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Accurate quantification of carbon s
stocks at the individual tree level
in semi-arid regions in Africa.
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Context: The scientific gap

% &

Satellite technologies have High resolution imagery (~1m) Additionally, the Sahel region
allowed large-scale mapping at allows to observe individual has been under-monitored and
coarse to medium resolution trees. However, most methods in-situ data is generally missing
(~10km —10m), but still lacks rely on tree crown area alone or for these ecosystems.

the capability to accurately do not have the validation data

map semi-arid areas. at tree level.
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Context:
The JeSAC
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AGROFORESTRY — Labs
Promotion of agroforestry
and climate resilient

agriculture

ction

Elimatique

INNOVATION

Development of a pilot
system of Payments
for Environmental
Services (PES) based
on agroforestry
initiatives.
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Objective

Development of a validated and scalable monitoring
system of carbon stocks for restoration and
agroforestry activities in semi-arid areas.

Involvement of communities

In-situ measurement campaign training in Niamey, Niger, in collaboration with
the Great Green Wall Initiative and Oxfam Intermon within the JeSAC project.

Use of Al and VHR satellite imagery

Tree Crown Segmentation
Q) Ground Measurement Plot E s
+ |ndividual Tree Measurement ' 4 I d

Segmentations calculated using DL model from Brandt et al. 2020.
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Materials &
Methods

- 8 study sites in the Sahel
region, selected and
measured by the Great
Green Wall Initiative
experts.

- One Pléiades image per
site.
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Materials &

GROUND TRUTH DATABASE VALIDATION ESTIMATION

Allometric Tree AGD
% i database
equations
Trained model
Artificial
Measurement j Nairal
protocol design [l Field data § ; S
. : i Network == Error estimation
with local collection (ANN)
experts Tree crown

regressor

segmentation & ;
variable extraction

Comparison with
existing maps &

Pléiades 0.5m
resolution Imagery

Model &
Data Model application
- - outputs - PP
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Results

ANN model results at
the individual tree level.
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Pearson R 0.84 0.85

R? 0.69 0.71
RMSE 355 kg 293 kg

rRMSE 51% 49%
Bias -58 kg -46 kg
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Scatter plot showing ANN model results on the training and validation dataset.
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RQSUltS When aggregating results at coarser

resolutions, overall errors decrease.

AGC & error distribution at plot level
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(Left) Relative errors aggregated at measurement plot level. (Right) Absolute errors and AGC distributions aggregated at plot level.
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Discussion

Comparison with state-of-the-art AGB /

AGC maps and datasets.

» Total AGC obtained using the validated
model in all trees of the study sites.

Total AGC
Harris etal. 20214 @ e Current underestimation trend of most
ESA CCI Biomass 2018 5| ===l models.

ESA CCI Biomass 2010 - ——i)
Santoro 2018 4  —e——f
Hanan et al. 2020 4  =———f

Tucker et al. 2023 - &
Xu et al. 2021 - [}
Avitabile et al. 2016 - &
This study @
Bouvet et al. 2018 - ®
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Discussion

Ground This study Hiernaux et al. 2023
truth AGC AGC+BGC
Q0.25 93.13 136.65 111.22 140.10
Q0.75 651.34 798.82 349.38 44712
RMSE 355.62 462.02 404.27
Bias -57.28 -216.21 -143.59

Comparison with crown area based
allometries from Hiernaux et al.
2023 used in Tucker et al. 2023.

» Underestimation trend in larger
tree crowns. Overall larger bias
for this study’s ground truth
dataset.
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Conclusions

@

Ground-based methods
and global approaches to
carbon stock estimation in
semi-arid areas usually
lead to underestimation
and uninformed decision-
making

CX

Accurately measuring and
geolocating individual trees
in VHR imagery allows us to
provide better estimates of
tree cover and AGC.

[

Further validation of this
methodology in similar areas
along the Sahel region has a
large potential for fine-tuning
the models and scaling this
technology at regional and
country levels.
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Conclusions: Results from the JeSAC project

On-line platform created
with individual tree carbon
data for all the areas of
interest of the project.

< JESAC
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Conclusions: The NoR program

- This Project was supported by the ESA Network of Resources (NoR) Initiative, with ID:
240610.

- The NoR program provided access to commercial Very High Resolution imagery which, in
research projects, can be otherwise too expensive to use at the needed scale for the
research objectives.

- The NoR program provided access to the Sentinel-Hub platform, which simplified the
purchase, processing and downloading of the data and allowed for fast exploration of the
areas of interest.

- The NoR program allowed to test the methodology in different areas via accessing small
portions of the historical VHR imagery over the areas of interest.
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