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Nosso planeta em
mudanc¢a, nos
compartimentos
interligados:

Atmosfera
Criosfera
Biosfera
Geosfera
Hidrosfera

Os limites disciplinares
nao existem em nosso
planeta




A Ciencia das mudancas climaticas é muito solida

ipcc ipcc ipcc o ibe
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e Climate Change 2022 Climate Change and Land in a Changing Climate

The Physical Science Basis Impacts, Adaptation and Vulnerability
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Estamos mudando nosso planeta rapidamente e de muitas formas

THE GREAT ACCELERATION

ECONOMIC TRENT

FOREIGN | & CARBON DIOXIDE
DIRECT |
INVESTMENT

PRIMARY FERTILZER "8 STRATOSPHERIC ; SURFACE OCEAN
ENERGY USE CONSUMPTION M OZONE ’ TEMPERATURE 3 ACIDIFICATION

LARGE DAMS WATER USE ' R MARINE FISH i SHRIMP
. : CAPTURE ] AQUACULTURE

TRANSPORTATION LE: R INTERNATIONAL = DOMESTICATED = TERRESTRIAL
1 TOURISM ! = n = LAND = BIOSPHERE
DEGRADATION

REFERENCE: Ste ] : . Galiney and L i 1 Tne Trajectory af the Anthropocens: the Great
MAP & DESI

Quais sao os impactos destas mudancas?



Lifites Planetary Boundaries

A safe operating space for humanity

planetarios:
Aonde estao os
limites seguros
para a
humanidade?

Climate

9 Boundaries identified

4 transgressed:

 Climate
 Biosphere integrity
* Land use (deforestation)
* Biogeochemical flows (N
and P fertilizer use)

Beyond zone of uncertainty (hi
= In zone of uncertainty (increasi
SCIen ce Feb 2015 Below boundary (safe)

B Boundary not yet guantified




@ ¥ o CONFEREMCIA DE LAS
m pouco de histdria
MEDIO AMBIENTE HUMAMNO

: ! B\ N
' “UNA SOLA TIERRA"
>

Estocolmo United Nations GLOBAL TEMPERATURE CHANGE
1880 -2021
Conference on the Human Graphic: @SCOTTODUNCANWX

Environment — ocorreu em 1972, a 50

1 4
anos atras
§
a RIO+20
United Nations
Conference on
Sustainable
Development

Rio 92: ha 30 anos atras

Rio+20: ha 10 anos atras

2020

UN GLIMATE 0
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MARCH, 1995 Oct/Nav, 2021

Deviations from the 1951-1980 means
Source: hitps./idstn. giss nasa. goviglstamp/

COP-26: ONU reconhece meio ambiente seguro, limpo e saudavel como direito humano



ipcc
INTERGOVERNMENTAL PanEL on Climate change
Climate Change 2022
Impacts, Adaptation and Vulnerability

Imemavemmental fane an Climate Change wHo  LNE

A evidéncia cientifica ¢ inequivoca: mudangas climaticas sdo
uma ameaga ao bem estar humano e a saude do planeta.
Qualquer atraso em uma agdo global, coordenada e conjunta,
levard a perda de uma breve janela, que se fecha rapidamente,

para assegurar um futuro habitédvel.

IPCC & @

INTERGOVERNMENTAL PANEL oN Climate chanee wMo UNEP




A menos que haja reducoes
imediatas, rapidas e em grande
escala nas emissoes de gases de
efeito estufa, limitar o
aguecimento a 2,0 ° C pode ser
impossivel.

iDCC @ G

DL

INTERGOVERNMENTAL PANEL oN ClimaTe change wmo UNEP
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Tropical forests carbon cycle controls:
Deforestation, photosynthesis and soil carbon




Sixth Assessment Report

WORKING GROUP [l — MITIGATION OF CLIMATE CHANGE

IDCC e

Global net anthropogenic emissions have continued to rise across all major groups of greenhouse gases.

GHG emissions (GHC0:-eq yr')

GHG emissions (%)

20

0

a. Global net anthropogenic GHG emissions 1990-2019 ®
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b. Global anthropogenic GHG emissions and uncertainties by gas — relative to 1990

COFFI CO;LULUCF CH, N;0 F-gases
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The solid line indicates central estimate of emissions trends. The shaded area indicates the urcertainty range.

2019

59 + 6.6 Gt

2019

CO; FFl

CO; LULUCF
CH,

N0
F-gases
Total

ir-

2019
emissions
(GtC0;-eq)

38+3
6.6+4.6
11+3.2
27416
1.4+0.41
59+6.6

I Fluorinated

gases (F-gases)

I titrous

oxide (N;0)
B Vethane (CH)

I Net CO; from land
use, land use
change, forestry
(CO,LULUCF)

B CO; from fossil

fuel and industry
(CO:FFI)

1990-2019 Emissions
increase in 2019,
(GtCO~eq)  relative

to 1990 (%)
15 167
1.6 133
24 129
0.65 133
0.37 354
21 154
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'=_‘ ente muito mais quente
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As agcoes humanas tem aquecido o planeta a uma taxa sem
precedentes ha pelo menos 2.000 anos

a) Mudanga na temperatura b) Aquecimento global observado nos ultimos 170 anos,
considerando causas naturais e humanas e simulagao
considerando apenas causas naturais

QC .c
20 ‘ ‘ 20
Aquecimento é sem precedentes

em mais de 2.000 anos

1.5 15
Periodo multissecular mais

_ quente dos ultimos 100 mil anos
-10, 1.0

Observada

02°
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O aquecimento observado é provocado por emissées antropogénicas, com
aquecimento associado aos gases de efeito estufa parcialmente mascarado

pelo resfriamento provocado pelos aerossois. oc
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Satélites monitorando ciclo do carbono e variaveis acessorias

Landsat-7

cHACES

Suomi-NPP

Landsat-8
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Fluxos de energia em nosso planeta

Around the World with Energy

Surface temperature (colors 270-310 Kelvin) and outgoing longwave radiation at the top of the atmosphere (white) representative of clouds in the model.

GEOS-5 simulation of surface temperatures between May 2005 and May 2007. Colors show surface temperatures ranging from 270 to 310 Kelvin. Outgoing longwave
radiation at the top of the atmosphere represents clouds (white) in the model. Model: GEOS-5
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Das emissoes de gases de
efeito estufa aos impactos S o
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Cinco cenarios de emissoes futuras associados a
estratégias socioecondémicas

Carbon dioxide (GHCO,/yr) Selected contributors to non-CO, GHGs
Methane (MECH,/yr)
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Agriculture,

forestry,
bio-energy,
ecosystem

productivity

Volcanic
Forcing

Human Activity (EPPA)

National and/or Regional Economic
Development, Emissions, Land Use

Trace gas
fluxes
(CO,,CH,,
N,Of and
policy
constraints

]
Glimatey,
energy.
demand

Hydrology/
water

resources

EARTH SYSTEM

Atmosphere:
2-Dimensional Chemical
& Dynamical Processes

N

COUPLED OCEAN,
ATMOSPHERE AND LAND

Ocean:

2- or 3-Dimensional
Dynamics, Biological,
Chemical, and Ice Processes
[MITgem]

CO,,CH,,
CO, N,O,
NOx, SOx,
NH,, CFCs,
HFCs, PFCs,
SF,, VOCs,

BC, etc.

Human
health
effects

Examples of
Model Outputs

GDP growth,
energy use,
policy costs,
agriculture and
health impacts...

Air Pollution
Processes

P

Global mean
and latitudinal
temperature and

precipitation,
sea level rise...

Land:
Water & Energy Budgets
[CLM]
Biogeochemical Processes
[TEM & NEM]

Permafrost area,
vegetative and

soil carbon, Trace
gas emissions from
ecosystems...
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Figure SPM.4

Aquecimento global em 2081-2100 relativo a 1850-1900 (°C)

Estamos caminhando SSP2-4.5 SSP3-7.0 3.7 (°C) SSP5-8.5 4.3(°C)
para um aumento = = °C
6 6

médio de temperatura
de 3.7 a 4.3 Celsius

4 4 4
Com fortes agoes 3
previstas na COP26, ) :
2.8°C I i i
0 I H — 0 , 0 F

5 5

tn

W

W

N
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[
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Missao impossivel:
limitar a 1.5 °C, R R [

a Total CO; Non-CO; Aerosols Total COz; Non-CO; Aerosols Total CO: Non-CO. Aerosols
ou 2 C (observed) GHGs Land use (observed) GHGs Land use {observed) GHGs Land use
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Com cada aumento no aquecimento, mudancas ficam maiores
na temperatura

b) Annual mean temperature change (°C) Across warming levels, land areas warm more than oceans, and the Arctic
relative to 1850-1900 and Antarctica warm more than the tropics.
Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

005115 2 25 3 35 4 45 5 55 6 65 7 -~

Change (°C) ————
Warmer
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INTERGOVERNMENTAL PANEL on ClimaTe change

Com cada aumento no aquecimento, mudanc¢as ficam maiores
na precipitacao

c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
. _ Pacific and parts of the monsoon regions, but decrease over parts of the
relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

Relatively small absolute changes

may appear as large % changes in <40 30 20 -10 O 10 20 30 40 -
regions with dry baseline conditions ch o
— g _
Drier ange (%) Wetter
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Mudanc¢a na umidade do solo com 4 graus de aquecimento

“--- -15 -1.0 0.5 ] a5 1.0 1.5 ---»
Change {standard deviation

‘ Drier of interannual variability) Wetter
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Déficit de agua no
Brasil
1986-2040 '

Brasil ja esta se
tornando uma area
mais seca H

Embrapa Informatica Agropecuaria, . | |
2019 -Low water deficit - Intermediate Medium -High -Verv high water deficit
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Riscos:
Impactos na
producao de

alimentos em
um planeta 3°C
mais quente

Percentage change in yields between present and 2050

I $#SE
=50 = o 20 50 oo

World Economic Forum: Global Risks 2016
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Aumento dos eventos climaticos extremos
em todo o Planeta

Cientistas associam fortes chuvas na Europa as 47.9C
mudancas climaticas ’

28 June 2021

Chuvas sem precedentes deixam 126 mortos na
Europa e disparam alerta contra mudangas climaticas

Precipitagho bate recordes na Alemanha e, com mais de 1.300 desaparecidaos,
namera de vitimas deve aumentar

MAIOR CHUVA EM UM SECULO NA
ALEMANHA

O desastre da chuva na Alemanha e Bélgica fez com que diversos
cientistas estudiosos das mudancas climaticas alertasse que estes
eventos extremos de precipitacdo tendem a se tornar cada vez mais
comuns.

A crise hidrica chega ao Planalto
Central - |

2021: Rio Negro
registra a maior cheia
em 119 anos em
Manaus
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A frequéncia projetada de extremos e sua intensidade aumentam com
cada grau de aquecimento adicional

FREQUENCIA a cada 10 anos

INTENSIDADE

Extremos de calor

Eventos de 10 anos

Frequéncia e intensidade de eventos extremos de
calor que ocorriam uma vez a cada dez anos antes
da influéncia humana no clima
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. L ey e,
b o s b e®
1 vez Hoje Provavelmente Provavelmente Provavelmente
provavelmente 4,8 vezes 5.6 vezes 9.4 vezes
2,8 vezes (quase
anualmente)
6°C
L =
4°C
FC
ol
rc ']
ne 1.2°C 1.9°C 2,6°C 5,1°C

mais quente mais quente mais quente mais quente

ada 50 anos

o

FREQUENCIA 2

INTENSIDADE

Figure SPM.6
Eventos de 50 anos
Frequéncia e intensidade de eventos extremos de
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A proporcao de emissoes de CO, que esta sendo absorvida pelos oceanos e
ecossistemas terrestres estao diminuindo com o aumento de emissoes

Total cumulative CO, emissions taken up by land and oceans {colours) and remaining in the atmosphere {grey)
under the five illustrative scenarios from 1850 to 2100
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Figure SPM.7
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For scenarios with
higher cumulative
CO, emissions...

...the amount of CO, emissions
taken up by land and ocean
carbon sinks is larger,

but more of the emitted

CO, emissions remains

in the atmosphere...

...meaning that the proportion
of CQ; emissions taken up by
land and ocean carbon sinks
from the atmosphere

is smallerin scenarios

with higher CO; emissions.

Hoje, oceanos e
ecossistemas
terrestres
absorvem 70%
das emissoes.
No futuro
podem absorver
somente 38%.
Isso acelera o
aquecimento
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E a Amazonia? Fonte ou emissora de carbono?

90

d) Carbon uptake response to climate warming
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Desmatamento e mudancas climaticas
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Temperature (°C)

Balanco de carbono na Amazdnia: desmatamento e mudanca climatica
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Total Carbon Balance: +0.32 PgC y!
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NBE (Net Biome Exchange) C Balance: +0.11 PgC y!
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Amazonia pode ja estar se
tornando uma fonte
importante de carbono

Gatti et al., Nature, 2021
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INTERGOVERNMENTAL PANEL on ClimaTe change

Dos riscos climaticos ao desenvolvimento resiliente ao clima

Opcodes para reduzir o risco climatico

Principais interacdes e tendencias e construir resiliéncia

Climate Change Future Climate Change
Causes

Limiting Global Warming
Impacts and Risks

From urgent to

timely action Climate Resilient

Development
Human health & well-being
equity, justice
Governance Human .Sg,lrstems Ecosystem health /" Ecosystems
Human Society /4 Ecosystems Finance Transitions Planetary health Transitions
Limits to adaptation o including biudiversity Knowledge and capacity Societal | Energy - Land | Freshwater
LinEs e —— Limits to adaptation Catalysing conditions Industry | Urban, Rural S—

Coastal | Dcean

. Losses and damages Technologies & Infrastructure . Ecosystems and
impacts Simpact_W G iversity
£Onseryps, restare> g nserve, restol e
‘\_p__// #Stem based app(©®
{ rovision = N'\‘e"

ivar o rovision s
Jrf""“"ﬂ's. Ecasystem S eﬁhoﬂds, Ecosystem e

The risk propeller shows that risk emerges from the overlap of:

.Climate hazard(s) | .\!u.-ln.r.-ral)li:t-,- Elpl:lsurﬂl

..of human systems, ecosystems
and their biodiversity
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PORCENTAGEM DE EMISSAO DE CO? PELA POPULACAO MUNDIAL
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FONTE: OXFAM https://ecoa.org.br/




Para onde estamos caminhando?

Calculo simples e realista levando em conta o cumprimento do Acordo de
Paris: 3.2 graus de aguecimento médio

Em areas continentais (+1C): 4.2 C

Remocao de aerossois, pela reducao da poluicao do ar: + 0.7 C, chegando
ad9C

80% da populacao vivera em areas urbanas: intensificacao da ilha de calor
urbana: Mais 0.7 C, totalizando 5.6 C

Estamos indo na trajetoria de aquecimento de 5.6 C
aonde vive a populacao (em cidades)
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CLIMATE RESILIENT DEVELOPMENT

than previously assessed.

m lllustrative climatic or non-climatic shock,
e.g. COVID-19, drought or floods,
that disrupts the development pathway

inequity and injustice

LOWER

High global

Narrowing window of e ® >
opportunity for higher CRD =~ ? “7 21008

2022 2030 beyond

[Axel Fassio/CIFOR CC BY-NC-ND 2.0] e Development Goals




ipce

INTERGOVERNMENTAL PANEL on ClimaTe chanee WMo

There are options available now in
every sector that can at least
halve emissions by 2030

Demand and services

Energy Land use Industry Urban Buildings Transport
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In some cases,
costs for
renewables
have fallen
below those of
fossil fuels.
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Transformations

% T Olhem para o futuro

Development Goals

As seis grandes transformagoes necessarias para o mundo em 2050
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The World 1 ,f_lmlhah-.r

Consumo e Producao
= Sustentaveis

Uso de recursos, economia circular,
suficiéncia, poluicao

Energia
Decarbonizagao, eficiéncia,
acesso a energia

Alimentos, HH] o
-
UsosdaTerra& _ -y .
Biosfera & [ ietivos de Revolugdo
licaraien = Desenvolvimento Digital
o Sustentaveis: Inteligéncia artificial,
oceanos, . d d b|g b
biodiversidade, Prosperidade )

1 i ) biotecnologia,
florestas, agua, * |Inclusao social et Blogia,
dietas saudaveis,

TH—— ° Suste nta b”idade sistemas autonomos
* Paz social

Cidades

Moradia, mobilidade,
Infraestrutura sustentdvel,
agua, poluicao

Capacitacao Humana
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Precisamos

de uma nova
estrutura de
ciéncia
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Land Temperature Anomaly Distribution
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Temperature Anomaly (°C)




A complexidade das nuvens no sistema climatico

2005-09-01 0000



Vapor de agua e precipitacao

To study the effects of precipitation and how it influences other phenomena, scientists study moisture and precipitation in the atmosphere. Satellite observations cover
broad areas and provide more frequent measurements that offer insights into when, where, and how much it rains or snows worldwide. Researchers from NASA’s Global
Modeling and Assimilation Office ran a 10-kilometer global mesoscale simulation to study the presence of water vapor and precipitation within global weather patterns.

In this simulation, from May 2005 to May 2007, colors represent rainfall rates ranging from 0 to 15 millimeters per hour. Total precipitable water, or precipitable water
vapor, is depicted in white shades. Such simulations allow scientists to better understand global moisture and precipitation patterns.




Geoengenharia climatica?
Possivel? Desejavel?

Espelhos no espa¢o? Aumentar cobertura de nuvens? Enxofre na estratosfera?

Sulfur in the Stratosphere

HOW IT WORKS
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Normalized VPD
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Asynchronous carbonsink saturationin
African and Amazonian tropical forests

LA :
a Net carbon sink Africa slope 0.015 P=0.167
Amazon slope -0.016 P = 0.038

~ March 5, 2020
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Amazonia: Integrating biology, chemistry and physics
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O armazenamento de carbono nos ecossistemas terrestres
Atingir net zero in 2050 vai depender dos sumidouros de carbono naturais

INTERGOVERNMENTAL PANEL on ClimaTe change

However, around 8.1 gigatonnes of CO;

C ar b on S t ora g e The world's forests absorb around 15.6 gigatonnes
of CO; each year. That's around 3X the annual CO; leaks back into the atmosphere due to
emissions of the United States. deforestation, fires and other disturbances.

Tonnes of Carbon per Hectare®

Vegetation

A ¥ W
Temperate Temperate grasslands Tropical
forests forests

Tropical Croplands

Tundra Wetlands savannas

Carbon stored
; Soil contains almost
Soil 2,500Gt
o 2X as much carbon

e as the atmosphere
and living flora and

How well soll stores carbon
643 Atmos
animals combined.

depends on soil type, vegetation
and climate. In general, the '

= Plant &

animal life

wetter and colder, the better
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Carbon versus precipitation
Amazon, Congo Basin, and Southeast Asia

WETTER

Precipitation
classes

Paulo Brando et al.,
Annu. Rev. Earth
Planet. Sci. 2019.
47:555-81
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Carbon and hydrological cycles closely linked
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Estimativas de emissdes e remogoes de
gases de efeito estufa do Brasil = SEEG 2020

EW\SSGES TOT4 IS REMOCOES

1%
Y o0s W57 5300 ©ox pollioo 243 7 f 386 W]

UsodaTerra Agropecudria Energia Residuos Industriais Florestas em Uso daterra Florestas
areas protegidas secundarias

http://seeg.eco.br/infografico
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Evidéncias Impactos, Vulnerabilidades e Adaptacao




A evolucao conjunta da Vida e da Geologia em nosso planeta

Homo sapiens in Africa: 200.000 years ago
Holocene: Started at 11.700 years ago

Os humanos estao presents
somente no ultimo segundo da
histdria de nosso planeta



~ Incoming TOA imbalance 0.6:0.4 — %;
: utgoing |
solar 340.2+01 Reflected solar 100.0+2 Clear-sky S abbate
emission radiation
Shortwave All-sky 266.4+33

cloud effect f atmospheric

window
47543 20+4

Longwave All-sky longwave
cloud effect ahsgrptlnn

S«?nsible Latent
heating heating

T L

Atmospheric
absorption

. '
NP

=
-

' ‘ Ear'Sk}" emission
to surface

All-sky emission

~ tosurface

Clear-sky 27.2:4.6 —

refection s rface shortwave 1656
absorption

Pl v




Evndenaas de rapidas mudangas @llmaticas

Ocean heating

Reduction in ice caps




What is the ‘state’ of our planet?

Eocene Miocene Pliocene Pleistocene Holocene
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GSF 2014 Millions of years before present Thousands of years before present (2015 CE)

J

“Cvs 1960-1990average

For most of the past 500 million years,
Earth has been hotter than today

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png
See also: http://www.realclimate.org/index.php/archives/2014/03/can-we-make-better-graphs-of-global-temperature-history




What is the ‘state’ of our planet?

Pleistocene Holocene

Miocene Pliocene
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For the past “million years,
Earth has oscillated between ice-ages
and warm interglacial periods

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png




What is the ‘state’ of our planet?

Holocene

Pleistocene

Miocene Pliocene
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For the past 10 000 years,
Earth’s climate and ecosystems
have been comparatively stable

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png




What does Earth system change mean?

Lowery and Fraass 2019, https://doi.org/10.1038/s41559-019-0835-0
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Fish © 2008 Leonard Eisenberg.
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Earth history shows it takes
~10 million years for
ecosystems to ‘rebound’
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Getting Spain’s protesters off the plazas

The i Obama, Bibi and peace
Econo ml st The costly war on cancer

How the brain drain reduces poverty

A soft landing for China
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O Antropoceno se refere a época recente em i
que os humanos e nossas sociedades se The ECOnomISt, 2011

tornaram uma forga geofisica planetaria



a!l:lm

Rl i "
" T il

=
~ Percent of potential NPP (Appropriated for human use in 2000) Remaining areas of wildemess in 2009

0% 20% 40% 80% 80%  100%  Nodata (23.29% of total land arca)

b Change in soil organic carbon (SOC)

‘\...-

Pmmhmkmmmmzmo

-80% -60% -40% -20% 0% Incraase Nodata -100% -80% -60% -40% -20% 0% Nodata




Evolution of deforestation in
Amazonia 1975-2018
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CO2 mole fraction (ppm)

CO, growth rate (ppm/yr)
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Aumento de CO, e diminui¢ao de O,
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32.4 GtCO,/yr

87%

29% &
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Temperature Anomaly (°C)
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Aumento observado de temperatura de 1901 a 2012
Distribuicdo espacial nao € homogenea

Annual average warmin
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Source: IPCC 2018 Special Report on Global Warming of 1.5°C



Aumento da temperatura nos continentes
e aumento global

Land temperature s 1 5
Global temperature s [
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umentando - 1959 - 2008

3 b i I%a.
Trend in ocean surface temperature (°C, 1959 — 2008)
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el PEC

The Ocean and Cryosphere
in a Changing Climate

1950

I
2000

Aumento do nivel do mar em
1950 - 2100 - 2300

-5
-4
(m) Global mean sea level “,.«... -
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IPCC SRCC 2019



O futuro da América do Sul?

Georgetown
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National Geographic + USGS topography
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/ na precipitacao

aoBrasil 2 para o Brasil 2071-2100

Mudangas na chuva
i (%) em 2071-2100
~ relativo a 1961-90.

Amazonia e
Nordeste do Brasil
=2 deficiéncia de
chuvas

S = M WA S = D

; Sudeste da America
do Sul 2 aumento
nas chuvas
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Amazonia can be part of the solution: a

e 2ol 2
R | =
= \

B =

Lovejoy and Nobre, ;2018




Desmatamento da floresta amazénica 1977 a 2019 em km? por ano
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Os 10 paises que mais
desmataram em 2017

Desflorestamento Brazil 4519833 ha

] _ DRC 1,467957 ha
tropical no planeta '

- Madagascar 510,357 ha

. Malaysia 483416 ha

B Bolivia 463194 ha

. Colombia 424,870 ha
. Paraguay 360,058 ha
. Mozambique 353,011 ha

Tropical Tree Cover Loss

Tree Cover Loss (Mha)

. Ivory Coast 357273 ha

2001 2002 2003 2004 2005 2006 2007 2008 2009 20 20m 22 2013 2004 2006 2006 200

— Three-year moving average. The three-year moving

average may represant @ mare accurate picture of the data E
trends to uncertainty in year-to-year comparisons, All figures

calculated with a 30% minimum trea cover canopy density.

WORLD RESOURCES INSTITUTE E WORLD RESOURCES INSTITUTE






Amazon is critical for
water vapor transport
over South America

What processes controls these fluxes?

ITmage MASA

52 OOSIL‘




Descarga do Rio Amazonas em Obidos, Para
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Niveis do Rio Amazonas no porto
de Manaus 1900-2015

Nivel da agua Porto de Manaus (m)

Amplitude (m)
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4 Dados: Agéncia Nacional de Aguas - ANA
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Jochen Schéngart, 2017



Quanto de carbono as plantas retiram da atmosfera?
NDVI do MODIS (GPP): estimativas de 2000 a 2010

01/01/2000

Amazonia: contem de 100 a 150 bilhoes de toneladas de carbono



lia armazena 100-150 Tg C
combustiveis fésseis)

(Brienen et al., 2015
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Normalized VPD

CO2
stomatal pore

d) Southeast Amazon (Green x)

—— Actual VPD (ERA-Interim) 5] = Actual VPD (ERA-Interim)
4 - — Actual VPD [AIRS) —— Actual VPD (AIRS)
WVPD (Bowen ratio (79%)) VPD (Bowen ratio (0%))
= VPD(Temp + T00mb Gph+ Bowen ralio(86%)) # — VvPD(Temp + 700mb Gph+ Bowen ratio(70%))

glucose (CsH120s)

- Before 2005 drought @) __ yressdo de \
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Time (1979-2016) Time (1979-2016)
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Trend in Vapor Pressure Deficit (1987-2016)
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)9 » and 50% + Fire effect
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‘TIPPING POINTS’ OF FOREST-CLIMATE
EQUILIBRIUM IN THE AMAZON

A) Tropical forest.in equilibrium B) Savanna state triggered by climate C) Stability of second equilibrium state
with current climate change and/or deforestation
One stable equilibrium state Two stable equilibrium states

v v ‘ Savanna enhanced by increased /intensity of
droughts and forest fires

Amazon covered mostly by forests Forests in the Savannas in the
West East-Southeast
7
3
S
7
£
=
| U
2
S
o
w
Biome distribution Biome distribution Biome distribution
» Observations: AT = 1.1 to 1.5°C
Thresholds for tipping _ > Deforestation: = 18%
from state A to state B = 4°C Amazon warming or . . .
» Lengthening of dry season (increasing)
> Increasing climate extremes

Adapted from Nobre et al., 2015, 2016
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The world without Amazonia in 2050...

Changes in surface temperature, °C

dlET T[T

SSP1, 100% SSP1, 50% SSP5, 50%

Geophysical Fluid Dynamics Laboratory 8 "@'

Simulations GFDL — 50% and 100% deforestation and SSP1 SSP5

Shevliakova and Pacala - Exploring a World Without the Amazon 2019



SSP1, 100% SSP1, 50% SSPS5, 50%

Geophysical Fluid Dynamics Laboratory

Shevliakova and P
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a) Fire sensitivity |
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Average annual burned fraction

b) Fire sensitivity _ B <) C'fmt:te:;nd use
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13 Total burned area (10° km?)

Percent “fire-free” forest (< 0.05% burned per year)



CHANGE IN THE DYNAMICS
OF VECTOR BORNE DISEASES

el

CLIMATE CHANGE &
REDUCED RAINFALL
LOWER FOREST
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- Amazon Forest, and o R
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How close
to the edge
do we dare

to get?

The tipping
point
issue...




Tipping elements at risk:
O 1°C-3°C

© 3°C-5°C

@ >5°C




Methane bursting
into atmosphere

Water (-0.5°C to -1.8°C)
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ure 2.22: Trends in numbers of loss-relevant natural events
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[l Geophysical events I Meteorological events
(Earthquake, tsunami, volcanic activity) (Tropical cyclone, extratropical storm, convective storm, local storm)

" Hydrological events Climatelogical events
(Flood, mass movement) (Extreme temperature, drought, forest fire)

Source: Munich Re (2017)
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Em 2100 80% da populacao mundial
estara vivendo em cidades...




Impactos na producao de alimentos
ais quente

Percentage change in yields between present and 2050

50 =20 o 20 50 100

World Economic Forum: Global Risks 2016



| o More efficient use of energy

Greater use of low-carbon and no-carbon energy
* Many of these technologies exist today

* Nearly a quadrupling of zero- and low-carbon energy supply
from renewable energy by 2050

Improved carbon sinks

* Reduced deforestation and improved forest management
and planting of new forests

» Bio-energy with carbon capture and storage

Lifestyle and behavioural changes
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Extreme
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o limit temperature increase
ed Climate Forcers

to 1.5 de

Fast immediate rec

crm me =4 ANAANN

uctions on CO2

Non-CO, emissions relative to 2010
Global total net CO2 emissions Emissions of non-CO:z forcers are also reduced

. or limited in pathways limiting global warming
Billion tonnes of CO,/yr to 1.5°C with ne or limited overshoot, but
50 they do not reach zero globally.

Methane emissions

40 In pathways limiting global warming to 1.5°C 1

with no or limited overshoot as well asin
pathways with a high overshoot, CO2 emissions

30 are reduced to net zero globally around 2050.

2020 2040 2080 2080 2100
20 & 5
i Black carbon emissions
14
10 ; g
Four illustrative model pathways 1
o 0 . . ; : -
2020 2040 2060 2080 2100
P1
P2
Nitrous oxide emissions
-10
- P3
1 i
20 | —
P4
0 : ! ! ! !
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2040 2060 2080 2100
Timing of net zero COz — e Pathways limiting global warming to 1.5°C with no or low overshoot
Line widths depict the 5-95th — m— Pathways with high overshoot

percentile and the 25-75th
percentile of scenarios

Pathways limiting global warming below 2°C
(Not shown above)

r i
1l Warming of 1.5°C



cumprirem seus

2100 WARMING PROJECTIONS
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Emissions and expected warming based on pledges and current policies Tracker
Sept 2019 update
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Simple and realistic accounting with Paris Agreement:
3.2 degrees average heating

In continental areas: 4.2 C

Removal of regional air pollution: + 0.7 C, makes 4.9 C

80% of population will be urban: Urban heat island:
additional 1.0 C, makes 5.9 C

We are heading to : 5.9 C
where people live (in cities)




Governance Is a critical issue

Stephen Hawking "Our planet and the human race face
multiple challenges. These challenges are global and serious —
climate change, food production, overpopulation, the
decimation of other species, epidemic disease, acidification of
the oceans. Such pressing issues will require us to collaborate,
all of us, with a shared vision and cooperative endeavor to
ensure that humanity can survive."

We have not yet managed to adopt a model of production
capable of preserving resources for present and future

generations, while limiting as much as possible the use of
non-renewable resources, moderating their consumption,
maximizing their efficient use, reusing and recycling them.

Governance is key:
How the necessary measure will be implemented?
Who drives and controls the implementation?

e

—iy



CO2 emissions
per capita

o
emissions

-
emissions

i

will be most impacted by climate change

Vulnerability to
climate change

Low
vulnerability

- High
vulnerability
-

Samson et al 2011
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Transformations

the Sustainable

Olhem para o futuro

Development Goals

.. As seis grandes transformagoes necessarias para o mundo em 2050

; Energia Consumo e Produgao
Decarbonizag\:éo, efic_iéncia, m Sustentaveis
SRR o Uso de recursos, economia circular,
4 — suficiéncia, poluicdo
Allmentos, THTT l
INNERN HEDAWD .
Usos da Terra & e iy,
: Objetivos de
Biosfera Desenvolvimento Revolugﬁo
Intensificacao X i —
sustentavel, : PSUStemfZVZL Dlgltal
oceanos, rosp?rl i e Inteligéncia artificial,
biodiversidade, * Inclusao social big data,

florestas, agua,
dietas saudaveis,
nutrientes

Cidades

Moradia, mobilidade,
Infraestrutura sustentavel,
agua, poluicao

Adaptado de The World in 2050

e Sustentabilidade
e Pazsocial

biotecnologia,
nanotecnologia,
sistemas autondmos

“\ Capacitacdo Humana
& Demografia

Educacgao, saude, envelhecimento,
mercado de trabalho, género,
desigualdade
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DSE

Dry season length is increasing in Amazonia

x>

Southern Amazonia DSE and DSL

70 50 — . .
. { ¢ Annual time series of
0 4457 dry season length
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T -7 4{]%0
m |
£ 60 APA : 4 1 32
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Z \ T .
550 . . . . ] 30 SN
1980 1985 1990 1995 2000 2005 2010°~~y  Annual time series of
dry season END (DSE)
B Southern Amazonia SON rainrate

Dry season length has
increased by 6.5+2.5

a5E— SR2uSia herage days/decade;

1980 1985 1990 1995 2000 2005 2010

Fuetal 2013 (PNAS)



Normalized VPD

CO2
stomatal pore

d) Southeast Amazon (Green x)

—— Actual VPD (ERA-Interim) 5] = Actual VPD (ERA-Interim)
4 - — Actual VPD [AIRS) —— Actual VPD (AIRS)
WVPD (Bowen ratio (79%)) VPD (Bowen ratio (0%))
= VPD(Temp + T00mb Gph+ Bowen ralio(86%)) # — VvPD(Temp + 700mb Gph+ Bowen ratio(70%))

glucose (CsH120s)
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Trend in Vapor Pressure Deficit (1987-2016)
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A complexidade das nuvens no
sistema climatico

2005-09-01 0000



Amazon forest biomass distribution map in Kg/m?
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Predicted Extinction Risks of Biological Species

Predicted extinction risks
25%

20%
15%

The highest risks: South America, Australia, and New Zealand (14 to 23%)

Source: Urban M.C-Nature, 2015
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The rate of sea level rise is very likely to increase
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Climate Geoengineering is defined as
“deliberate large-scale manipulation of the planetary
environment to counteract anthropogenic climate change.”

3 2 4
GW
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i IR N Cloud seeding
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Aerosols in " *.% h': - Giant reflectors
stratosphere in orbit
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Genetically
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Iron fertilization of sea

A 1t e
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Pump liquid CO,
to deep sea Pump liquid CO,
into rocks

schematic representation of various chimate-engineering proposals (courtesy B, Matthews).

Shepherd, J. G. S. et al., 2009: Geoengineering the climate: Science, governance and uncertainty, RS Policy Document 10/09.
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Components of Radiative Forcing
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The food system as a whole, which also includes
food production and processing, transport, retail,
consumption, loss and waste, is currently
responsible for up to a third of our global
greenhouse gas emissions.

Deforestation, peatland burning and wood harvest
are directly contributing around 13% of CO,
emissions

Land accounts for 61% of anthropogenic CH,
emissions (GWP=28).

50% of the nitrogen applied to agricultural land not
taken up by the crop, resulting in N,0 emissions

(GWP=265).
IPCC e

NTEAGOVERNMENTAL F n climate chanée wHo | NE]
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Let’s eat less meat? About 1 billion people today
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P1: Ascenarioin which social,
business, and technological
innovations result in lower energy
demand up to 2050 while living
standards rise, especially in the global
South. Adown-sized energy system
enables rapid decarbonisation of |
energy supply. Afforestation is the only |
CDR option considered; neither fossil |
fuels with CCS nor BECCS are used.
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P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
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well-managed land systems with
limited societal acceptability for BECCS.
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P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.
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globalization lead to widespread i
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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‘I IMPACTOS ECONOMICOS DEL CAMBIO CLIMATICO SOBRE EL SECTOR AGRICOLA
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Fire spots in Amazonia 1998-2018
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e Severe health effé - on the Amazonian
population (about 20 million people)

e Climatic effects, with strong effects on
loud physics and radiation balance.
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Table 21.1: Percentage of countries by region projected to achieve selected SDG targets in 2030

Europe Latin Middle

and America Eastand Non-OECD OECD Sub-

Russian and North Asia North Asia South Saharan

Federation Caribbean Africa Pacific America  Pacific Asia Africa World
Extreme
N ) N
- BRI EIEIEE KX - |
Underweight L
e I 1 I I I
Child
Primary
= 1 I I N
completion :
Lower
secondary nn 48 100 100 50
school
Access to
< | N
Improved
A t
= - -

¥ Source: Moyer and Hedden (2018).
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A Ciéncia @ muito solida nesta area, com centenas de relatorios de
agéncias internacionais e milhares de artigos cientificos todo ano
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Dry season length is increasing in Amazonia
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T 1237 dry season length
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Moisture and precipitation in the atmosphere

To study the effects of precipitation and how it influences other phenomena, scientists study moisture and precipitation in the atmosphere. Satellite observations cover
broad areas and provide more frequent measurements that offer insights into when, where, and how much it rains or snows worldwide. Researchers from NASA’s Global
Modeling and Assimilation Office ran a 10-kilometer global mesoscale simulation to study the presence of water vapor and precipitation within global weather patterns.

In this simulation, from May 2005 to May 2007, colors represent rainfall rates ranging from 0 to 15 millimeters per hour. Total precipitable water, or precipitable water
vapor, is depicted in white shades. Such simulations allow scientists to better understand global moisture and precipitation patterns.
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The rate of sea level rise is very likely to increase
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Human pertubations on the global carbon cycle

(Global Carbon Project)
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Figure 5.3: Annual emission trends from 1990 to 2014 in kilotons by pollutant, region and sector
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Figure 22.7b: Differences in air pollution emissions between various climate mitigation scenarios, and the SSP2
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Figure 22.10: Global mean temperature increase in 2100 versus bioenergy use in various SSP reference scenarios and

derived mitigation scenarios
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Table 21.1: Percentage of countries by region projected to achieve selected SDG targets in 2030
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Figure 5.1: Primary linkages between pressures, state and impacts of atmospheric change
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Figure 2.21: The enhanced burning embers diagram, providing a global perspective on climate-related risks
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The Systems Outcomes Framework - consequences of intersecting natural and human systems

A Global outcomes view

o [ Micro systems
B Global Syndemic view 5 Meso systems
Human health Ecological health e 3 Macro systems
and wellbeing and wellbeing - ™ . ~ B Governance
& -

f - Micro systems
Environments. .

Obesity ‘ i Climate change

Ecological health
and wellbeing

Human health
and wellbeing

camilies Communities  Socjaf circles

Social Economic
equity prosperity

-

C Five feedback loops view

Supply and
demand

: & ©

mmm Systems influence on people

mmm People’s influence on the systems
[ Micro systems (eg, family)

[ Meso systems (eg, workplaces)

3 Macro systems (eq, food retail)

[ Governance systems (eg, elections)
3 Natural systems (eg, local park)

The sequence of figures below shows progressively zoomed-in views from the global outcomes view of the consequences of intersecting natural and human systems (A); to The Global
Syndemic view

of the interaction and common drivers of obesity, undernutrition, and climate change (B); to the Five Feedback Loops view (C); and the individual view (D).

The Lancet: The Global Syndemic of Obesity, Undernutrition, and Climate Change: The Lancet Commission report, January 2019
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There are strong and complex links between the forest
biology, and the physics and chemistry of the atmosphere
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~ The Amazon basin in transition
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Protected Areas — Brazilian Amazon
Contribui¢des do INCT-MC
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BRAZIL'S POVERTY MAP
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PROTECTED AREAS _IH!

One-third of global protected land
is under intense human pressure

Kendall R, Jones,"*" Osear Venter,” Richard A, Fuller,™* James R, Allan,"*
Sean L. Maxwell,"* Pablo Jose Negret,"* James E. M. Watson"**

=

ig. 1. Human pressure within protected areas. (A) Proportion of each protected area that is
subject to intense human pressure, spanning from low (blue) to high (orange) levels. (B) Kamianets-
odilskyi, a city within Podolskie Tovtry National Park, Ukraine. (C) Major roads fragment habitat
within Mikumi National Park, Tanzania. (D) Agriculture and buildings within Dadohaehaesang
National Park, South Korea. [Photo credits: Google Earth]
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e and different plant trait diversity
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Resilience of Amazon forests emerges from plant
trait diversity

Boris Sakschewski"?*, Werner von Bloh?, Alice Boit"?, Lourens Poorter?, Marielos Pefia-Claros?,
Jens Heinke'2, Jasmin Joshi* and Kirsten Thonicke"?
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Ecological adaptation: Deep rooting

Depth (m)

N

»
\

10-

-

in the Eastern Amazon

o 5

10

Fraction of water extracted by roots

J5 20 25 30 35 40 (%)

! \Wet season

beosans ol

ot

e e S

e

" .-——"""r.?

b e d

—

Water extraction af least up to 10 m

o -

P e e "

Source: Bruno et al., 2005 — Tropical forest data in Santarem km 83



Hydrological cycwm eal f

b
-

=]

il
,".

J“ . ' -

Natural clouds

04 10 2002 21:55




Fall
speed

11

s . ’
F oA A **
* %

Upper tropospheric

Ice
nuclei
o

Emission

Phase
partitioning
(liquid & ice)

e C;Pmmoﬂ

"OSOL cu.ouO-

*-I-'#' ’
Sy 2009

*Ice particle
3 size distribution

Convection

g
=3
o

&
3
=]

(2]

=
=

155t N "

el Ly Wiy
o SR
i '/ Lonr
A L
i 47 Wl
Lipd  fy M

i rH
/

Yy

Entrainment

Latent
heat

Mixed-phase
processes




Amazonia is critical for
water vapor transport
over South America

What processes controls these fluxes?
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THE AMAZON CLIMATE SYSTEM HAS BEEN OSCILLATING
BETWEEN TWO EXTREMES IN THE LAST 13 YEARS

BASIN-WIDE
OSCILLATION

DROUGHTS FLOODS

3 events (1/200) 3 events (1/200)
In the last 13 years In the last 13 years

2005
2010
2015/16 (El Nino-related)

2012
2014 (over SW Amazon)
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Particulas de aerossois na atmosfera

Tiny solid and liquid particles suspended in the atmosphere are called aerosols. Windblown dust, sea salts, volcanic ash, smoke from wildfires, and pollution from
factories are all examples of aerosols. Depending upon their size, type, and location, aerosols can either cool the surface, or warm it. They can help clouds to
form, or they can inhibit cloud formation. The simulation shows sea salt and dust swirl inside cyclones, sulfates stream from volcanoes, and carbon burst from
fires (red dots) from May 2005 to May 2007, produced by the GEQOS-5. In general, dust appears in shades of orange, sea salt appears in shades of blue, sulfates
appear white, and carbon appears in shades of green. Such simulations allow scientists to better understand how these tiny particulates travel in the atmosphere
and influence weather and climate.
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Convective clouds: Key for radiation
balance and precipitation
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news & views |

BIOSPHERE-ATMOSPHERE INTERACTIONS

. Deforestation size influences rainfall

Changes to the land surface, such as land clearing and logging of forest areas, impacts moisture cycling. Now a 9
shift from small-scale to large-scale deforestation in the southern Amazon is found to modify the mechanisms and
patterns of regional precipitation.

Jeffrey Q. Chambers and Paulo Artaxo
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Air quality and human health improvements from
reductions in deforestation-related fire in Brazil

C. L. Reddington, E. W. Butt!, D. A. Ridley?, P. Artaxo®, W. T. Morgan?, H. Coe* and D. V. Spracklen™
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Dry season mean AOD =>Reduction in PM2.5 may be preventing roughly 1,700

retrieved by MODIS premature adult deaths annually across South America.



Mean Diurnal
Radiative Forcing
due to change in

surface albedo:
-8.0 + 0.9 W/m?

Mean Diurnal Aerosol
Forcing Efficiency:
Forest: -22.5 + 1.4 W/m?
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Land-use change radiative forcing.
Forested areas are selected in red and

deforested areas are selected in blue.
Elisa Sena results, 2011
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ACRIDICON Flights G5-HALO plane dry season 2014
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How particles are produced in Amazonia?

Feb. 1- Mar. 31, 2014
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It rains a lot. Removal very high. How the particles are formed?
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~ Biogenic organic aerosol formation at low H,SO, happens in UT!

B . "4 i :
~ Condensation to
 new Particles

Particle
Growth

Andi Andreae, 2016




Clouds as active aerosol processors in the atmosphere

SMALL PARTICLES
(GROWN FROM NEW PARTICLES
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Brazil’s NDC to the Paris Agreement calls for ecosystem
restoration of 12.5 million hectares
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Levels of Forest Code Compliance

Percent difference between the remaining area of native
vegetation and the area required to comply with the Forest Code
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12.5 million hectares
NDC of Brazil

MMA (2017) PLANAVEG, Soares-Filho et al. (2014)
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