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Exchange in undisturbed forest
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Exchange in undisturbed forest
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| net C flux intact forpst£TR)
W net Amazon forest lghd use emissions (T
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Carbon Fluxes: 1980-2010

Phillips and Brienen, 2017, Carbon Balance
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Carbon budget

CO,

GPP \

NPP respiration

Plant

Carbon budget is primarily the balance between photosynthesis
and respiration

NPP = GPP - R, => Net Primary

biomass
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Climate variability and carbon budget

Producivity (Mg C ha ' yr™")

Precipitation MWD
m yrt mm
375
= an 50
=1 3.25 100
— a
150
— 275
N 200
— 2.25 260
- g
. 360
— 1.25 400
— 1 450
0.75
08 o
Temperature Short wave radiation
W m™*

240

w
=1

R EEER

Johnson et al. 2016, Glob Change

DiAl



Mountains/hills

Lowland

Rivers
(conjectural)

JA'AVN
Apatite

fission-track
evidence
for uplift

(A) Amazonia once extended over most
of northern South America

(B) The Andes rise

(C) Mountain building in the Central and
Northern Andes (~12 Ma) and wetland
progradation into Western Amazonia

(D) Uplift of the Northern Andes
restricted “pan-Amazonia”, Andean
sediments reach Atlantic and Amazon
River fully established (~ 7 Ma)

(E) The megawetland disappeared and
terra firme rainforests expanded

(F) Quaternary ice ages, restriction of

wetlands, readjustment in river patterns
to mosaic patterns of present

Hoorn et al. 2010, Science



Soil formation and fertility
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Gradients in carbon dynamics
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Gradients in carbon dynamics
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Amazon forest biomass

High biomass ~ Amazon forest biomass density maps: tackling
the uncertainty in carbon emission estimates

) Saatchi et al. (2007)
) Saatchi et al. (2011)
) Nogueira et al. (2008)
)
)

Baccini et al. (2012)
MCTI (2010)
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New LIDAR + Hiperespectral measurements

1000 LiDAR transects

Width: 300m

Length: 12,5Km

Area covered: 3,750km2 (~0,11%)

192 flown twice (Arc/Degradation)
91 directed to field plots

Randomly distributed:

- PRODES forest

- TERRACLASS Secondary
vegetation and

- wetlands

- Transectos LiDAR
B Floresta Inundada 50 Hyperspectral transects

m Arco Desmatamento

Data Paper Submitted to
PANGEA

[ iomaAmazenia Data Publisher for Earth &
Environmental Science

_. %EB A slide courtesy: Jean Ometto

Ciéncia para sustentabilidade Tstimaiva e bomassana nsiia




Forest Biomass Map
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Role of undisturbed forests

m [nterplay between climate, plants and soils drive basin-
wide gradient of forest productivity, tree mortality and
AGB

m Western Amazon (younger), soils rich (in P) => fast
forest growth, high tree mortality, fast turnover

m Eastern Amazon, very deep, less fertile soils => slow
growth, low mortality rate, higher AGB



What if we change the climate?



Drought Sensitivity
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Drought Sensitivity

a) B net change anomaly b) B productivity anomaly
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Long term trends
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Slope = -0.034 Mg ha™* yr-2
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Latitude (%)

Carbon balance revealed by atmospheric measurements
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Carbon balance revealed by atmospheric measurements

Longitude ()
-80 -70 -60 -50 -40 -30 -20

Note:
(-) NBP

c
L
@
[ i : T e =
0.001 0.002 0.005 0.010 0.020 0.050 0.100 0.200 E
Surface sensitivity (p.p.m. umol™" m? s) g (_) N EP
=

2010 -0.03+0.22 PgC  0.48 + 0.18 PgC
yr yr Gatti et al. 2014, Nature

2011 +0.25+0.14 PgC 0.06 £ 0.10 PgC 21
v vr-1

2343
<
JFM AMJ JAS OND JFM AMJ JAS OND
Months of 2010 Months of 2011




Sun induced fluorescence (SIF) x GPP
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Effect of 2015-2016 El-Nino

(c)

SIF at 737 nm

(mW sr-! m=2 nm™)

1.8 -

o

%

)

oo
=
1

>
oo

—e— climatology
—o— 2015-2016

-
&
=
i~
Ir"
O
FL‘I
) 400
= 300 =
G R -~
200 2 ©
a g
100 = £
-0

Koren et al., 2018, Phil Trans. B (in press) %°



Deforestation monitored by PRODES




Annual aggregated deforestation area (km?/

Deforestation monitored by the INPE/PRODES

Annual deforestation rate in the Brazilian Legal Amazon (AMZ) @
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Human driven disturbances




Human driven disturbances

NBP = NEP — D =>NetBiome
Productivity

D=-D.-L-F+R,.+R, +R,

' D, L and F : gross emission from deforestation, logging
' and fires in closed canopies (not deforestation fires)

! Ror R, and R : uptake by recovering vegetation after

8 deforestation, logging and fires, respectively

Araa3dan et al 2014 Rin/



Accounting for LUCC Emissions — INPE Emissions Model
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CO2 Eqfyear

2nd Order emission from clear cut (Brazilian Amazon)
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(a) Secondary forest emission
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Forest Degradation

INPE DEGRAD system
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Disturbances in the Amazon carbon balance

m Ground and atmospheric observations show that undisturbed
forests act as a carbon sink, but the sink strength appears to
have been declining

B Drought events can temporarily revert the sink into a source

m Carbon emissions are dominated by human disturbances -
deforestation, degradation, fires — but it is important to
account for the carbon recovered after disturbances



What about modeling all this?



Modeled annual NEE (tonC / ha)

Models performance

Forest sites
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Biomass simulations

Biomass (Mg C ha™")
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But... Nutrients may limit CO, fertilization!
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Importance of CO, fertilization effect
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Simulated rainforest biomass under climate change and different plant trait diversity

nlature " LETTERS
C lmate C ange PUBLISHED QNLINE: 29 AUGUST 2016 | DOI: 10.1038/NCLIMATE310S

Resilience of Amazon forests emerges from plant
trait diversity

Boris Sakschewski"?*, Werner von Bloh"?, Alice Boit"? Lourens Poorter?, Marielos Pefia-Claros3,
Jens Heinke'?, Jasmin Joshi® and Kirsten Thonicke'?
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AmazonFACE FACE technology

Free-Air CO, Enrichment

-
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Way forward

m Current and future research on the climate sensitivity
of Amazonian vegetation still need systematic
inventories of ecosystem state variables and model-
driving data, and adapting vegetation models for
these processes

m Focus: effects of climate change, nutrient availability,
and on ecosystem structure, especially the mortality
process






Models performance
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Alocation to wood
Woody biomass

0 residence time

20'S

(a)

l
Vcmax (based .
on soil P) & Specific leaf
area index
20°S
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Improving spatial variability based on field observations
Castanho et al. 2013, 43
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Forest ‘dieback’ hypothesis
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Biomass simulations

Biomass (Mg C ha™")

Productivity (Mg Cha ' yr)

150 200 250 300 350 400 450

Johnson et al.
DiAl

2016, Glob Change
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Disturbance: clear cut and burnt of forest area toform pasture or crop area

Timer extraction

Dead organic
matter existent
on the ground

Slash and burn

Death
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Selective logging
Forest fire

23.7%
34.4%
17.2%

S

24.7%

NEP Terra firme (undisturbed)
NEP seasonally flooded
RprSecondary forests

Dr Deforestation emissions

L logging

Drought mortality

F Fires

Aragao et al. , 2014, Biol. Rev.

0.30 Pg C y-*
0.04 Pg C y-'
0.06 Pg C y-'

(=) 0.16 Pg C y-'

(=) 0.08 Pg C y*

(<) 0.11 Pg C y"

(<) 0.11 Pg C y
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