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ORIENTACOES PARA HOJE

OBJETIVO: oferecer uma compreensao fisica fundamental
da mudanca climatica e das incertezas associadas, e mostrar
como a ciéncia pode embasar a adaptacao e a mitigacao

FACA PERGUNTAS conforme surgirem
no chat do Zoom



PERGUNTA DE AQUECIMENTO

QUE PERCENTUAL DO AQUECIMENTO
GLOBAL PODE SER ATRIBUIDO
AS ATIVIDADES HUMANAS?



Climate Change

causes
Impacts and Risks

A mudanca
climatica é
um fator

Human Society Ecosystems

| |
dos riscos futuros iz
Losses and damages Limits to adaptation
, Losses and damages
SNmpecs
The risk propeller shows that risk emerges from the overlap of: w

‘ Climate hazard(s) | Exposure \.L_/
| Z/V@/"hOodg rovision e

...of human systems, ecosystems Ecosystem 5¢
https:/Awww.ipcc.ch/report/ar6/wg2/ and their biodiversi ty
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Climate Change

causes
Impacts and Risks

Os impactos
TAMBEM dependem:
de onde voce vive (exposicao)
e do quanto
esta adaptado (vulnerabilidade)

Human Society Ecosystems

Limits to adaptation including biodiversity
Lo Limits to adaptation

, Losses and damages
Nmpacs
The risk propeller shows that risk emerges from the overlap of: W

. Climate hazard(s) JF Exposure \-L/
‘ ‘ Z/V@/"hoodg rovision ces

...of human systems, ecosystems Ecosystem Se
https://www.ipcc.ch/report/ar6/wg2/ and their biodiversi ty




Lidar com riscos climaticos envolve
Entender o que esta acontecendo

( ciéncia do clima )



Lidar com riscos climaticos envolve
Entender o que esta acontecendo

( ciéncia do clima )

Evitar o maximo de aquecimento possivel
( mitigacao '



Lidar com riscos climaticos envolve
Entender o que esta acontecendo

( ciéncia do clima )

Evitar o maximo de aquecimento possivel
( mitigacao '

Lidar com as mudanc¢as que acontecem
( adaptacao )






The Earth's
Climate System

O
sistema '
climatico

da Terra

https://www.geomar.de/en/discover/ocean-and-
climate/model-simulations/the-earths-climate-
system




https://www.alabamawx.com/wp-content/uploads/

2019/06/weather-vs-climate_orig.jpg

WHAT YOU GET

CONDITIONS OF THE
ATMOSPHERE OVER A SHORT
PERIOD OF TIME

CAN CHANGE WITHIN
MINUTES OR HOURS

Saturday Sunday

WHAT YOU EXPECT

HOW THE ATMOSPHERE BEHAVES
OVER A LONG PERIOD OF TIME
AND SPACE

AVERAGE REGIONAL WEATHER
PATTERN OVER DECADES
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30 Year Normal Average Temperature (F)




CLIMA

€ O gque voceé espera

O TEMPO

O que voce recebe




= | o Precipitation: 0% Weather
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QUANDO FALAMOS DE MUDANCA CLIMATICA,
NAO TENTAMOS PREVER O TEMPO

Vai chover em 14 de abril de 20917

Que calor fara em 21 de julho de 20857



QUANDO FALAMOS DE MUDANCA CLIMATICA,
NAO TENTAMOS PREVER O TEMPO

-> Qual sera a chuva média
de abril na déecada de 20907

Que calor fara em 21 de julho de 20857



QUANDO FALAMOS DE MUDANCA CLIMATICA,
NAO TENTAMOS PREVER O TEMPO

-> Qual sera a chuva média
de abril na decada de 20907

-> Quanto terao aumentado o
severidade das ondas de calor no

fim do século XXI?



The Terrestrial Planets
 VENUS EARTH - MARS

. Pressure: ~90 atm : Pressure: ~1 atm : Pressure: ~0.006 atm
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Natural

O efeito
estufa

Naturally occuring greenhouse
gases trap some heat from the sun
to maintain a livable climate.

vapor d’'agua
dioxido de carbono (CO,
metano (CH,)

oxido nitroso (N,O)



Carbon dioxide concentration at Mauna Loa Observatory*
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Por que se importar com o CO27?

Natural Human-Enhanced

J&;/« Naturally occuring greenhouse Burning fossil fuels emits Q\\Q\
(% gases trap some heat from the sun greenhouse gases that trap more gv
(f,é to maintain a livable climate. heat & cause additional warming. g"
) S

CREENHOUSE Gpgpe N CREENHOUSE BASES J f



The relative warming potential of the
most important greenhouse gases

«——— Carbon dioxide = Global warming potential of 1 2 3 ’ 5 o o

28 €—— Methane Sulphur hexafluoride

Comes from both natural and human-caused sources .
Often used in electrical equipment

and semiconductor manufacturing

265 Nitrous oxide

Often used in the medical,

food, and automotive
12,400

Hydrofluorocarbons

Often used in air conditioning and refrigeration systems

11,100 16,100

Perfluorocarbons Nitrogen trifluoride

Often used in industrial processes

2 A ften in semicon r manuf rin
and semiconductor manufacturing Siisn L=ed in semiconductor manuiactiiieg

and flat-panel displays like LCDs

) Source: Globgl Warming Potentials (GWPs) given for 100 year time horizon, IPCC 2021
https://www.climatepartner.com/en/knowledge/qglossary/carbon-dioxide-equivalent
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Ciclos glaciais
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Ciclos glaciais
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Ciclos glaciais
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Mantos de gelo
durante o UMG

eSCUro = hoje
claro = ha ~25 mil anos

images from: http://en.wikipedia.org/wiki/lce_age




O MUNDO ESTA ESQUENTANDO

1.6- —— HadCRUTS

1.4- NOAAGIlobalTemp
19- - GISTEMP f’
— ERAS
1.0_ JRA_3Q
0.8- = Berkeley Earth
0.6-
0.4- )
; V\ AM p \ v
0.2- ‘ | \
f N A N
0.0- £ ' Ahx | /
\ VARV
—-0.2- \-
1850 1875 1900 1925 1950 1975 2000 2025
Yea r © Crown Copyright. Sougce: Met Office

Figure updateJdl: 09/06/2026



RECORDE DE CALOR: 2024

https://www.carbonbrief.org/state-of-the-climate-2024-sets-a-new-record-as-the-first-year-above- | -5¢/
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2025: 2° OU 3° LUGAR
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Recent trends and 2026/2027 forecasts

1.8

1.6

2024 peak
1.51°C

Temperature anomaly (°C from 1850-1900)
= B &

A~
o0

2005 2010 2095 2020 2025




@Glacier Volume
ﬁAir Temperature

in the lowest few Km (troposphere)
Water Vapor
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Geleiras /

mantos de gelo -..

Enormes
massas de gelo
gque se movem

devagar sobre a terra

https://nsidc.org/cryosphere/glaciers/questions/located.html
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https://climate.nasa.gov/vital-signs/ice-sheets/

GREENLAND MASS VARIATION SINCE 2002 RATE OF CHANGE

Data source: Ice mass measurement by NASA's GRACE \1/264

satellites. Gap represents time between missions.

Credit: NASA billion metric tons per

year since 2002
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Mass balance of the Greenland Ice Sheet
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hitps://energyeducation.ca/encyclopedia/Gigatonne
https://climate.copernicus.eu/ESOTC/2019/ice-sheets 3
https://www.nature.com/articles/s4 | 586-019-1855-2.pdf

7~ Copernicus Climate Change Service

European State of the Climate | 2019
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Geleira McCarty,
Alasca

http://www.windows2universe.org/teacher_resources/teach_glacier.html




Geleira Blomstrandbreen
Svalbard, Noruega

https://www.theguardian.com/environment/2024/nov/05/people-do-not-want-to-believe-it-is-true-the-photographer-capturing-the-vanishing-of-glaciers
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Global sea level difference from 1993-2010 (mm)
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Global sea level difference from 1981-2010 (mm)
Palmer et al. 2021
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Kopp et al. (2016)

0 - Kemp et al. (2018)
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As ondas de calor estao aumentando em quase toda parte

Confidence in human contribution

North to the observed change
America Europe eee High
e e Medium

@ Low due to limited agreement
Asia © Low due to limited evidence

Small
Islands

Central

America
E E Small
‘ Islands
Type of observed change
in hot extremes
O Increase (41) South Afri
America rea :

Q Deciesse () Australasia
} Low agreement in the type of change (2)

' J Limited data and/or literature (2)

L Type of observed change since the 1950s



(C) Number of days exceeding
90th percentile (TX90p)

Tendéncia, dias
de calor extremo
(1960-2018)

Colour| Significant trends ﬂ FEp— m

$xxx%| Non-significanttrends -8 -6 -4 -2 0 2 4 6 8
No data days / 10 years




CLIMATE CHANGE-FUELED EXTREME HEAT

Average annual extremely hot summer days made at least 2x more likely by climate change

12
10
8 .

b

4 ..
2

L e I T

1970s 1980s 1990s 2000s 2010s 2020-2024

DENVER

Average annual summer (June-August) days with maximum temperatures at or
above 96.1°F (local 95th percentile) and a Climate Shift Index level of 2 or higher.

Source: ERAS and Climate Central's Climate Shift Index system. CLIMATE C.D CENTRAL
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MORE RISKY HUMID HEAT

Days with heat index of 80°F or higher
f

+3()

DAYS
1979 BATON ROUGE 2023




Tempestades mais intensas em algumas regioes

onfidence in human contribution

North to the observed change
America Europe eee High
e e Medium

@ Low due to limited agreement
Asia © Low due to limited evidence

Small
Islands

Central

America E E
Small
, Islands
Type of observed change
in heavy precipitation
O Increase (19) South Afri
America Lo :
C] Decresse ) Australasia
>

[ ] Low agreement in the type of change (8)

. o .
W Cnite dasnrkGRE e 1E) Type of observed change since the 1950s



HEAVIER DOWNPOURS

Change in precipitation on heaviest 1% of days

w % CHANGE
‘ +Th 'ﬂ. 1958-2021
xﬂ " +60%
’ | 40%
+17% _‘) . 304
_ ‘ 0"—“\' 20%
. +21% “ +37Y% 0%
n AR
< ‘ | 0
= | +21% ’ -24%
) ‘\.f.u
S USGOR 2053 Fifth Natiopal Clfhate Asscsommertt. . CLIMATE CeD CENTRAL
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Como sabemos que as mudancas que vemos
vem das atividades humanas?

Deteccao: COMO as coisas mudaram?
Ex.: esta ficando mais quente?

Atribuicao: POR QUE as coisas mudaram?
EX.: esta ficando mais quente por causa das
emissoes antropicas de gases de efeito estufa?



Concept diagram of climate modeling  **

3-D grid box emitted and momentum  incoming
(CO2, dust, H20) reflected radiation (winds) solar radiation

Modelos
climaticos ’
programas de computador que simulam ’
o estado do sistema climatico com base o
em forgantes prescritas (vulcoes, 7
GEE, variabilidade solar etc.) {_momentum
(currents)

mountains /. land \

. Lo L ' “ heat transfer
Ferramentas importantes para a atribuicao weather N \\ (ocean to atmosphere)
e o0 estudo do clima futuro system &
». water
\ vapour

a classe mais comum de modelo climatico
€ 0 modelo de circulacido geral (MCG)

https://www.nature.com/articles/s41612-025-00955-8 SOUI‘CGI 2000 W.F. Ruddiman



Hotter

What’s Really Warming the World?

Skeptics of manmade climate change offer various natural
causes to explain why the Earth has warmed 1.4 degrees
Fahrenheit since 1880. But can these account for the
planet’s rising temperature? Watch to see how much
different factors, both natural and industrial, contribute

to global warming, based on findings from NASA’s
Goddard Institute for Space Studies.

1880
- [ D U N BN BB

Colder 1880 2014 Based on an interactive by Bloomberg




Em 2019, o
mundo ja tinha
aguecido
~1,1 °C desde
1850-1900

2010-2019 relative to

1850-1900
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2010-2019 warming rékative to

1850-1900, assessed from
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-1.0



SO os GEE
humanos
teriam
aguecido
O mundo em

1.90

2010-2019 relative to
1850-1900
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2010-2019 warming réfative to
1850-1900, assessed from

attribution studies
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Mas outros
fatores humanos
(aerossais,
mudanca no
uso da terra)
compensaram
parte desse
aguecimento

2010-2019 relative to

1850-1900
S
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1.0

0.5

0.0

0.5

-1.0

2010-2019 warming réfative to
1850-1900, assessed from
attribution studies

Outros
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(p- ex.,
aerossois)
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Somados,
todos os
forcamentos humanos
agqueceram o

planeta em 1,1°

2010-2019 relative to

1850-1900
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2010-2019 warming réfative to

1850-1900, assessed from
attribution studies
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SO os
modelos que
incluem
fatores humanos
conseguem
reproduzir
aproximadamente o
aquecimento
observado

httpsi//www.ipcc.ch/report/aré/wg | /downloads/report/IPCC_AR6_WGI_SPM.pdf
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A mudanca climatica ja esta aumentando a
severidade e o risco de muitos eventos extremos

Heat (261)

67 Inconclusive

81 Had no influence

rbonbrief.org/attribution-studies/index.html

® /43 More severe or likely @ 76 Less severe or likely

https://interactive.ca



A mudanca climatica ja esta aumentando a
severidade e o risco de muitos eventos extremos

Heat (261)
0000000000000 00000 0000000000000 00000OCOFCOCYYIYIYOIORIYOYRYYYS
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0000000000000 0000000000000 0000000000O0OFOCFCYRYRYOYOYOPYORYYYTYS
0000000000000 0000000000000 0000000000000V OCVOCTYYIOIOYYINYNY
0000000000000 000 0000000000000 000000000OFCVOOCRYYIOINRYIYIYNY

Rain & flooding (223)

® /43 More severe or likely @ 76 Less severe or likely 81 Had no influence 67 Inconclusive

https://interactive.carbonbrief.org/attribution-studies/index.html



A mudanca climatica ja esta aumentando a
severidade e o risco de muitos eventos extremos

Heat (261)

Rain & flooding (223)

Drought (121)

® /43 More severe or likely @ 76 Less severe or likely

https://interactive.carbonbrief.org/attribution-studies/index.html

Wildfire (50)

81 Had no influence

67 Inconclusive



Como sera o futuro?

Uncertainty in Global decadal mean ANN temperature

Os modelos climaticos

sao nossa principal ferramenta
Muitas fontes

de Incerteza

Incerteza
NAO significa que

nao sabemos nada
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As principais incertezas mudam com o tempo

Uncertainty in Global decadal mean ANN temperature
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As principais incertezas mudam com o tempo

Uncertainty in Global decadal mean ANN temperature
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As principais incertezas mudam com o tempo

Uncertainty in Global decadal mean ANN temperature
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Confianca

“Nos relatorios do IPCC, a confianca
e expressa qualitativamente e indica
0 grau de certeza de que os resultados
cientificos sao validos. Ela depende
do tipo, da quantidade, da qualidade
e da consisténcia das evidéncias’

Confidence Terminology Degree of confidence in being correct

Very high confidence At least 9 out of 10 chance
High confidence About 8 out of 10 chance
Medium confidence About 5 out of 10 chance
Low confidence About 2 out of 10 chance
Very low confidence Less than 1 out of 10 chance

https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/

E Statement of fact

Very high confidence

High confidence
o—— Medium confidence
o—— Low confidence

o—— Very low confidence



Probabilidade

“A certeza dos resultados cientificos € entao descrita por meio de
probabilidades. Os resultados sao avaliados de forma probabilistica a partir de
observacoes, resultados de modelos ou avaliagao especializada.”

Likelihood Outcome probability

Virtually certain 99-100%

Allison Crimmins: Extremely likely 95-100%

Very likely 90-100%

“Quando vocé olha um produto na Likely 66-100%

Amazon, o numero de estrelas More likely than not ~ >50-100%
é a probabilidade e o About as likely as not  33-66%

nimero de avaliagdes é a Unlikely 0-33%
confianca.” Very unlikely 0-10%

Extremely unlikely 0-9%
https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181 EX Cep t,onally Un l, ke Iy O- 1 0/0

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/




Temperatura e precipitacao (terra)

(a) Global temperature change
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Simulated change at 2°C global warming

Temperatura

Generalizada, unidirecional;
resposta robusta dos modelos;

Coerente com os padrdes observados Simulated change at 4°C global warming
(p. ex. aquecimento maior sobre a terra,
amplificacao polar)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 -->
Change (°C)
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Temperaturas extremas
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Mudancas nos extremos de calor de {0 anos

Future global warming levels
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Mudancas nos extremos de calor de {0 anos

Future global warming levels

1850-1900 Present 1°C 1.5°C
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Mudancas nos extremos de calor de {0 anos

Future global warming levels
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Mudancas nos extremos de calor de {0 anos

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C 4°C
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Simulated change at 2°C global warming

Precipitacao
(chuva + neve)

Resultados robustos para algumas areas: altas
latitudes mais umidas, subtropicos mais secos;

Maior incerteza por envolver mais processos
(umidade, estabilidade, energia etc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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M Seas agricolas e ecolégicas em regadmseogirqrmuc dakmmtie dedianes ento d

ancas nas chuvas intensas de 10 anos

Future global warming levels
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M Seas agricolas e ecolégicas em regadmseogirqrmuc dakmmtie dedianes ento d

ancas nas chuvas intensas de 10 anos

Future global warming levels
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Secgs agricolas e ecoldégicas em regabms
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Secgs agricolas e ecoldégicas em regabms
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Simulated change at 2°C global warming

Umidade do solo
e SeCa

Resultados robustos para algumas
areas: altas latitudes mais
umidas, subtropicos mais secos;

Maior incerteza por envolver
mais processos (umidade, estabilidade,
energia etc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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Secas agricolas e ecolodivEntaileckfiGhmsosprocesso de sec
Mudancas nas secas de umidade do solo de 10 anos

Future global warming levels
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Secas agricolas e ecolodivEntaileckfiGhmsosprocesso de sec
Mudancas nas secas de umidade do solo de 10 anos

Future global warming levels
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Secas agricolas e ecolodivEntaileckfiGhmsosprocesso de sec
Mudancas nas secas de umidade do solo de 10 anos

Future global warming levels
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Gelo marinho do Artico

(b) September Arctic sea ice area
10¢ km?
10

1950 2000 2015 2050 2100
https://lwww.ipcc.ch/report/arb6/wg | [#5PM 88
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Elevacao do nivel do mar e inundacoes costeiras

MHHW stands for Mean Higher High Water, which is defined as the average of the highest observed water level at the selected location on each tidal day during the period 1983-2001

Flooding days during the 21st century

The graph below shows the number of days per year that sea level in Montauk, NY is projected to exceed 53 cm above MHHW.
» Read more

NOAA Sea Level Rise Scenarios ®

Choose the local mean sea level projection(s) to use:

350 NOAA Intermediate
mmmmm NOAA Interm. Low
mwmm NOAA Interm. High
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https://sealevel.nasa.gov/flooding-days-projection/



Fatores de impacto climatico

BAR CHART LEGEND
B Regions with high confidence increase

B Regions with high confidence decrease

b B M B ALl B K B U NUMBER OF LAND & COASTAL REGIONS

O Extreme heat

Exemplo: calor extremo
50/55: regides vulneraveis

BN 49/50: alta confianca em aumento do risco
1/50: confianca media em aumento do risco

https:/lwww.ipcc.chireport/arélwg | 1#SPM https://interactive-atlas.ipcc.ch/



Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected

to increase or decrease with high confidence (dark shade) or medium confidence (light shade)
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REFLEXAO

QUAL E O PONTO MAIS CONFUSO
ATE AQUI? OU SEJA, O QUE
FICOU MENOS CLARO PARA VOCE?



MITIGACAO DA
MUDANGCA CLIMATICA
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Temperature change rel. 1850-1900 (°C)

(a) Temperature response to net-zero CO, by 2070
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IDENTIDADE DE KAYA

G E F
GHG . . =P*—%_—%_—
emisSsSoesS P G E
P = populacao mundial
G = PIB mundial

E = consumo mundial de energia
F = emissOes de GEE de origem humana (combustiveis fosseis)



IDENTIDADE DE KAYA

G| E F
GHG . = PH—[f—*_—
emissoes Pl G E
/
PIB per capita

(consumo econdmico)




IDENTIDADE DE KAYA

G |E| F
GHG = P#*—#—lx_
eMmISSO0eS P G ‘ E

L

intensidade energética

(Quanta energia por unidade de
producao econémica)




IDENTIDADE DE KAYA

G E | J

GHG . . =P* '
emissoes P G E
Vs

Intensidade de emissoes
da energla
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IDENTIDADE DE KAYA

pG PE PF
GHGemissées =P =E
PG| E

melhorar a migrar para
eficiencia renovaveis

reduzir o
consumao
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Global greenhouse gas emissions by sector and end use, 2023

>76% das
emissoes de GEE
vém do uso

final de energia
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Global greenhouse gas emissions by sector and end use, 2023 103

>76% das
emissoes de GEE
vém da energia

. WORLD
&\;3;\ RESOURCES

INSTITUTE

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Global greenhouse gas emissions by sector and end use, 2023

Eletricidade + calor
e transportes:
maior componente
das emissoes
de energia
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\/Q/\ RESOURCES
"% INSTITUTE

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors
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Trends in sectoral emissions, 1990-2023

Emissions for industrial processes, electricity/heat and transportation sectors are growing fastest

Electricity/Heat (Energy Subsector) Transportation (Energy Subsector)

MtCO2e MtCO2e

8,000
15,000

6,000

10,000
4,000

5000

2,000
7\\/, WORLD
Q/\/\ RESOURCES
A4 INSTITUTE 0 0

1990 2023 1990 2023

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Sector/Subsector

106
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Flow of global greenhouse gas emissions in 2023 &\/3;\ KESOURGES

A7 INSTITUTE

Sector () Energy (@ Industrial Processes ([ Agricuiture () Land Use, Land-Use Change and Forestry () Waste

End Use

Electricity and Heat 33.6%

Buildings 6.3%
Other Fuel Combustion 1.2%

Buildings

Commercial Buildings 7.2%;
Fishing Energy,Use 1.8%

- i
-

-~

=

- Chemical;andpetrochemical 6.5%

77\

Manufacturing and Construction 12.2%

Transportation 14.3%

International Bunker 2.4%

72.3% C02

———y
1.8% Non‘ferrousmetals.

0.5% Transport.equipment
1:3% Food and tobacco

Road 12.7%

Fugitive Emissions 6.8%

Industrial Processes 6.2%

Agriculture 12.3%

Waste 3.8%

=
Flared 11%

Vented 4.2%
Cement:3%)

Livestocki&Manure!6:6%

Rice|Cultivation!1:4%)
AgriculturelSoilst3:7%)

Landills{2/4%;

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors

P
0.6% Transmission and distribution

19.3% CH4

5.6% N20
2.8% F-Gases




Energy
supply

Agricultura, L
florestas ~2
e outros
usos da terra

(AFOLU)

Total: 59 Gt CO -eq
(2019)

Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do not add to exactly 100% due to rounding to two significant figures.
Credit: Dr. Priya Donti



GHG Emissions (GtCO,-eq yr™)

10

(Og)

a. AFOLU global trends in GHG emissions and removals

10'Gt 11'Gt
—0.5%/yr | +1.4%/yr |

LULUCF (CO,)

Enteric Fermentation (CH,)

Managed soils and pasture (CO,, N,0)
Rice cultivation (CH,)

Manure management (N,0, CH,)
Synthetic fertilizer application (N,0)
Biomass burning (CH,, N,0)

https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-7/

1990 2000 2010

+1.6%/yr
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Annual CO, emissions by world region Our World

Emissions from fossil fuels and industry® are included, but not land-use change emissions®. International aviation
and shipping are included as separate entities, as they are not included in any country's emissions.

40 billion t _International
J 4 aviation
Qual e a 1| International
35 billion t shipping
— Oceania
es Ca I a d O 1; Asia (expl. China
30 billion t . and India)
desafio da
25 billion t . ~
descarbonizacao? s
20 billion t
15 billion t — India
— Africa
—~ South America
10 billion t ~ 1 North America
(excl. USA)
— United States
5 billion t European Union
(27)
_ Europe (excl.
Otr EU-27)

1750 1800 1850 1900 1950 2000 2024

Data source: Global Carbon Budget (2025) https:/ourworldindata org/co2-emissions OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY
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CO, emissions per capita Our Worid

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

5t

World

4t

3t

2t

1%

https://ourworldindata.org/co2-emissions
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CO, emissions per capita

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

https://ourworldindata.org/co2-emissions
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Our World

CO, emissions per capita, 2024 in Dats

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes'. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.
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CO, emissions per capita, 2024

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.

20.38t

Saudi Arabia
Australia
United States
Canada
Russia

South Korea
China M S.

1448 t
142t
13.42t
12.22%
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https://ourworldindata.org/co2-emissions



Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO. emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.
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Data source: Global Carbon Budget (2025) and other sources OurWorIdinData.org/coQ-and-greenouse-gas-eissions | CC BY 114

Note: GDP per capita is measured in 2011 international-$ (PPP). This adjusts for inflation and cross-country price differences.



Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO. emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.
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Note: GDP per capita is measured in 2011 international-$ (PPP). This adjusts for inflation and cross-country price differences.



A escala do desafio
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O Acordo de Paris (COP 21, dez. 2015)

“O objetivo central do Acordo de Paris € fortalecer a resposta global a ameaca
da mudancga climatica, mantendo o aumento da temperatura global neste século
bem abaixo de 2 graus Celsius acima dos niveis pré-industriais e envidando
esforcos para limita-lo ainda mais, a 1,5 grau Celsius.”

O limite de 2° vem do economista de Yale William Nordhaus em seu
artigo de 1975: “Can We Control Carbon Dioxide?”

Baseado na ideia de que seria razoavel tentar manter a mudanca
climatica dentro dos limites da “variacao normal”

Nordhaus ressaltou que seu raciocinio era
“profundamente insatisfatorio”

http://unfccc.int/paris_agreement/items/9485.php http://theconversation /why-is-climate-changes-2-degrees-celsius-of-warming-limit-so-important-82058
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+4°C

+3°C

+2°C
ot —— 1.5°C PARIS AGREEMENT GOAL CAT Wa leﬂg DI'OJeCtIOﬂS
WE ARE HERE Global temperature
1 L BAIINg increase by 2100

November 2025 Update

PRE-INDUSTRIAL AVERAGE

e Resultados climaticos dos cenarios

increase

by 2100 atuais e comprometidos

https://climateactiontracker.org/global/cat-thermometer/



Policies & action 119
Real world action based on current policies t

+4°C

Policies
& action
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il ___ 1.5°C PARIS AGREEMENT GOAL CAT wa rming projections
WE ARE HERE Global temperature
1 L BAIINg increase by 2100

November 2025 Update

PRE-INDUSTRIAL AVERAGE

e Resultados climaticos dos cenarios

increase

by 2100 atuais e comprometidos

https://climateactiontracker.org/global/cat-thermometer/
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Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
B 2030
Policies érzgogé
& action only
+3°C
+2.6°C
+2°C
+1.5°C § ~ E
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W AREHERE Global temperature
1.3°C Warming :
e s increase by 2100
. November 2025 Update
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https://climateactiontracker.org/global/cat-thermometer/
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Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
Pledges & targets
+4°C Based on 2030 & 2035 NDC targets* and
2030 submitted and binding long-term targets t
. s & 2035
Policies targets
& action only
. Pledges
#3C & targets
+2.6°C
+2.2°C
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1.3°C Warming :
e s increase by 2100
. November 2025 Update
PRE-INDUSTRIAL AVERAGE

e Resultados climaticos dos cenarios

increase

by 2100 atuais e comprometidos

https://climateactiontracker.org/global/cat-thermometer/
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Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
Pledges & targets
+4°C Based on 2030 & 2035 NDC targets* and
2030 submitted and binding long-term targets t
Polici & 2035 P g
OlicleS  rargets Optimistic scenario
& action only Best case scenario and assumes full
Pledges implementation of all announced targets
+3°C & targets including net zero targets, LTSs and NDCs*
+2.6°C Optimis.tic + Temperatures continue to rise after 2100
° sceni:rlo * |f either 2030 or 2035 NDC targets are weaker than projected
"'2-2 C +2.4°C emissions levels under policies & action, we use levels from
— i !
+2°C +1. 9° C Policies & action
+1.5°C +1.5°C
—— 1.5°CPARIS AGREEMENT GOAL CAT warmi ng prOJectlonS
WEAREHERE Global temperature
1 L BAIINg increase by 2100
November 2025 Update
PRE-INDUSTRIAL AVERAGE

e Resultados climaticos dos cenarios

increase

by 2100 atuais e comprometidos

https://climateactiontracker.org/global/cat-thermometer/
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2035 EMISSIONS GAPS

CAT projections and resulting
emissions gaps in meeting the 1.5°C
Paris Agreement goal

—Policies & action

Historical
incl. LULUCF b

Target Implementation
gap gap
26 - 31 31-37
GtCOze GtCOze

1.5°C emissions gaps in 2035

Gaps are calculated against the median ﬂﬁ‘i?ate Nov 2025
E Lt ° ction
of the benchmark emissions for 1.5°C. Tracker Update

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

https://climateactiontracker.org/global/cat-emissions-gaps/



Paises: contrlbmgoes propostas

If all countries followed the rated
country's approach, warming
could be held below—but not well
below—2°C for the "Almost
Sufficient” category. For the
“Insufficient” category, the range is
2°C to 3°C, for the "Highly
Insufficient” 3°C to 4°C, and for
“Critically insufficient” above 4°C.
Given that the overall rating is an
aggregate of different elements,
we do not provide a warming
range for it

http://climateactiontracker.org/countries.html
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ADAPTACAO A MUDANCA
CLIMATICA

Robustez: resistir a uma série de
cenarios sem impacto ou com impacto minimo

Resiliéncia: recuperar-se rapido apds um impacto



TODO aquecimento evitado € aquecimentdys

ao qual nao teremos de nos adaptar
(mesmo sem cumprir as metas de Paris)
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ADAPTACAO

A Incremental adaptation through

.
adaptation through ( / learning and feedback
- successful copin .
Adapting s .
—p
C Coping to maintain
Coping

status quo, undertake
adaptive strategies
\ \ \ where possible

No
am
response =

) D Increased E Maladaptive outcome
Maladapt"‘g vulnerability through of strategies initially set

inaction out to help adapt 128




Spectrum
(Worst to Best)

Outcomes

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fi

Target population
irreversibly more
vulnerable to climate
change

Target population more
vulnerable to climate
change, still fixable

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on

choices/Future adaptation

opportunities in future
undermined

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Others adversely
affected by strategy

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Ineffective
Adaptation

Strategy has
negligible
positive or
negative impact

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Vulnerability to climate
change addressed

Root causes of vulnerability
addressed through system
transformation

Espectro de resultados possivels
das estrategias de (ma) adaptacao

2




Spectrum
(Worst to Best)

Outcomes

Target population
irreversibly more
vulnerable to climate
change

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Higher vulnerability to
climate change than
before, vulnerability new
or different

Pathway Lock-in based on
choices/Future adaptation

opportunities in future
undermined

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

A adaptacao eficaz aumenta

a resiliéncia de curto e longo prazo;
gera cobeneficios

e exige cooperacao

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2

Ineffective
Adaptation

Strategy has
negligible
positive or

negative impact

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability

still remain

Small-scale irrigation is
developed for farmers,
but climate change
continues to pose
challenge for agriculture

Vulnerability to climate
change addressed

Mediation groups with
upstream/downstream
users are established to
help create sustainable
quotas for water use,
making everyone happy,
building social capital

Root causes of vulnerability
addressed through system
transformation

Few or no real-world
examples exist — this is
an ideal outcome




Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Sell land when value almost
nothing due to climate
pressures, quit farming to
do wage labour in climate-
sensitive sector likely to
result in loss of
employment in the near
future

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Maintain land but engage in
seasonal wage labour
elsewhere, missing
opportunities to improve
farming conditions, making
changes to livelihood strategy
costly or impossible

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Develop irrigation that
extends life of farming
practices in the location,
creates significant water
stress downstream leading
to new climate change
vulnerability

Short-medium
term effectiveness,
no negative
consequences in

Ineffective the long term

Adaptation

Long-term
positive impact

Transformation to
climate resilient
pathway

Strategy has
negligible
positive or
negative impact

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Vulnerability to climate
change addressed

Root causes of vulnerability
addressed through system
transformation

A ma adaptacao pode gerar
beneficios de curto prazo, mas

criar conflitos e nao levara
a sustentabilidade de longo prazo




ALEM DISSO, a adaptacao é mais facil e

eficaz com niveis menores de aguecimento

Agro-forestry 1.5°C

2°C
and forestry 0
4°C

Changes in cropping 1.5°C |
pattern and crop system gg
4°C ]
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. - : Climate
Biodiversity measures change
(& corresponding sections in the main text)

Cobeneficios mitigation

Avoiding deforestation (2.1) +
e tra d e —Offs Avoiding degradation of permafrost areas
+
(2.1)
p Reforestation, avoiding forests degradation +
d dCdO 2.1
I. , t Coastal restoration (2.1) +
C Ima ICa Restoring degraded semi-arid ecosystems )
(2.1) '
Restoring inland wetlands (2.1) ?
Contribution to climate change mitigation Reliability of the mitigation outcome
Significantly positive, strong scientific evidence Indirect positive ++ High
Potentially positive, incomplete evidence & quantification Loose or non-existent link + Medium

Unresolved, lack of evidence, system-dependent, tradeoffs Negative, strong scientific evidence  ? Unresolved, lack of evidence

i wiley.com/doi/pdfdirect/10.1111/gcb.16109




Reflecting solar radiation Geoengenharia
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Reflecting solar radiation
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Nao e teorico...

Inside Climate News raereemns s |nsight: How two weather balloons led
Mexico to ban solar geoengineering
Nistios & Healt By Cassandra Garrison / N ( N ¢ ‘
. - March 27, 2023 4:02 PM EDT - Updated March 27, 2023 ‘ D ‘ ‘ Aa ’ ‘ < ‘

An Indigenous Group’s Objection to
Geoengineering Spurs a Debate About Social
Justice in Climate Science

The Sami people of Northern Sweden say blocking out the sun with
reflective particles to cool the earth is the kind of thinking that
produced the climate crisis in the first place.

By Haley Dunleavy
July 7,2021

PLANET

A Private Company Wants to Block
the Sun, Responsibly

Stardust sold geoengineering to investors. Now it needs to sell it to the Climeworks Signs firSt AI car bon removal deal
public.

By Molly Burgess
By Alexander C. Kaufman ‘

8 hoursago - 2 min read [J Bookmark



Marn climeworks (usina Mammc;th) ﬂlty

Located in Iceland, Mammoth is about ten times bigger than its predecessor
plant, Orca.

®* Empresa: ClimeWorks, local: Islandia

® Movida 100% a energia renovavel (geotérmica);
capacidade maxima prevista de 36.000 t de CO2 por ano A_
(na pratica, um pouco menor) |

® Emissdes humanas globais anuais de CO2: ~38,6
BILHOES de toneladas (2024)

® Para neutralizar essas emissdes de CO2, seriam necessarias
~1.072.222 usinas como esta com capacidade equivalente
(p. ex. movidas totalmente a energia renovavel).

https://climeworks.com/news/the-carbon-removal-production-waterfall




Desvantagens da RDC

Pode ser cara de
Implementar em grande escala

Os beneficios climaticos podem
demorar a aparecer

Pode ter outras
consequéncias imprevistas
para os ecossistemas (p. ex.,
fertilizacdo dos oceanos)

Desvantagens da GRS

Exige manutencao continua,
0 que pode ser caro

Nao resolve em nada o problema
da acidificacao dos oceanos

Pesadelo de governanca global

Pode ter outras consequéncias

climaticas imprevistas (p. ex. chuvas)

NENHUMA DELAS FOI COMPROVADA NA ESCALA
NECESSARIA PARA ENFRENTAR A MUDANCA CLIMATICA (AINDA).



A unica coisa que sabemos que funciona
e deixar no subsolo

a) CO, emissions (billion tonnes per year) | ¢) Warming relative to 1850-1900 (°C)

50

40 4 .
- Net Zero scenario
| 2.0-

Emissions, IPCC —p 15-

Glossary definition

30

20 -

10 4

10 ...stabilizing global
0 - . temperature
e —————————————————
-10 e y 0.5 Mid-range response,
assive uptake constant post-2020 @ -
-20 by land & ocean non-CO, forcing 5508
0.0

| | | | | | | ]
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https://www.nature.com/articles/s41586-024-08326-8 141




Relembre a sessdo. Quais sao as
trés coisas que voce mais quer
lembrar? Reserve 60 segundos



MAIS EMISSOES = MAIS AQUECIMENTO
SO para quando as emissoes param

Evitar o pior exigira TANTO
adaptacao quanto mitigacao

Qualquer decisao de politica precisara considerar muitas
Incertezas sobre a resposta do sistema climatico,
0s cobeneficios e os trade-offs

As propostas de geoengenharia sao, no maximo, paliativos
e nunca foram comprovadas em grande escala
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