IPCC TFI Expert Meeting on Use of Atmospheric Observation Data in
Emission Inventories — 5 — 7 September 2022

Airborne Amazon Carbon budget and CH4 emissions

Luciana V. Gatti

Coord. of Greenhouse Gas Laboratory
General Coordination of Earth Science
INPE — National Institute of Space Research




_ Trinidad e
¥  Tobago

Y

Venezuelagh .- =
s kp‘&«

i fﬁ@% Glebal Tropical Forest
Ky 12@Pg above'ground biomass
Am°azon river disegarge ~20% of

Global fresh watér put to ocean
~20% Global-biodiversity -

. Fortaleza

5y

Sd0 Paulo v
T Rio de Janeiro



7.5 x 10% km? _ Aiitudes o Localizagéo

Longitude Longitude

CO,, CH,, N,O and CO




Height (m)

Height (m)

4500
4000
3500
3000
2500
2000
1500
1000
500
0

4500
4000
3500
3000
2500
2000
1500
1000
500
0

TAB_TEF

-4,0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
CO2 - BKG (ppm)

-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
CO2 - BKG (ppm)

—2010: 0.69ppm
—2011: -0.50ppm N
—2012:0.79ppm g ‘ Surinames
—2013:-0.32ppm ' = Gulana Franceka

—2017:0.33ppm
—2018
=—Mean: 0.09ppm

[ ooen]

FCaracas— 7\

Venezuela
#YGeorgetown
Guiana 1 YParamaribo

Y€aiena

2014:0.31ppm

:-0.85ppm

—2010: 0.64ppm
—2011: 0.03ppm
—2012: 0.03ppm
—2013: 0.39ppm

2014: 0.37ppm
—2016: 0.74ppm
-0.72ppm i

} 'Bolivia

-0.38ppm ‘

=—Mean:0.20ppm

0

| SAN

—2010: 0.57ppm
—2011: 0.26ppm
—2012: 1.30ppm
—2013: 0.28ppm

2014: 0.57ppm
—2017: 0.03ppm
—2018:-0.25ppm

I—Mean:0.39ppm I

-4,0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0

CO2 - BKG (ppm)

—2010: 0.51ppm
—2011: 0.52ppm
—2012: 1.00ppm
—2013: 0.87ppm

2014: 0.29ppm
—2016: 1.70ppm
—2017: 1.14ppm
—2018: 1.35ppm

I—Mean: 0.88ppm|

-4.0-3.0-2.0-1.00.0 1.0 2.0 3.0 4.0 5.0

CO2 - BKG (ppm)






-80°

-70°

.600

-50°

-50°

-40°

-30°

10°

0°

-10°

Trajectory density

[Jo-s0

[]s0-100
[_J100-150
[]150-200
[ 200-250
[ 250 - 300
[ 300 - 350
[ 350 - 400
[ 400 - 450
I 450 - 500

I 500 - 550
I 550 - 600
I 600 - 650
I ss50-700
I 700-750
I 750 - 800
I s00-850
I s50-900
I 500 -950
I 950-1550

0 450 900

[__| Country boundaries 44 Flight collecting site
[ CARBAM mask



First quarter Second quarter Third quarter Fourth quarter

PP O o v = s 4 o v % %
Weighted trajectories density o Flight collecting sites  ymr— km N

_ Brazilian states 0 800 1600
0001 0002 0005 0007 0010 0020 0030 0050 L] Countryboundaries [JCARBAM mask



Barbados

Flux from Column Budget Technique

e
Ascension
(ASC)

f([Coz ]site = [CO2] bkg ) (074

= Z=

time Miller et al, 2007 (CH,)
Gatti et al, 2010 (CO,)
Gatti et al, 2014 (CO,)
Basso et al, 2016 (CH,)
Gatti et al, 2021 (CO,)
Basso et al, 2021 (CH,)
Gatti et al, 2022 (CO, ,pmitted)

trajectory
af_2010_12_30_0609.6_15

o 2010_12_30_0914.4_15

latitude

af_2010_12_30_4419.6_15

longitude




Climatological Flux (gC m™ day ')

Climatological Flux (gC m ™ day™)

o

-

-1 16% dé}‘oi*ésféd

TABTEF

0.03 £0.02 gCm=2d*

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N

-2

17% déforested

0.05 £ 0.02 gC m=2d?

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Climatological Flux (gC m™ day™ )

aS]

-2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

37%deforested

0.41 £ 0.06 g€C m2d?

day

Climatological Flux (gC m

-2

ALF

ALF

A
,,,,,

s

28% -d.efbrested

0.32 4 0.02 gC m2d-!

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



TAB_TEF

B

v 025

£ 44_-_1_--4_.1—*4_-*4___4_‘_‘_-.__4__\_“_‘_'&*_‘_#
025 |

2010 2011

2012 2013 2014 2015 2016 2017 2018 MEAN

TAB_TEF Total C Flux: 0.03 £ 0.02 gC.m2.day!
Fire C Flux: 0.08 £ 0.004 gC.m2.day!
NBE C Flux: -0.06 + 0.02 gC.m2.day!

16% deforested

1.250

0.250

gCm2day?

-0.250

-0.750

0.750

RBA

2010 2011

RBA

2012 2013 2014 2015 2016 2017 2018  MEAN

Total C Flux: 0.05 £ 0.02 gC.m2.day!
Fire C Flux: 0.14 £ 0.01 gC.m2.day!
NBE C Flux: -0.10 + 0.02 gC.m2.day"!

17% deforested

SAN

SAN Total C Flux: 0.41 + 0.06 gC.m2.day?
Fire C Flux: 0.53 £ 0.01 gC.m2.day!
NBE C Flux: -0.13 £ 0.06 gC.m2.day!
37% deforested
“TALF
.% 075 +

2010

ALF

2011 2012 2013 2014 2015 2016 2017 2018 MEAN

Total C Flux: 0.32 £ 0.02 gC.m2.day™!
Fire C Flux: 0.20 £ 0.01 gC.m2.day!
NBE C Flux: +0.11 + 0.02 gC.m2.day?

29% deforested



& - C A | [ wwwdpiinpebr/proarco/bdgueimadas/

Queimadas
Momloramanta de Focos

# Pardmetros Basicos Mosaico LandSat 2011 {AMZ)/Grada LandSat TW/ S11:40:00 052:47:3C
__noou . : : ;

% Focos nas Unidades de Conservacdo...

% Acessorios

envisdo ontem as 23:30..

Mlnénn! keuma D\érlcs de Fo:os

5:11:40:53 0:52°47:58

511:50:00 053

52 de 203228 Focos, nesta tela, entre 2010-08-D1 00:00:00 - 2010-10-01 23:59:59 GMT
Obs: na tela s6 estio sendo mastrados 20000 focos

Em 22/agosto/2011, O CPTEC/INPE mudou o satélite de referencia para contabilizagio das
queimadas para o AQUA-UMD - Tarde, veia detalhes

@ = NOAR-15; & = NOAR-15D; © = NOAA-12; & = HOAR-12D; » = NOAA-14;

LEE S B

AQUA-MEX; @ = TERRA-M

Expertar Fonos Tea's.,ree'lba'ialla (e} @




Temperature (°C)

Precipitation (mm)

27.0 https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-
AMAZON MEAN TEMPERATURE monthly-means?tab=form
i D Amazon 7.25 x 105 km?
£0.8£0.2°C
25.0 : t .
L
240 4 3 .
ﬁ é R '
23.0 [mm— . .
+ All years N N ]tv
22.0 ® mean 79-88 (23.7°C) i
* mean 09-18 (24.5°C) A1.0£0.1°C
21.0
o] 1 2 3 4 5 6 7 8 9 10 11 12
Month
350
ol : AZON MEAN PRECIPITATION
250 iq
s
200 i i
150 #d : ! '} ; . b
1008 Aiyears 3 H{ f h;] : 17% deforest until dez 2018
o & mean 79-88 (2214mm) : .
® mean 09-18 (2196mm) +
0 No significant change M

o 1 2 3 4 5 6 7 8 9 10 1 1 https://climatedataguide.ucar.edu/climate-data/gpcp-monthly-global-
precipitation-climatology-project



Precipitation Annual and Wet (mm)

Precipitation Annual (mm)

WV Precipitation ASO

500

v

Néo significativo ° .

1979

+ TEF Annual Precipitation

1982 1985

1988 1891 1994 1997 2000 2003 2006 2009 2012
» TEF peak of Wet (JFM)

2015

100
2018

3000
RBA Nao significativo L aso
2500 » 400
- *
RSN ., o e e .
+ . + . . 4+ 350
- " — *
2000 +ggw S B s *o. 22T 300
PR B — v
R . * . - - 250
. .
1500 - Nao significativo 200
™ 150
+ tLt . M .
¥ - * 4 + s & + + .,
1000 + e . v " —
. . s
¥ 84 £33 mm (20%) | 50
500 o
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

+ Total Annual Precipitation

+ Montly mean IFM

* Monthly mean ASO

Monthly Mean Precipitation JFM, ASO (mm)

17% deforested

L1 %]

3000
— 2500
£
E
E
2 2000
37% deforested 2
eforeste S . "
s ¥ 103 £81 mm (11%) * .
© 1500 L2 + 200
&=
o 3
= 150
E ]
o, ]
= o0 |, . ¥ 67 23 mm (34%) 100
LN M s . + . + ]
L3 +*
e + ¥ . R o 5 " = hd - 50
500 t t t t t t t t t t t t 0
1979 1982 1985 1988 1591 1954 1997 2000 2003 2006 2009 2012 2015 2018

.

A

28% d.e'fE;'rﬂested

Annual Precipitation « Montly mean JFM

+ Monthly mean ASO

+ Annual Precipitation + Montly mean JFM

+ Monthly mean ASO

500
ALF N3o significativo | o
E 500 ¥ 400
£
—_ 350
s
=2
H 300
Y
s L . + L 250
= - 2o o b, .
= . N3o significativo .
5 1500 - 200
S
2 b 150
o
+ o
1000 [+ . * 60 £ 23 mm (24%) 100
a + + LA B
1 v _* g2 Y a
\ + .. . - + P g Fa— gl
.
500 + t t + + t + t + + + o
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

Monthly mean Precipitation JFM, ASO {(mm)

Montly Mean Pecipitation JFM, ASO (mm)



TEMPERATURE (C)

TEMPERATURE (C)

29.0 29.0
TEF A\ Temperature ASO SAN
28.0 °
a ; _ A1.9+02°C .
A1.6+0.2°C ,
. SAN
S
& 27.0
=]
g
&
o
2
w
" 250
37% deforested
.
240 25.0 - . . + Anraral Mean Terom
1979 1982 1985 1983 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 . .
® Wet Peak Mean (JFM)
+ TEF Annual Temp + Wet Peak Mean (JFM) + Dry Peak Mean (ASO) .0 ) . E;M Ean(ASJ
ry Peak Mean
24.0 i i i ¢ i ¢ i ¢ ¢ ¢ ¢

t
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

29.0

RBA ALF -
N25+203°C

280

o —_
A1.7£02°C . . S
&
2
=3
(-4
w
o
T =
: _o- i &
28% deforested
.
240 1y S T S S S S S S S S S S S S S S S S S ‘e
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 -
24.0 . . - - . .
+ Annual Mean Temp  » Wet Peak Mean (JFM)  + Dry Peak Mean (ASO) 1979 1932 1935 1988 19891 1994 1997 2000 2003 2006 2008 2012 2015 2018

+ Annual Mean Temp + Wet Peak Mean (JFM)



0.40

0.30

0.20

0.10

0.00

-0.10

NBE C Flux (gC m2d?)

-0.20

-0.30

-0.40

300

290

Temperature (°C)

- NBE x T & GRACE r: 0.88

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Temperature and water in the soil have a significant impact

ALF Temperature 1979 - 2018
A1.50.1°C

- Q - v |

§ i | 9

? /i SR

pogzo3c|

A31%03°C

- * mea
I * mea

ﬁ
ﬁ

79-88
09-18

F all month 79-18

NBE C Flux (g€C m2d1)

0.40

030 +

0.20

0.10

0.00

-0.10

-0.20

-0.30

-0.40

ALF_NBE

M 7 times

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

New results

NBE C FIRE Total C Flux
2010-2014 0.03 0.20 0.24
2016-2020 0.23 0.21 0.44



Input of water vapor
from the Atlantic

Aerial
River

LN

Transport Of gl
moisture to] ". e
La Plata Basifif

g

Aerial River o
Mixing

T LI/
/1111177 = / [
111111 11117177

EvapoTranspiration represents 35 — 40% of water recicle

~8 km

Science Panel for the Amazon (SPA) WG3 / CHAPTER 7 - Biosphere-Atmosphere Interactions

Lead Authors: Marcos H. Costa & Luciana V. Gatti

50 m




20 1 /-
z II'

36% of Brazil total cattle

[ nperien Faw :4;1 1]
arveriec Nlﬂol';hll
"
I\
\
|
"
{
S

=
L2
=
i
>
—
L]
B
e ey

944
7 [iT]}
Para ~—-"7/ o
I e / 1-...,__“"#,.-"' &
o | : - I}{:
TE ,.__'__.—-':;___5-5# *
-
[\ & Gam - =, - e Fowa o A
bl i Mz X513 F.ik T M5 ik o b ) i3 Mroh o
80 - 145
¥ 85 - .
(=]
= - 140
E / g o /
= A A—A. A .
A /
29.858.399 g - .
g *—a
Mato Grosso 5 o i
E . ‘\ 135
£ 75 ./ A
— &
s—e—"
i"f * Amagzonia States & (Other Brazilian States
70 - - 130

T T T T T T T T T T T
2010 2012 2014 20186 2018 2020

(Brazil - Amazdnia) Cattle {millions])



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Detl Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De

[T
-l
<
Xn|4 O [BloL xnj4 D ail4 ainjesadwa) Baly pauing xnj4 0 3aN uopeydioarg i ™ 1 wo
POIUBLLIS
<
1]
o
xz_u_mw,w_o._. Xnj4 D a4 ainjesadwa] Baly pauing x;_u_o"mmz uoneydioaid  |xapu| usaibiend|
Neo~-MHOHWODONOWL © O O - 0" NO QO Q MroONWL®
l lirrococdAAAN © © O O I TO 00 donhINY<
(] o - T MO N - coocooco
(, Aep , w 06) 401 (, fep , w 26) 404 (0L (,Aep . w o) 40381 (ww) ¢ IA3
o
M a
>
<]
n z
°
[¢]
Q
@
%]
o
3
<
=
)
c
=3
3
g
=
S
<
8
=
e
[0)
fin
f=
Xni4 9 [eloL Xn|4 9 ail4 aInjesadwsa] Baly pauing xnj4 9 3N xepu| usaibieng[ S
o
" [s]
w g
=
o °
< o]
= Q
Q
%)
o
=1
<
=
=
f <
/ 5
/ =
/
/ g
=
S
<
3
=
e
Q
fin
Xnj4 9 [e1oL Xnj4 9 all4 ainjeladwal Baly pauing xni4 9 3aN uonendioald  fxepu useiBieng[S
Ne-om~-NMHWBOWOPDNOW © O O C o N0 Q000 MraKwo
Il lirrcoNAANAAN © © O © I TO OO o douwtTs
® « = TOQ - Boososoo
(,_fep_ w0b) 401 (, fep, w0b) 404 (D)L wy)vg  (,_Aep, w0b)403ar (ww) 4 AT




11% deforested 27% deforested

- Fowerromt (Faina na ATivas o PR /m/dia Amazon Total West side East side
—
g Region Amazon (2,3) Amazon (1)

1 1 1 0 o
° Total 0.11+0.16 0.04+0.12 0.35+0.22
3 20211 1
_{/k - NBE -0.04+0.15 -0.07+0.12 0.04+0.21
‘/'/ And | Fire 0.1540.07 0.11+0.05 0.31#0.10
75°W  60° W 45 W
Amazon Carbon Balance (7,256,362 kmz) Amazon Forest total Area
Total C Balance (PgCy™) 0.29 £ 0.08
Fire C Balance (PgCy ™) 0.41+0.02
NBE C Balance (PgCy ) -0.13 £0.08
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Tree mode of death and mortality risk factors
across Amazon forests -

Adriane Esquivel-Muelbert® et al.*
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Fig. 1 Tree mortality rates and mode of death across Amazonia and adjacent lowland forests. Circles show the mean mortality rate across the entire
time series available for each plot (% year—"). Pie charts show the proportion of dead trees found standing (darker shading) and broken/uprooted (paler
shading). Different colours represent the four geological regions: Northern (green), East-Central (red), Western (yellow) and Southern (blue). Mortality
rates per plot were calculated as the mean value across all censuses weighted by the census-interval length.
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Amazon annual mean emission 2010-2018 (TgCH, y')

8% of global total emissions |—> FCH4: 46,2 + 10,3

Fuon-pire_cHat 38,8 10,7

23% of global wetland emissions |—» Fwer cnat 33,8%7,6

45% of biomass burning global emissions |—> F . .0 7,7 £1,6
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» Non-fire sources — mainly wetlands - dominate emissions (biomass burning contribution
~17%)

» No significant emission trend over the period from 2010-2018 based on vertical peofike data
2021)




Comparison of magnitude and seasonality of fluxes
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northwest-central region: nearly a-seasonal consistent with weak precipitation seasonality

southern regions: strongly seasonal synchronously with equivalent water thickness

northeast region: double-peak emissions - causes unclear
Distinct east-west contrast with an emission peak in the northeast

+ cause not fully understood
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Comparison with wetland model predictions

For Amazon area (7.2 millions km?)

A globaln wetland methane em'SS'O_nS and ) - annual WetCharts wetland emissions:
uncertainty dataset for atmospheric chemical 39.4+10.3 TgCH, ¥

transport models (WetCHARTSs version 1.0
P ( ) our data-based approach

A. Anthony Bleom', Kevin W. Bowman®', Meemong Lee’, Alexander J. Turner®2, Ronny Schroeder, John R. Worden',

Richard Weidner', Kyle C. McDonald'3, and Daniel ). Jacob® + -1
33.8+12.7 TgCH, y
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* Our wetland estimates were similar to fluxes from the WetCharts wetland model ensemble:

+ except for the SAN region:
+  WetCharts does show substantial emissions , but still just 40% of our estimates;

(Basso et al.
2021)



N,O emissions in TgN,O year?

Davidson &
E(IZ':;; igll)o Kanter, 2014 INP:‘(::r;azon) %
(Global) &
Total 18,8 18,9 2,43 13%
Natural 12,1 10,1 1,95 (BIO) 16 a 30%

Anthropic 6,7 8,8 0,47 (FIRE) 7a15%
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Figure 2.4. Total GHG emissions from 1990 to 2016 in Tg of COe

In 2016, Brazilian emissions were 873,272 Gg C02; 19,333.2 Gg CH4, and 586.09 Gg N20, which represented 59.5%, 27.7%, and
12.4% of the total Inventory in CO2e. Between 2010 and 2016, total CO2, CH4, and N20O emissions increased by 30.3%, 3.8%, and

10.7%, respectively.
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Figura 7. Exemplos de categorias, subcategorias e gases de GEE emitidos no setor LULUCF.




Conclusions

- The Amazon was and could continue to be our Climate Protection
- Carbon Sink
- Produce precipitation
- Reduce temperature

- Deforesting the Amazon it becomes an acceleration of climate change
- Carbon Source
- Reduce dry season precipitation and and makes it longer
- Increase temperature
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