 1990 1995 2000 2005 2010 2015 2020 2024
Pampa

2024 22,8% secondary vegetation* (1,9 Mha)

15

0
1985 1990 1995 2000 2005 2010 2015 2020 2024

Cerrado

2024:9,8% secondary vegetation* (9,8 Mha)

150

100

50

0
1985 1990 1995 2000 2005 2010 2015 2020 2024

Pantanal

2024 2,8% secondary vegetation* (0,3 Mha)

15

0
1985 1990 1995 2000 2005 2010 2015 2020 2024



Private Areas
(with georeferenced land registry)

Public Lands or Lands Without

Georeferenced Land Registry

Protected Areas or Areas for

Collective Use

LAND TENURE AND SECONDARY VEGETATION IN BRAZIL
INnsights for 2024

J From the 34.7 Mha of secondary vegetation in Brazil
in 2024,13.3 Mha (38%) are on rural properties

Rural Property

TOTAL OF SECONDARY VEGETATION PER LAND TENURE (2024)

- Settlement
Urban area
] Rural Property
800 km
; : q
Conservation Units I Settlement
I
)

More than 85% of
secondary vegetation is
outside protected areas,
concentrated on rural
properties and land
without georeferenced
registration.

Quilombola Territory 4 ?5\’\ ; Urban area
v ‘ \*
- Military Area - {,.,))
- Public Land ‘&@é’/
S — y/ "\y . Protected and
i Regamy tncan J 4 y .
_ ' £ \ N community-use areas
Indigenous Territory / ‘if Military Area . _
w4 / A (conservation units,
oA, T = indigenous lands, and
‘& : el J ) ' quilombola communities)
(<2 Al Without Georeferenced Land Registry with CAR Public Land :
W NS R have a low proportion of
N o B Without Georeferenced Land Registry seconda ry vegetation.
W {“‘? Lo
Indigenous Territoryau'i;\_ % d:}.\:ﬁ"“—’
- Quilombola Territory /\,_ ;/ <ND
Conservation Units “ == " — *Data source: GPP (ESALQ/USP), IMAFLORA, and CITE, 2025. Technical note: Matrix

o land use grid of Brazil — Piracicaba, SP, Brazil. Access: https://cartasdaterra.com.br/
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Public Lands or Lands Without
Georeferenced Land Registry

Protected Areas or Areas for

Collective Use

LAND TENURE AND SECONDARY VEGETATION IN BRAZIL : 7:3 é
INnsights for 2024 ~
~ s ;;rgfl I;;;F(gggllf Mha) ?Cyfi?gg‘zﬁ?:o,z Mha) :J%rgaBr:a,;ll'c(e:\EB Mha) Il Frimary Vegetation

Secondary Vegetation

2 Mh

Rural properties account for the
largest total area of secondary
vegetation (13 Mha, or 10% of native
vegetation in these areas)

800 km

. . Without Georeferenced Without Georeferenced
M|(I)|tary Area p‘:b"c Land Land Registry Land Registry with CAR
0.3% of Brazil (2.8 Mha) 8.1% of Brazil (68,7 Mha) 8% of Brazil (70,9 Mha) 19% of Brazil (159,0 Mha)

6 Mha 11 Mha

13% 14%

Q

800 km

5 < AW Indigenous Territory Quilombola Territory Conservation Units
4 a8 " \\ 13% of Brazil(111,7 Mha) 0,2% of Brazil (1,6 Mha) 11% of Brazil (96,3 Mha) Indigenous territories a ﬂd
&) conservation units have only 1%
 F v ,! . 5 ° . . .
" % N o secondary vegetation, indicating

more stability and preservation of
primary vegetation

*Data source: GPP (ESALQ/USP), IMAFLORA, and CITE, 2025. Technical note: Matrix
land use grid of Brazil — Piracicaba, SP, Brazil. Access: https://cartasdaterra.com.br/

0.1 Mh
10%

800 km



lé SECONDARY VEGETATION AREA BY AGE IN BRAZIL

1985 - 2024 MAPBIOMAS
Amazon Cerrado Pampa
Municipality: Prainha (PA) Municipality: Januaria (MQ) Municipality: Bagé (RS)
Young secondary 1587 O &8 1% 8
vegetation
predominates.

Most of it is up to 10 years
old, with ages between 3
and 7 years being the
most common. Secondary
vegetation over 30 years
old represents a small
fraction of the total.

1992
1987
2024

1992

2024

Secondary Vegetation - Age by class -

20 Total: 1.5 Mha Total: 10.4 Mha Total: 8.5 Mha Total: 4.3 Mha
4 N\ 7 N\ N\ N\
1.5
©
e
S 10
(@)
8
o Illllll.lll
00 -
R O R R R Y R ) & © O & @ & & & & & & o & & & & &
SECLLLLELLLLLLLLLL S P ELLLEL LS LS
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ANOS

DEFORESTATION OF PRIMARY AND SECONDARY VEGETATION Ty e
1985 - 2024 MAPBIOMA

ra
(&0

Brazil Amazon Caatinga Cerrado
In 40 years, 59 Mha (87%) in In 40 years, 18.5 Mha (76%) in In 40 years, 48.3Mha (84%) in
4D primary vegetation and 8.5 primary vegetation and 5.7 primary vegetation and 9 Mha
Mha (13%) in secondary Mha (24%) in secondary (16%) in secondary
30,0 8,0 18,0
50,0
7,0 16,0
25,0
4.0 14,0
40,0 6,0
20,0 39% 12,0
—_ 5,0
_; 30,0 W e
g 15,0 2.'% 4,0 .
< 30
200 10,0 61(y 6,0
o
79% 0 %0 S
86%l75% 5,0
10,0 1,0 2,0
0,0 0,0 0,0
1985-1994 1995-2004 2005-2014 2015-2024 1985-1994 1995-2004 2005-2014 2015-2024 1985-1994 1995-2004 2005-2014 2015-2024
0,0
1985-1994 1995-2004 2005-2014 2015-2024
Atlantic Forest Pampa Pantanal
In 40 years, 11.4 Mha (71%) in In 40 years, 5.7Mha (63%) in In 40 years, 2Mha (88%) in
primary vegetation and 4.5 primary vegetation and 3.3 Mha primary vegetation and 0.3
Mha (29%) in secondary (37%) in secondary Mha (12%) in secondary
6,0 3,0 0,8

Over the last decade,
deforestation in
secondary vegetation
has been greater than
in primary vegetation
in the Atlantic Forest

i . v ; | &6 55 . 24%
L8 The proportion of 53%
T . . 3,0 1,5 0,4
-~ deforestation in

. 54% :
and Pampa. secondary vegetation 20 .2 N 76%

. [ J 0’2

is higher from 2015 to " - o 47% -

Oo A

Bl Deforestation of primary vegetation 2024 compa red to o 55 00

Ot h e r d eCa d eS 1985-1994 1995-2004 2005-2014 2015-2024 1985-1994 1995-2004 2005-2014 2015-2024 1985-1994 1995-2004 2005-2014 2015-2024
.

0,7

5,0 2,5

" Deforestation of secondary vegetation



' PATTERNS OF SECONDARY VEGETATION DEFORESTATION BY AGE
5 1989 - 2024

How old is the secondary vegetation when deforestation occurs?

On average, 68% of secondary
vegetation deforestation in the

Up to 5 years 5tol0years @ 10to15years @ 15to20years @ 20to 25years )
last decade (2015-2024) occurred in
@ 25to30years @ More than 30 years areas older than 5 years.
2,000,000
Secondary vegetation over 20
years old accounted for 14% of
deforestation.
1,500,000
©
-
o Municipality: Correntina (BA)
O]
< 1,000,000 1985
500,000
0

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023



HOW MUCH SECONDARY VEGETATION BURNS EACH YEAR? &
1988 - 2024 MAPBIOMAS

40,000,000

On average, 2 to 4% of secondary

vegetation in Brazil is burned 30,000,000
each year, with around 50% of
this area having been burned
more than once in the last 40
years.

I Secondary vegetation

-Secondary vegetation burned

20,000,000

Area (ha)

10,000,000

The years 1988, 2007, and 2010 are
the years with the largest area of o MBS e e sSSP -
secondary vegetation burned. O Ix

e 0, © L O L K o & O QL H o & O A Ak
Point history X
Annual @ ® @ 0@ @ @

Coverage SraRRRaiOReRE OEYAAOE CEX R Y YR

1985 1990 1995 2000 2005 2010 2015 2020

Example in the
region of Fort
Santa Barbara in
Formosa (GO)




v@ SECONDARY VEGETATION ACROSS BRAZILIAN MUNICIPALITIES e 19:

INnsights for 2024 MAPBIOMAS

Almost half of Brazilian municipalities (44%) have less
than 5% secondary vegetation.

Only 94 municipalities have more than 20% secondary
vegetation, representing less than 2% of the total.

Number of municipalities by category

2500 ]
Atlantic Forest, Pampa,
2209 and Caatinga regions
2000
2 account for most of the
municipalities with more
1500 than 10% secondary
vegetation.
1000
Proportion of secondary vegetation
500 o
by municipality
0% to 5%
Bl 5% to 10%
0% to 5% 5% to10%  10% to 20% >20% B 10% o 20%

B >20%



SET OF PRODUCTS AVAILABLE

Products generated by the MapBiomas Brazil MAPBIOTAS

MAPBIOMAS

FIRE

e 9 B m
§$ MAPBIOMAS

. Land Cover and Use

. Deforestation

. Secondary Vegetation
. Agriculture

. Mining

. Infrastructure

. Pasture

. Urban

MAPBIOMAS

WATER

D\ MAPBIOMAS MONITOR pA
PN ALERTA FISCALIZACAO

OO
B |APBIOMAS

SOIL

}V ’ MAPBIOMAS

%@@E MAPBIOMAS Lie

RAF - Annual Fire

Report

I RAD - Annual
Deforestation Report

f MAPBIOMAS

DEGRADATION



QD) o
WHAT IS THE RECOVERY MONITOR? oy RECUPERAGAO
Acess: plataforma.recuperacao.mapbiomas.org
The Recovery Monitor is a platform M, crssssna
for viewing and monitoring areas v —
with commitments or obligations —pr— siseasn 72000t
to restore native vegetation,
including polygons embargoed due ®
to deforestation and polygons from e
the Brazilian Restoration e
Observatory, as well as other areas :
with commitments to forest - "
restoration. .

Resetar Buscar

,l .I.E.Li‘l“h

The Monitor also presents an initial approach to categorizing compatibility with the
environmental recovery process.



’}"v’> MAPBIOMAS

CATEGORIZATION OF RECOVERY PATTERN COMPATIBILITY '»', " RECUPERAGAO

1. Current land use and land 2 Land use and land cover transition 3. Difference in vegetation index (AEVI)
cover class (MapBiomas Col 10 - year 2024) . (MapBiomas Col 10 —year 2024) '

5 AEVI = EVI current year - EVI commitment year
This corresponds to the - Comparesthe land use and land cover class
oredominant modal class in the - between the year of the commitmentand | AEVI < -0.1 » negative difference between the
polygon in the most recent year - the currentyear (2024), identifying the type | current year and the recovery commitment year
used to verify the current state of of change. '

-0.1 < AEVI £ 0.1 » stable difference between the

land use and land cover. .
current year and the recovery commitment year

2024 2008 2024 AEVI > 0.1 » positive difference between the current
: . year and the recovery commitment year

Recuperaqio
Vegetagao Primaria
‘ ‘ 2012 | 2022
" A

Native

Most vegetation gain

frequent
class

EVI médio ano atual

E EVI o e o= = = e o= ==

Native
- vegetation loss

EVI médio ano de compromisso

» Tempo



HOW TO ACCESS MONITOR DATA?

» Platform available with open, public, and free data!

w S
Estatisticas
6.877.310 ha
v ~”

19.589 ha 1.695.856 ha

b Ao Area MU0 comptive Aceen compativel
4.533213 ha 628.653 ha
Area com compromissode
recuperagao por bioma =

L

[ % |
o
s
U'¢ oA
Al remap.
Resetar m . . B —
1 7 gl Ld 2 Lk -

Acess: plataforma.recuperacao.mapbiomas.org

» Document
with the main
highlights

» Launch event
on YouTube

PBIOMAS

>
dj 4 RECUPERAGAO

Monitor da '.v:::",t: RECUPERACAO
RECUPERACAO

https://brasil.mapbiomas.org/wp-

content/uploads/sites/4/2025/10/Factsheet-

Monitor_de_Recuperacao_22.10_v3.pdf

LANGAMENTO DO

MONITOR DA

RECUPERACAO

23 DE OUTUBRO 10H

https://www.voutube.com/live/vbctCGGIROpM?si=VrJCOtVXnVrrzLEz




8th Edition of the
MapBiomas Award

Registration until
March 22, 2026

https://brasil.mapbiom

as.org/premio-

mMmanhinmac/

General Category

Value of
Ist R$ 15,000.00
PLACE Fifteen thousand reais
Value of
2nd R$ 10,000.00
PLACE

Ten thousand reais

Highlight Applications in
Business

Value of

R$ 10,000.00

Ten thousand reais

Climate Emergencies
Category

Value of

R$ 10,000.00

Ten thousand reais

Young Category
1 S Value of
t R$ 10,000.00
PLACE Ten thousand reais
Value of
2nd R$ 5,000.00
PLACE

Five thousand reais

Highlight Applications in
Schools

Value of

R$ 10,000.00

Ten thousand reais

Peoples and Traditional
Communities Category

NEW!

R$ 10,000.00

Ten thousand reais

Highlight Applications in
Public Policies

Value of

R$ 10,000.00

Ten thousand reais

Actions to Reduce
Deforestation

Value of

R$ 10,000.00

Ten thousand reais
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Create analysis
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HOW TO ACCESS MAPBIOMAS DATA?

» Platform available
with open, public, and

é Vn:ualiz:& on :he maé ) L]

Acess: https://plataforma.brasil.mapbiomas.org/

Google EarthEngine Qs aces and datase 50 .
Panamn
" Y Venezuela Mep >
] N
S
+ Ca1i> Colombia 5

- | Guwc
e

SN MapBiomas User Toolkit 1.19.0

Land Use and Land Cover

Toolkit Direct Link

Region
magbiomas-brazil
Collection

Chile

Tables:

COLECAO 10
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poe Mapbiomas
%
Y

Open.
Collaborative.
Multipliable.

# Overview

BOOOY

ANOS

Toolkit to download maps

https://brasil.mapbiomas.org/coleco
es-mapbiomas/

FactSheet (highlights
document) with key results

https://brasil.mapbiomas.org/destagques/

GitHub with processing
codes

https://github.com/mapbiomas




’ ")
L 4 2 1 @& <

MAPBIOMAS

‘ 4 4 ‘
- N ,%:g‘l b




Monitoring secondary forests using the
JRC Tropical Moist Forest system:
design and validation

Joao Carrieras & Clement Bourgoin

Session 1.2: Mapping Secondary Forest — where are they regrowing
according to what dataset?

Sao José dos Campos, 29 Oct 2025
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Monitoring secondary forests
using the JRC
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JRC-TMF in a
nutshell

SCIENCE ADVANCES | RESEARCH ARTICLE

ENVIRONMENTAL STUDIES

Long-term (1990-2019) monitoring of forest cover
changes in the humid tropics

C. Vancutsem'*, F. Achard’, J.-F. Pekel’, G. Vieilledentu"", S. Carboni®, D. Simonetti',
J. Gallego', L. E. 0. C. Aragao®, R. Nasi’

Wall-to-wall pan-tropical coverage of the extent of moist forests
Long history (1990-2024) on an annual basis at 30m with sub-annual
metrics (duration, intensity and recurrence)
Consistent data collection and methodology for the entire time-serie
Changes are characterized based on their trajectories, timing,
intensity and recurrence

The occurrence and extent of the forest degradation

The extent and age of secondary forests and afforestation

TMF explorer o \ +
The Tropical Moist Forest Explorer s 2 wob-mapping tool that shows the dataset and allows users to navigate the N }
tropics visualizing the main layers of the Tropical Moist Forest dataset vathout installing any software. It akso }

- Europe: alfows users to view the annual Tropical Moist Forest cover and changes over the past three decades and the 3
Commission complete history of annual valid observations and disruption obsenations by clicking on the map This tool is s Sentinel 2 2020
intended as a data viewer and does not provide any analytical features. These data can be accessed using Data ‘ ~F ' ——
r 2 -

Lownload or Google Earth Engine for further analysis. Country level statistics are provided in the dala 3ccess
Socton

New hybrid transition map at 10m and country factsheets available!
Product Viorsion: TMF.2024_v1

Home
s N\ LA
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Trajectories and temporal rules

forest status

structure
biomass
composition
functioning

w

4 Undisturbed tropical moist forest

Other land cover

> time
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Trajectories and temporal rules

forest status

—-—

structure
biomass
composition

functioning

Undisturbed tropical moist forest

Deforestation
Long-duration (>900
days) disturbance or
more than 4 short-
duration disturbances

Other land cover

Deforested land
(inc. plantation, water)

> time
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Trajectories and temporal rules

forest status 4 Undisturbed tropical moist forest

structure Forest degradation
biomass 1-3 short-duration (<900 days)

composition d/sturbances* (separated by m[n 2 years

7 tionin of no-disturbance event). Special rule™ for
unc 9 last 3 years.

Deforestation

Long-duration (>900
days) disturbance or
more than 4 short-
duration disturbances

Degraded
forest

Deforested land

Other land cover _ _
(inc. plantation, water)

time
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Trajectories and temporal rules

forest status Undisturbed tropical moist forest

structure Forest degradation
biomass 1-3 short-duration (<900 days)
composition d/sturbances* (separated by m(n 2 years o SR Recovering forest
f tioni of no-disturbance event). Special rule* for _ _ -~
unctioning last 3 years.
Recovery

Deforestation

Long-duration (=900
days) disturbance or
more than 4 short-
duration disturbances

Recovery signal after
disturbance observation

Degraded
forest

Deforestation

Deforested land

Other land cover , ,
(inc. plantation, water)

time
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Trajectories and temporal rules

forest status Undisturbed tropical moist forest

structure Forest degradation
biomass 1-3 short-duration (<900 days)
composition disturbgnces* (separated by mip 2 years e Recovering forest
f tionin of no-disturbance event). Special rule** for _ . =~
unc 9 last 3 years. F#® T
Recovery

Recovery signal after
disturbance observation

Deforestation

Long-duration (=900
days) disturbance or
more than 4 short-
duration disturbances

. Forest regrowth
forest g

Regeneration
Minimum 3 consecutive years of
regrowth

" Deforestation

Deforested land

Other land cover
(inc. plantation, water)

> time
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Trajectories and temporal rules

forest status

—

structure
biomass
composition
functioning

— -

4 Undisturbed tropical moist forest

Forest degradation
1-3 short-duration (=900 days)

disturbances* (separated by min 2 years ~===Z0 @ _ - ===- Recovering forest
of no-disturbance event). Special rule* for _ -~

last 3 years. -~

Recovery

Recovery signal after
disturbance observation

Deforestation

Long-duration (>900
days) disturbance or
more than 4 short-
duration disturbances

Degraded
forest

________ Forest regrowth

Regeneration

Minimum 3 consecutive years of
regrowth

/" Deforestation
Afforested land

Deforested land
Other land cover :
— (inc. plantation, water) / Afforestation

Commission




Secondary regrowth within regenerating forests

Transition Map - Sub types: 31 - Old forest regrowth (disturbed before 2005)
Hybrid Transition Map - Subtypes: 3]
Deforestation year 1985

Degradation year. -

Transition Map - Source : Landsat only
First Year Monitoring: 1989

[ Vvalid observation [ Disruption

Degraded forest from fire «

— . y A
Query result (lat: -3.0908 lon: -47.0587) [ ] 5
Transition Map - Sub types: 24 - Degraded forest with long-duration disturbance (started in 2015-2023) #¥,
Hybrid Transition Map - Subtypes 24 7
‘Deforestation year: - >
Deogradation year 2016
Transition Map - Source . Landsat only
First Year Monitoring 1997

Query result (lat: -5.3743 lon: -50.1413)

Transition Map - Sub types: 33 - Very young forest regrowth (disturbed in 2015-2021)
Hybrid Transition Map - Subtypes: 33

¢ Deforestation year: 2012

~ Degradation year: -

. Transition Map - Source : Landsat only
First Year Monitoring 1990

[ vaiid observation [ Disruption

Query result (lat: -23.8780 lon: -47.7497) a

Transition Map - Sub types: 93 - Old afforestation (between 10 and 20 years of regrowth)
Hybrid Transition Map - Subtypes. 93

Deforestation year: -

Degradation year -

Transition Map - Source : Landsat only

First Year Monitoring: 1987
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ol 75% Age distribution
< 0.06

0.05

~ 0.08 million km2 of secondary forests in
the Amazon region £ 003

2 002 18%

0.01
0.00 - —

3-10yearsold 10-20yearsold 20-30yearsold  >30 years old

o
o
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Area

0.03 . )
_ 3% Duration of deforestation
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3 TMF classes within Mapbiomas’ secondary forests
’ » Forest regrowth
Area of secondary forests
- sensu lato (km2) per 0.5°
grid cell » Degraded forest
e 50 km?2
® 100 km?
® 200 km? m Undisturbed forest
@ 250 km?
@ 350 km?

» Deforested land
without signs of

| 5 https://data.europa.eu/doi/10.2760/7304684 regrowth
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Validation of JRC’'s TMF land cover trajectories (1990-2020)

Objectives

To report on the area and accuracy of several land cover trajectories obtained
from JRC’s Tropical Moist Forest (TMF) dataset in the period 1990-2020

Proposed trajectories:
Stable forest

Stable non-forest
Degraded forest
Deforested land
Secondary forest

Afforested land
- European
Commission




Stratification and -
sampling approach ™

Probability-based stratified random
sampling

()

S(0) - standard error of the estimated overall accura
W; - mapped proportion of area of trajectory i
S; - standard deviation of stratum i, estimated as:

S, =U; (1-U;), with U, being the user’s accuracy

[Ecuador

R

Strata n
Stable forest 208
Stable non-forest 208
Degradation 1 (<= 2000) 38
Degradation 2 (2001-2010) 72
Degradation 3 (>= 2011) 98
Deforestation 1 (<= 2000) 75
Deforestation 2 (2001-2010) | 85
Deforestation 3 (>= 2011) 49
Secondary forest 1 (<= 10 yr) 87
Secondary forest 2 (11-20 yr) 95
Secondary forest 3 (>= 21 yr) 27
Buffer 208

1250

9

Venezuela

Suriname |French
Guiana

IColombia i
SO DR
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00 ®
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Response design

each sample site: 30 m x 30 m
trajectory
drivers of disturbance
degradation: fire, logging
deforestation: farmland, mining, infrastructure
drivers of regrowth/afforestation
land abandonment, shifting cultivation, forest plantation
year disturbance(s) started
year regrowth started

confidence level (high, low)

- European
Commission




JRC IMPACT Toolbox

B 'MPACT Toolbox X

127.0.0.1:8899/IMPACT

Gee Tiles

i Plot
Y
0.6
0.4
0.2
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JOINT RESEARCH CENTRE

NBR -’— NDVI
Pl b .
O - R-pely-m Ny

‘\\. /,
\."/
&

B0 g.g- B R E TR

1990-05-30

1994-05-25 1998-06-21

2002-05-07

2006-07-29

2010-04-19

2014-08-04

2018-06-28

Parameters

| 17/08/2025

171102025

[Landsat (all)
Reducer. Day
[R: SWIR1

|G- NIR

B- RED v

[RGB Min %
20

[RGB Max %
55

[Buffer In (mt): 45

(Buffer Out

it 250

~l
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< | [ | B
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Images

TMF Quality Assessment Interface

Navigation ‘ [

T

Options

Show ® Al
O Empty
O Verify

User: ]C

Verify : 0]
Clear form

Trajeclory

) O

Stable forest
Stable non-forest
Degraded forest
Deforested land
Secondary forest
Afforested land
Insufficient data

Confidence: ® high

O low

Drivers: disturbance

~

O Fire

N
v' )
@

N
®
ll )

O

()

Logging
Farmiand

) Mining
) Infrastructure

Other

Confidence: @ high

O low

= 3 - &

version v5.308 beta | Manual | Info & Contacts

Drivers: regrowth

®

Land abandonment
Shifting cultivation
Forest plantation
Other

Confidence: ® high

O low

Year

Disturbance: 1994

w
Confidence: ® high O low

Regrowth: 2007

-

Confidence: O high ® low

Comments

not sure when vegetation attained
tree cover

JRC Source: S2 Esn, Maxar, Earthstar Geographics, and the GIS User Community
1at 1on--11 6215 -54 4289

“

et T Py ~- i
F-Norm, Unmix, PCA, NDVI,
NBR

Image Segmentation

Y

Forest Emission Report... &

General Tools

&
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Preliminary results

accuracy and area estimators when the strata differs from the map classes
described in Stehman (2014)

OA =92% (£ 2%)

Map accuracy and area estimates (Stehman 2014)

Trajectory Area proportion
Stable forest 0.767 + 0.008
Stable non-forest 0.105 + 0.006
Degraded forest 0.027 + 0.004
Deforested land 0.078 + 0.003
Secondary forest 0.015 £+ 0.002
Afforested land 0.009 + 0.004

Area (Mha)

493.3+49

67.4 +3.7

176127

50.1 £1.7

93112

2.7 225

Omission error (%)
3510

1.8+33

2051 7.7

16.6 £ 2.2
71358

88.0 £6.2

Commission error (%)
0.9+0.5

138121

66.3+5.9

284 +54

450+84

57.0+10.3

European
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Moving forward...

consolidate the reference dataset (disagreements)

assess trajectories on sub-periods (5-year intervals) and possibly at
(some) country-level

iInclude drivers of disturbance/recovery in the analysis

availability to support ongoing or future validation exercises

(regional, global)

European
Commission




Thank you for your attention

* Joao.carreiras@ext.ec.europa.eu
+ clement.bourgoin@ec.europa.eu
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Towards a global reference dataset of
forest regrowth

Hannah Graham
Session 1.2: Mapping Secondary Forest — where are they regrowing
according to what dataset?

Sao José dos Campos, 29 Oct 2025
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a Recovering degraded forest b Recovering secondary forest
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Value of naturally regenerating forests

Heinrich et al. 2023

ncreased Increased quantty and
ponetic versly”  guveesty of s00d fain *?

me:m
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Proximity
Reduced cavton sick ' Structural changes '
Changes in microcimate **
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Changes in specios abundance ** : ) , - © b
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Connectivity between fragments
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Smith et al. 2023
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Research Needs for a Reference Dataset

k’w a  a

Needs to understandand
improve the accuracy of p=
regrowth data

European ‘
Commission

Few datasets are spec:flcally
validated for forest gains

, N (secondary forest regrowth,
168,924.51km?  75,7C 00\ ering degraded forests)

W GFZ o cene




What is a Reference Dataset?

« Created with higher quality information
» Can help us validate + compare regrowth products
« Can be used for area estimation

W GEZ emmozcene




Creating a Reference Dataset

Interpret samples
outside the
Amazon Basin

Absorb JRC
samples inside the
Amazon Basin

Expand sample
coverag

AN
iliin
IPAM

Amazénia

/// Helmholtz Centre
% for Geosciences




Designing Consistent and Robust Strata

" Name Relevance ;Zmz:?;n Source Institute ?f on;:ed gzcg;g; gz:gﬂ:ti on Possible Filters Forest |
> Hansen Treecover v Single v Hansenetal 2013 UMD Landsat 2000 30m Canopy % 5m,
o . Forest: ar
ed
Input layer criteria: et
3 P trees outs
/ 10% Canopy Cover unstocke:
iterion t
v . forests??
e 0.5ha minimum area  usnmne
B Forest Loss . reach tho
S oy et v dm+ tree height rotocke
I ouffer ISt a_n
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L v Global coverage
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7
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Naturally Regrowing Secondary Forests

Plot
14 NBR —@- NDVI
0.8 . . - -
e . | Rt SR . b
0.6 - - L3 -a . 7.7 .
04 v - —
0.2 -
0 ' T T
2000-07-06 2003-07-15 2006-07-23 2009-06-13 2012-08-13 2015-08-01 2018-07-24
Parameters , Images
15082025 &
15102025 #&§
Landsat (all) =
Reducer: pay =
R sSwWIR1 >
G NIR S
B RED -
RGE Min %
20

RGB Max %
60

Buffer In (mt): 15

Buffer Out

Z
(mi): 2

(&)

A sample allocated to the Forest Gain stratum and interpreted as secondary forest
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Interpretation Results

10 Reference Label 10- Reference Label
EEm Stable Forest EEm Stable Forest
B Degraded Forest B Secondary Forest
B Secondary Forest Forest Plantations
8- Stable Non-Forest 8 Stable Non-Forest
Deforested Land N Deforested Land
~N =
= <
< C
— 61 g 6
3 +
o =
O 3
%— @)
41 Q ]
5 g
n =
©
wn
2 2.
0- 2 ; 0- ,
Gain Loss Stable Stable Buffer Gain Loss Stable Stable Buffer
Forest Non-Forest Forest Non-Forest
Interpretation of forest trajectories inside the Amazon Basin Interpretations of forest trajectories outside the Amazon Basin
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Commission Errors: Forest Plantations

NER @~ NDVI

,,,,,,,,,,,,,
,,,,,

2018-01-20

04 | 2015-09-25

" 20000807

3-09-24 | 2006-07-30

Buffer Out

A sample allocated to the Forest Gain stratum but interpreted as a forest plantation
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Commission Errors: Seasonality

Esn. Maxar. Earthstar Geoarashics. a

A sample allocated to the Forest Gain stratum but mterpreted as stable forest

i esa

Amazénia
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Commission Errors: Disturbance-Adjacent

Trajectory

(&) Stable forest
(U Stable non-forest

A sample allocated to the Forest Gain stratum but interpreted as stable forest

i @esa

Amazénia

// Helmholtz C
Y GFZiwor wi)

SynCER
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A Way Forward

* Fine-tuning stratification and
Interpretation strategies to
Improve dataset quality
* Open to suggestions!

« Use reference dataset to
compare regrowth products
and clarify findings

W GFZ o cene

N
A I T 00 m Esrl, TomTom, Garmin, FAC, NOAA, USGS, Esr, FAO, NCAA, USGS, Vicmap, Esti, TomTom, Garmin, FAG, NOAA, USGS, Esri, TomTom,
Garmin, FAO. METI/NASA, USGS, Esri Canada, Esri, TomTom, Garmin, SafeGraph, FAG, METI/NASA, USGS, EPA, NRCan, Parks Canada,
0 1500 3000 6000 9000 ANTARCTICA Esii, USGS, Esri, © OpenStreetMap contributors, TomTorn, Garmin, FAQ, NOAA, USGS

Global stratification map for upscaling
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Conclusions

1. Creating a high-quality, global reference dataset is needed to
ensure the reliability of remote sensing-based maps and
deliver meaningful results to policymakers

2.

A VH
% GFZic o) I @esa |,




Conclusions

2. Initial progress highlights challenges in the quality of the
forest gain stratum and quantity of secondary forest
Interpretations

A1
% GFZic o) I @esa |,




Conclusions

3. Eager to learn from experts and fine-tune methodology for a
widely-applicable reference dataset

// Helmholtz C
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Thank youl!

Sources:

Heinrich, V.H.A., Vancutsem, C., Dalagnol, R. et al. The carbon sink of secondary and degraded humid tropical forests. Nature 615,
436-442 (2023). https://doi.org/10.1038/s41586-022-05679-w
Smith, C. C., Barlow, J., Healey, J. R., De Sousa Miranda, L., Young, P. J., & Schwartz, N. B. (2023). Amazonian secondary forests

are greatly reducing fragmentation and edge exposure in old-growth forests. Environmental Research Letters, 18(12), 124016.
https://doi.org/10.1088/1748-9326/ad039e
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How consistent are Secondary Forest
maps?

Ricardo Dalagnol (Ctrees)

Session 1.2: Mapping Secondary Forest — where are they regrowing
according to what dataset?

Sao José dos Campos, 29 Oct 2025
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How consistent are Secondary Forest maps?

The goal of this study was to do an intercomparison of secondary forest maps in the Brazilian Amazon
Biome.

1- What is the area extent covered by secondary forests ?
2- What is their age distribution ?
3- What is the agreement between secondary forests datasets?

4- What is the contribution of Forest Plantations ?



Method

Secondary Forests definition :

Areas changing from Non-forest to Forest, either following
Deforestation or growing in areas that were Non-Forest at the start
of the satellite time series (“Afforestation”).

After Deforestation :
F (start period) > NF - F (age 1) - F (age nin 2024)

“Afforestation” :
NF (start period) - F (age 1) = F (age nin 2024)

Study Area: Brazilian
Amazon Biome

TMF
Deforestation
data 1982-2024

MapBiomas
Land Cover data
1985-2024

CTrees Forest
cover data
2000-2024

Forest
plantation data
compilation

Accumulate secondary forest age maps at
year 2024 per dataset (Silva-Junior et al.

2020) filtered by plantations

Intersect datasets to
create combined
secondary forest map

Calculate age distributions
per dataset and
combination




CTrees Forest Cover Change Data

GLAD-ARD
(Landsat data, tiled,
16day, 2000-2024)

A 4

Automated
Forest/Non-Forest
sampling

A 4

Train model
(LightGBM)

Prediction

Y

Aggregation into
Annual Forest
Likelihood

Annual Forest Cover

A 4

Post-processing
(Temporal, spatial, and
trajectory filters)

A 4

Annual Forest Cover
Change (FCC) data
2000-2024

Brazilian Amazon = 423 tiles ~40Tb data



Relative Frequency (%)

40 —

30

20

10 —

Secondary forests extent and age distribution in 2024 varies across
datasets in Brazilian Amazon

2.46

Concentrated at younger ages

3.1

TMF
Area = 8.10 Mha
10.28 + 8 yr

1.08

0.64

0.4

0.13

0.14

0.08 i 0.07 )
e == ]

1-5 6-10 11-15

21-25 31-35

Secondary Forest Age (years)

41+

Relative Frequency (%)

30

25

20

15

10 —

222

Better distributed across time

MapBiomas
Area = 8.97 Mha

1.75 14.58 + 10.5 yr

143

1.04

0.93

0.68

0.54

0.38

1-5 6-10 11-15

21-25 31-35

Secondary Forest Age (years)

41+

Relative Frequency (%)

30 —

25

20

15

10 —

Relatively uniform, capped at 25
years because data limitation

3.2 CTrees
Area=11.77 Mha
12.12 + 6.6 yr

1-5 6-10 11-15 21-25 31-35 41+

Secondary Forest Age (years)

Brazilian Amazon 13.8 Mha of secondary forests in 2017 with MapBiomas v3.1 (Heinrich et al. 2021)



High variability in between secondary forest datasets : less than 30% or
6 Mha of secondary forests overlaps

o ' 20.87 Mha combined

secondary forests
CTrees

6.51

(31.19%)
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degradation or secondary forest ?
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st ?
i) Fire degradation or secondary fore
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i) Fire degradation or secondary forest?

VILA RENA

Varger Limps

ARARIBOIA

&

WRidatEz o

SN

-4.97580251, -46.35459733




i) Degradation, seasonality, or what? (several areas like this in wet
forest/savanna ecotone)

Séo Cecllia

Zona A @

Campandria

TENHARIMLD

-8.46907766, -61.39454566




i) Degradation Logging

Martinez
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Manissauai

Ty N "y

-11.28410877, -54.63726500




Likely seasonality / nice agreement area (circle)
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Nice agreement area zoom in

-6.28039196, -50.79260195




All around the wetlands - not sure what to come up with this yet
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Less confidence on mapped younger secondary forests than older
secondary forests

Relative Frequency (%)

30

25 -

20

15

10 —

0 Three detections

B Two detections
B One detection

5.38

0.71
V—

0.62

0.44

61% 61% 66% 55% 55% 61% — 9%

1-5 6-10 11-15 16-20 21-25 25-30 31-35 36-40 41+

Secondary Forest Age (years)

More unconfirmed regrowth between 1-10
years (73-91%) compared to 11-40 (55-
61%)
Each dataset maps 2-3 Mha of
young secondary forests in the 1-5
and 6-10 age groups but they have
relatively low agreement (!!!)
On the other hand, older secondary forests
>10years old have more confident mapping
agreement

Number of detections > Mean Age + SD
1 detection(s) group - 12.1 + 9 years

2 detection(s) group - 15.7 + 8.8 years

3 detection(s) group - 17.5 + 8 years

Regardless of detection - 13.3 £ 9.1 years
> 2 detection group - 16.2 + 8.7 years



Final considerations

- How consistent are Secondary Forest maps? About 30%
- The confirmed extent of secondary forests is 6Mha but it can be as large as 21Mha

- Why do we have such high unique detections (*70%) from single datasets ?

- Commission
- How much is it simply a false positive? E.g. seasonality
- How much is degradation misclassified as deforestation and then causing regrowth?
- Heinrich et al (2023) show that the two cases have different regrowth pathways
- Deforestation definition will play a key role here
- True positive, but omission in other datasets
- Did other data products not find deforestation?
- Did other data products not find the regrowth?

- Increasing the confidence : Defining criterias to integrate different datasets for more accurate secondary
forest maps beyond the 6 Mha

- Less confidence on mapped younger secondary forests bring high uncertainty to carbon sequestration

estimates
- Important because each dataset map 2-3 Mha in the first two age groups, they do not correspond spatially (!)

- Forest plantation has a small share of areas (~0.35 Mha), but still needs filtering

Ricardo Dalagnol - rdalagnol@ctrees.org Sy CTI‘eeS
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Distribution of the confirmed secondary forests

Relative Frequency (%)

30 —

25 —

20 —

15 —

18 =

1-5

1.47

6-10

1.27

1118

16-20 21-256  25-30

Secondary Forest Age (years)

0 Three detections
B Two detections

31-35

36-40

41+

More unconfirmed regrowth between 1-10
years (73-91%) compared to 11-40 (55-
61%)
Each dataset maps 2-3 Mha of
young secondary forests in the 1-5
and 6-10 age groups but they have
relatively low agreement (!!!)
On the other hand, older secondary forests
>10years old have more confident mapping
agreement

Number of detections > Mean Age + SD
1 detection(s) group - 12.1 + 9 years

2 detection(s) group - 15.7 + 8.8 years

3 detection(s) group - 17.5 + 8 years

Regardless of detection - 13.3 £ 9.1 years
> 2 detection group - 16.2 £ 8.7 years
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Carbon Emissions and Removals across
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Session 1.3: Linking field, ALS, and
satellite data of secondary forests

SynCER: Synthesising post-disturbance Carbon Emissions and Removals
across Brazil's forest biomes

Sao José dos Campos, 29 Oct 2025
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Bottom-up assessment of carbon
removals by reforestation in the Atlantic
Forest

Pedro H. S. Brancalion
Session 1.3: Linking Field, ALS + satellite data of secondary forest

Sao José dos Campos, 29 Oct 2025
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Predictive

equations
l (LiDAR - airplane)
Flux Allometric . Predictive
tower — equations w==p Field plots == equations
(destructive | (LiDAR - drone)
sampling) Predictive
equations

(LiDAR - satellite)







Restoration experiment
- 5 ha, 20 tree species, 20 years
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20+

p1ameter classes (cm)

T
n

15-20-

10-15-

5-107

-0.5 -0.2

BRENEREE 5

-0.3 -0.1

Pantro;')icalx Pantropic;al-WDx Local '6-yrx

Observed Observed

Absolute difference (kg)

Local f2-yr X WNSUR x

Observed Observed Observed

Scenario

-25

0 25

Model A Absolute (Mg/ha) A Relative (%)
Local 6-yr -11,99 -10,03
Pantropical-WD -13,37 -11,18
WNSUR -15,39 -12,87
Local 12-yr -17,20 -14,39
Pantropical -22,94 -19,19

20+

§

15-201 2.3% -0.8% 1.1% (1.5%

Diameter classes (cm)

10-157 | [-9.4% [.10.8% I .7.3% |B  (0.1%
5-101 B -14.2% (-9.9% -2.2%
0-5{ I -21.3% 11.7% A1.7% .5.3%
Pantrobical X Pantropic'al-WD x Local '6-yr x  Local f2-yr X WNSUR x
Observed Observed Observed Observed Observed

Scenario

Relative difference (%) E W

-20-10 0 10 20

Generic equations systematically underestimate
AGB, whereas site-specific additive models

enhance accuracy and reliability of carbon
estimates in Atlantic Forest restoration.
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Biodiversity and ecosystem services across reforestation L/\Sgﬁ' 0P

Similaritymhmﬁve
forest remnants (reference mystms)

Reforestation and/or forest landscape restoration
| I |

Forest rehabilitation Forest restoration

| |
| || |
Agro-pastoral land Agroforests Monoculture plantations Mixed plantations Restored forests Reference forests

Blodlversity Low Low Low Moderate High
Water quality Low Moderate Moderate Moderate] High
Carbon Low Moderate High High High
Timber Low Moderate High High Moderate
Food High High Low Low Moderate

Brancalion et al. 2025. Nature Reviews Biodiversity
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Biodiversity and ecosystem services across reforestation o ~

v" New forests polygons

- Agropastoral land uses
- Agroforests

- Intensive monocultures
- Extensive monocultures
- Restoration plantings

- Second-growth forests
- Degraded remnants

- Conserved remnants

v' New forests plots

- 30 x 30 m plots

- Forest multifunctionality protocol

- Forest inventory, dead wood, litter, fine
roots, water infiltration, soil (texture,

nutrients, porosity, density, carbon) & v ] .
much more Multiscale remote sensing
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Biodiversity and ecosystem services across reforestation p— N

5 Years of field work, ~800 plots, 70,000 trees, 1,200
tree species

v’ Crop and pasture: 74

v’ Agroforest: 52

v’ Monoculture: 174

v’ Restoration plantings: 200
v Natural regeneration: 135
v Degraded remnant: 59

v Conserved remnant: 65
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Frentes de inovacao no monitoramento: estrutura e carbono

AGB = -50.4 + 9.8687 Canopy_height P
T 80
-
| =
m —
G 60
=
>
a
S 40 -
i
QL
oleta de dados Lidal 20 - :
| | | | | | |
em parcelas com 8 9 10 11 12 13 14
inventario florestal Lidar-derived canopy height (m)

Relacdo entre métricas

. , Lidar x biomassa
EquacOes de biomassa

(produzidas ou existentes)
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Forest Dynamics After Fire Disturbance:
Insights from Field and Remote Sensing,
and Innovations in Large-Scale
Restoration

Dr. Aline Pontes Lopes
Session 1.3: Linking Field, ALS + satellite data of secondary forest

Sao Jose dos Campos, 29th Oct 2025
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Summary

* Post-fire forest biomass changes in the Amazon using permanent plots
* |nsights from LiDAR-based monitoring

 Biomass loss prediction based on pre-fire biomass

 Chronosequence modelling using field data

 Bookkeeping modelling for estimating net forest fire emissions

 Large-scale restoration of disturbed forests
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Following the 2015 fire in the Purus-Madeira region, the CEELCEL CCCECE RO
N LERE L%EEtLtf:
forest lost about 12% of biomass. Elsewhere in the Amazon, ,-:_:::;:'.‘ TR e LB U]
S - |
- N - - =1
o —— ; t— |
areas with 3-4 month dry seasons can lose up to 50% of ~ —Iii.. o mowe
Eckhe pWwe
carbon stocks within six years of fire. FLEE SLLLir
e o I . S SRS
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s _ Pontes-Lopes et al., 2021, Proceeding B “I W au]ents
y  Trees:paimsandlianas —ELECLL L L L L CCEEERe;
AN
7] R,
é 0 2 Ul s Loss in tree Loss in
= Amazonia region season since tree stem basal area  tree AGB
» 20 months  fire (y) density
£
g = \ Purus-Madeira 1 3 28 + 8% 15 + 9% 12 + 9%
40 @ IS
) 2 3-4 16 + 16% 21+ 13%
|
2 EIJ Madeira-Tapajos 3 3-4 48% 51%
@ 10
2 Southwestern 4 ~3 3.6 21-50%
C
£.:90
g Southeastern 5 ~5 2 22%
-30
(d) Northern 6 ~6 05 8-16%

2015 2016 2017 2018

Year T Pontes-Lopes et al., 2021; 2 de Resende et al. 2014; 3 Barlow et al. 2003; 4 Barlow et al. 2012,

Sato et al. 2016, da Silva et al. 2020; 5 Brando et al. 2014; 6 Barbosa e Fearnside et al. 1999,
0 unburned #@ burned Santos et al. 1998

Author: Aline Pontes-Lopes
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Two general patterns are, therefore, described in the literature:

- early mortality of small and medium-sized trees

within up to 3 years after fire 1, and

- delayed mortality of large trees within up to 8 years

after fire. 2

T de Resende et al 2014, Barlow et al 2012, 2003b, Haugaasen et al 2003, Holdsworth
and Uhl 1997; 2 Barlow et al 2003b, de Resende et al 2014, Barlow et al 2012, Silva et

al. 2018

Stem mortality for large trees according time since fire (years)

(A) 0.75-4 (B)5-8 (C)9-11

(D) 12-31
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0O 10 20 30 400 10 20 30 40 0 10 20
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Manuscript Number: FORECO-D-25-02710

Pontes-Lopes et al., pre-print

Fire in a Central Amazon forest: Lingering top canopy loss and

initial understory regrowth revealed by repeated LIDAR

Burned forest areas had a higher frequency of canopy cluster losses which are

likely related to mortality events of all sizes, from branches to large trees.

i
’_‘, ';/
CHM 2017 CHM 2018 ﬁ-}&\ oy
«- e > -
8 it .
- unburned oM e o
& & . A + Ty
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£y S 300 -
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@ 2 L5
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Manuscript Number: FORECO-D-25-02710

Pontes-Lopes et al., pre-print

Fire in a Central Amazon forest: Lingering top canopy loss and

initial understory regrowth revealed by repeated LIDAR

Total leaf area in fire-affected forests remained stable in magnitude

but was reorganized, showing significant temporal shifts:

* increased leaf area density in the lower canopy (<13 m),

* reduced mid-canopy density (15-25 m),

* decreased upper canopy height, and

* loss of carbon density.
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Article
Quantifying Post-Fire Changes in the Aboveground Biomass of
an Amazonian Forest Based on Field and Remote Sensing Data

Initial forest biomass is an important integrative
variable for modeling the spatial variability of
post-fire biomass losses.

» use of intercepts and slopes
* not just percentage factors % (slopes) 1

The lower the initial biomass stocks, the greater
the post-fire AGB losses.

» smaller DBH and lower WD — probability of death 2

* lower and more open canopies — drier microclimates 3

1T Anderson et al. 2015; Alencar et al. 2006
2 Barlow; Lagan; Peres, 2003; Pontes-lopes et al., 2021
3 Ray; Nepstad; Moutinho, 2005

Spectral indices’
changes significantly
improved model
accuracy for predicting
post-fire biomass

losses.

Random Forest modelling to predict post-fire AGB losses

1-year interval 2-year interval 3-year interval
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Modeling of Forest Fire Emissions W= -
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Unburned forest - gFOfE‘ﬂ W" ' Post-fire (short-term) iPost-ﬁre (long-term) We developed a Spatla I_tempo ral
bookkeeping model for net forest fire emissions
in standing forests of the Brazilian Amazon, as these emissions are additional to

deforestation emissions already included in national greenhouse gas inventories

Model input Bookkeeping Model Cycle § Model output
layers
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Amazon in 2022 have burned at least once. Since 2010, emissions can AREIOTAS ﬂ. A FAPESP
IPAM
represent an addition of 37% of all net annual emissions to the LUC sector.
*; I Gases In Para, fires in primary forests may have offset about
2 N,O 54% (T398.4 Tg CO2eq) of carbon removals by secondary
B
g 100 CH, forests over the past two decades.
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Further improvements: 2 @
. . . . . '3, -500 . .
 Integration with other disturbance and regeneration processes: Deforestation, Edge effects, S iﬂ'ﬁ"rgitggﬁﬁﬁfﬁﬁs
Loggmg & Remogdes por crescimento
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Large-scale initiatives to restore disturbed forests

in Amazonia and Mata Atlantica are emerging.

In recent years, forest restoration has emerged as one of the most reliable strategies for

offsetting greenhouse gas emissions, offering transparent and measurable additionality.

re.green

We are a private company primarily focused on
forest restoration in previously degraded

agricultural lands.

We are expanding restoration efforts to
disturbed forests in ARR projects, in evaluation
by Verra under the VM0047 standard.

Our goals include:

1M ha of forests
by 2037

15M tons COzeq.
per year

One for all, all for one

* We seek to combine different strategies to
build financial viability to scale forest
restoration, even where land prices are high

(e.g., in Mata Atlantica).

» Disturbed forests can represent about 10-40%

of our projects’ total area.

Degraded land
P restoration

production Kl)

Other products and
co-benefits

Native timber

Disturbed forest
restoration
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Although ensuring forest protection at large scale is challenging, the

technical challenges of mapping, modeling, and monitoring cost-

effectively are perhaps the greatest.

Disturbed forests

—| Fire

—| Edge effect |

—| Secondary forests |

Technical analyses

L| Eligibility ]

Technical challenges \

|

Reference biomass

Pre-existing biomass

\ from regional to fine-scale

&

SynCER

Mapping of disturbance classes
Mapping of post-disturbance age
Modelling of biomass changes
Temporal sensibility of AGB products

Tracking of additionality

Pipeline of analyses

Removal of
degradation factors

— Protection

— Seeding enrichment

Secondary forest
& Removal of
240+ disturbance factors
i Project start
P Project
@© i
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Obrigada!
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Structural recovery in Amazonian
secondary forests: an analysis using
full-waveform LIDAR data

Aline Jacon
Session 1.3: Linking Field, ALS + satellite data of secondary forest

Sao José dos Campos, 29 Oct 2025
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Objectives

 EBA Project(2016-2018)
e > 900 transects

 Full-waveform airborne LIDAR data

Emited laserl
pulse

|
< | Full-waveform Discrete returns

Amplitude
-

i » first return

 What landscape size best predicts the effects of
forest cover and fragmentation on the recovery of
e - second retum forest canopy structure? “scale of effect”

: Returns }  What is the magnitude of the influence of climate
v and anthropogenic factors on the structural
e » last return recovery of the forest?




Methods

Site selection

LVY LIDAR ™
g transects
—
; O Drier .
",;;;;? = \\\ - B
. O Wetter o e -

Ny’ 7 Secondary forest
% h/ : MCWD (mm yr1) - ag $ l ] LiDAR transects ~ ~ 0.5 km
ol {. { ——
- 2t P N 12 km

430 0 I Mature forest Anthropic use i Sample plot
75°W 70°W 65°W 60°W 55°W 50°W 45°W

« 50 m diameter
« 300 m between plots

« 25 LIDAR transects (600 ha)

» 186 circular plots
« 60 m from the edges



WoLFeX

Methods
LIDAR FWF data and deriv’ metrics
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WoLFeX

Methods
LIDAR FWF data and deriv metrics
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WoLFeX
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Methods
LIDAR FWF data and deriv’ metrics
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Radii from plot center
0.5 km (78.5 ha)

@ 1 km (314 ha)

@ 2 km (1,256 ha)
@ 3 km (2,826 ha)

@ 4 km (5,024 ha)

O

Forest (SF + MF)
.Secondary forest (SF)

Mature forest (MF)

Non-forest

O LiDAR sample plot

MapBiomas

Methods

Landscape variables and scale of effect

Final Time: Years of LiDAR acquisition (e.g., 2016; 12-year-old SF)

« Forest Cover - FC (%)
« Mature Forest Cover — FCmature (%)
* Forest Fragment Density — FFD (n/100ha)

 Variation in Forest Cover — VarFC (%)
FC at the Final Time — FC at the Initial Time

cover (%) over time.

y D= J
|

| PEAKEND (m)

| L
o

0.0

0.8

04

! 1 1
0 50 100

Forest Cover (%)

effect J/
1 2

¥l
landscape radius )

If the VarFC value is positive, it means that there was a gain in forest



Methods

Other factors and models

Age
-requency of clearing/deforestation — DefFreq .i. """

-requency of fire — FireFreq -Z:KHQ\%{\‘

Duration of anthropogenic land use — AnthroUse . Q@W@/

MCWD
 Linear Mixed Models (LMMs)

LIDAR metrics = Age + MCWD + FC + VarFC + Fcmature + FDD +
DefFreq + FireFreqg + AnthroUse + interaction
with Age + random effect (LIDAR ID)
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Age

MCWD

FireFreq

DefFreq

VarFC

Age

MCWD

FireFreq

PEAKEND General

R?m = 0.57
R?c = 0.69

¢

¢

e

o
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0.3 0.

0 03 06 09

Standardized coefficients

BCD General

R?m = 0.50
R?c =0.77

]

e

-09 -0.6

03 00 03 06 09

Standardized coefficients

Effect on secondary forest
recovery



Age

MCWD

FireFreq

DefFreq

VarFC
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PEAKEND General
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Standardized coefficients
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Final considerations

« Potential of FWF LIDAR metrics to capture variations along forest succession,
as well as changes driven by factors that may affect canopy structural
recovery.

* Importance of assessing landscape structure at the appropriate spatial scale,
as its influence may vary depending on the vegetation parameter being
monitored and the type of landscape metric used.

« Importance of integrating information on anthropogenic disturbances into
forest restoration policies and practices to optimize recovery processes and
reduce costs.
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Forest Connectivity Boosts Carbon
Recovery in Regenerating Atlantic
Forests

Dr. Thais Rosan
Session 1.3: Linking Field, ALS + satellite data of secondary forest

Sao José dos Campos, 29 Oct 2025
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Introduction

Brazil is acknowledged as one of the greatest global potential ~

country for the implementation of large-scale ecosystem

restoration and conservation measures to mitigate climate

change
o Vast areas of available land with potential for

regeneration
o Pledged to restore 12 million hectares of forests by 2030

Atlantic Forest — a restoration hotspot
21.6Mha - 36Mha of land potentially available for regeneration

(Barros et al., 2023; Crouzeilles et al., 2020)

Y GFZ o cone




Atlantic Forest

» Biodiversity Hotspot: home to 20,000+
plant species and unigue wildlife

» Deforestation & Habitat Loss: Over 85%
of its original area has been lost dueto |
urbanization and agriculture oot R 4

| State boundaries

@8 Forest

) Non-forest vegetation
Forestry
Anthropic areas
Built areas

B viater

ATLANTIC
OCEAN

o R i

)ﬂ'-“.:_’ gy {033

» Highly fragmented landscape P
» / in R 0 200 400 400 ¥m

Ceordinate System; Scuth Amenca Albers Equal Area Conkc / Projection; Albers

AN
alraoy
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Atlantic Forest

. g 2k
e ~Lo b S

VA T

“Regeneration have the potential to sequester
significant amounts of carbon, as well as to
conserve biodiversity, regulate the climate,

hydrological cycle and provide ecosystem
services”

ATV
// Helmholtz Cent ’.
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SynCER

Objectives

Remote sensing data + space-for-time
substitution approach to estimate the regrowth
rates across the Atlantic Forest (Chapman-
Richards growth model)

Assess the drivers of AGC in secondary forest

Estimate the aboveground carbon sequestration
capacity of 2020 standing secondary forests

Project future carbon sequestration of 2020

standing SF % GFZ

Helmholtz Centre
for Geosciences




Qi

£

SECONDARY ABOVEGROUND ENVIRONMENTAL
_FORESTAGE  ~~ CARBON  VARIABLES

Age in 2020 (1986- ESA CCI *Landscape

2020) ABOVEGROUND fragmentation /

BIOMASS (2020) connectivity

Estimated based on *MCWD

the land cover * Terrain slope

changes (GEE code) Conversion factor of Average  maximum

collection 7.1 0.47 (IPCC) temperature

MapBiomas (Silva Jr.,
et al, 2020; Heinrich et
al., 2021)

Size of fragment

AN
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Issues with mapping early stage forest
regeneration AGC

AGC Field Data AGC Remote Sensing
» Wilcoxon signed-rank test - | |
AGC derived from field E _ ’
data x AGC from ESA CCI 5 v 1 I
- Used to correct the SFyear ¢ | .. | .. | - L
with associated AGC from 1 L ERE ‘
ESA CCI - g BE |
. ua
|
Y GFEZ oo 06,




Chapman-Richards
Growth Model 3.

+ A widely used L
sigmoidal growth = -
function in forestry <
and ecological "
modeling _-

* Field observation 3.13+1.67 MgC ha ' yr_1
* Remote Sensing 2.22 +0.55 MgCha™ yr'

| | | | | |
0 10 20 30 40 0G

Secondary forest age (years)
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Results

Regions definition: 8-
« MCWD (drought)
« Average maximum temperature

» Terrain slope |
SE region (green) highest 2 &

regrowth rates

« Greater fraction of old-growth a3
® Northeast 1.99 + 0.25 Mg C ha‘;yr‘j1
fO reStS -l : \?vc;usttr;?isé czzgjsﬁigéwz&gfohaa? I\};Irg Chayr”
« Higher frequency of connected 0 10 20 30 o oG
Secondary forest age (years)
fragments
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Results
Drivers of secondary forest AGC

« Multilinear analysis g o
(GLS with spatial Sizeof ragmenty ==
correlation structure) — o
“FOREST CONNECTIVITY RS = o e teeete
WAS THE MAIN Forest connectivity- oy
SIGNIFICANT DRIVER IN o
ALL REGIONS” Ll p=—3=

Standardised Coefficient

Y GFZ o cone
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A) Northeast

The role of landscape :: )
connectivity ‘e |
O_B) Southeast
W&C region: secondary forests within e
high-connectivity landscapes S g —
accumulate carbon at a rate more than )

three times greater than those in very 5 N T T

low-connectivity areas (3.03 £ 0.81 Mg g premcem
“Tyr -1 \p-1 ~8 7
Cha™yrvs.0.93+0.34 Mg Cha™" yrT) : 2l
0 10 - 22 i 938/ ) 40 0oG
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® Previous studies ® High forest connectivity @ Very low forest connectivity

A Regional estimate ® Moderate forest connectivity
Comparison of £
average regrowth T 31 :
rates (forest age <= o ' "o .
20 years) from this 2
study and other 2 .
literature estimates B ‘
for the Atlantic : ‘
Forest. 350 .
1 o
Atlantic Forest Northeast Southeast  Western & Coastline
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AGC of Secondary Forests

« Net aboveground carbon sink of 7s- \ Q“b
secondary forests between 2019 and el
-7.6 TgC
2020 reached 13.3 TgC yr™! 10°s.- :
« (Gross aboveground carbon emissions 16+ Mg C yr
f R

from old-growth forest loss in the
Atlantic Forest was ~10.3 Tg C in 2020

N

0°S -+

. Despite this positive small net sink (3 Tg 2
Cin 2020) it is important to recognize

that this apparent offset does not sors

55°W 50°W 45°W

equate to broader ecological benefits,, ///, GEZ emholzcente (0




Carbon accumulation potential

« By 2030, projected carbon
stocks under Scenarios 2
represent a reduction of
approximately 27% relative
to Scenario 1. By 2050, this
reduction increases to
approximately 32%

(&)
o
o

400

Annual aboveground carbon stocks (TgC)

300

2020 2030 2040 2050
Year

7 Helmholtz C
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Take home messages

Forest connectivity a key driver on aboveground carbon accumulation in the Atlantic

Forest

The higher regrowth rates observed in areas of higher forest landscapes connectivity

align with ecological mechanisms that facilitate forest recovery e.g. seed dispersal,

propagules, seed pool

Restoration efforts should not on
connectivity between forest patc
recovery and conservation, and t

forests.

y aim to expand forest cover but also improve
nes to optimize carbon sequestration, biodiversity

ne long-term ecological functioning of regenerating

Strengthening conservation policies and law enforcement for all forests (old-growth

and secondary) is essential to maximizing the contribution to Brazil NDC targets

AR
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Thank Youl
Obrigado!

T.Rosan@exeter.ac.uk
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Estimating Forest growth through
multitemporal LIDAR and satellite imagery
using deep learning approaches

Matheus Ferreira
Session 1.3: Linking field, ALS, and satellite data of secondary forest

Sao José dos Campos, 29 Oct 2025
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SyYnCER: Synthesising post-disturbance
Carbon Emissions and Removals across
Brazil’'s forest biomes

(12:30-13:30) Lunch + Group Photo

Sao José dos Campos, 29 Oct 2025
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Session 1.4: Keynote address

SynCER: Synthesising post-disturbance Carbon Emissions and Removals
across Brazil's forest biomes

Sao José dos Campos, 29 Oct 2025
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Forests and COP30

Thelma Krug

Session 1.4: Keynote address + group photo

Sao José dos Campos, 29 Oct 2025
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Forests and COP30

Thelma Krug

krugthelma@gmail.com

Workshop de Especialistas: sintese das emissoes e
remocoes de carbono em florlestas em regeneracao no
Brasi

INPE, S30 José dos Campos, 20-31 outubro 2025



— centering on Forests, Oceans, and Biodiversity.

November 17-18 elevate both planetary and community stewardship

10 -11/1 12 -13/1 14 - 15/1 16/11 17 - 18/11 19 - 20/1 21N
Mon [ Tue Wed [ Thu Fri [ Sat Sunday | Mon | Tue Wed [ Thu Friday
Adaptation
Cities Health
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Tropical Forest Forever Facility (TFFF)

Tropical Forests Forever Facility (TFFF) , expected to be officially launched at COP30
proposes innovative financing model for conservation — it is a Brazil-led proposal that

seeks to compensate countries for preserving tropical forests, with 20% of funds reserved
for Indigenous peoples.

More than 70 developing countries with tropical forests will be eligible to receive funds
from what could be one of the largest multilateral funds ever created.

“It is not a donation, but an initiative that operates according to market logic, leveraging
private resources from public investments. For every dollar contributed by countries,

it is expected to mobilize about four dollars from the private sector, creating a permanent
trust fund. It is a new way of financing conservation, with shared responsibility

and a vision for the future” (Marina Silva)






Tropical Forest Forever Facility (TFFF)

Besides Brazil, five tropical forest nations have joined: Colombia, Ghana, the Democratic
Republic of Congo, Indonesia, and Malaysia.

In addition, five potential investor countries are helping shape the mechanism:
Germany, the United Arab Emirates, France, Norway, and the United Kingdom.

The expectation is that investor nations will provide an initial contribution of USD 25 billion.
With this injection, it should be possible to leverage an additional USD 100 billion

(senior capital) from the private sector over the next few years. By accepting the role

of junior capital, governments agree to take on a slightly higher risk than the private sector,
thereby attracting these private investors.

Projections indicate that the mechanism should generate USD 4 billion annually
for environmental preservation, which is nearly triple the amount invested globally
in the protection of tropical forests through concessional resources.



Tropical Forest Forever Facility (TFFF)

HOW IT WORKS — The goal is for payments to be made from financial resources that are
voluntarily invested in an investment fund to be created and maintained within the scope
of the initiative. Resources from countries, sovereign funds, pensions, and other investors
who make conservative investments, with good guarantees and low returns, are collected
and invested in more profitable operations ensured by the TFFF.

Another innovation is to simplify monitoring and verification mechanisms — through
advanced technologies such as satellite images — to monitor and estimate forest
conserved areas. The model will respect each country’s monitoring system, based on
predefined criteria.

The mechanism's architecture also proposes that countries define national or sub regional
programs to support nature; these will receive additional contributions. Among them

are conserving protected areas, preventing and combating deforestation, promoting

the bioeconomy, and guaranteeing financial resources for indigenous peoples and local
communities that conserve tropical rainforests.



Tropical Forest Forever Facility (TFFF)

Alongside the TFFF, one of the Ministry of Finance’s main proposals for COP30
IS creating a coalition of carbon credit markets. While this mechanism would
compensate actors that remove greenhouse gases from the atmosphere —
such as through reforestation — the TFFF would pay sovereign states for
keeping forests intact, creating complementarity.

The idea is for coalition members to establish a global emissions
cap that would be gradually reduced. Brazil has already approved legislation
regulating this market domestically, which is now in the implementation phase.



Tropical Forest Forever Facility (TFFF)

Alongside the TFFF, one of the Ministry of Finance’s main proposals for COP30
IS creating a coalition of carbon credit markets. While this mechanism would
compensate actors that remove greenhouse gases from the atmosphere —
such as through reforestation — the TFFF would pay sovereign states for
keeping forests intact, creating complementarity.

The idea is for coalition members to establish a global emissions
cap that wuld be gradually reduced. Brazil has already approved legislation
regulating this market domestically, which is now in the implementation phase.



National Productive Forests Program

The National Productive Forests Program (Plano Nacional de Florestas
Produtivas/PNFP) will feature among the initiatives presented at COP30.

The program aims to restore degraded areas for productive use and encourage the

environmental regularization of family farms, thereby increasing the production of
healthy food and socio-biodiversity products.



Forest Finance Mechanisms: JREDD+, TFFF, and RDM

JREDD+

Carbon credits from avoided

TFFF

Hectares of standing

RDM

Credits from forest restoration carbon

Qbject deforestation forests removals
Scope Jurisdictional Jurisdictional Jurisdictional
Payments Results-based Results-based Results-based

Credits are paid against a baseline, Each deforested hectare Creditsiare comblited ona .net basie

; ; carbon from forest restoration
Incentives usually computed as previously cancels the payment of _
: subtracted from emissions from
observed deforestation rates 100 hectares :
deforestation

Potential 10 million hectares of yearly 1.27 billion hectares of 186 million hectares deforested between
scale deforestation tropical forests 2001 and 2023 could be reversed
Potential 503 GHCO stored In 49 GtCO, of potential carbon ctapture in
carbon 3.77 GtCO; yearly lost e areas deforested in 2001-2023 if fully
impact P reversed
Potential Up to US$ 32 billion if all A;’r“;'fuussf j b;'r"ﬁ;‘t’::e Up to US$ 100 billion if implemented at
revenue deforestation is halted J P full-speed with US$ 50 per ton of CO;

of forest




Reversing Deforestation Mechanism (RDM)

Financing mechanism to drive large-scale forest restoration and transform the role of
forests in the climate agenda. The RDM could generate up to USS 100 billion in annual
global revenue for countries with tropical forests.

PUC/Rio examined tropical forests in 91 countries, analyzing deforestation trends,
forest cover, and restoration opportunities in each country. Together, these countries
hold 1.27 billion hectares of tropical forests and store 593 Gt CO,, approximately one-

third of the world’s historical emissions.



ESA’'s BIOMASS Mission

Frank Martin Seifert
Session 1.4: Keynote address + group photo

Sao José dos Campos, 29 Oct 2025
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Discussion: moving towards alignhing
field data and satellite estimates of
forest extent & age
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