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Getting Spain’s protesters off the plazas
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our civilization became a major geophysical
planetary force
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Pﬂan@taw 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 (
and P fertilizer use)

Beyond zone of uncertainty (high risk)
M In zone of uncertainty (increasing risk)

Science Feb 2015 Below boundary (safe]

B Boundary not yet quantified
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ssions from fossil fuel and industry:
GtCO, in 2ﬁ,
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Projection 2017
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http://www.globalcarbonproject.org/carbonbudget/
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TOA imbalance 0.610.4
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Sources and sinks of CO, (2006-2016)

16.4 GtCO,/yr

0
34.1 GtCO,/yr 44 A’ |
91% ‘
Sources Sinks

31%

11.6 GtCO,/yr |aliEd

25%

9.7 GtCO,/yr

Source: Le Quéré et al 2016; Global Carbon Budget 2016
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arature 1901 to 2012
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Rio de Janeiro

National Geographic + USGS topography
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cycle (in cm per year)
210 2016

S il —

14. Groundwater depletion

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
diversion and irrigated agriculture

10. Precipitation increase

12. Groundwater
depletion

2. Ice-sheet loss @

- 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
ae Regen 7. Groundwater
drought

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

23. Patagonian
ice-field melt

1. Ice-sheet loss

@ Probable climate change impact

@ Possible climate change impact GRAGCE trend (cm yr) 31. Precipitation decrease
v @ Probable direct human impact 4 ‘L ‘ _ > 27. Progression from dry

© Possible or partial direct human impact 56 10 = 0.0 T 1.0 By to wet period

@ Probable natural variability 30. Precipitation decrease

29. Precipitation increase




Radiative Forcing relative to 1750 (W m=)
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Aumento médio de temperatura Mudanc¢a na precipitacao

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

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

Amazonia e
Nordeste do Brasil
= deficiéncia de
chuvas

D = M W ke O o - B

Sudeste da America

do Sul=2 aumento
nas chuvas

5
BOW FEUJ0W BRW BUW Do SO 45 400w 3D T

-70 -60 -50 -40 -30

Areas continentais se aguecem mais
que areas oceanicas

INPE, (RCP 8.5)



Arid Index evolution from 1970 to 2016

1961/1970

1971/1980

1981/1990

2001/2010

2011/2016

Climatic Research Unit (CRU)

Annual total precipitation

Arid Index = - ——
Potential total annual evapotranspiration

Sub humid wet
Sub humiddry

. Semiarid

. Arid

CPTEC/INPE

New arid zones are appearingin
the last 5 years on Bahia

Source: Marengo et al., 2019
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opical forest loss:
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Tropical Tree Cover Loss pre ) il
DRC 1,467957 ha

Indonesia 1,300,719 ha

=]

- Madagascar 510,357 ha
I wataysia 463416 ho
| | Il Bolivia 46319 ha

10
il
4

ll'.1

Tree Cover Loss (Mha)

Colombia 424,870 ha
Par h
2000 2002 2003 2004 2005 2006 2007 2008 2009 2m0 20m 2012 203 204 2005 2008 2007 araguay SED'D5B d
—— Three-year moving average. The three-year moving anamhlque 35 E'-'m-l hE
| average may represent a mare accurate picture of the data
trends to uncertainty in year-to-year comparisons, All figures WWATCH % WORLD RESOURCES INSTITUTE Ivory Coast 357773 ha
calculated with a 30% minimum tree cover canopy density. y ' ( 2017 )




Deforestation in Amazonia 1977-2018 in km? per year
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Biomass Burning...
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Large scale aerosol distribution

in Amazonia

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

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

e Changes in carbon uptake and
ecosystem functioning







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.

Glooretal. 2013

Amazon river discharge at Obidos
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Port of Manaus maximum and minimum levels of
water and amplitude

2012 2014
1975 1989 1999 201
30 | 1909 1922 1953 1971 1976 1904 20092013

211S1dS

Secas

14 1997 Y200
1906 1916 1926 1936 1958 1963 2010

Amplitud 1998 200

mplitude Q12
1999

14 - 1927 1996 2006” 2013

Nivel da agua Porto de Manaus (m)
/

Amplitude (m)

Dados: Agéncia Nacional de Aguas - ANA
1900 1920 1940 1960 1980 2000

Jochen Schongart, 2017



Dry season length is increasing in Amazonia

g

Southern Amazonia DSE and DSL
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Dry season length has
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Fu etal. 2013 (PNAS)



* "7 Productivity o -0l

7 Slope = 0.051 Mg ha yr< 1
P =0.001

-------

2005

(Brienen et al., 2015)



FRACTION OF REMAINING FOREST AREA (%)

Fraction of the remaining forest area
9 Earth System Models climate change projections
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Equilibrium states

‘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 mostlyby forests Forests in the Savannas in the
West East-Southeast

Biome distribution Biome distribution Biome distribution

> Observations:AT=1.1to 1.5°C

Thresholds for tipping c . ._100
from state A to state B = 4°C Amazon warming or > Defores:tatlon' =18% . .
Forestfire frequency (increasing)

= 40% of total deforested area
Lengthening of dry season (increasing)
Increasing climate extremes

YV V

Adapted from Nobre et al., 2015, 2016



Evidences for rapid climate changes

Ocean heating




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




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)

lethane stores

hot mantle



Risks: Increase in the intensity and
frequency of climate extremes

800 1

700 1

600 o

500 4

400 o

300 4

Number of events

200 +

100 o

[ Geophysical events
(Earthquake, tsunami, volcanic activity)

Hydrological events
(Flood, mass movement)

Source: Munich Re (2017)
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: Trends in numbers of loss-relevant natural events
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Year

Meteorological events
(Tropical cyclone, extratropical storm, convective storm, local storm)

Climatological events
(Extreme temperature, drought, forest fire)

It is already happening since the 80’s
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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



140 Data: SSP database (IIASA)/GCP ) ) )
Scenario group
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Climate Forcers
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Emissions from fossil fuels and
land-use change (GtCO./yr)

o

‘ net-negative global emissions
1

2000 2020 2040 2060 2080 2100

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
to 1.5°C with no or limited overshoot, but

50 they do not reach zero globally.

Billion tonnes of CO,/yr

Methane emissions

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

are reduced to net zero globally around 2050.

40 =

30
2020 2040 2060 2080 2100

Black carbon emissions

14

1 Four illustrative model pathways

2020 2040 2060 2080 2100

Nitrous oxide emissions

T EE———

-10

-20

2020 2030 2040 2050 2070 2080 2090

Timing of net zero CO2 Pathways limiting global warming to 1.5°C with no or low overshoot

Line widths depict the 5-95th s with high P
Perce"t!le and the 2.5'75th ys limiting global warming below 2°C
percentile of scenarios (Not shown above)

' arming of 1.5°C



Geoengineering is defined as
“deliberate large-scale manipulation of the planetary
environment to counteract anthropogenic climate change.”

k A A
Chemicals
: lo save
Citsen, W » ozone -
SRS e - Lioud seeding
SRR AT ¥y, ¥ 1o W :
i " T et T e Giant reflectors
Aerosols in ."* 7. a0 in orbit
stratosphere
Grow trees
. m Genetically
ngineared crops
Iron fertilization of sea __;_;fr_'_‘.’_‘,;{? o e
"ol i :-:"‘-:. A, 4 ‘-., e e A”“" ; - e & o

Pump liquid CO,
to deep sea Pump liquid CO,

into rocks

achematic representation of various climate-engineering proposals (courtesy B, Matthews).

w ——

Shepherd, J.G. S. et al., 2009: Geoengineering the climate: Science, governance and uncertainty, RS Policy Document 10/09,
(London: The Royal Society).



Changes to Earth's energy system
CLIMATE GEOENGINEERING

Increasing
heat loss

Greenhouse
gas removal Cirrus reduction

*

Afforestation fertilization

Biochar Enhanced
weathering

Enhanced Alkalinity
weathering Ocean storage

Direct air 1
capture

Biomass

Re-distributing ' Decreasing
energy A energy gain

Increasing Sunllght reflect|on
ocean heat & mcreasmg albedo
",

>
&.ff

Circulation changes : Space mirrors

Surface albedo, Desert & grass- Stratospheric
incl. ice cover land albedo aerosols

Cropland Cloud
albedo brightening

Urban albedo

* Requires geological storage
BECCS = Bioenergy with carbon capture and storage




Reflected from
atmosphere and

surface to space
107 W/m?

N\

Solar
Radiation
Management
options

Emitted to space
235 W/m?

Carbon
Dioxide
Removal
options




Very extensive literature...

US National Academy of Sciences

IGBP Ambio task force

KUNGL.
) (£ VETENSKAPS-
AMBIO 2012, 41:350-369 AKADEMIEN

DOI 10.1007/513280-012-0258-5

REVIEW PAPER

Ecosystem Impacts of Geoengineering: A Review for Developing
a Science Plan

Lynn M. Russell, Philip J. Rasch, Georgina M. Mace, Robert B. Jackson,

John Shepherd, Peter Liss, Margaret Leinen, David Schimel, Naomi E. Vaughan,

Anthony C. Janetos, Philip W. Boyd, Richard J. Norby, Ken Caldeira,
Joonas Merikanto, Paulo Artaxo, Jerry Melillo, M. Granger Morgan

nawure

International weekly jaurnal of scicnce

%

Developing countries
must lead on solar
geoengineering research

T'he nations that are most vulnerable to climate change
must drive discussions of modelling, ethics and
governance, argue A. Atiqg Rahman and colleagues.
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Top 5 Global Risks in Terms of Impacts
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P.S.: These are issues raised by economists, not scientists or NGOs...
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Science basically have done his job...
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f about 2.7-3.0 degrees in 2050
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@ 4 BrazilianiNDC

37% 43%

A few of the Brazilian iNDC 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



Ethical issues

k .
Encyclical Letter LAUDATO SI’ of Pope Francis (2015) '

| urgently appeal for a new dialogue
about how we are shaping the future of
our planet. We need a conversation
which includes everyone, since the
environmental challenge we are
undergoing, and its human roots,
concern and affect us all.
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Those who contribute the least greenhouse gases
will be most impacted by climate change
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Global inequality is a blg |ssue. 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

o

climate change

income

health

education

gender |
resilience Steffenet al. 2015, Science

A Safe and Just Space for Humanity Oxfam Discussion Paper
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We need solid engineering, science and public policies to build this space



Transformations

to Achieve
the Sustainable
Development Goals

Report prepared by
The World in 2050 initiative
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Digital

revolution

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

Human capacity
& demography

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

Consumption
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circular economy,
sufficiency, pollution

Prosperity
Social Inclusion
Sustainability
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Decarbonization
& energy

Energy access, efficiency,
electrification, decent services

Food, biosphere,
& water

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