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Monitoring and understanding
tropical agricultural frontiers

Towards land use sustainability in
the Brazilian Amazon ?
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Need to feed a growing population

Population World
(bl“o_“s) 9 billions
Developing countries
6.2 billions
3 Underdeveloped countries
2 1.6 billions
;.4
1 1.2 billions .
,Developed countries

1950 1975 2000 2025 2050
van der Mensbrugghe et al. (2009)

[ The importance of tropical regions J




Agricultural expansion: a driver of deforestation
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* 90 to 99% of deforestation => in agricultural landscapes

* 50% of deforestation => pasture expansion

* 20% of deforestation => soy + oil palm
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Pendrill et al. (2022)

Agriculture-driven deforestation

Pasture
75-80%
Domestic demand
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Agricultural expansion: a driver of deforestation

Deforestation
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Agricultural intensification

4 N
Current trends in yields are not sufficient to

double the production by 2050 / ’

/ ”’
Estimated projection

- === Required to

. double production
Yields

o
(Tons/ha) . =" B wheat

Soybean

1970 1980 1990 2000 2010 2020

Ray et al. (2013) 7
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The Southern Amazon agrlcultural frontier




The Southern Amazon agricultural frontier

since the 19060 - 1970s
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Cultivated area in Mato Grosso

13.542.000 Ha

Mato Grosso is the first Soybean producer in Brazil
s
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The Southern Amazon agricultural frontier
Since the 2000s

Soybean + Malze
Soybean + Cotton




The Southern Amazon agricultural frontier
Agrlculture ofeforestatlon

Mato Grosso was the state of

highest deforestation rates in the Amazon
ot { ‘
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The Southern Amazon agricultural frontier
Agriculture : a driver of deforestation

14000

12000
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High pressure on forest resources



The Southern Amazon agricultural frontier

Action Plan for Prevention and Control
14000 of the Legal Amazon Deforestation (PPCDAm )
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Decreased pressure on forest resources after 2005



The Southern Amazon agricultural frontier

Agricultural growth

Agricultural growth
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Main research questions

Processes of Focus on tropical
land occupation ? agricultural frontiers

Implications for Sustainability on
land use sustainability ... ? the Amazon frontier
..ina Climate variability / change
climate change context ? in the Amazon
Monitoring of socio- Remote sensing:
environmental dynamics ? more than a data science




Focus on tropical
agricultural frontiers

COTRIGUACU

Lucas do Rio Verde Guaranta do Norte Peixoto de Azevedo Cotriguacu



Conceptual framework

Pre-settlement B Wildlands...

t+ 100 /

75

N
(&)

Guaranta Castanheira

- /

Proportion of landscape (%)

o

Pre-settlement

Stages of evolution of the frontier —mm————> 18

DefFries et al. 2004



Conceptual framework

. Clearing and
OCCUPaUQn === subsistence agriculture

= N

t+ 100

7 A »r . Y
§ % Café Garimpo
: \_ /
Pre-settlement  Occupation
Stages of evolution of the frontier —mmm—————> 19

DefFries et al. 2004



Conceptual framework

Consolidation === Extensive croplands

|~ \ N

75
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Proportion of landscape (%)

25
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Pre-settlement  Occupation Consolidation
Stages of evolution of the frontier —mmm—————> 2

DefFries et al. 2004



Conceptual framework

Intensification =mmm) |ptensive agriculture

t+ 100
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Extensive Mechanization
crnp}lands
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N
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g °
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Conceptual framework

Urban

Intensive
settlements

t+ 100

75

Extepsive

crnp}lands
|

N
(&)

Urbanization

AN /

Proportion of landscape (%)

o

Pre-settliement  Occupation Consolidation Intensification Intensive

Stages of evolution of the frontier

DefFries et al. 2004 22



A few comments on the frontier

1) It does not evolve continuously
- Breaks and jumps

2) Different speed
- Thousand years in Europe
- Centuries in US
- Decades in Brazil

3) It can regress...

- Economic reasons
- environmental reasons



A few illustrations

1970s - BR163

7 2

. m Arc of deforestation

Protected areas

Mato Grosso

I croplands
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ew illustrations

1970s - BR163

Opening Sinop’s main avenue



A few illustrations




A few illustrations

Deforestation




A few illustrations

Pasture




A few illustrations

Expansion agricole




A few illustrations




A few illustrations

Intensification agricole




A few illustrations

Intensification agricole
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A few illustrations

Intensification agricole
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A few illustrations

SINOP : Sociedade Imobiliaria do NorOeste do Parana




A few illustrations

SINOP : Sociedade Imobiliaria do NorOeste do Parana

1974

Vista aérea de Sinop no ano de sua ﬁmdﬁu - 1974 Acervo Luiz Erardi




A few illustrations

SINOP : Sociedade Imobiliaria do NorOeste do Parana

Today




Today

200,000 inhab.

A few illustrations

SINOP : Sociedade Imobiliaria do NorOeste do Parana
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A few illustrations

Industrialisation

Lucas do Rio Verde (2006)




A few illustrations
Energy

—— Sinop Energia (Usina Hidrelétrica Sinop)

Primeiro empreendimento hidrelétrico do Grupo EDF no Brasil, a Usina Hidrelétrica (UHE) Sinop comegou sua operagao em 2019, fruto da parceria entre
EDF Brasil (51%), Chesf (24,5%) e Eletronorte (24,5%). Localizada em Mato Grosso, no municipio de Sinop, a usina tem capacidade instalada de 401,88
MW, sendo responsavel pela geracao de aproximadamente 50% da energia consumida no estado, o equivalente a 1,5 milhdo de pessoas.

A preocupacdo da nossa companhia com o meio ambiente também esta presente na Sinop Energia, onde sdo implementados sistemas de
monitoramento intensivos da qualidade da dgua do Rio Teles Pires, um afluente do Rio Tapajés que desigua no Rio Amazonas. A medicéo da qualidade
da agua é fundamental para o negdcio da UHE Sinop, com o objetivo de avaliar em tempo real o que acontece na regiao para reduzir eventuais
impactos ambientais.

Por meio da EDF Servicos, somos responsaveis também pela operagio e
manutengao da UHE desde o inicio da operacdo comercial. Atualmente, a
operac¢do da usina é realizada remotamente pelo time instalado na Sala de
Controle da UTE Norte Fluminense, a 2500 km de distancia.

401,88 1.5 320 2019

MW milhdo km? out

capacidade instalada de consumidores atendidos reservatorio inicio das operactes
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A few illustrations

[ ]
= Menu 6‘:e9|: ©  EDF websites worldwide v B EN v =2

Hydroelectric

project in the country, after five
of the state of Mato Gr
rvoir of 342 km2 that borders five municipalities. The project

Operating the Sinop dam remotely: a
technological challenge

The Sinop Dam is operated remotely by EDF Norte Fluminense teams some 2,500km y in Macaé, Rio de
Janeiro. Setting up remote operations such as these illustrates our capacity to meet comp hnological

challenges.

» Project capacity: 401.88 MW
« Equity partner: CHESF / Electronorte (subsidiaries of Electrobi
+ Commissioning date: 2019




A few illustrations

INPASA
Biggest ethanol plant in Latin America

leeesag oty
Beaprm e _Jad EEREEE Z7 A
rty I i



A few illustrati

Un bon résumé

=




Mapping the Mato Grosso agricultural frontier

1985 Pre-settlement 2001 2017

[ Wildlands mainly in protected areas J

Arvor et al. 2013



Mapping the Mato Grosso agricultural frontier

1985 2001 Consolidation 2017

[ Soybean belt at the inferface between Amazon and Cerrado J

Arvor et al. 2013



Mapping the Mato Grosso agricultural frontier

[ Rapid intensification in all agricultural regions J

Arvor et al. 2013



Beyond the Amazon

MATOPIBA => The last wave of the agricultural frontier ]

N Area in soybean

+ (in million of hectares)

12

Legal Amazon MATO GROSSO
10 4

MATOPIBA

|

RIO GRANDE
DO SUL

PARANA
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O I I I I I I T T T T T T T 1
1920 1940 1950 1960 1970 1975 1980 1985 1991 1995 2000 2005 2010 2015 2021

47

Arvor et al. 2017



Beyond Brazil

Africa : Exportation of the Brazilian agricultural model ]

Conservation Letters

Legal Amazon

)

fl.

MATOPIBA

'

\ European migrants

East Sudanian
.. Savanna gudan

A journal of the Saciety for Conservation Biology

LETTER

The Emerging Soybean Production Frontier in Southern Africa:
Conservation Challenges and the Role of South-South
Telecouplings

Nestor Ignacio Gasparri', Tobias Kuemmerle?, Patrick Meyfroidt®, Yann le Polain de Waroux*, & Holger Kreft®

Gasparri et al. 2013

ProSAVANA project in Mozambique

 — Em'@ya

Arvor et al. 2017

Launched in 2010
Cancelled in 20174s




New research perspectives

Differences

* Perennial tree plantations

* Highly capitalized industrial plantations

* Many smallholders: 40% of production

Similarities

* Rapidly expanding frontier

* Emerging environmental considerations
* Oil palm moratorium
* Sustainable oil palm certification
* Landscape restoration

49



New research perspectives

] Integration
stage

[ Complete the frontier model

t+ 100

75

Industries

>
© ' )
% (E::{;ET:AE Conservation
O pi agriculture
N |
~ | .
C I
© :
= |
[ 25 : ‘..“
O |
=
o
O
O D ey
o
0 . .
Pre-settiement  Occupation Consolidation Intensification  Intensive Integration

Stages in land use transition —m—m—m—m—m—m———> 5
Arvor et al. 2013



New research perspectives

: Integration
[ Complete the frontier model ] 5
stage
New agricutural practices: | industries

Cuns_ervatiun
- No-tillage agriculture
* Crop-livestock-forestry integrated systems
* Pasture restoration

K Landscape restoration (reforestation) / =

Integration

-

51



. Land use sustainability on the
Brazilian Amazon frontier

-




Conceptual framework

( Degradation of natural resources]

k Forest resources, Water resources, Biodiversity, etc J
(" N
Land Use / Cover Change
° ] | |
Proximate ] : ! .
Agricultural ! Construction of ! Timber
° ° ege [ I . I o
causes \ expansion/intensification ! Water reservoirs ! logging y
Underlying
causes Economic Infrastructure Demographic in::itth?osn(al Cultural Technological Environmental
e factors factors factors factors factors factors factors

53

Geist and Lambin 2001




Conceptual framework

( Degradation of natural resources]

k Forest resources, Water resources, Biodiversity, etc J

Land Use / Cover Change

Proximate :
Agricultural Construction of . .
causes . e pe e . Timber logging
expansion/intensification Water reservoirs
Underlying
causes Economic Infrastructure Demographic insP:i:Tt?oial Cultural Technological Environmental
e factors factors factors factors factors factors factors

54

Geist and Lambin 2001




Agricultural expansion and intensification

CROPPING SYSTEM (ensemble of cropping practices)

Planting arrangement in time and space on a piece of land, and associated crop management technigues

&
é
CROP SUCCESSION CROPPING PATTERN CROP MANAGEMENT TECHNIQUES
More than one year One year Actions on a piece of land
* Monoculture T T * Irrigation
T SINGLE CROPPING MULTIPLE CROPPING - S tiiane _
land plece of land * Varieties
- v * Agroecological infrastructure
* Annual crop spatial * Fertilization EIpDIiCEItiDﬂ
pattern * Pesticide application
* Tree crop planting * Weed control
pattern *
SEQUENTIAL CROPPING INTERCROPPING
Growing two or more Growing two or more
crops consecutively crops simultaneously

* Double crop * Mixed crop

* Triple crop * Row inter-crop

* Relaycrop * Multi-storey crop

* Cover crop s Strip crop

* Integrated crop- * Agroforestry

livestock .

Begue e%Sal. 2018



Agricultural expansion and intensification

2000-2001 ; s 2006-2007 ;
wg= b 30% °

\/_)Z _Z;f?—?ﬂ_ T
Alta Flores £ -

" [ ] o

: i
i 1 ’ ¢

[ v 3§
i R A ¢
4 /r‘-' . ; -"'_zl' .1 ." J ._ " a B
: ; ~EEEF e

e &"“&lﬂ-”

N

n-u_ﬁ;-g\h

2 Arvor et al. 2011, 2012




Agricultural expansion and intensification

[ Increased proportion of double cropping systems ]

soy-cotton f

wm soy-double M“:‘:ﬁ
) soy-single |
-8-total deforest

> 60%

area (million ha)
S

Kastens et al. 2015 77

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



Agricultural expansion and intensification
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Mapping center pivot irrigation systems

Center pivot irrigation systems in Bahia state, Brazil

yww.correio24horas.com.br



Agricultural expansion and intensification

[ Mapping center pivot irrigation systems ]

In 2017:

* Total area: 70 654 ha

(12% underestimation)

Adaptation to
climate change?

*  Number of pivots: 612

e Mean radius: 310 to 870 m

~

Impacts on
water resources?

-
\‘Q \ \i\\\\\\'\:“_]
.

-

) .-

kSE ntinel 2) Tang et al. 2021




Proliferation of water reservoirs

There are many studies on the construction of
hydropower dams planned in the Amazon...




Proliferation of water reservoirs

natum International weekly journal of science

° ° Home | News & Comment ‘ Research ‘ Careers & Jobs | Current Issue | g E Audio & Video | For|
Basin Integrity Index [cive > Voo 515> rove 7555 > Pompocivos S Ao 3
70°0"W 60°0'W ' ARTICLE PREVIEW
view full access options » 2017
NATURE | PERSPECTIVES - =

HAEZ§#

Damming the rivers of the Amazon basin

Edgardo M. Latrubesse, Eugenio Y. Arima, Thomas Dunne, Edward Park, Victor R. Baker,

0°0" — ! | _ i e = e
* 140 constructed and under
construction dams
- * 428 built and planned dams
>1MW in the Amazon basin.

B S0- 100 i

[ 60-80 isﬁ ‘t * Southern Amazon basins are
| Zgzig B " Onisreshat more affected

I o-20 L ] lfl_a_nned



Proliferation of water reservoirs

Diversification iy . i| Excavated
through fish farming - ! .| water tanks

ARy

Run-of-the-
river dam




Proliferation of water reservoirs

[ 30 years analysis in Sorriso (MT) ]

h) 4| _  Cumulated area of water bodies (Ha)
o = W |ow estimate
S o @ High estimate
g [:») o —— Mean estimate
"'..,,. /J" ' ; -
/ \ ‘:};' i\\{:.:.:..,,.". | _
‘ A, 173, . '-_. ‘ —
' T 1985 1990 1995 2000 2005 2010 2015
& oy g [ Cumulated impacts at
- * Total area: 1700 ha
~ ' watershed scale?
* Number of reservoirs: 522

\ La n d Sat J S .. Sorriso = 6.66% of the

Arvor et al. 2018

Teles Pires watershed



Proliferation of water reservoirs

30 km? of
waterbodies
identified (3000 ha)

Artificial dams (red)
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Proliferation of water reservoirs

Impact cumulé des retenues d'eau sur le milieu aquatique

Le ministere en charge de I'Environnement a sollicite, avec lI'appui de I'Onema, une expertise
scientifique collective (ESCo) auprés d’lrstea, en partenariat avec lI'lnra, sur I'impact cumulé des
retenues d'eau sur le milieu aquatique. L'étude de ces impacts cumules est déesormais requise en
préalable a la création de nouveaux ouvrages alors que peu de connaissances et methodologies sont

disponibles, notamment en ce qui concerne les impacts cumulés. Les conclusions de cette expertise
ont ete rendues et déebattues le 19 mai 2016.

* Lack of knowlegde
* Trends towards the destruction of small dams

J—
e —

http://www.ea.inra.fr/Toutes-les-actualites/Expertise-Impact-cumule-des-retenues-d-eau-sur-le-milieu-aquatique



Timber logging

e 4

Forest degradation > deforestation
337,427 km? vs 308,311 km? between 1992-2014

Major causes of degradation

* Fires
* Landscape pattern
* Timber logging

66



Timber logging

Dlsturbances in forest areas / year

From
annual disturbances
in forest canopy

~ '
z =
e = __.mm.,—av.——_eﬂrl g "

— AT A -, ' [ ] 2010

Forest mask
(PRODES)

Betbeder g‘ al. 2021



Timber logging

Density of disturbances in forest areas

From
annual disturbances
in forest canopy

.. to
causes of forest degradation ?

*  Certified logging
*  Conventional logging

* lllegal logging 68
Betbeder et al. 2021




Conceptual framework

( Degradation of natural resources]

k Forest resources, Water resources, Biodiversity, etc J
(" N
Land Use / Cover Change
Proximate i . ! .
Agricultural . Construction of . Timber
o (] o Ld Ld I M I M
causes \ expansion/intensification ! Water reservoirs ! logging )
Underlying
causes Economic Infrastructure Demographic inzgltlt?oi(al Cultural Technological Environmental
factors factors factors factors factors factors
. factors 69




Public policies on the Amazon frontier

Operation Brasil Brasil
March to the West Amazonia PND-II em Acgéao para Todos PAC Il
(1930-1937) (1966-1970) (1975-1979) (1995-1999)  (2004-2007) (2011-2015)
PIN-I Avanca Brasil PAC Mais Brasil

(o70:1974) (2000-2003)  |(2008.2011)| (2012:2013) From ambivalent policies ...

Legal Amazon (1953}

Construction of highways (1956-1974)
MNational Environmental Policy {1981}

Public celonization (1970s-1980s)

Incentives to private colonization {1980s-1990s)

PRODES (19:88} I Development X EnViron mental
policies

Plano Real {1995) e o
Legend: Environmental Crimes Law (1998) pOIICIeS
SNUC (2000)

Federal
multi-anpual plans DETER (20::14)

PPCDAmM (2004)

MT Soybean Moratorium (2006)

Developrent policies
B B Plan for Sustainable Amazonia (2008} I ntegrated

. L . . .
Environmgntal policies MT Beef Moratorium (2009)
n [ ] [ ]

o o
Integratgd policies ABC program (2010) pOI|C|eS
[ .

New Forest Code (2012)

CAR (2012)
Military I F.H.C. I Lula I Dilma | Temer
Government

1570 1980 750 2000 2070 2020 ... to integrated policies ...

v
y

Industries

1
Extensive Conservation

agriculture

cropjlands

=
o
£ o
Occupation Consolidation Intensification Intensive Integration
Stages in land-use transition \/—/
Original frontier model Extension of the

(DeFries et al. 2004) frontier model Arvor éc')t a’. 2018



Public policies on the Amazon frontier

Operation

March to the West Amazonia PND-11
(1930-1937) (1966-1970) (1975-1979)
PIN-I

Forest Gode (1934)

Legal Amazon (1953}

Legend:
Federal

multi-anﬁual plans

Developmirjent policies
Environmgntal policies

Integratgd policies

MNational Environmental

(1970-1974)

Construction of highways (1956-1974)
Policy (1981}

Brasil Brasil
em Acao para Todos
{1995-1999) {(2004-2007) (2011-2015)

PAC 1l

Avanca Brasil
(2000-2003)

Public celonization (1970s-1980s)

Incentives to private colonization {1980s-1990s)

Propo

Occupation

Stages in land-use transition

PRODES (1988) I
Plano Real {1995)

Environmental Crimes Law (1998)

SNUC (2000)

PAC

DETER (2004)
PPCDAM (2004)

Mais Brasil

(2008-2011)| (2012-2015)

MT Soybean Moratorium (2006)

Plan for Sustainable Amazonia (2008}

. . .
MT Beef Moratorium (2009)
n

ABC program (2010)
[ .

New Forest Code (2012)

From ambivalent policies ...

Development
policies

X

Environmental
policies

v

Integrated
policies

3

Exte'psive

cropjlands
1

Consolidation

Intensification Intensive

CAR (2012)
Military I F.H.C. I Lula I Dilma Temer
Government
1970 1980 1990 2000 2010 2020

Industries

Conservation
agriculture

Integration

Original frontier model
(DeFries et al. 2004)

—

Extension of the
frontier model

... to integrated policies ...

... to Bolsonaro government
* Increase in fire rates
* Increase in deforestation
* |nvasions of protected areas...

Arvor élt al. 2018




Socio-economic development and deforestation




Socio-economic development and deforestation

From the boom-and-bust hypothesis...

Socio-eco.
development

Boom

I
I
I
I
]
I
I
I
I
I

Bust

Environmental degradation

Science

[} REPORT

Current Issue

ENT PATTERNS ACROSS THE AMAZON DEFORESTATION FRONTIER

First release papers rchi

Boom-and-Bust Development Patterns Across the
Amazon Deforestation Frontier

f ¥ in |

Rodrigues et al. 2009

Tritsch Q‘ al. 2016



Socio-economic development and deforestation

From the boom-and-bust hypothesis...

Pre-frontier ——————————————————————————————— P ost-frontier
Code A B C D E F G
o inactive . inactive
Def. activity <0.5% 0.5-5% 0.5-5% <0.5%

very high
290%

Ay

forest
I lost pre-1997

Def. extent

260%

Example

lost 1997 -2000

Fig. 1. Definition of frontier classes A to G according to recent deforestation activity (percentage of municipality area deforested between 1997 and

2000) and deforestation extent (percentage of the original forest that had been lost by 2000). A representative municipality is mapped as an example
of each class (spatial scale variable) (5, 13).



Socio-economic development and deforestation

{ From the boom-and-bust hypothesis... J

Income vs deforestation Socio-eco.

devci)pment
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Socio-economic development and deforestation

{ From the boom-and-bust hypothesis... J

Income vs deforestation

2010:
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Socio-economic development and deforestation

{ ... to the emergence of the Environmental Kuznets Curve J

Deforestation vs income
2090 2000

High income

Deforestation activity (in %)

0 1 2 3 4 5

High deforestation
|
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1.5

1.0

Deforestation activity (i

0.5

0.0

Tritsch gb al. 2016



Socio-economic development and deforestation

{ ... to the emergence of the Environmental Kuznets Curve J

Deforestation vs income
2090 2000

= . Environmental Kuznets Curve
: High income
B . . Environmental
- High deforestation )

o | degradation ' Industrial :

Sy RS T _ . . | economies |  Ppostindustrial
for each centile of income Pre-lnd UStrIaI : ! eco nomies
2010 High income economies (Service economy)
= i
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Tritsch é8t al. 2016



Socio-economic development: a driver of environmental preservation?

GDP per capita mid-2000’s ‘ : 2
in Brazil (US$) Emergence of EKC Deforeitﬂon (km?)
e - — 30000
12080 7 Q/ i Strong correlation
— 25000
\ between
10000 0 :
Threshold I GDP and deforestation
000} (Grossman and Kruger 1995) || ﬁ:__"i_"\_.— 20000 (R*=0,62)
8000US$
6000 15000
4000
— 10000 °
2000 o What future in a
oo™ oo crisis context ?
0 — 000000000

NERRRRRRRRERRRERERRRREERRR
1960 1966 1972 1978 1984 1990 1996 2002 2008 2014 2020
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New research perspectives

( Degradation of life conditions ]
)

k Forest resources, Water resources, Biodiversity, etc
(" N
Land Use / Cover Change
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causes \ expansion/intensification ! Water reservoirs ! logging y
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Agricultural expansion/intensification => health conditions

A
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Fig. 2. Comparative evolution of crop production (soy + maize + cotton) and the consumption of agrochemicals in Mato Grosso from 2000 to 2013 (no data available for 2007 and 3 =] 40 20 E
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Agricultural expansion/intensification => life conditions

Human development Index... ...and... ...Violence
FOLHA DE S.PAULO
A - HDI in (non-) soybean areas e
© s praias educacio coronavirus saude ambiente mobilidade mortes
D LB
B soybean AT ' Especial: R$1,90 no 1° més
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T T ! j ] ] (]
4 g i Sorriso, capital do agro, vira
1 L epicentro de guerra de
i
d =1 ~
i | T faccoes no Centro-Oeste
1991 2000 2010
Comando Vermelho e PCC se enfrentam na rica cidade de Mato
Years Grosso desde o ano passado, em batalha que ja resultou em
mais de cem mortes




New research perspectives

( Degradation of natural resources]

k Forest resources, Water resources, Biodiversity, etc J
1 )
( Land Use / Cover Change
. : I
Proximate Agricultural ] Construction of I Timber
Caises 9 expansion/intensification E Water reservoirs E logging Y
Intermediate .
causes Landscape analysis
Underlying
causes Economic Infrastructure Demographic insPtj.it“L‘lu‘;'(i:osr:al Cultural Technological Environmental

factors

. factors factors factors factors factors factors
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New research perspectives

[ From pixel to landscape ]

Indicator of nature-society interactions

Agrosystems

Agricultural landscape

Another agricultural landscape
in Bolivia in Bolivia 84



New research perspectives

Various dimensions of landscape characterization

SHDI

Application to landscape ecology l
f \\ r/ )
* Composition ) 500 m
. . A * Thematic
* Configuration EEE
Legend ¢ Scale
) Legacy ’ \\ B Acificial surface §
s : ~
[ Pasturetand =
- Primary forest qu:
I:[Juqueira ' _,8
[ | \Tree plantation §
&

6 landscape metrics explained
58% of variance in forest Aboveground Biomass

Species diversity depends on

1) the scale of analysis and 2) the definition of forest cover

Bourgoin et al. 2021

Amiot et al. 2021
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Conceptual framework

( Degradation of natural resources]

k Forest resources, Water resources, Biodiversity, etc J

Land Use / Cover Change

Proximate Agricultural Construction of Timber
Caises expansion/intensification Water reservoirs logging
Intermediate .
causes Landscape analysis
Underlying
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Climate variability
and climate change




Conceptual framework

Climate Land use/cover

-~

Variability
. Agrosystems
Adaptation - Expansion
Intensification
Climate

change
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Rainfall monitoring

\ PERSIANN,

) )
.
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National Borders

Brazilian Legal Amazon| |

Amazon basin

Study Area

Mean annual rainfall (mm) for the 1983-2014 time period
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Arvor gi“ al. 2017



Rainfall monitoring

{

A focus on the temporality of the rainy season J
«—— Duration —
E 2 4
E _ Onset | Demise
" s mm M LJ’\MMM
S MMMM/\WJ, |

| | | | | | |
Jul Sep Nov Jan Mar May Jul

Implementation of the Anomalous Accumulation (AA) method (Liebmann et al. 2001) 1
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Climate variability: spatial

4 Annual rainfall (mm)
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Climate variability: temporal

Duration Onset dates Demise dates
P > —
Mean daily
rainfall (mm)
[ High interannual variability } \
N—
mar m ju,It'\rvor et al. 2017
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& 8 & 3

Dry Season Length (pentads)
S

Climate change: rainy season

The dry season is becoming longer...

Southern Amazonia Dry Season Length (DSL)
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W AWAY
v T

Tendance a la réduction de la durée de la saison des pluies

1979

1984 1989 1994 1999 2004 2009

Fu et al. (2013) PNAS



Climate change: rainy season

Trends in the duration of the rainy season
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Climate change and agricultural intensification

Proportion (in %) of Agricultural intensification depends on

double cropping systems . .
— the duration of the rainy season )

50 1

40 1

30 What future for
. double cropping systems
ina
10 1 .
. climate change context?
0 :

<140 140-160 160-180 >180
Duration (in days) Arvor et al. 2013




Climate change and agricultural intensification

« Roughly 70% of the change in agricultural output caused by climate was determined by
changes in frequency and/or changes in area.”

= -1°C Mean +1°C
—30% -2.4 | -95
= ~20% —11 86~ “Cool and dry conditions were associated with the largest
2 — 1O -2 —B2 .
E Local mean 0.0 -B83 galnS.”
= 10%: —-0.5 :
200 —L.

~41

30% [

“Hot and wet conditions were associated with the largest
losses.”

Need for a better analysis of rainfall repartition during the rainy season

Cohn et al. Nature Climate Change 2016



Climate change : perceptions

Comparing remote sensing trends and local perceptions of climate change
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New research perspective

Climate Land use/cover
/ Impact
Adaptation Forest
) Ecosystems
Climate
change




Climate variability and forest phenology

Light-limited forests

Pheﬁogv

PAR
(Photosyntetically Active Radiation)
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Water-limited forests

Phenﬁogy

Water

Maranhao Babac

Wagner et al. 2017

Jones et al. 20140



Climate variability and forest phenology
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Does forest degradation affect the phenology-climate interactions?

CL— Phenology of fire-degraded forests is:
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Climate change and forest phenology

Is climate change a driver of forest degradation?

Increased severity of droughts = more fire-degraded forests ?

How does climate change impact forest phenology?

Shorter rainy season = expansion of water-limited forests?

Does climate change impact the resilience of forest ecosystems?

orter rainy season + increased frequency of droughts
= decreased capacity of forest to recover?
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Main answers to research question

Processes of
land occupation ?

Implications for
land use sustainability ... ?
..ina
climate change context ?
Monitoring of socio-
environmental dynamics ?
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Main answers to research question

Processes of
land occupation ?

Entao...

Implications for
land use sustainability ... ?

..ina

climate change context ? Veja so..

Monitoring of socio-

) . Vixe Maria...
environmental dynamics ?
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Main answers to research question
Processes of
land occupation ?
Implications for
land use sustainability ... ?

..ina
climate change context ?

PRESIDENTE PRESIDENTE

Monitoring of socio- : :
. S Vixe Maria...
environmental dynamics *
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Main answers to research question
Processes of
land occupation ?
Implications for
land use sustainability ... ?
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climate change context ?
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