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Climatic and biotic factors influencing regional declines and
recovery of tropical forest biomass from the 2015/16 El Nino
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Synthesis of the land carbon fluxes of the Amazon
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Key contribution to GCP RECCAP-2 protocols and synthesis

Inversions for the 2023 global stock-stake : Deng et al., Byrne et al. 2022

New datasets : L-VOD processing, inundated areas

New methodologies : loss and recovery C budgeting models

Exchange with IPCC task force on national GHG inventories ( workshops in 2023 and 2024 )

Duubllrl,‘ of annual forest carbon loss overt
tropics during the early twenty-first century
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Assessment of GHG gross and net fluxes for six case study regions

Top down + bottom-up estimates using EO will be compared and reconciled with inventories.
These regional case studies are completed by the collection and analysis of global ECVs aiming
to reduce the uncertainty on the global biomass carbon change and methane budgets

This project integrates across CCI ECVs

Arctic tundra and peatlands Europe

Siberia ‘intact’

Siberia ‘logging’

Amazon ‘deforestation '/ [EDEsSten AR
and degradation’ 4 % I Sieria logying < :

R ; [€uspe J oy

(" [ Armazon Intact ) R

120'W 6w 0" 50" € e %0




.

reccap-2
£

Case study re

Case study region

Importance for the land C budget

Approach used in this project

Existing ECV
input data

New ECV datasets produced in
the project

Amazon
‘deforestation and
degradation’

University
of Exeter

Brazil is currently the largest
contributor of land-use emissions,
representing 17%-29% of the global
total (Rosan et al., 2021), as a
result of large-scale deforestation in
the Amazon. F

Forest degradation through fire and
selective logging is underreported
(Silva Junior et al., 2021) but
associated emissions can exceed
those from deforestation (Aragao et
al., 2018, Fawcett et al., 2023).

Expand the application of the fire
carbon book-keeping model developed
in CCI RECCAP2-A to the whole of the
Amazon

Develop a new wood density product
across the basin, by mapping a
ubiquitous tree species characteristic of
forest disturbance combining
deep-learming and remote -sensing.

Aid disturbance and biomass mapping.

FireCCISFD
CCI Biomass

Extension of the FireCCISFD time
series and product for southern
Amazonia over the domain from the
HRLC project. (UAH)

Amazon ‘intact
forest’

INRAZ

Globally, Amazon forest accounts
for about 40% (140 GIC) of the C
stocks of forests and 25% (93 GtC)
of AGB (Pan et al., 2011).

Intact Amazon forests have been
exposed to severe drought and
mortality during the previous years
(El Nifio)

Exposure to wind blowdown events
disturbances in central and north
Eastern Amazon intact forests

Top-down approach based on L-VOD
for estimating the net annual C balance
of AGB at 25 km

Disaggregation attempt of L-VOD
derived forest C losses and gains at
100 m from a statistical downscaling
model

Attribution of C loss to fires and other
natural disturbances (wind blowdowns)
& attribution of C gain to climate,
vegetation and soil parameters

FireCCISFD
CCl Biomass

CCI Land
temperature
CCI Soil moisture

L-VOD derived AGB changes over
2010-2021 for southern Amazonia,
including corrections of moisture
content, roughness and albedo
(INRAE)

Map of attribution of C losses and
gains to natural disturbances,

vegetation and soll parameters over
2010-2021 (INRAE)

High resolution annual maps of
forest height & AGB in Option B

Full GHG budget of inland waters
in Option C




L-band Vegetation Optical Depth (L-VOD)

« SMOS measurements of L-band microwave emissions can be used to derive VOD which is not fully
attenuated even by high biomass

 How much is attenuated depends on the amount of vegetation but also on its water content

 However, low resolution (~25 km) means it aggregates many processes (but from 2011 onwards)

biomass change

L-VOD

Attenuation
(>VvoD)
(+ emission)

Fawcett et al., GCB, 2022



reccap-2 Trends in Amazon AGC using L-VOD

European Space Agency
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Declining Amazon biomass due to deforestation and
subsequent degradation losses exceeding gains

deforestation

I - d dati ed
» Increase of deforestation and egradation (edge)

associated degradation losses
since 2012 greatly outweigh
secondary forest gains.

0.501 —— degradation (non-edge)
——— secondary forest growth
—— old-growth forest change
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» Degradation accounted for 40% of
gross losses.

0.001

» Old-growth forests show a net
loss of AGC between 2012 and
20109.

University
of Exeter
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New estimates of Secondary forest regrowth using high-resolution satellite data

Forest age- _
(years)

0 250 500km

Space-4-Time. Secondary Forest age map + AGC map = map of
gains and losses due to Secondary forest growth and deforestation

TerraClass (2014)
B secondary Forest

I Perennial Agriculture
B silviculture

>
Heinrich et al., Nat Comms 2021




a Recovring Degraded Forest b Recovering Secondary Forest
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Large carbon sink potential of secondary forests in Amazonia to
mitigate climate change

net change in SF carbon stock 2016- 2017

» Maintaining 2017 SF area
potential to accumulate ~19
TgC yr1 until 2030

» ~5.5% Brazil's 2030 net
emissions reduction target

Heinrich et al., Nat. Comms. 2021
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EO-based Fire Emissions: Brazilian Amazon,
2004-2022

ppcDAm-I | [PPcoAm-it] | PPcDAm-in || PPcDAm-iIv |

total Brazilian Amazon

 High emissions related to high
deforestation rates in early 2000s

4

. deforestation

. degradation_instantaneous

. ——— » Changes to the forest code result in
upturn of deforestation emissions
since 2012

woody regrowth

L

» While instantaneous degradation
emissions are comparatively small
(9.5% of total instantaneous
emissions), legacy fluxes account
for 30.3% of gross emissions on
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Fawcett et al., in prep




Protected vs non-protected Areas

degradation

. conservation units,
established pre 2004
. indigenous areas

legal Amazon




Trends in Deforestation and Degradation
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Case study re

Case study region

Importance for the land C budget

Apprbach used in this project

Existing ECV
input data

New ECV datasets produced in
the project
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East Siberia
‘harvested
southern

Southern Siberia, in particular near the
border with China, has experienced a
large increase in harvest, causing forest
loss, combined with natural disturbances

Fast warming and drying trends at the

southern edge of Siberian boreal forests
pose a threat to the stability of regionally
widespread trees species such as Larch

New disturbance maps from Landsat
attributed to harvest vs. other
disturbances and new Planet-based
cover, height, AGB map

Empirical model of forest C loss from
disturbances from remote rensing

Bookkeeping model of loss and gain
with RS AGB and in-situ data woody
debris and soll carbon

FireCCISFD
CCI Biomass
CCI permafrost

CClI Land
temperature
CCI Soil moisture

Tree cover and tree height map
from Planet data at 3 m for the
year 2020 (UCPH)

AGB map at 30 m resolution
based on Planet tree cover and
tree height (UCPH)

Map of attribution of C losses and
gains to natural disturbances,
vegetation and soil parameters
over 40 years (LSCE)

Extension to all Siberia in
Option A

4

East Siberia
‘intact forest’

L5CE

1270000 km2 of boreal forests with 8
PgC in biomass and 61 PgC of C in
soils, including 44 PgC in permafrost

There is a recent large increase of fires
and drought over Siberia causing carbon
losses, which are unknown in magnitude
and spatial patterns. Currently, the
region is a carbon sink that may turn into
a carbon source

Empirical model of forest C loss from
disturbances from remote rensing

Attribution of C loss to fires and other
natural disturbances with RS data

Bookkeeping model of loss and gain
with RS AGB and in-situ data woody
debris and soil carbon, for different
disturbance agents

FireCCISFD
CCI Biomass
CCI permafrost

CCIl Land
{temperature
CCI Soil moisture

New burned area datasets Fire
disturbance maps from Landsat
1984 to present 30 m annual
(UAH)

Tree cover and tree height map
from Planet data at 3 m for the
year 2020 + AGB map at 30 m
resolution based on Planet tree
cover and tree height (UCPH)

Map of attribution of C losses and
gains to natural disturbances,
vegetation and soil parameters
over 40 years (LSCE)




nature geoscience
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Substantial losses of live above-ground ‘ ot
carbon are attributed to fire and drought S 2
- widespread fires in northern Siberia in 2012, SR £
extreme drought in eastern Siberia in 2015. 005 =
Longitude

Live AGC losses contrast with ‘greening’
trends seen in leaf area index

N
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- faster post-disturbance recovery of leaf area NP
than live above-ground carbon. 0

Longitude

Fan et al., Nat Geo, 2022
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Alarming
though to be a combination of increased
harvest, severe droughts, bark beetles, and

Attribution of C loss and gains to fires and

1 moistu
mmwmnmmmm o oo i

CCI Land Cover

Case study region Importance for the land C budget Approach used in this project Existing ECV New ECV datasets produced in
input data the project
Rather intensively managed forests (ca. Coarse resolution L-VOD for estimating CCl Biomass Forest annual disturbance map from
75% of forests are even-aged and avallable | biomass annual change since 2010 CClI Fire burmned Landsat 1984-present 30 m (TUM)
for wood supply) Direct estimation of biomass annual change  |area Fire fuel parameters 1 km resol.
Many trees outside forest recently revealed from regional high-resolution biomass maps CCI Land (UAH)
s Europe| since 2018
decline of forest carbon sinks temperature Tree cover / height map from

PlanetScope data at 3 m for years
2018-present / update each year ;
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from permafrost thaw and fires.

Shift to net warming projected to offset the
full peatiand C sink.

umksmmnolhmum

mmmnwaonom
from 2000 to 2024 plus projections in the future.

Improved representation of lake surface aroas and
their temporal dy P e c
of lake

Y P
P

Cas

pared to
CH4 emissions.

slow-down in growth new regional b ping AGB maps 30 m (UCPH)
Declining anthropogenic CH4 emissions but | model CCl Lake ECVs Map of attribution of C losses and
risk of increased natural emissions from Attribution of C gain to climate, vegetation and gains to natural disturbances,
warming soll parameters vegetation and soll parameters over

UNIVERSITAT Trends and variabliity in lake CH4 representation of lake surface areas 40 years (LSCE)

LEIFZIG emissions, including into and temporal . Attribution of changes Map of lake CH4 emissions at 30 m
natural flux and anthropogenic flux to anthropogenic factors resolution and changes over 40

years (ULB)
Arctic permafrost peatiands cover 1.7 £ 0.5 Combine field data with RS and machine leaming to High-resolution pan-Arctic wetland
M km2 and store 185 = 66 Pg organic MWMMMm map downscaled from regional
carbon In the peat. presently lacking. o and/or global maps.
Have been strong C sinks, and sinks of net """""w‘m*"" figh-tesoimion Observation-driven modelling
6 Arctic d GHG forcing, for >12,000 years. mm Hef ot peatland permafrost extent over 40
peatlands (and | .o, ¢ josses and CH4 fluxes projected % of peatiand fires from new maps and - opior

Maps of modelled GHG balance from
permafrost peatiands over 20 years
Maps of modelled CH4 emissions
from peatiand lakes




dget for the full permafrost region

CO,: =270 - 231 2% 121 ¥ 72 2.9 Seologic
CH,: [z 0.4 1 187 26 i 1.5
N,O: 0.14 35, 0.002 2% D12 - 018 o 023 5
Inland waters  Fires Coastal 1552 C
2 I forest and tundra Wetlands [itnciam erosion 1.653N
orea fen and bog x
forest | -
i River 78, C

Stock chang e| Top-down C i I.z_'” flbx 1.055 N
budgets |Bottom-up change 103 Z: :Eloa?\kge

Hugelius et al., in press, GBC Units Tg C /N yr-t



.hl —w_

System de5|gn -

;’QES“ reccap-2

tock chan

Net CO, flux
Net land C sink
A
A \
Intact Forests Deforestation Fire
(CO,, Climate) A Fossil Fuel
emissions
Regrowth sprowth
Sv:)(md.uy Reg (rotv;
o Forests l ¥ Fires
4 Ocean sink
AAGB
+
ASOC

GCP RECCAP2 protocol (Ciais et al. 2020)



F - natural emissions NPP = Net Primary Production F = Crop products oxidaton C
F_.__m“__ = Weathering CO, uptake SHR = Sall emasions
:__._“‘_. = Lukes & reservors C outgas :u, -zmwm: :____-m::unmc«u:un
* River C outgassing S— o management e— Wood products buming C emssiol
By oo e = Firos total C emissions s = Peat exiraction

¥ s = Grazing & disturbance C emission€ __ = Crop trade taters! C flux

F = Reduced C compounds acbdeta = Wood trade lateral C flux

¥ e = C emissions from grazing mammels_ = River C export 10 estuaries

GCP RECCAP2 protocol (Ciais et al. 2020)
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Integration and synthesis

-  Partnership with CITEPA, CMCC.
Collaboration with UKDES and INPE

- Make system boundaries &
definitions as close as possible
between EO data and IPCC
Guidelines used for NGHGIs

- Data cube for data homogenization
and visualisation (Brockmann)
Fig & Number of years covered by NGHGIc reports (National communications +Biennial Update Reports) in each
country (as of March 6, 2023)

-  Scientific publication to track
progress of national mitigation
efforts (LSCE)

Deng et al. 2022, 2024 part of CCI RECCAP2 - National Agency engagement and

contribution to the Global
Stocktake (U Leipzig)
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reccap-2  Summary

v' CLIMATE SPACE RECCAP2 project aims to harness satellite based ECV
to reduce the uncertainty on the emissions and sinks of CO2, and
CH4 over key land regions, and attributing them to anthropogenic
and global change drivers.

v’ Integrate bottom-up and top-down methods and compare results with
inventories for case study land regions that are of key importance for
global budgets and where uncertainties on current CO2 and CH4 fluxes
remain very large : Europe, Siberia, Amazon and Arctic.

v' In addition to high resolution gridded fluxes over regional case studies,
RECCAP2 will keep a focus on how these advances can contribute to improve
the global land carbon budget
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