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This information is pivotal for ecological °

protection, carbon accounting, and A prOjeCt at Two Ievels

guiding climate mitigation and restoration

efforts. This project works towards A highly precise characterisation of individual trees and
continental-scale assessments of each shrubs from sub-metre satellite and aerial imagery

tree, with a particular focus on trees
outside forests. We use extensive field
data collections, machine learning, and
very high-resolution satellite and aerial
imagery to estimate tree cover and carbon
stocks at the level of individual trees. Our
focus is on drylands, but we do not limit
our studies to drylands.

Here we localise every tree, measure the crown diameter and use allometric equations
from field data to estimate the carbon stock from the diameter. The sub-metre
resolution allows for the detection of trees with a crown size down to about 1m?. Trees
in dense forests can be separated as individuals. Some major tree species can also be
identified at this level, and height can be estimated for each tree. Due to the high data
and processing requirements, this work is not done at the continental level.

Satellite-based monitoring A precise mapping of tree cover at individual tree level

of trees using high-resolution images from PlanetScope and
RapidEye nano-satellites

Trees sustain livelihoods and mitigate
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If trees grow in isolatig}n, the crown size can be measured and the carbon stock
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" Figure 1: A total of 10 billion trees and shrubs have been mapped over the Sahara, Sahel and Sudanian zone, |

e %\gf and the carbon stock for each of them was estimated. We also localised millions of baobab trees for th
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o S|ngle tree carbon stocks haye been “ar
-~ mapped for all ecosystems in Rwanda,', ..
|nclud|ng savanha; . - farmlands Rl e e
shrublands and ramfor_est_-r(Flgure 2). f S ‘ L T4 b g <10% cover

‘e PlanetScope images = have - been = : : . : 10-25% cover
mosaiced at continental “scale-. for’ > et s b‘ ; : G e O R T 5 (03 A0 Fe ~w Forest <4m (Shrublands)
2019 and have been used to AP eSS altion. oin et S0 Mot ™ G e G - Forst 4-8m

coverat the level of individual trees for ‘ SRR s Al b big : : Forest 8-12m

the African continent (Figure 3): First’ e S B : 7 3o
- results for _continental Africa show > > o L e g T 2 o, > 3o 3 2 Forest 12-60m
that overall .the PlanetScope tree’ 1 W : 1 /S L LH Ll 5 e L Hansen tree cover
cover closely matches the preV|oust 5 i T s e : &t ¥ :
published global map for forests and”
.even areas with a tree cover of 10—_2§
per:cent; especially:in_higher rainf_é'
areas. However, it completely mis§e§ S
trees outside forests <10 per cent;
which are the dominant form of tree
cover in‘low rainfall-areas.

o Based on deep learning, a framework
that can'localise, count, segment the -
crown size, and estimate tree height .
from high-resolution images has been
established (Figure 4). The framework
has been tested in different settlngs
and even works in Danish forests..
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Figure 2: Carbon stocks have been mapped at tree level for Rwanda All ecosystems are covered, and we.
that about half of the national carbon stocks are found i in trees outs:de forests Nanonalforeﬁ.gcover only-

Figure 4: We developed a framework for localisation, counting, crown segmentation and height estimation of individual trees that even works for Danish forests.
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