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CarbonARA - Rational esa

Amazon contains ~ 40% of global tropical forest area (60% in Brazil) and ~ 230 -280 Pg C (> 50% in trees).

Its climate change mitigation role maybe weakening (forest loss + degradation + fire + climate + drought).
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CarbonARA - Rational esa

«  Amazon contains ~ 40% of global tropical forest area (60% in Brazil) and ~ 230 -280 Pg C (> 50% in trees).
 Its climate change mitigation role maybe weakening (forest loss + degradation + fire + climate + drought).
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inversions of satellte GHG data a source

(+36 £ 125) Tg C yr.
g "Belommolth Large spatial heterogeneity: Aircraft CO,
b} r —TREDv & CO profiles? suggest E. Amazon has
§_ Source Sink highest net C fluxes to atm. (small NBE
% m &P sink and very large fire source). —— crr—
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Because of its potential as a climate tipping point, the CEOS Strategy (2021)
suggests commencement of observational campaigns to reduce uncertainties
and deliver greater understanding - as a contribution to the Global Stocktake .
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CarbonARA — Objectives in Response to CEOS esa

GHG Quantification & Verification:  Help constrain landscape-scale GHG fluxes across landscapes.

Fire Impacts & emissions: Characterise fire combustion phase, emission factors & test new approaches.
Satellite Validation & Interpretation:  Provide airborne & ground data for satellite EO product assessment.
Modelling Support: Data to assist & test C-cycle model development, process understanding & GHG inversions.

SR Key Activities
s-'s'f'tf;;éf,ffffwf S Augmented KM67 flux tower
(2001+) in primary-forest with
many new Sensors.

Conducted first airborne EO

TTT ) 11t campaign by a foreign aircraft
GHG FLUX | -

i @ GG FLUX A since NASA in 1990’s.
! % Installed “copy” of KM67 setup in
secondary forest for first time.

» //-'/' s
PRIMARY FOREST £ | SECONDARY FOREST FIRE IMPACTS
(undisturbed) \| (degraded) } and other disurbances Added new ground sensors (e.g.

Pandora, EM27-Sun...)

WETLANDS L — ~A\W Undertook ground & airborne
: - : Smmeanaens | 1IF€ & sSmoke measurements
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Location of Primary & Secondary Forest Towers Lesa

Tower-Based Fluxes & EO Sensors

o & A Heterogeneous forest terrain el LR

Base INPA/LBA @ l

Santarem Airport
Algae Lakey

L7 ". ~"£

Secondary Forest

2 - P, ) § A
2 4 TN . ) - 4
:._ET Tower,| ot Soild ; 4 o SRR N\
> J . : 3 8 ¢ N
3 g W < et % me , / B Ll S Eazer 3 s "
i - & e % ¢ 2 ' .
; % ‘

CAMPO NOVO. @ L
IMPERIO - TIME .. [y

- .»"l’

FAZEND)
ExPERlMENTAﬂ

\

2 ) ,‘
’ 5

. = g ™= = 4 |1 — b B0 SZ fam "™ EI ™ 5 mm %]  ° THEEUROPEAN SPACE AGENCY




P2

Primary Forest :‘F’ﬁmf‘arxforesit Pkl | S Sorighl e = "-Sfe,o'én”daPy F

NN

ANV,

N

Y

S =
V/Am B am n




Tower Instrumentation & Example Early Analysis esa

CO, Flux Diurnal Cycles

EC Systems NEE (CO,, CH,, H,O fluxes) @ | or—"F"——F—"F"—F+———"—"—""+—
FloX (Fluorescence Box) SIF, NDVI, canopy reflectance Primary Forest 1
EM27-SUN FTIR Total column XCO,, XCH,, XCO |
L-Band radiometer (PoLRa) VOD, soil moisture 5 ’
GNSS Veg. Optical Depth 5
Thermal Radiometers Brightness Temperature & LST |
. Oct 25 — Mar 26
Pandora Spectrometer Atmospheric column (NO,, O etc) O S s S A S S S S O S
Meteorological Stations T, RH, pressure, wind, PAR, radiation Secondary Forest |
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Airborne Sensors Deployed Eesa

Instrument Description Purpose
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PhaseOne | AIK NBaz2ftdziaz2y wbD. OI YS NJIContext RGBimagery; photogrammetric point cloud, imagsaics, DEMs
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Condensation Particle Counter Measures aerosol concentration from fires Aerosol sizes >10 nm
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Airborne In Situ : Landscape Scale Fluxes of CO , Eesa

Airborne Wind Vectors Mixing Layer Height Determination
Wind (1-min mean), 05 Oct 2025, flight 42: " heta & treta v Humidiy Gradient
— 0-2m/s -2_01 e B I B ' g — . T ’r | - . :
— 2-4m/s r 1 :
[ | — 4-6mfs 250 = ] .
T 6-8m/s : 2000 2000 2000
— 8-10m/s 5 [ ]
10-12m/s 8 80 ] - - -
12-14 m/s § [ % 1500 g 1500 % 1500
1416 m/is £ 35 2 k- 2
16-18m/s  —
18-20 m/s 40/ 1000 1000l oo+ ——
20-22 m/s [
| 22-24 m/s 457
— >24m's -55.0-54.8 -54.6 -54.4 -54.2 -54.0 -53.8 -53.6 -53.4 ‘3'2‘-‘3;53'5‘-‘3;-;6-‘ i Bl e
: Longitude (deg) theta (C) RH (%) " dtheta_vidz (Kim)
Disturbed Area
Heterogeneous Cover Airborne CO, CO2 (ppm)
' : Mixing Ratio .
< Derived CO , Fluxes
AR h 4400
Areal: +2374 mgm 2ht
4375
\ Area2: + 4070 mgm 2 ht
\ 4350

Area 1 ~15 mmol.m2.s™!
Area 2 ~ 27 mmol.m2.s!
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Airborne Earth Observation

CarbonARA2025
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Airborne EO Example: Solar Induced Fluorescence
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Primary Forest Site I 12 Oct 2025
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Biomass Burning Fire & Smoke Characteristics
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Biomass Burning & Fire Emissions

esa

- CO vs CO, Ratios in Four Fire Plumes

16 th Oct 2025 Example
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Biomass Burning & Fire Emissions esa

- CO vs CO, Ratios in Four Fire Plumes
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CarbonARA — Plans & Key Activities esa

Direct response from ESA to CEOS recommendations - led by NCEO-King’s College London, INPE & UFOPA.
Partners included many European and UK collaborators — mostly focused on remote sensing instrumentation.

Sited in the region of E. Amazon shown to have large net C flux to the atmosphere — close to Santarem.

In 2025 planned new infrastructure and new sensors, planned airborne campaign and ‘roving’ fire measures.

Airborn measurements Satellite observation

Twin Otter awcraft

th 1

GHG FLUX M- 66 FLuX

N
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- - / !
PRIMARY FOREST 'f/\ ‘ SECONDARY FOREST FIRE IMPACTS
(undisturbed) ! \\'. (degraded) and other disurbances
-t ) | 1

| /]
s |

v |

_ A
R @# i

|
EM27 measores .
WETLANDS o~
: ‘)S contentrations
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CarbonARA - Activity esa

Direct response from ESA to CEOS recommendations - led by NCEO-King’s College London, INPE & UFOPA.

Partners included many European and UK collaborators — mostly focused on remote sensing instrumentation.

Sited in the region of E. Amazon shown to have large net C flux to the atmosphere — close to Santarem.

In 2025 planned new infrastructure and new sensors, planned airborne campaign and ‘roving’ fire measures.

e
B

sl Augmented KM67 flux tower
S o (2001+) in primary forest with
many Nnew Sensors.

+114 | 7 114 Conducted first airborne EO
GHG FLUX N

Ly eons | campaign by a foreign aircraft
R b i D | since NASA in 1990’s.

A\

» Installed “copy” of KM67 in

- s / L
PRIMARY FOREST 4 | SECONDARY FOREST FIRE IMPACTS

(undisturbed) ] Gegnded RS  secondary forest for first time.

A | Added new ground sensors
PELAR VIR e . s (e EM27-SUN) and
= 7, - - L e Measured fire emissions.
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CarbonARA - Objectives esa

GHG Quantification & Verification:  Help constrain landscape-scale GHG fluxes across landscapes.

Fire Impacts & emissions:  Characterise fire combustion phase, emission factors & new emissions approaches.
Satellite Validation & Interpretation:  Provide airborne & ground data for satellite EO product assessment.
Modelling Support: Data to assist & test C-cycle model development, process understanding & GHG inversions.

Airborn measurements Satellite observation

Twin Otter awcraft
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