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Key scientific achievements : 15 Nature family papers
A few more in the pipeline … 

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 )



● 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

GHG ‘hotspots’



Case study regions - Amazon



• 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)

L-band Vegetation Optical Depth (L-VOD)

Fawcett et al., GCB, 2022
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• Negative trends associated with 

deforestation regions

• Areas of significant loss are ~5 

times greater than those of gain

• Recovery observed in regions 

in South-West, impacted by 

drought in preceding years

Trends in Amazon AGC using L-VOD

Fawcett et al., GCB, 2022

2011-2019



➢ Increase of deforestation and 

associated degradation losses 

since 2012 greatly outweigh 

secondary forest gains.

➢Degradation accounted for 40% of 

gross losses. 

➢Old-growth forests show a net 

loss of  AGC between 2012 and 
2019.

Declining Amazon biomass due to deforestation and

subsequent degradation losses exceeding gains

Fawcett et al., GCB, 2022



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

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

Heinrich et al., Nat Comms 2021



One quarter of humid tropical forest emissions 
offset during recovery
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➢ Maintaining 2017 SF area 

potential to accumulate ~19 

TgC yr-1 until 2030

➢ ~5.5% Brazil’s 2030 net 

emissions reduction target

Large carbon sink potential of secondary forests in Amazonia to 

mitigate climate change

Heinrich et al., Nat. Comms. 2021

net change in SF carbon stock 2016- 2017



• High emissions related to high 
deforestation rates in early 2000s

• Changes to the forest code result in 
upturn of deforestation emissions 
since 2012

• While instantaneous degradation 
emissions are comparatively small 
(9.5% of total instantaneous 
emissions), legacy fluxes account 
for 30.3% of gross emissions on 
average

EO-based Fire Emissions: Brazilian Amazon, 

2004-2022

Fawcett et al., in prep



Protected vs non-protected Areas
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Trends in Deforestation and Degradation

indigenous  areas

conservation units,  

established pre 2004

legal Amazon

slopes

-0.115*
-0.033

0.002

Fawcett et al., in prep



Case study regions - Siberia



Fan et al., Nat Geo, 2022

Region

Single 25km gridcell



Fan et al., Nat Geo, 2022

Substantial losses of live above-ground 

carbon are attributed to fire and drought

- widespread fires in northern Siberia in 2012, 

extreme drought in eastern Siberia in 2015. 

Live AGC losses contrast with ‘greening’ 

trends seen in leaf area index

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



Case study regions - Europe and Northern Peatlands



Building on a recent RECCAP2 GHG 
budget for the full permafrost region

Hugelius et al., in press, GBC Units Tg C / N yr-1



System design - Attribution of regional carbon budget 
into fluxes and C stock change components

GCP RECCAP2 protocol (Ciais et al. 2020)



System design - Attribution of regional carbon 
budget to fluxes and stock change components

GCP RECCAP2 protocol (Ciais et al. 2020)



System design - Attribution of regional CH4

budget to anthropogenic and natural fluxes 



Periodical comparison and evaluation of EO based GHG 

budgets against UNFCCC national Greenhouse Gas inventories 

- 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)

- Scientific publication to track 

progress of national mitigation 
efforts (LSCE)

- National Agency engagement and 
contribution to the Global 
Stocktake (U Leipzig) 

Deng et al. 2022, 2024 part of CCI RECCAP2

Integration and synthesis



Summary

✓ 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.

✓ 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.

✓ 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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