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Transformations

% Olhando para o futuro

Development Goals

As seis grandes transformacgoes necessarias para o mundo em 2050
Energia Consumo e Producao
Decarbonizagdo, eficiéncia, . B Sustentaveis
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Intensificagao
sustentavel,
oceanos,
biodiversidade,
florestas, agua,
dietas saudaveis,
nutrientes

Sustentavel:
* Prosperidade
* |Inclusao social
e Sustentabilidade
e Paz social

Digital
Inteligéncia artificial,
big data,
biotecnologia,
nanotecnologia,
sistemas autondémos

Cidades

Moradia, mobilidade,

& Demografia

iy el Educacao, saude, envelhecimento,
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Adaptado de The World in 2050



Os 17 objetivos do
desenvolvimento
sustentavel

adotados pela ONU [

Y

O desenvolvimento
sustentavel é definido como
o desenvolvimento que
procura satisfazer as
necessidades da geracao
atual, sem comprometer a
capacidade das futuras
geracoes de satisfazerem as
suas proprias necessidades.
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Como construir um espaco seguro e justo para nossa humanidade?
Combinando o Sistema Terrestre com aspectos sociais

mudanca climatjc,

agua

alimento

educacao
resiliéncia

voz ativa

Precisamos de sdlida ciéncia interdisciplinar para construir este espaco



Solid science on climate change and impacts
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A evolucao conjunta da Vida e da Geologia em nosso planeta

Triassic period

. Permian period
Jurassic period : a2

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

dated on Earth




Estamos mudando nosso planeta rapidamente e de muitas formas
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Quais sao os impactos destas mudancas?




Getting Spain’s protesters off the plazas

The ) Obama, Bibi and peace
I |:] I l I l'e ECONOMISt  mewsymronane
How the brain drain reduces poverty
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O Antropoceno se refere a época recente em

que os humanos e nossas sociedades se The Economist, 2011

tornaram uma forga geofisica planetaria
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Evolution of deforestation in
Amazonia 1975-2018

1975 1988 2018

0,5 % 5,0 % 19 %



uso do solo dominaram as
minam hoje (90%)

Annual Global Emissions

Others
Gas

1880 1900 1920 1940 1980 2000 2017



3is de CO2:
% acima de 990

Data: CDIAC}(I';:‘C—)P/BP/USC?S
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http://www.globalcarbonproject.org/carbonbudget/

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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Em 1896, a primeira previsao climatica:
Svante Arrhenius

Arrhenius Matéria de jornal de 1912!!!
guantificou em | =
1896 as mudancas B @he Roduey & Otamaten Tines
na temperatura da [ puop s ehk KapARA cazerTE
superficie (aprox. (RSSO, WIONRDLY, uoymas S
5 C) que deveriam @&
ocorrer se . e,
o “ Science Notii and News.
concentracao de B CoRSUMPTION Aiwerne
CO,, baseado nos @& ELCLNAS
conceito do efeito [, Te furmaces of the world are now
”glass bow!” y m’m caven, 3 sii Tl
introduzido em “3’;'?;,:::: roasty. s oot
1824 por Joseph B e et o i
Arrhenius I ;‘“ oo :
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Global sources and sinks of CO, in 2019

Global fossil CO, emissions: 36.8 + 2

GtCO, in 2019, 61% over 1990 [
17.3 GtCO,/yr |

: 0
32.4 GtCO,/yr 44% »
87%

Sources Sinks ;
29% |

11.6GC0,/yr g

e 13%

4.4 GtCO,/yr

Source: Le Quéré et al 2016; Global Carbon Budget 2019



Distribuicao global de CO,

dass 2006 /01/0t

" Global Modeling and Assimilation Office

http://svs.gsfc.nasa.gov/goto?11719



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



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.
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Aumento observado de temperatura de 1901 a 2012
Distribuicao espacial ndo é homogenea

Annual average warming
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Aumento da temperatura nos continentes
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1alias de temperaturas (°C)
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meédia no Brasil

Brazil
1 1 1 : 26-5
i - 10-year moving average with 95% uncertainty range |
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Evidencias de rapidas mudancas climaticas

Reduction in ice caps
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The Ocean and Cryosphere
in a Changing Climate

Summary for Policymakers
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Aumento do nivel do mar em
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Rio de Janeiro

National Geographic + USGS topography
™
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e e SESE IS
. *
' Incoming TOA imbalance 0.6£0.4 Outgoing
solar 340.2£01 Reflected solar 100.0+2 Clear-sky 239.7+3.3 longwave
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Aumento médio de temperatura Mudanca na precipitacao

esperado para o Brasil esperada para o Brasil 2071-2100
2071-2099

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

-10

Amazonia e
Nordeste do Brasil
= deficiéncia de
chuvas
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que areas oceanicas

INPE, (RCP 8.5)



Amazonia can be part of the solution: a
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Desmatamento da floresta amazonica 1977 a 2019 em km2 por ano
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Os 10 paises que mais
desmataram em 2017

Desflorestamento Brazil 4519833 ha

. I 0C 1467957 ha
troplcal no planEta -|ndunesia1.3ﬁ:,nﬁha

- Madagascar 510,357 ha
Tropical Tree Cover Loss . Malaysia 483,416 ha
| I Bolivia 453194 ha
I colombia 224870 ha

. Paraguay 360,058 ha
. Mozambique 353,01 ha

Tree Cover Loss (Mha)

. Ivory Coast 357273 ha

2000 2002 2003 2004 2005 2006 2007 2008 2009 20 20m 2002 2013 24 2005 2006 200

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

average may reprasent a 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.
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AIRS Carbon monoxide at 18000 ft
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Descarga do Rio Amazonas em Obidos, Para
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Niveis do Rio Amazonas no porto
de Manaus 1900-2015

r_;-'l'i-::"_; 1989 1999 2012 2014

1975
1994 20092013

2015
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Amplitude (m)
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. 1906 1916 1926 1936 1958 1963 2010

Amplitud 1908 £0
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4 Dados: Agéncia Nacional de Aguas - ANA
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Jochen Schongart, 2017
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Dry season length is increasing in Amazonia

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

01/01/2000

Carbon y Plants

1 2 3 456710
millions of grams per square kilometer per day

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



Satélites monitorando ciclo do carbono e variaveis acessorias

Landsat-7

cRRCER!

Suomi-NPP

ISS

Landsat-8




Amazon forest biomass distribution map in Kg/m?
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- Asynchronous carbonsink saturationin
African and Amazonian tropicalforests

Amazon

1.5 iSlope -0.018 P =0.036 {Slope -0.013 P < 0.001

Net carbon sink
(Mg C ha™! yr1)

1990 2000 2010 2020 2030 2040
Year

Africa slope 0.015
Amazon slope -0.016

P =0.167
P =0.038

Net carbon sink

1.0
05- ’\\/\_SVN
0.0 — /

Net carbon sink
(Mg C ha™" yr-7)

-/
-0.5-
b : Africa slope 0.008 P =0.037
30 carbon ga Ins Amazon slope 0.014 P < 0.001
@7
£ 3
%T 25— MIMM
cC @
52 | T
S 2 2.0
1.5~
c Ca rbon |osses Africa slope —0.008 P =0.403
Amazon slope 0.023 P =0.002
3.0
0T
8 s
8+ 254
(1]
c c
g0
T o 2.0
=
1.5-
[ I I I I I 1
'\/1'985 1990 1995 2000 2005 2010 2015

Year




stomatal pore

Decrease yotransg
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Northwest Amazon (Blue box)
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d) Southeast Amazon (Green box)
= Actual VPD (ERA-Interim) 5 —— Actual VPD (ERA-Interim)
4 + — Actual VPD (AIRS) —— Actual VPD (AIRS)
VPD (Bowen ratio (79%)) ~ VPD (Bowen ratio (0%))
= VPD(Temp + 700mb Gph+ Bowen ratio(86%)) 47 —— VPD(Temp + 700mb Gph+ Bowen ratio(70%))
34
L2015 3+

glucose (CgHi20s)

Normalized VPD

2009 flood

2 Before 2005 drought
ITITET T ETEET UV EET T 088 0T TR T BT
1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

FITETE LTS BT e CET P PR T eh ),
1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

Time (1979-2016) Time (1979-2016)

quantidade ¢
quanta umr
guando esta

O aume

Trend in Vapor Pressure Deficit (1987-2016)
| ]

5-1'0 -E'S 6 5') 210




1es for RCP 2.4, 4.5 and 8.5.
and 50% + Fire effect

Actual Potential Vegetation RCP2-2050 - 20% + Fire RCP4-2050 - 20% + Fire RCP8-2050 - 20% + Fire
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Equilibrium states

‘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
' ' ‘ Savanna enhanced by increased /intensity of
. droughts and forest fires
Amazon covered mostly by forests Forests in the Savannas in the
West East-Southeast
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

| 2 2 0 0 900
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Mo om

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

Geophysical Fluid Dynamics Laboratory

: 'Sirfiuafons F 50% and 100% deforestation and SSP1 SSP5

Shevliakova and Pacala - Exploring a World Without the Amazon 2019
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Chnges in precibitation, mm/day

SSP5, 50%

SSP1, 100%

SSP1, 50%

Geophysical Fluid Dynamics Laboratory

Shevliakova and Pacalc



The world without Amazonia in 2050...

Global effect under the ambitious pathway (100%)

Temperature change Precipitation change

AT increase: 0.25 C, A CO,: 30 ppm

Geophysical Fluid Dynamics Laboratory

g

Shevliakova and Pacala - Exploring a World Without the Amazon 2019
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How close
to the edge
do we dare

to get?

The tipping
point
issue...




Tipping elements atrisk:
o 1°C-3°C
@ 3°C-5°C
® >5°C




Feedbacks: | [
Arctic |
permafrost
methane
leakage to
the
atmosphere

Methane bursting
into atmosphere

Water (-0.5°C to -1.8°C)

Permafrost (-0.5°C to 17°C)
(perforated due to warm
temps on both sides)

Methane stores

Lithosphere
with hot mantle



Riscos: Aumento na intensidade e frequencia
de eventos climaticos extremos
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[ Geophysical events
(Earthquake, tsunami, volcanic activity)

Hydrological events
(Flood, mass movement)

Source: Munich Re (2017)
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Figure 2.22: Trends in numbers of loss-relevant natural events
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Enchentes em S3o Paulo e outros centros urbanos no Brasil

Chuva mensal em Sao Paulo de 19353 2018 °©
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Impactos na producao de alimentos
em um planeta 3°C mais quente

Percentage change in yields between present and 2050

50 20 0 20 50 100

World Economic Forum: Global Risks 2016



Predicted Extinction Risks of Biological Species

Predicted extinction risks
25%

20%
15%
10%

marine

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

Source: Urban M.C-Nature, 2015
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Limites 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 (high risk)
M In zone of uncertainty (increasing risk)
[ Below boundary (safe)
SCIen ce Feb 201 5 B Boundary not yet quantified



https://agenda.weforum.org/wp-content/uploads/2015/01/slika2.jpg
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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



Qual o futuro que queremos? O futuro do Antropoceno

Societal goals: The future we want

World views,

value, culture, _ Bt
choices Intervention Fnt ropocene
Innovation utures

Transformation

Desirable

Desirable

Path-dependent
Emerging phenomena
Intended outcomes
Unintended consequences

Plausible

Business

=
)
S as usual
2
gs]
=~
)

Intertwined  Biophysical Social
drivers constraints conditions

——Past & Present » Possible Futures
Interactions are linked across spatial,

temporal and institutional scales

Global Environmental Change 39 (2016) 351-362



=covomic | Forum Economico Mundial: O relatdrio §&s

dos Riscos Globais em 2020 8
Os 5 maiores riscos globais em termos de probabilidades 2007-2020

2007 2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Infrastructure Asset Asset price Storms and Income disparity [l Income disparity ll Income Interstate Involuntary Extreme Extreme Extreme

P oreakcdown collapse collapse ayclones disparity conflict migration weather weather weather
Chronic East China economic ll Ghina economic Extreme Involuntary Natural Climate Climate action th

PO ciccases slowdown slowdown weather migration disasters tailure falkure weather
Ol price shock: Failed and Chronic ‘Chroni Climats Natural Natural

3rd failing states diseases. lisasters disasters

Blow up in

asset prices

-

ing

=1 - e
4th or theft
Climate action
Llack: Human- -
s5th U fal I ure

B Geopolitical M socicta B Technological

o

Natural

Os 5 maiores riscos globais em termos de impactos 2007-2020 disasters

2009

2012 2m3 2014 2015 2016 2017 2018 2019 2020

Financial failure Financial failure Wl Fiscal crises Water crises te action Weapons of Climate action
failure mass
destruction
Water crises Water crises Climate action Infectious Weapons of Extreme Climate aotion Weapons of
fallure diseases weather failure
Food erises Fiscal Wiater crises. Water crises Water crises Natural Extrame i
imbalances disasters weather

Climate action Infs
C breakdown

1st

Biodiversity loss

20m
-
conflict

Sth

Human-made
. Economic . Environmental . Geopolitical . Societal . Tef;hrlulcgc.;\ environmental
disasters

P.S.: N3ao sao preocupagoes de cientistas, ONGs ou grupos ambientais, mas do WEF...

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



Fast immediate reductions on CO2 en
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Non-CO, emissions relative to 2010
Global total net CO2 emissions Emissions of non-CO: forcers are also reduced

or limited in pathways limiting global warming
to 1.5°C with no or limited overshoot, but
50 4 they do not reach zero globally.

Billion tonnes of CO,/yr

Methane emissions

40 In pathways limiting global warming to 1.5°C 1
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
30 | are reduced to net zero globally around 2050.
0 . .
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Black carbon emissions
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Global Warming of 1.5°C



Climate
Action
Tracker

2100 WARMING PROJECTIONS

Emissions and expected warming based on pledges and current policies
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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)




® 4 Brazilian iINDC

37% 43%

A few of the Brazilian iINDC commitments (Reference point: 2005):

ZERO illegal deforestation at 2030 and compensation of emissions from legal
deforestation at 2030;

Restore and reforest 12 millions hectares of forests till 2030, for multiple
uses;

Restoration of 15 millions of hectares in degraded pastures till 2030

Participation of 45% renewable energy in the energy system at 2030



™ __ EXON" Mobil’
%w& | Papel das empresas e setor privado
N2  British Petroleum

Governos respondem muito mais aos interesses empresariais do que interesses
publicos. Em geral empresas e governos tem visao limitada a no maximo 4-6 anos.
Quem pensa no planeta daqui a 50 ou 100 anos?

Papel das empresas até o momento:

Setor petrolifero: Shell, BP, Exxon sabiam nos ultimos 70 anos dos impactos.
Industria teve lucros de mais de centenas de trilhoes de ddlares. Quem paga a
adaptacao e os efeitos nos 7 bilhdes de habitantes do planeta?

Setor automobilistico: Volks, AUDI, e outros fabricantes na questao das emissoes de
veiculos a diesel: Se pudermos enganar a legislacao, o faremos.

Setor agropecuario brasileiro: Pressdao para desmatar o mais possivel a Amazonia,
para plantar soja e criar gado de modo ineficiente, ignorando o potencial futuro.

Setor privado fica com os lucros, setor publico paga os prejuizos. E justo e
eticamente correto?



CO2 emissions
per capita

High
emissions

Low
emissions

Those who contribute the least greenhouse gases
will be most impacted by climate change
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Samson et al 2011




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.

o=

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

& wy
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Transformations

% Olhem para o futuro

Development Goals

As seis grandes transformacgoes necessarias para o mundo em 2050
Energia Consumo e Producao
Decarbonizagdo, eficiéncia, . B Sustentaveis
dCesso a energla . h
- I Uso de recursos, economia circular,
Alimentos suficiéncia, poluicao
) T
[ ([ W[
Usos da Terra & . -
A Objetivos de
Biosfera Desenvolvimento Revoluga?io

Intensificagao
sustentavel,
oceanos,
biodiversidade,
florestas, agua,
dietas saudaveis,
nutrientes

Sustentavel:
* Prosperidade
* |Inclusao social
e Sustentabilidade
e Paz social

Digital
Inteligéncia artificial,
big data,
biotecnologia,
nanotecnologia,
sistemas autondémos

Cidades

Moradia, mobilidade,

& Demografia

iy el Educacao, saude, envelhecimento,
i raes:trutura Isu‘st~entave ’ ‘ s mercado de trabalho, género,
dEUSRERINI A0 L desigualdade

Adaptado de The World in 2050



Como construir um espaco seguro e justo para nossa humanidade?
Combinando o Sistema Terrestre com aspectos sociais

mudanca climatjc,

agua

alimento

educacao
resiliéncia

voz ativa

Precisamos de sdlida ciéncia interdisciplinar para construir este espaco



. ﬁ_’ "‘
PR
&

Precisamos.
todas as areas ' el
meios de usar osx cU
de nosso planeta eIl
eficiente e inteligEisss






