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Estamos mudando nosso planeta rapidamente e de muitas formas
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Quais sdo os efeitos destas mudancgas?
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! i . Planetary Boundaries
Estimativas da evolugao A safe operating space for humanity

quantitativa de variaveis de
controle para alguns limites
planetarios desde niveis
pré-industriais até o

Climate
change

presente

Beyond zone of uncertainty (high risk)
M In zone of uncertainty (increasing risk)
Below boundary (safe)
B Boundary not yet quantified

Science Fev 2015
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Nosso planeta
em mudanc¢a, nos
compartimentos:
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
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Solar Inputs
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Hydrosphere:
Ocean Land Surface

Ice-Ocean Coupling T ‘ . Changes in the Cryosphere:
Hydrosphere Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Rivers & Lakes
Changes infon the Land Surface:

Changes in the Ocean: -
£ Orography, Land Use, Vegetation, Ecosystems

Circulation, Sea Level, Biogeochemistry



Nosso clima depende das interacoes entre a biosfera e a atmosfera
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Perturbacoes humanas no ciclo do carbono global
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Perturbacdes humanas no ciclo do carbono global

(Global Carbon Project 2010)
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Global carbon dioxide budget
(gigatonnes of carbon per year)

1990-2000
2000-2008
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budget for 1990-2000
(blue) and 2000-2008 (red) (GtC
per year). Emissions from fossil-fuel and land-
use change are based on economic and deforestation
statistics. Atmospheric CO, growth is measured directly. The
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the balance of the other terms.



Para onde vao as emissoes antropogénicas de CO, (média 2002-2011)
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Source: Le Quéré et al. 2012; Global Carbon Project 2012




A atmosfera terrestre € MUITO fina:
80% da massa esta em até 15 Km...
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ento de CO, é devido as emissdes antropogénicas
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 Concentragéo de CO2 na 4gua do mar (pCO2) e pH
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Em 1896, a primeira previsao
climatica de Svante Arrhenius

7
%

e Arrhenius quantifies in
g 1896 the changes in
surface temperature
(approx. 5 C) to be
expected from a
doubling in CO,, based
on the concept of
“glass bowl” effect
introduced in 1824 by
Joseph Fourier

)




Pre-industrial Concentratio
Name concentration  in 1998

(ppmv ™) (ppmv)

Water vapour 1103 Tto3
Carb?cl;l Odzi;:xide 280 365

M(%I:Er)\e 07 1,75
Nitrw:oo)xide 027 0,31

HFC 23 (CHF5) 0 0,000014

e

HFC 134 a
(CF3CH,F)

HFC 152 a
(CH3CHFy)

0 0,0000075

0 0,0000005

Perfluoromethane 0,00004 0,00008
(CFy)

Perfluoroethane
0 0,000003
(CoFe)

Sulphur
~ hexafluoride (sFg 0 0,0000042
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lifetime
(years)

a few days

variable
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. : 296
industrial processes

electronics, refrigerants 12 000

refrigerants 1300
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aluminium production 5700

aluminium production 11 900

dielectric fluid 22 200
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Circulagao oceanica global: Redistribuicao de energia

Deep-water formation in the Northern Hemisphere has long received much attention as the
axis of climate change. The upwelling branch in the Southern Ocean is now being recognized

as a vital component of our climate system and an equally important agent of global change.
Marshall and Speer Nature Review, 2012
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Anomaly (°C) relative to 1961-1990
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tando..., 1959 - 2008
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Trend in ocean surface temperature (°C, 1959 - 2008)
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O efeito estufa natural

CH
Nzg “'Water Vapor
03 6%
8% ‘
\ Water Carbon Dioxide
Carbon
Dioxide Vapor

26%0 'Ozone

“Methane,
Nitrous Oxide

As nuvens também afetam o calor em nosso planeta
Kiehl and Trenberth 1997
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Umidade na atmosfera global
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Influencias antropogénicas no ciclo da agua global
Aumento da umidade atmosférica
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inentais para 2001-2010.
d using 1951-2000 base period
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Emitted Resulting Atmospheric P i PR - Level of
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s observagoes sao explicadas
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~ Quanto tempo
~ o efeito do CO,
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Aonde estao os limiares de desestabilizacao do clima terrestre?

© National Geographic Society




s for 2001-2010. departures in mm/
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5 mudancas globais
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IPC Working Group 2 - Impactos Adaptacao e Vulnerabilidades
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Sustentabilidade em um planeta urbanizado

* Se o0 adicional de 3.2 bilhées de pessoas em 2100 vao viver
em cidades de cerca de 1 milhdo de habitantes, vamaos ter
gue contruir 3.200 cidades de 1 milhdo de pessoas cada em
89 anos, ou seja:

* 7 1 nova cidade de 1 milhdo a cada 10 dias!!!




mos tracar?

(a) Our world (b) Opportunity space (c) Possible futures

A

High resilience = Low risk

Multiple stressors (e) CLIMATE-RESILIENT
including PATHWAYS

climate change

\

(d) Decision points -

. Biophysical stressors
. Resilience space
I Social stressors

(f) PATHWAYS THAT
LOWER RESILIENCE

Low resilience High risk
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Climate-related drivers of impacts

Level of risk & potential for adaptation

Potential for additional adaptation
. toreducerisk .
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Cenadrios futuros de clima-
Ameérica do Sul-Extremos

Cenarios futuros de clima para América do Sul
derivados do Eta CPTEC 40 km (modelo
regional) forcados com o modelo global
HadCM3 A1B sugerem que as mudancas de
clima apresentam_

Mudangas na chuva
(%) em 2071-2100
relativo a1961-90.

Amazonia e
Nordeste do Brasil
W)deficiéncia de
chuvas

Sudeste da America
do Sul{¥) aumento
nas chuvas

BOW 75U TOW GBS 6OW  SSW  SOW 454 4CW asw 300

Projecoes ate finais do Século XXI
mostram mudancas nos extremos de
chuva, com chuvas mais intensas ou
com mais areas com seca extrema

Aumento na
freqiiéncia de
chuvas intensas
em 2071-2100
relativo a 1961-90

Aumento no
numero de
dias secos
consecutivos
em
2071-2100
relativo a
1961-90

Marengo et al 2012,
Chou et al 2012



2mperatura io na América do Sul

Annual Temperature DifEtancaFiam Annual Precipitation Difference from
1986-2005 mean (°C) 1986-2005 mean (%)
20 0 20 40

mid-21st century late-21st century mid-21st century late-21st century

RCP8.5
RCP8.5

RCP2.6
RCP2.6

Little or
no change

Very strong
agreement

Strong
agreement

Divergent
changes

Solid Color
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Agricultura e producao de alimentos com
menor emissao de gases de efeito €
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A Governanca das mudancas globais e as interconexoes

RIO+20
United Nations Conference
on Sustainable Development

Financial
“Crisis
8

i
Mater)al
Elows
@

I 5,1 Infrastructure B
it Frag|l|ty Biodiversity =

 Conflict loss
¥ Emerging )
Techn‘ologles
Migration

(geoengineering, nanotechnnlogy etc.)

Dificuldades de acordos
internacionais:

E os paises com baixa emissao per
capita?

GOVERNANCE ECONOMIC

SVaTEMS \/ symms\/

Seemeuse | A1/ Paises desenvolvidos aceitam
=i )f  reducdao em seu nivel de consumo?

Acidification®
Bt

Water
Security

; L ‘Pollutjpn‘ - FDDd
: ~ Security

Quem paga a conta?

D/cean
Dead'Zones

S - Quem perde e quem ganha
R\ economicamente?

Prazos para redugao de emissoes?
Interconnected global challenges. Global Risks Report (2011) Muitos etc.
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Obama, Bibi and peace
Britain’s privacy mess
~ The costly war on cancer

How the brain drain reduces poverty
MAY 2871-JUNE 140 2013 Economist.com A soft landing for China

The Economist, 2011



Um futuro muito
incerto éﬁum' '
planeta mais

quente? m retorno

a condigi‘)es

O antropoceno em 2014:
Para onde estamos levando o planeta?






