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We are changing the face of our world very quickly and in many ways
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Which will be the impacts in our society of these chahées?
Will Stefan, 2015



w"" -

A g 3 |
i j |
\ : ~ 3

.

e
- ~ -

Percent of potential NPP (Appropriated for human use in 2000) Remaining areas of wildemass in 2009
0% 20% 40% 80% 80% 100% No data (23.29% of total land arsa) No data
b Change in soil organic carbon (SOC) d Loss of species richness \
- : -3 -"’-\_s . ~— w?.‘;?r' il -r’-,k - —
- N e —— . § . g S “’R‘v » & P oy

\
" b :
¢ o e - Q
| * -
Percent change in soc from original condition to 2010 Parcant of lost from condition to 2005
[ S— [
-80% -B0% -40% -20% 0% Incraase Nodata -100% -80% -B0% -40% -20% 0% Nodata




Planetary Planetary Boundaries

boundaries:
Where is the safe
space for
humanity?

A safe operating space for humanity

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)
SCIence Feb 201 5 B Boundary not yet quantified
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The Anthropocene is a time when humans and The Economist. 2011

our civilization became a major geophysical
planetary force




AMBIENTE

MARCAS DA DESTRUIGAQ

0 levantamento da ONU compilou 15000 estudos para retratar a
dimens&o da devastagéo ambiental decorrente da civilizagéo.
Conheca as principais causas e consequéncias das agdes promovidas
pela humanidade ao longo das ultimas cinco décadas

75%

do ambiente terrestre foi severamente alterado por atividades humanas

66%

das areas marinhas também foram atingidas

60 bilhées

de toneladas de recursos s3o extraidas da natureza anualmente,
em todo o mundo — o dobro do que era retirado em 1980
DEGRADATION AND

RESTORATION 30%

foi a reduc&o dos hébitats continentais devido
a deterioragao provocada pela sociedade

...E AS CONSEQUENCIAS
1 milhdo

de espécies de animais e plantas estdo sob ameaga de extingéo

47%

dos mamiferos terrestres foram impactados direta
e negativamente pela mudanca climatica

40%

dos anfibios podem desaparecer

33%

dos corais, dos tubardes e dos mamiferos
marinhos correm risco de extingao

9%

das espécies terrestres certamente nao sobreviverao nas
proximas décadas sem a restauracéo de seus habitats

environment

Thet rdfveegpes cxammrmntd ropon o United Nations

AND MODELS Environment Programme
OF BIODIVERSITY AND
ECOSYSTEM SERVICES

ipbes



Carbon emissions from 1870 to today:
Energy from fossil fuel dominates

Others

Oil

Coal

CO, emissions (Gt CO,/yr)

1880 1900 1920 1940 1960 1980 2000 15




CO, emissions (Gt CO/yr)

Dlata: CDIAC/IGCP/BP/USC-IuS
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http://www.globalcarbonproject.org/carbonbudget/
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Sources and sinks of CO, (2006-2016)

16.4 GtCO,/yr
0
34.1 GtCO,/yr 44% |
91% "
Sources Sinks
31% |

11.6 GtCO,/yr

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



HOW MUCH CARBON DO PLANTS TAKE FROM THE ATMOSPHERE?
MODIS gross primary productivity (GPP) estimation from NDVI 2000-2010

01/01/2000

Carbon

y Plan

1 2 3 45
millions of grams per square kilometer per day

Amazonia: about 120 billion tons of carbon in the forest



30-1920 base period
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Observed increase in Temperature 1901 to 2012
Spatial distribution not homogeneous

Annual average warming
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Rio de Janeiro

National Geographic + USGS topography
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The rate of sea level rise is very likely to increase

Global mean sea level rise
1.0
Mean over
2081-2100

00
2000 2020 2040 2060 2080

IPCC (2013) Figure SPM.9
IPCC ARS Working Gioup | IDCC (D) @/.

Climate Change 2013: The Physical Sdence Basls WMINTA climate chanee
r——

umento do nivel do mar

City size
O  small
O Intermediate
. Big

Population of cities

Small: 100 - 500 thousand
Intermediate: 500 thousand - 1 million
Big: Mare than 1 million




Radiative Forcing relative to 1750 (W m~)
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Data: SSP dgtabase (IIA§A)/GCP

140 .
Scenario group

_——
Baseline (3-5.1°C) / »a |<s°c
6.0 W/m? (3.2-3.3°C)
4.5 W/m? (2.5-2.7°C)
3.4 W/m? (2.1-2.3°C)
2.6 W/m? (1.7-1.8°C)

degrees with Short Lived

~ Climate Forcers \

—_
o
o

n
o

Emissions from fossil fuels and
land-use change (GtCO,/yr)
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net-negative global emissions
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2000 2020 2040 2060 2080 2100

S - 1980
Non-CO, emissions relative to 2010
Global total net CO2 emissions Emissions of non-COx forcers are also reduced
_ or limited in pathways limiting global warming
Billion tonnes of CO,/yr to 1.5°C with no or limited overshoot, but
50 they do not reach zero globally.
Methane emissions
40 In pathways limiting global warming to 1.5°C 11

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.

2020 2040 2060 2080 2100

Black carbon emissions

14

1 Four illustrative model pathways

2020 2040 2060 2080 2100

Nitrous oxide emissions
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2020 2030 2060 2080 2090

Timing of net zero CO2 Pathways limiting global warming to 1.5°C with no or low overshoot
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percentile and the 2_5'75th -— e Pathways limiting global warming below 2°C
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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
=2 deficiéncia de
chuvas

L N 1 N o7 N N B RS B o I

Sudeste da America
do Sul 2 aumento
nas chuvas

-30

-70 -60 -50 -40 -30

Areas continentais se aquecem mais
que areas oceanicas

INPE, (RCP 8.5)
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(" Fossil fuel and industry @ AFOLU BECCS

Billion tonnes CO, per year (GtCO2/yr)
40 P1

Billion tonnes CO, per year (GtCO2/yr)
40 P2

Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr)

40 P3 40 P4

20 20 20 20

-20

2060 2100

2020

P1: Ascenarioin which social,
business, and technological
innovations result in lower energy
demand up to 2050 while living
standards rise, especially in the global
South. A down-sized energy system
enables rapid decarbonisation of
energy supply. Afforestation is the only
CDR option considered; neither fossil
fuels with CCS nor BECCS are used.

[ »

on Dioxide Re

-20

2060 2100

2020

P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

O\

ergy with Carbon

-20

2060 2100

2020

P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

-20

2060 2100

2020

P4: Aresource and energy-intensive
scenario in which economic growth and
globalization lead to widespread
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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Maintenance of global carbon cy
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. 15% of global NPP and a key carbon sink for anthrop
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* Stores about 120 billion ton of carbon in the biomass 7~
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opical forest loss:
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Tropical Tree Cover Loss Brazil 4519833 ha

DRC 1,467957 ha

Indonesia 1,300,719 ha

3

- Madagascar 510,357 ha

- Malaysia 483416 ha
| | [l sotivia 463194 v
l

Tree Cover Loss (Mha)

o

i

Colombia 424,870 ha

i
n I I I
L

2001 2002 2003 2004 2005 2006 2007 2008 2009 200 20m 2012 203 24 05 2008 2007

Paraguay 360,058 ha

Mozambique 353,01 ha

—— Three-year moving average. The three-year moving
 average may represent @ mare accurate picture of the data

frends to uncertainty in year-to-year comparisons, Al figures

calculated with a 30% minimum tree cover canopy density.

GLOBAL
" WORLD RESOURCES INSTITUTE

Ivory Coast 357273 ha (2017)




Deforestation in Amazonia 1977-2018 in km? per year
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Biomass Burning...

Fire spots in Amazonia 1998-2018
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Large scale aerosol distribution
in Amazonia

e Severe health effects on the Amazonian
population (about 20 million people)

e Climatic effects, with strong effects on
cloud physics and radiation balance.

e Changes in carbon uptake and
ecosystem functioning




cycle (in cm per year)
2 10 2016

e e, -
14. Groundwater depletion o
R.Jce-slisatloss 15. Groundwater depletion and drought
| 4. Glacier and ice-cap loss @ 16. Groundwater depletion and drought

17. Decline of the Aral Sea
18. Decline of the Caspian Sea
6. Precipitation increase

11. Glacier melt, surface-water 1
diversion and irrigated agriculture

10. Precipitation increase

12. Groundwater
depletion

- 5. Precipitation increase

3. Glaciers retreating

19. Surface
water drying

20. Progression
from dry to
wet period 9. Three Gorges and

other reservoirs

21. Groundwater filling

depletion and

drought

22. Drought

13. Water depletion
and precipitation
decrease

25. Recovery from 8. Precipitation

early-period increase and
drought groundwater
policy change
26. Recent
drought 7. Groundwater

depletion

24. Progression
from wet to
dry period

33. Progression
from dry to wet
period

34. Return to normal
after wet period
32. Groundwater
depletion
28. Increasing lake levels
and groundwater
31. Precipitation decrease

23. Patagonian
ice-field melt

1. Ice-sheet loss

@ Probable climate change impact
@ Possible climate change impact GRAGCE trend (cm yr)

2 @.Frobeblodirecthuman impact 4EE W L, . > 2 ToBSRSON LY
2.0 -1.0 :

© Possible or partial direct human impact 0.0 10 20 to wet period
@ Probable natural variability ' ' ' 30. Precipitation decrease

29. Precipitation increase
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‘TIPPING POINTS’ OF FOREST-CLIMATE
EQUILIBRIUM IN THE AMAZON

A) Tropical forest in.equilibrium with B) Savanna state triggered by climate change C) Stability of second equilibrium state
current climate 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

(7))
(¢D}
g
wn
=
=
S
%
O
L
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 . . .
~ 40% of total deforested area > Forest fire frequency (increasing)
» Lengthening of dry season (increasing)
» Increasing climate extremes

Adapted from Nobre et al., 2015, 2016



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



Risks: Increase in the intensity and
frequency of climate extremes

Figure 2.22: Trends in numbers of loss-relevant natural events
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[ Geophysical events Meteorological events
(Earthquake, tsunami, volcanic activity) (Tropical cyclone, extratropical storm, convective storm, local storm)
Hydrological events Climatological events
(Flood, mass movement) (Extreme temperature, drought, forest fire)
Source: Munich Re (2017)

It is already happening since the 80’s



Percentage change in yields between present and 2050
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‘I IMPACTOS ECONOMICOS DEL CAMBIO CLIMATICO

e

'SOBRE EL SECTOR AGRICOLA

El sector agricola tiene una importancia \
estratégica en América Latina y el Caribe

O América Latina: indicadores seleccionados del sector
1 agricola, dlrededor de 2012°

|En porcentajes)

® 5% del PIB
® 16% de la poblacién ocupada
@ 23% de las exportaciones regionales

El aumento de temperatura, el cambio

de los patrones de precipitacion y los
> eventos climaticos extremos ponen en
riesgo al sector agricola

resultado del cambio climaticob

@ 22% de la poblacién vive en zonas
rurales J

{En porcentajes de cambio del rendimiento por hectdrea)

El impacto del cambio climatico sobre el sector agricola depende de las
condiciones socioeconomicas, tecnologicas, geograficas y del clima

50
Proporcion de la
blacio d o
poblacién ocupada en
la actividad agricola,
alrededor de 2012¢ 0
{En porcentajes|
20
Participacion del sector
agropecuario en el PIB 10
total anual, 2013
En porcentajest 0
Indicadores o
b g
seleccionados del <o 2 8 E
sector agricola en 1 2 %ﬁ 5
7 . S
América Latina A B
Cambiodela & 0
productividad de la £
agricultura como resubade 5 10
del cambio climético H
(En porcontajes de cambio el 8 20
rendimienio por hectéreaf A
e ¢ v
40
—
-50

14,2 1,2 25,5

4

o0
Chile
Brasil

Argentina
Perii
Colombia

e
LX)

Cambio de la productividad de la agriculiura como <€

1

Costa Rica

B Esiimacion preferida sin efecto de ferilizacién B Estimacion preferida con efecto de ferilizacién

Ecuador

Bolivia
(Est. Plur. de)

El Salvador

Asia

{mn

118 i
Medio Oriente/
~ Kfrica del Norte 35
Africa
i
I I I A18
- w
g 233
25,5
w

16

Henduras
Nicaragua
Paraguay
Ameérica

Latina

» *CEPAL, CEPALSTAT. » ®Cline, W. [2008), Global warming and agriculiure, en Finance & Development. » ¢ CEPAL, cEPALSTAT sobre lo base de encuesias de hogares de los paises. » # CEPAL, CEPALSTAT sobre la base de datos cficiales de los paises. +Incluye agriculiura, ganaderia, caza,
sivicultura y pesca. El dato de Argentina proviene del Banco Mundial. » * Cline, W. [2007], Global warming and agriculiure: impact estimates by country, Peferson Insfitute. +El Impacto sobre la agriculiura del cambio dimdtico se obtuvo a portir de una funcién lineal de la estimacion preferida del
impacto en 2080 incluido en el Cline (2007]. El impacto para América Latina y el Caribe es el promedio simple. Se supuso que el impacto para Paraguay es el reportado bajo de rubro de “Otros Sudamérica”, el impacto de Uruguay es el mismo que el de Argentina. » F Valores obtenidos del

Banco Mundial. » Algunos elementos gréficos incluidos en la lémina han sido disefiados por

Freepik.com.

Fuente: Comisién Econdmica para Ameérica Latina y el Caribe (CEPAL).
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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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Societal goals: The future we want
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Path-dependent
Emerging phenomena
Intended outcomes
Unintended consequences

Plausible

Business

as usual

Undesirable

Intertwined  Biophysical Social
drivers constraints conditions

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

temporal and institutional scales
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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

AR5



Geoengenharia climatica? Possivel? Desejavel?

Espelhos no espago? Aumentar cobertura de nuvens? Enxofre na estratosfera?

[SUNSHADE ¥1: THE VOLCANO EFFECT|

Sea Mistin the Troposphere ; Sulfur in the Stratosphere

Pastvolcani enuptions have coosed the earth substantilly by mjecting sulfur dcide (S0;) gas intn the ugmet tmosghure.
¢ : Aimosphers: scientists have propased that S0;—aiready emitted i vast quantities into the lower atmosphers by Burning
2 sunghtbackindd

urhght b i fasei fusls—coukd have the same conling efiact i t were Ifted inta the sratosphers.
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HOW IT WORKS
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Meeting at ABC June 10-11 to discuss Climate Geoengineering:
Aerosols in the stratosphere? Carbon Capture and Storage?
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WRORLD

ECONOMIC

FORUM

World Economic Forum: The Global Risks Report 2019

Top 5 Global Risks in Terms of Likelihood

2017

Extreme weather
events

Large-scale
involuntary
migration

Major natural
disasters

Large-scale
terrorist attacks

Massive incident
of data fraud/theft

2018

Extreme weather
events

Natural disasters

Cyber-attacks

Data fraud or theft

Failure of
climate-change
mitigation and
adaptation

2019

Extreme weather
events

Failure of
climate-change
mitigation and
adaptation

Natural disasters

Data fraud or theft

Cyber-attacks

Top 5 Global Risks in Terms of Impacts

2017

Weapons of mass
destruction

Extreme weather
events

Major natural
disasters

Failure of
climate-change
mitigation and
adaptation

2018

Weapons of mass
destruction

Extreme weather
events

Natural disasters

Failure of
climate-change
mitigation and
adaptation

2019

Weapons of mass
destruction

Failure of
climate-change
mitigation and
adaptation

Extreme weather
events

Natural disasters

B Economic M Environmental B Geopolitical Il Societal Il Technological

P.S.: These are issues raised by economists, not scientists or NGOs...
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Science basically have done his job...

g PAR @ GLOBAL International
STATE OF THE CLIMATE @s i Q) e '%: Commission
IN 2015 Sapeie e

PLANET U N et SPARC/IO3C/GAW Report on
THY Snvionment Long-term Ozone Trends and

HEALTH
PEOPLE anman e Uncertainties in the Stratosphere

1. Petropavlovskikh, S. Godin-Beekmann, D. Hubert, R. Damadeo, B. Hassler, V. Sofieva

Special Supplement to the
Bulletin of the American Meteorological Society
Vol. 97, No. 8, August 2016

ipcc

INTERGovERNMERTAL Panet on CllMaTe chanee LOTUS

DEGRADATION AND
RESTORATION

SUMMARY FOR POLICYMAKERS

SPARC Report No. &, GAW Report No. 241, WCRP Report 17/2018.

Intornational

e, ipbes

ipcc

INTERGOVERNMENTAL PANEL ON Climate change

R
FIFTH ASSESSMENT REPORT OF THE ” . [+]
e ¢ Global Warming of 1.5°C
| An IPCC Special Report on the impacts of global warming of 1,5°C
above pre-industrial and related global gree gas emission pathways,

in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty

IPCC Fifth Assessment Report

Summary for Policymakers

Synthesis Report




f about 2.7-3.0 degrees in 2050
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@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



Governance iIs 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



™ __ 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 ddélares. 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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Vulnerability to
climate change

Low
vulnerability

- High
vulnerability
-

Samson et al 2011




Table 21.1: Percentage of countries by region projected to achieve selected SDG targets in 2030

Europe Latin Middle
and America Eastand Non-OECD OECD Sub-
Russian and North Asia North Asia South Saharan
Federation Caribbean Africa Pacific  America  Pacific Asia Africa World

Ext
Hunger 95

26 100 100

Lower
secondary 89
school

7
E

Access to 98
safe water

Improved
sanitation 80

Access to
electricity

85

70 48
Underweight et} 30 26 100 100 14
children
Child
A 08 90 | 74 | 100 [ 71
Primary
completion

95

)

e
" Source: Moyer and Hedden (2018).



Global inequality is a blg issue: consumptlon in one week...
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society, governance, etc...
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How to build a safe space to our humanity?
Combining the Earth System with societal needs

raudanca climatic,

educacao

resiliéncia

We need solid science and public policies to build this space



Transformations

5 TS SDGs and the six transformations

Development Goals

e & required for The World in 2050

Digital
revolution

Artificial intelligence, big data, |
biotech, nanotech,
autonomous systems

Human capacity
& demography

Education, health, ageing,
labor markets, gender, inequalities

Consumption
& production

Resource use,
circular economy,
sufficiency, pollution

Prosperity
Social Inclusion
Sustainability

Smart cities

Decent housing, mobility, £
sustainable infrastructure,
pollution

‘",
'IW!2050 :-3
e World in 2050 4887

WWW. hLDbﬂOP

Decarbonization
& energy

Energy access, efficiency,
electrification, decent services

Food, biosphere,
& water

Sustainable intensification,
biodiversity, forests, oceans,
healthy diets, nutrients

Source: TWI2050



" Our home work: lf‘ !
warming of 4-5 deg %
is no other way th )
resources of ourplan

| and intellig@

Reaching the SDG must H& dorg e IOk |
with adapting and mitigats
climate change



Dry season length is increasing in Amazonia

>

Southern Amazonia DSE and DSL Annual time series of
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Is the Amazonian
hydrological cycle
intensifying?

Maximum monthly, annual mean
and minimum monthly mean
Amazon river discharge at Obidos
and in green maximum and
minimum daily mean river
discharge.

Tropical Atlantic sea surface
temperature from Extended
reconstructed sea surface
temperature.

Gloor et al. 2013
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Port of Manaus maximum and minimum levels of
water and amplitude

Chelas 014
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Jochen Schongart, 2017



