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Mamtenance of global carbon c
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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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Earth System

Chemistry Physics

Biology

scattering of solar radiation

* reducing visibility

* cooling of the Earth surface

< long range transport >

acting as nuclei (condensation/ice)

* modifying microphysics,
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Amazonia: 3 different types of aerosols

Biogenic‘(;’)rimary and SOA) Bjomass Burning Dust from Sahara
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PROTECTED AREAS _n&.

One-third of global protected land
is under intense human pressure

Kendall R. Jones,">* Oscar Venter,” Richard A. Fuller,”* James R. Allan,"?
Sean L. Maxwell,”> Pablo Jose Negret,"> James E. M. Watson"**

Fig. 1. Human pressure within protected areas. (A) Proportion of each protected area that is

ubject 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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scattering of solar radiation

* reducing visibility
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Satélites monitorando ciclo do carbono e variaveis acessorias
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e and different plant trait diversity

natur¢

climate change LETTERS

Resilience of Amazon forests emerges from plant
trait diversity

Boris Sakschewski'?*, Werner von Bloh'?, Alice Boit'?, Lourens Poorter®, Marielos Pefa-Claros’?,
Jens Heinke'?, Jasmin Joshi® and Kirsten Thonicke
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Average increase in
temperature expected for Brazil
under RCP8.5
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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
there is no pointin
discovering the precise
tipping point by tipping it.
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Amazonia
S B

CCONLY Projected reductions of 50%
2050 or more of forest cover!
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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 = 49°C Amazon warming or > Forest fire frequency (increasing)
= 40% of total deforested area >  Lengthening of dry season (increasing)
»  Increasing climate extremes

Adapted from Cardoso and Borma, 2010; Borma, Nobre and Cardoso, 2013, Nobre et al., 2015, 2016
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Complex system:

- Various scales
- Many processes
- Dynamic, constantly changing

Transp.

CO, Uptake
27 é e\l p%

Q" . e -\‘\.‘I‘
Evap. < ¢ ZSeslym7

Irrigation

Rhizosphere system
(order of mm -

Soil blota

%«a- g

Soil mmerals

-

- -
-
-
’--,-
-
-
——

0}

Root uptal‘u:oxA

1 1 water and ions So?l‘stmc}ure

Soil Solution

\

Leachingto
ground water

4 —

Bl Soil particles
Bl Water phase i
B Air phase

Ahmad B. Moradi Il Plant root




Natural clouds

04 10 2002 21:55






Amazon river discharge at Obidos

Is the Amazonian
hydrological cycle
intensifying?
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Niveis de agua maximos (1903-2016), minimos (1902-2016)
e amplitudes (1903-2016) anuais no Porto de Manaus
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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

;ggg 2012
2014 (over SW Amazon)

2015/16 (El Nifio-related)

Carlos Nobre, 2018



Dry season length is increasing in Amazonia
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A longer dry season in S. Amazonia from 1951 to 2017 (Marengo et al 2018)
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4. dwater depl (n
2. Ice-sheet loss @ 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

5. Precipitation increase
3. Glaciers retreating

19, Surface
water drying 10. Precipitation increase
20. Progression 1 (Z’égrg::)r:‘dwater
from dry to
wet period 9. Three Gorges and
other reservoirs
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13. Water depletio
and precipitation
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21. Groundwater
depletion and
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22. Drought

8. Precipitation
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groundwater
policy change

7. Groundwater
depletion

33. Progression

24. Progression

from wet to from dry to wet
dry period period
23, Patagonian 34. Return to normal
ice-field melt after wet period
32. Groundwater
1. Ice-sheet loss depletion
28. Increasing lake levels
and groundwater

@ Probable climate change impact

31. Precipitation decrease
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Deforestation in Amazonia 1977-2018 in km? per year
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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)

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

e Changes in carbon uptake and ecosystem
functioning




Aerosol emissions make the
high variability visible — it
also applies to aerosol
composition and the trace
gases!
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Convective clouds: Key for radi
& .« Dbalance and precipitation
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Long range transport of
- Sahara desert particles to
”“ Amazonia
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Strong effects of aerosols on carbon uptake in Amazonia
| Amazonia Rondonia Forest site 2000-2001
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Fig. 18 Average spatial distribution of the direct radiative forcing (DRF) of biomass burning
aerosols in Amazonia during the dry season (August to October) of 2010. Forcing derived from
calculations using a combination of MODIS and CERES sensors data. During this three-
month period. the daily-average radiative forcing of aerosols for the whole area was on average
—53+£0.1Wm*
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Air quality and human health improvements from
reductions in deforestation-related fire in Brazil
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Ozone and carbon uptake in Amazonia in the dry season
Ozone (ppb) NPP (%)
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Figure 6. From the left: simulated variation in surface O3 mixing ratioz and NPP over the region of analysis for the months of Au
September and October.

Ozone exposure reduces carbon uptake at the same order of magnitude as emissions from
deforestation. Potentially doubling the impact of biomass burning on the carbon cycle



Mean Diurnal
Radiative Forcing
due to change in

surface albedo:
-8.0 + 0.9 W/m?

Mean Diurnal Aerosol
Forcing Efficiency:
b Forest: -22.5 + 1.4 W/m?

; R - Cerrado: -16.6 + 1.7 W/m?

-50 -40 -30

Land-use change radiative forcing.
Forested areas are selected in red and

deforested areas are selected in blue.
Elisa Sena results, 2011



GoAmazon2014/15 Experiment
The central idea...

Manaus is a city of 2
million people surrounded &
by just forest in a radius of |
1.500 Km. UNIQUE
situation.

The aim of the GoAmazon
2014/15 experiment is to
analyze how the emissions "%
of pollutants of the city of :
Manaus interacts with the S\ b e BT TR RN
Amazonian natural e NN i Mg
biogenic emissions from  Fs 70 "
the forest and how are the g
impacts on the climate :
over the forest and
ecosystem functioning.



How particles are formed from the interactions of forest
biogenic VOCs with urban emissions?

e Lightning
' ‘ Strikes
Cloud Droplet
Number
Concentration
(CDNC)

+ Processes of
“Rainforest. " =
st dev Beosystemy 0



GoAmazon Experiment 2014/15

7 ground sites (before at and after Manaus plume)
DoE G1 plane and the German G5 HALO plane for large scale
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Study of the interactions of the urban plume of Manaus with the
forest, producing secondary organic aerosols, ozone and others



Simple question: How do atmospheric composition
looks like at T3 compared to T0a, TOz and T2?
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Image Landsat
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Organic aerosols from ATTO to Tiwa and Manacapuru (with BC)
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Shifts in aerosols with anthrop. influences

m Organics mm Sulfate
Ammonium ®® Nitrate mm Chloride
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Clean Regional = Small pollution Heavy pollution
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Increase in organic aerosols from 0.7 to 4 ug/m?



Transport of Biomass Burning from Africa
with 30% of sulfate in Amazonia?

AC19 Pollution Layer, 2 cases

fa2/f44 Plot:
Composition Plot: * Oxidized organic aerosol, more oxidized than BB organic
*  Main fraction again organic aerosol aerosol
) * Enriched sulfate fraction * Some indications for f60 (=BB), but mostly this marker
K:‘B.‘E‘.. - l does not appear
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VOC SOA
fluxes

A Sesquiterpene
A Vonoterpene

M 'soprene

Shrivastava et al., Nature Comm 2019



G-1 Flight Paths during GoAmazon

Phase 1 (Wet season) Phase 2 (dry season)

16 flights — 42.8 hours 19 flights — 53.7 hours
Feb 15t - March 265t, 2014 Sep 1t - Oct 10t", 2014







PARTICLE ORGANIC, GoAmazon2014/5, 10P1, 17 March 2014, 16:24 to 17:31

PARTICLE ORGANIC
GOES UP

Image © 2014 DigitalGlebe
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PARTICLE SULFATE, GoAmazon2014/5, I0P1, 17 March 2014, 16:24 to 17:31
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GoAmazon Large
scale
measurements

G5 HALO plane - “High
Altitude and Long Range
Research Aircraft”.

DoE G1 plane in two
campaigns at wet and
dry seasons




ACRIDICON Flights G5-HALO plane dry season 2014
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How particles are produced in Amazonia?
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dN/diog, D, (cm™)

TO site (ATTO) € 100
(All data) ;’Q
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TO site (ATTO)
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N:~3100 cm?3

UTC
It rains a lot. Removal very high. How the particles are formed?
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AMS Aerosol composition: Organics
and nitrates. No sulfates

ACRIDICON-CHUVA
AC 11, 16 Sept 2014
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Biogenic organic aerosol formation at low H,SO, happens in UT!

T —— (semi)volatile
Condensation to “ ; compounds
new Particles
e

Particle — Boundary-Layer Aerosols
Growth | Wolati
Biogenic Volatiles - Sl

b

compounds

Andi Andreae. 2016



Clouds as active aerosol processors in the atmosphere

SMALL PARTICLES
(GROWN FROM NEW PARTICLES
) FORMED IN OUTFLOW OF

EARLIER CONVECTIVE SYSTEMS) O O O
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NEW PARTICLE
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ATTO Tower:
Permanent
observatory
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; Amazonia is key to ‘
\ - global sustainability
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Thanks!




