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cultural and ethnic %

* 18% of fresh water flow into the global oceans

® Amazon river discharge of 220,000 m3/s
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There are strong and complex links between the forest
biology, and the physics and chemistry of the atmosphere
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’;%ut* the reality of agricultural expansion

: e Amazon is one of fire and forest
’ . destructions
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Very sgriicant increase
In protected areas

1990-2013

Protected Areas - Brazilian Amazon

1990

# ndyenous Lands:
54
Area: 11 nilion ha

# Protected Areas: 65
Area: 33 million ha

Protected Areas - Brazilian Amazon
Contribui oes doINCT-MC

2013

#Indigenous Lands:
381

Area: 112million ha

# Protected Areas: 311
Area: 125 million ha

IPAM,
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One-third of global protected land _ T
is under intense human pressure e 7 - &

Kendall R. Jones,"** Oscar Venter," Richard A. Fuller,”* James R Allan,'” /
Sean L. Maxwell,"* Pablo Jose Negret,"” Jumes £ M. Watsan'** /

N . - A

Area under intense human pressure (%)

i o

Fig. 1. Human pressure within protected areas. (A) Proportion of each protected area that is
subject to intense human pressure, spanning from low (blue) to high (orange) levels. (B) Kamianets-
Podilskyi, a city within Podolskie Tovtry National Park, Ukraine. (C) Major roads fragment habitat
within Mikumi National Park, Tanzania. (D) Agriculture and buildings within Dadohaehaesang
National Park. South Korea. [Photo credits: Google Earth]
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Tg C. If only a small fraction goes
‘atmospheric CO2 will occurs.
, water and energy fluxes?
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Aumento médio de temperatura Mudanca na nrarcinitanin
esperado para o Brasil' esperada para o Brasil 20772100
2071-2099

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

l Tropscal Seasonal Forest
D Savanna

Tropscal Evergreen Forest

We believe that the sensible
course is not only to strictly
curb further deforestation,
but also to build back a
margin of safety against the
Amazon tipping point, by
reducing the deforested area
to less than 20%, for the
commonsense reason that
thereis no pointin
discovering the precise

tipping point by tipping it.

RCP2~ 2050 - 20% + Fire

RCPG-?OSO - J0% & Fire

s for RCP 2.4, 4.5 and 8.5.

nd 50% + Fire effect

RCP8~

"050 - 20% + Fre




FRACTION OF REMAINING FOREST AREA (%)

FRACTION OF THE REMAINING FOREST AREA FOR THE ENTIRE AMAZONIA
CLIMATE CHANGE PROJECTIONS - CMIP5 — 9 EARTH SYSTEM MODELS
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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
3 3 ‘ 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
> KdeGd ASZYE|d y 66 1Z 6g°C
Thresholds for tipping >  DGIZAGEIAISZY y 66i
fromstate A to state B y u°’C Amazon warming or >  Forest fire frequency (increasing)
y 61 ZI $Z4AE G ZAGEGE AdA >  Lengthening of dry season (increasing)
> Increasing climate extremes

IIDSNAHGIRP 8DUGRVR DQG %RUPD, 2010; %RUPD, 1REUH DQG 8DUGRVR 2013, 1 REULHR\DD, 2015, 2016



osphere W“‘.

- Various scales
- Many processes
- Dynamic, constantly changing

Complex system:
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Ecological adaptation: Deep rooting
in the Eastern Amazon

Fraction of w ater extracted by roots
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s critical for
_vapor transport
South America
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Is the Amazonian
hydrolegical cyele
intensifying?

Maximum monthly, annual mean
and minimum monthly mean
Amazon river discharge at Obidos
and in green maximum and
minimum daily mean river
ESEDSATCG ; d'80 in precipitation in
Bolivia derived from tree rings
(Brienen et al. 2012) and (c) tropical
Atlantic sea surface temperature
from Extended reconstructed sea
surface temperature) (Gloor et al.

2013).
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Barichivich et al., Sci. Adv. 2018;4: eaat8785

SCIENCE ADVANCES | RESEARCH ARTICLE

EARTH SCIENCE

Recent intensification of Amazon flooding extremes
driven by strengthened Walker circulation

han Barichivich'**, £ ] % Peylin®, Roel J. W, Brienen’,
Jochen Schngart’, Jhan Carlo E3pinoza’, Ksnhu €. Pattnayak’
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THE AMAZON CLIMATE SYSTEM HAS BEEN OSCILLATING
BETWEEN TWO EXTREMES IN THE LAST 13 YEARS

BASIN-WIDE
DROUGHTS OSCILLATION FLOODS

3 events (1/200) 3 events (1/200)
In the last 13 years In the last 13 years

2009
2012
2014 (over SW Amazon)

2005
2010
2015/16 (El Nifio-related)



roundwater dep
15, Groundwater depletion and drought
16, Groundwater depietion and drought
17. Decline of the Aral Sea
+ 18. Decline of the Caspian Sea
8. Precipitation increase
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Dry season length is increasing in Amazonia

A Southem Amazonia DSE and DSL : Annual time series of
- dry season length
§ (DSL) ™
wo
Ulo
og
c
e
1980 1985 1920 1995 2000 2005 2010 “~a  Annual time series of
dry season END (DSE)
B Southern Amazonia SON rainrate

Dry season length has
increased by 6.5£2.5
days/decade;

Fu et al. 2013 (PNAS)






Deforestation in Amazonia 1977-2017 in km? per year
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Fire spots in Amazonia 1998-2017
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Large seale 8erosol distribution in
Amazonia

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

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

Changes in carbon uptake and




| Aerosol emissions make the
high variability visible — it
also applies to aerosol
composition and the trace
gases!
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news & views

BIQSPTMERE-ATMOSITMERE INTERACTION

Deforestation size influences rainfall

Changes to the land surface, such as land clearing and logging of forest areas, impacts moisture cycling. Now a
shift trom small-scale to large-scale deforestation in the southern Amazon 15 found to modity the mechanisms and
patterns of regional precipitation

Jeffray Q. Chambers and Paulo Artaxo
3
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nature

LETTERS geoscience

PUBLISHED ONLINE: 16 SEPTEMBER 2015 | DOI: 10.1038/NGEO2535

Air quality and human health improvements from
reductions in deforestation-related fire in Brazil

C. L. Reddington’, E. W. Butt’, D. A. Ridley?, P. Artaxo®, W. T. Morgan®?, H. Coe® and D. V. Spracklen'™
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Dry season mean AOD —>Reduction in PM2.5 may be preventing roughly 1,700

retrieved by MODIS premature adult deaths annually across South America.
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ACRIDICON Flights G5-HALO plane dry season 2014
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How particles are produced in Amazonia?

Feb. 1- Mar. 31, 2014

TOsite (ATTO)  E 100
(All data) Z
N:~320 cm-3

10
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15007
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UTC
It rains a lot. Removal very high. How the particles are formed?
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Biogenic organic aerosol formation at low H,SO, happens in UT!

(semi)volatile

Condensation to ‘ = ' compounds
new Particles |

B

Particle || 2
Growth |
| Biogenic Volatiles ‘

Boundary-Layer Aerosols

(semi)volatile

<)

compounds

Andi Andreae 2016



Clouds as active aerosol processors in the atmosphere

SMALL PARTICLES

(GROWN FROM NEW PARTICLES
FORMED IN OUTFLOW OF 2
EARLIER CONVECTIVE SYSTEMS) ~ v o
GOWH o
: ? 'Y /‘j '\J"
NEW PARTICLE ] )
' FORMATION IN OUTFLOW VoC OXIDATION PRODUCTS CLOuUD
B/ CONDENSATION
-' f s apsl (ISOPRENE, TERPENE) NUCLEI
4 ST SO Y7




L
b
y
1= 6

¥y

ic.observations at ATTO




Brazil’s NDC to the Paris Agreement calls for ecosystem
restoration of 12.5 million hectares

B 7o - 300%
B so% - 70%
20% — 50%
0 - 20%
20% -~ 0
0% — 20%
B 0w - -50%
B 0% - -7on
. sos

not counted

""""

Levels of Forest Code Complian;é

Percent difference between the remaining area of native
vegetation and the area required to comply with the Forest Code

PLANAVEG Goals (1,000 ha)
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12.5 million hectares
NDC of Brazil

MMA (2017) PLANAVEG, Soares-Filho et al. (2014)
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biodiversity, forests and WEIA .v Prosperity

The World in 2050 Project, IIASA, 2018

SIX MAJOR TRANSFORMATIONS
FOR GLOBAL SUSTAINABILITY
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energy access :
Resource use, circular economy;
sufficiency, pollution
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cation, health, ageing, labor markets, gender,
inequalities

Cities
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sustainable infrastructure, &
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; Amazonia is key to
L global sustainability
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