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Abstract

The temporal dynamics of aboveground woody biomass across the landscape is one of the most uncertain aspects of the global
carbon cycle. Previous studies suggest that the forests and savannas of Africa act as a sink of biomass carbon, while others
indicate that it might already be turning into a source. In this study we analysed continental-wide biomass dynamics using
a time-series of aboveground biomass maps for the 2007 to 2017 period. We developed these maps at a spatial resolution of
100m using LiDAR, SAR and multispectral spaceborne sensors within a machine-learning framework. Our results show that
the aboveground biomass stocks in Africa were 120.5 Pg. At the same time, we can observe a continuous increase in the annual

rate of biomass loss in the continent due to the increasing deforestation rates occurring in the Congo Basin.
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INTRODUCTION

e The forests of Africa are amongst the most pristine and biodiverse ecosystems on Earth and contain large
carbon stocks in the form of biomass

e Biomass (dry weight of woody matter + leaves) is a key component in the carbon cycle (carbon is
approximately 50% of biomass), and therefore an Essential Climate Variable (ECV) required by the
Global Climate Observing System (GCOS) to support UNFCCC and the IPCC

o Despite its global importance, the African continent is one of the weakest links in our understanding of the
global carbon cycle due to its sparse observation network.

o Africa stores 13% of live plant carbon, and contributes to 17% of the world’s deforestation carbon
emissions (Williams et al. 2007)

e Previous studies suggested that the forests and savannas in Africa act as a sink of biomass carbon (net
gains), while others indicate that this sink is declining or it is already turning into a source (net losses)

e Better estimates of aboveground woody biomass (AGB) stocks across Africa and their inter-annual
changes (losses and gains) are needed to improve the quantitative knowledge of the African carbon cycle
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DATASETS

Canopy Height Model (CHM) maps:

Training / Validation:

¢ Global Ecosystem Dynamics Investigation (GEDI) LiDAR footprint clusters (Dubayah et al., 2020)

EO Data:

o Synthetic Aperture Radar (SAR) ALOS PALSAR / PALSAR-2 annual mosaics (Shimada et al, 2010)

e Landsat Percent Tree cover (Hansen et al, 2013)

Aboveground Woody Biomass (AGB):

Training / Validation:

e Airborne Laser Scanner (ALS)-based AGB pixels (see ALS references)

Validation:

o Large dataset of circa 11,000 field plots

EO Data:

e CHM maps
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METHODS

CHM modelling: Random Forests Regression algorithm within a Spatial k-fold cross-
validation framework to generate prediction and uncertainty outputs as in Rodriguez-Veiga
et al. (2020)

50 m pixel 100 m pixel
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GEDI footprints were grouped in 4-footprint clusters along track and used as reference units to train the algorithm.
The input EO data was aggregated to 50m spatial resolution, while the final CHM ouputs were generated at 100m
resolution

PALSAR/PALSAR-2 mosaics were cross-calibrated to a PALSAR baseline using a 2,000 ha moving window,
similar to Marshak et al. (2019) to ensure temporal consistency

AGB modelling: An empirical model was developed to estimate AGB as a function of CHM
using ALS-based AGB maps across Africa as reference. A root-squared tranformed
regression model was used:

AGB = (Bo + B1 -CHM)? - ratio estimator

AGB changes: Significant changes were estimated using the uncertainty chatacterization

for inter-annual losses (disturbances), and the long-term slope (p<0.05) for inter-annual
gain of undisturbed pixels
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AGB TIME-SERIES MAPS
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Detail AGB time-series maps for years 2007, 2010, 2015 and 2017
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ACCURACY ASSESSMENT
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Accuracy assessment of the acs time series maps using a large independent field plot reference dataset within 0.1°
grid cells accross Africa. Warmer colours indicate higher point density. The red solid line corresponds to the y =x

line
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SPATIAL & TEMPORAL DISTRIBUTION OF AGB STOCK
CHANGES
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Left panel: Spatial distribution of the cumulative AGB net change from 2007 to 2017 (at 1km spatial resolution
for better display). Right panel: Annual AGB stock change for continental Africa. Green columns represents AGB
gross gain, while purple columns are AGB gross loss. The black points represent the annual AGB net change for
the study period (Pg yr''). Annual AGB net change for 2010 to 2015 is interpolated using the strong correlation
between annual AGB change and annual forest loss rates derived by Hansen et al (2013) at continental

level (hollow points). The trend line is a 3-year moving window.
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DISCUSSION

e We analysed Africa-wide aboveground woody biomass dynamics at 100m spatial
resolution for the period 2007 to 2017 using LiDAR, SAR and optical spaceborne
sensors within a machine-learning framework

e Our results show that during the study period the AGB stocks for Africa forest and
woodlands averaged to 120.5 Pg, which is in the range of previous estimates (i.e.
93-129 Pg)

« We can observe a continuous increase in the annual rate of biomass loss, which
seems to be largely due to the increase of biomass loss in the Tropical Dry Broadleaf
Forests of the Congo Basin
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ABSTRACT

The temporal dynamics of aboveground woody biomass across the landscape is one of the most uncertain aspects of the
global carbon cycle. Previous studies suggest that the forests and savannas of Africa act as a sink of biomass carbon, while
others indicate that it might already be turning into a source. In this study we analysed continental-wide biomass dynamics
using a time-series of aboveground biomass maps for the 2007 to 2017 period. We developed these maps at a spatial
resolution of 100m using LiDAR, SAR and multispectral spaceborne sensors within a machine-learning framework. Our
results show that the aboveground biomass stocks in Africa were 120.5 Pg. At the same time, we can observe a continuous
increase in the annual rate of biomass loss in the continent due to the increasing deforestation rates occurring in the Congo

Basin.

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=48-D1-48-FE-AF-DF-4F-21-A8-B0-99-4C-A4-1A-73-E5&pdfprint=true&gu...  10/11



12/9/21, 10:12 AM AGU - iPosterSessions.com (agu-vm-0)

REFERENCES

Baccini, A.; Walker, W.; Carvalho, L.; Farina, M.; Sulla-Menashe, D.; Houghton, R.A. Tropical forests are a net carbon source based on aboveground

measurements of gain and loss. Science 2017, 10.1126/science.aam5962, doi:10.1126/science.aam5962.

Bombelli, A.; Henry, M.; Castaldi, S.; Adu-Bredu, S.; Ameth, A.; Grandcourt, A.d.; Grieco, E.; Kutsch, W.L.; Lehsten, V.; Rasile, A. An outlook on the Sub-
Saharan Africa carbon balance. Biogeosciences 2009, 6, 2193-2205.

Dubayah, R.; Tang, H.; Armston, J.; Luthcke, S.; Hofton, M.; Blair, J. GEDI L2B Canopy Cover and Vertical Profile Metrics Data Global Footprint Level V001
[Data set]. NASA EOSDIS Land Processes DAAC. Accessed 2020-04-11 from. 2020

Hansen, M.C.; Potapov, P.V.; Moore, R.; Hancher, M.; Turubanova, S.A.; Tyukavina, A.; Thau, D.; Stehman, S.V.; Goetz, S.J.; Loveland, T.R., et al. High-
Resolution Global Maps of 21st-Century Forest Cover Change. Science 2013, 342, 850-853, doi:10.1126/science.1244693

Hubau, W.; Lewis, S.L.; Phillips, O.L.; Affum-Baffoe, K.; Beeckman, H.; Cuni-Sanchez, A.; Daniels, A.K.; Ewango, C.E.; Fauset, S.; Mukinzi, J.M.

Asynchronous carbon sink saturation in African and Amazonian tropical forests. Nature 2020, 579, 80-87.
Marshak, C.; Simard, M.; Denbina, M. Monitoring Forest Loss in ALOS/PALSAR Time-Series with Superpixels. Remote Sensing 2019, 11, 556

Rodriguez-Veiga, P.; Carreiras, J.; Smallman, T.L.; Exbrayat, J.-F.; Ndambiri, J.; Mutwiri, F.; Nyasaka, D.; Quegan, S.; Williams, M.; Balzter, H. Carbon Stocks
and Fluxes in Kenyan Forests and Wooded Grasslands Derived from Earth Observation and Model-Data Fusion. Remote Sensing 2020, 12, 2380

Shimada, M.; Ohtaki, T. Generating Large-Scale High-Quality SAR Mosaic Datasets: Application to PALSAR Data for Global Monitoring. Selected Topics in
Applied Earth Observations and Remote Sensing, IEEE Journal of 2010, 3, 637-656

Williams, C.A.; Hanan, N.P.; Neff, J.C.; Scholes, R.J.; Berry, J.A.; Denning, A.S.; Baker, D.F. Africa and the global carbon cycle. Carbon balance and
management 2007, 2, 1-13.

ALS REFERENCES:

Adbhikari, H.; Heiskanen, J.; Siljander, M.; Maeda, E.; Heikinheimo, V.; KE Pellikka, P. Determinants of aboveground biomass across an Afromontane

landscape mosaic in Kenya. Remote Sensing 2017, 9, 827

Amara, E.; Adhikari, H.; Heiskanen, J.; Siljander, M.; Munyao, M.; Omondi, P.; Pellikka, P. Aboveground Biomass Distribution in a Multi-Use Savannah
Landscape in Southeastern Kenya: Impact of Land Use and Fences. Land 2020, 9, 381

Labriere, N.; Tao, S.; Chave, J.; Scipal, K.; Le Toan, T.; Abernethy, K.; Alonso, A.; Barbier, N.; Bissiengou, P.; Casal, T. In situ reference datasets from the
TropiSAR and AfriSAR campaigns in support of upcoming spaceborne biomass missions. /EEE Journal of Selected Topics in Applied Earth Observations and

Remote Sensing 2018, 11, 3617-3627

Pellikka, P.; Heikinheimo, V.; Hietanen, J.; Schifer, E.; Siljander, M.; Heiskanen, J. Impact of land cover change on aboveground carbon stocks in Afromontane

landscape in Kenya. Applied Geography 2018, 94, 178-189

Saatchi, S.S.; Chave, J.; Labriere, N.; Barbier, N.; REJou—MEChain, M.; Ferraz, A.; Tao, S. AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and
Rabi Sites, Gabon. ORNL Distributed Active Archive Center: 2019; 10.3334/ORNLDAAC/1681

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=48-D1-48-FE-AF-DF-4F-21-A8-B0-99-4C-A4-1A-73-E5&pdfprint=true&gu...  11/11



