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The Stockholm United Nations Conference 
on the Human Environment – happened in 
1972, 50 Years ago

Rio 92: 30 Years ago

Rio+20: 10 Years ago

We are at the COP-26: in 2021
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“Recent changes in the climate 
are widespread, rapid, and 
intensifying, and 
unprecedented in thousands 
of years.

[Credit: NASA]
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“Unless there are immediate, 
rapid, and large-scale 
reductions in greenhouse gas 
emissions, limiting warming to 
1.5°C will be beyond reach.

[Credit: Peter John Maridable | Unsplash]
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Human influence has warmed the climate at a rate that is unprecedented 
in at least the last 2000 years
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Período de base: 1981–2010.
Fonte: State of the Climate in 2015, Bull. Amer. Meteor. Soc., 97 (8), 2016.





Aumentos desde 1750: CO2: 66%, CH4: 259%, N2O: 123%

Desmatamento de florestas tropicais: 17% das emissões
Queima de combustíveis fósseis: 83% das emissões



1950 2015



Flux towers in the sky: global ecology from space David Schimel New Phytologist (2019) 224: 570–584 doi: 10.1111/nph.1593





Ometto et al., 2022



The global annual mean energy budget of Earth for the approximate period 2000–2010. All 
fluxes are in Wm–2. (Stephens, Nature 2012)



Forçante radiativa e os feedbacks do 
sistema climático global

IPCC AR5, Chapter 7, 2013
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O aquecimento observado é provocado por emissões antropogênicas, com 
aquecimento associado aos gases de efeito estufa parcialmente 
mascarado pelo resfriamento provocado pelos aerossóis.

Aerossóis estão mascarando um 
terço do aquecimento já realizado
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O aquecimento observado é provocado por emissões antropogênicas, com 
aquecimento associado aos gases de efeito estufa parcialmente 
mascarado pelo resfriamento provocado pelos aerossóis.

Aerossóis estão mascarando um 
terço do aquecimento já realizado





IPCC 2013



Water vapor Aerosol particle acting as 
cloud condensation nuclei

Correct atmospheric 
thermodynamics 

conditions

All non linear processes



Aerosol and cloud lifecycles



Aerosol emissions make the 
high variability visible – it 

also applies to aerosol 
composition and the trace 

gases!



Clouds as active aerosol processors in the atmosphere



A evidência científica é inequívoca: 
mudanças climáticas são uma 
ameaça ao bem estar humano e à 
saúde do planeta.
Qualquer atraso em uma ação 
global, coordenada e conjunta, 
levará a perda de uma breve janela, 
que se fecha rapidamente, para 
assegurar um futuro habitável.



“ A menos que haja 
reduções imediatas, 
rápidas e em grande escala 
nas emissões de gases de 
efeito estufa, limitar o 
aquecimento a
2,0 ° C pode ser impossível

[Credit: Peter John Maridable | Unsplash]



Land use change is responsible for 44% of Brazil GHG emissions in 2019

(MUT)

44%



http://seeg.eco.br/infografico
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Emissions Concentrations

Radiative Forcing Warming

Impacts
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Future emissions cause future additional warming, with total warming 
dominated by past and future CO2 emissions
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 
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With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture



SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture
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With every increment of global warming, changes get larger in soil moisture
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Soil humidity with 4 degress warming



EMBRAPA: Water
déficit in Brazil
1986-2040

Embrapa Informática Agropecuária, 2019

Brazil is already
becoming a dryer
country



Aumento 
futuro nas 

temperaturas 
máximas

Steven C. Sherwood Science 2020;370:782-783

COM redução de emissões

SEM redução de emissões
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World Economic Forum: Global Risks 2016
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Climate change is already affecting every inhabited region across the globe, 
with human influence contributing to many observed changes in weather 
and climate extremes



Hundreds died in the West's heat 
wave in June 2021.

Negro River: Highest level in 
119 Years in Manaus in 2021

Central Brazil: The strongest 
drought in 100 years

52 Celsius in California



Strong heat wave reach Europe, Asia, 
and North America simultaneously 
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Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming
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Human activities affect all the major climate system components, 
with some responding over decades and others over centuries

Global sea level rise in 2300: 
15 meters can not be ruled out
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Aumento projetado do nível 
do mar até 2100

Em 2300: potencial aumento 
de até 15 metros

O nível médio do mar aumentou em 0.20 m entre 1901 e 2018. A taxa de aumento foi de 1.35 
mm/ano entre 1901 e 1990, aumentando para 3.7 mm/ano entre 2006 e 2018.
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The proportion of CO2 emissions taken up by land and ocean carbon 
sinks is smaller in scenarios with higher cumulative CO2 emissions
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Paulo Brando et al., 
Annu. Rev. Earth 
Planet. Sci. 2019. 
47:555–81



1975 1988 2018

0,5 % 5,0 % 19 %

Souce: Prodes/INPE, MapBiomas

Evolução do desmatamento na Amazônia brasileira



A Amazônia é critica 
para o transporte de 
vapor de água para 
o Brasil central e sul



InfoAmazonia, 2022
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Simulações
CMIP6 





March 5, 2020

Long-term carbon dynamics 
of structurally intact 
oldgrowth tropical forests in 
Africa and Amazonia.

Carbon losses

Carbon gains

Net carbon sink

Net Carbon sink 1990-2040



O aumento da VPD combinado 
com o decréscimo da fração 
evaporativa são as primeiras 
indicações de mecanismos de 
feedback positivos na 
Amazônia.

O déficit da pressão de vapor ou 
VPD é a diferença entre a 
quantidade de umidade no ar e 
quanta umidade o ar pode conter 
quando está saturado

Barkhordarian et al., Nature Scientific Reports, doi : 10.1038/s41598-019-51857-8, 
2019



Durante 2010–2019,a Amazônia brasileira teve uma perda bruta cumulativa de 4,45 Pg C 
contra um ganho bruto de 3,78 Pg C, resultando em uma perda líquida de biomassa de 
0,67 Pg C. A degradação florestal (73%) contribuiu três vezes mais para a perda bruta de 
biomassa do que o desmatamento (27%), Isso indica que a degradação florestal se tornou 
a maior processo que leva à perda de carbono.

Yuanwei Qin et al., Nature Climate Change, Maio de 2021

Above Ground Biomass Change (Mg C ha-1)



Balanço de carbono para a região de Alta Floresta de 2010 a 2018
Total Carbon Balance: +0.32 PgC y-1

Fire Carbon Balance: +0.20 PgC y-1

NBE (Net Biome Exchange) C Balance: +0.11 PgC y-1 Gatti et al., Nature, 2021



Tipping points?
Forest resilience is being reshaped across the Amazon 

(A) Amount of annual rainfall 209 and bistable regions, where the system could become trapped in a low tree cover 
state due to disturbances, for instance from extreme events, deforestation, and degradation. (B) Observed trends in 
annual rainfall condition change. (C) Deforestation frontiers. 

Hirota et al., SPA 2022
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P.S: Amazonia contains 120 GtC (10 years of fossil fuel emissions)
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Deforestation rate in Amazonia 1977-2021 in km² per year

2021: 13.245 Km² 
(21% increase)



• The COP-26 shows the large distance between Science and geopolitical interests
• IPCC: We need to reduce emissions by 45% till 2030

• Increase in temperature with all pledges: 3.2 Celsius, instead of 1.5 Celsius

• Agreement on zero deforestation globally by 2030. Brazil commitment of zero deforestation in 2028

• Agreement on methane reductions: 30% by 2030
• Impacts on cattle on Brazil: gains on productivity 
• Impact on natural gas production and use: gains in productivity

• Global carbon market rules settle down

• No acceptance of “loss and damages”



• Net zero targets: ideally: 2030 for developed countries and 2040 for developing countries
• Reality: COP-26 recommends that this target be reached by the “Middle of the century”.
• India: 2070, China: 2060, Brazil: 2050, Germany 2045, USA: 2040.

• First time ever that any COP documents mention fossil fuels. No mention to phase out coal, and pledge to reduce
subsides to ”inefficient fossil fuels”. 

• Financial help to developing countries to reduce their emissions and adapt to climate change: NO.  Target was 
US$100 billions per year. COP-26: we wee negotiate this at COP-27.

• Recommendations and commitments from Paris agreement and Glasgow pact are not mandatory. They are only 
political commitments...
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P.S.: Não são preocupações de cientistas, ONGs ou grupos ambientais, mas do WEF…

Source: World Economic Forum Global Risks Perception Survey 2019-2020.



Fonte: Urban M.C-Nature, 2015

Os maiores riscos: América do Sul, Austrália (14 a 23%)





https://www.carbonbrief.org/analysis-which-countries-are-historically-responsible-for-climate-change

The 20 largest 
contributors to 
cumulative CO2 
emissions 1850-
2021, billions of 
tonnes

billions of tonnes



Nature Vol 599, 4/Nov/2021
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Transformações da sociedade 2020-2050 visando a sustentabilidade



CARBON footprint







Steffen et al. 2015, Science





Olhem para o futuro
As seis grandes transformações necessárias para o mundo em 2050

Energia
Decarbonização, eficiência,

acesso à energia

Consumo e Produção
Sustentáveis

Uso de recursos, economia circular, 
suficiência, poluição

Revolução
Digital 

Inteligência artificial, 
big data, 

biotecnologia, 
nanotecnologia, 

sistemas autonômos

Cidades
Moradia, mobilidade, 

Infraestrutura sustentável, 
água, poluição 

Alimentos, 
Usos da Terra & 

Biosfera
Intensificação 
sustentável, 

oceanos, 
biodiversidade, 
florestas,  água,

dietas saudáveis, 
nutrientes 

Capacitação Humana 
& Demografia

Educação, saúde, envelhecimento, 
mercado de trabalho, gênero, 

desigualdade

Objetivos de 
Desenvolvimento

Sustentáveis:
• Prosperidade
• Inclusão social 
• Sustentabilidade
• Paz social









Extra slides



Potencial regional de mitigação - AFOLU
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Observed warming is driven by emissions from human activities, 
with greenhouse gas warming partly masked by aerosol cooling

One third of 
warming is 
being masked 
by aerosols
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Every ton of CO2 emissions adds to global warming

Increase in 
temperature in 
2050 (30 years 
from now)
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Temporal regional mean net effective radiative forcing due to aerosols
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Climate change is already affecting every inhabited region 
across the globe, with human influence contributing to many 
observed changes in weather and climate extremes



https://www.americansecurityproject.org/climate-security/

Military Perspectives on Climate 
Change From Around the World

https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-
CLIMATE-RISK-ANALYSIS-FINAL.PDF

https://www.americansecurityproject.org/climate-security/
https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-CLIMATE-RISK-ANALYSIS-FINAL.PDF
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Yuanwei Qin et al., Nature Climate Change, Maio de 2021

Above Ground Biomass Change (Mg C ha-1)



The increase in Vapor 
Pressure Deficit are the 
first indication of positive 
feedbacks mechanisms in 
Amazonia

Barkhordarian et al., doi : 10.1038/s41598-019-51857-8, 2019
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Carbon balance in Alta Floresta from 2010 to 2018
Total Carbon Balance: +0.32 PgC y-1

Fire Carbon Balance: +0.20 PgC y-1

NBE (Net Biome Exchange) C Balance: +0.11 PgC y-1

Gatti et al., Nature, 2021
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“
To limit global warming, 
strong, rapid, and sustained 
reductions in CO2, methane, 
and other greenhouse gases 
are necessary. 

This would not only reduce the 
consequences of climate 
change but also improve air 
quality.[Credit: Evgeny Nelmin | Unsplash]
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9 August 2021

#ClimateReport #IPCC
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Thank you.

@IPCC

@IPCC_CH

linkedin.com/company/ipcc

IPCC: www.ipcc.ch

IPCC Secretariat: ipcc-sec@wmo.int

IPCC Press Office: ipcc-media@wmo.int

More Information: Follow Us:

http://www.ipcc.ch/
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Figure SPM.8 

Human activities affect all the major 
climate system components, with 
some responding over decades and 
others over centuries
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 
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BY THE NUMBERS

Author Team
234 authors from 65 countries

28% women, 72% men

30% new to the IPCC

Review Process
14,000 scientific publications 
assessed

78,000+ review comments

46 countries commented on Final 
Government Distribution
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Interactive AtlasInteractive Atlas interactive-atlas.ipcc.ch
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Interactive atlas

https://interactive-atlas.ipcc.ch/

#IPCCData #IPCCAtlas
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Human influence has warmed the climate at a rate that is 
unprecedented in at least the last 2000 years

Figure SPM.1 
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Human influence has warmed the climate at a rate that is 
unprecedented in at least the last 2000 years

Figure SPM.1 
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Figure SPM.2 Observed warming is driven by emissions from human activities, 
with greenhouse gas warming partly masked by aerosol cooling
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Figure SPM.2 Observed warming is driven by emissions from human activities, 
with greenhouse gas warming partly masked by aerosol cooling
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Figure SPM.2 Observed warming is driven by emissions from human activities, 
with greenhouse gas warming partly masked by aerosol cooling
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Climate change is already affecting every inhabited region 
across the globe, with human influence contributing to many 
observed changes in weather and climate extremes

Figure SPM.3 
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Figure SPM.3 Climate change is already affecting every inhabited region 
across the globe, with human influence contributing to many 
observed changes in weather and climate extremes
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 

Selected contributors to non-CO2 GHGs
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions
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Selected contributors to non-CO2 GHGs
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Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 

One air pollutant and contributor to aerosols
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With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture

Figure SPM.5 
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Projected changes in extremes are larger in frequency and 
intensity with every additional increment of global warming

Figure SPM.6 
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Figure SPM.6 Projected changes in extremes are larger in frequency and 
intensity with every additional increment of global warming



SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Figure SPM.6 Projected changes in extremes are larger in frequency and 
intensity with every additional increment of global warming
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Figure SPM.8 Human activities affect all the major climate system components, 
with some responding over decades and others over centuries
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Figure SPM.8 Human activities affect all the major climate system components, 
with some responding over decades and others over centuries
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Figure SPM.8 Human activities affect all the major climate system components, 
with some responding over decades and others over centuries
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Figure SPM.9 Multiple climatic impact-drivers are projected to change in all 
regions of the world
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Figure SPM.9 Multiple climatic impact-drivers are projected to change in all 
regions of the world
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Every tonne of CO2 emissions adds to global warming Figure SPM.10 
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Every tonne of CO2 emissions adds to global warming Figure SPM.10 
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“It is indisputable that human 
activities are causing climate 
change, making extreme climate 
events, including heat waves, 
heavy rainfall, and droughts, 
more frequent and severe.

[Credit: Yoda Adaman | Unsplash]
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“Climate change is already 
affecting every region on Earth, 
in multiple ways. 

The changes we experience will 
increase with further warming.

[Credit: Hong Nguyen | Unsplash]
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“There’s no going back from 
some changes in the climate 
system… 

[Credit: Jenn Caselle | UCSB]
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“…However, some changes could 
be slowed and others could be 
stopped by limiting warming.

[Credit: Andy Mahoney | NSIDC]
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“There’s no going back from 
some changes in the climate 
system. However, some 
changes could be slowed and 
others could be stopped by 
limiting warming.

[Credit: Shari Gearheard | NSIDC]



Effect of dedicated air pollution or 
climate policy on population-
weighted PM2.5 concentrations
(μg m–3) and share of population (%) 
exposed to different PM2.5 levels 
across selected world regions. 
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