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The keystone role of trees

Key role for 
ecosystems

Key role for 
livelihoods
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Why map farmland trees?

Å Agroforestry: Land use management systems that

                            integrate trees with crops or pasture

Å Contributes to global food security and climate resilience 

Å Agroforestry is difficult to study with remote sensing

    -> Existing literature focuses on local studies and 

        detailed studies of methods, benefits, impacts

     Lack of large-scale data on farmland trees 

02/07/2025 6



Background: We can now map single trees at scale
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° Deep Learning models such as UNET can be trained to segment individual tree crowns

° Using <=50cm imagery, single trees and shrubs down to <1m2 area can be mapped across large areas

                                                                                                                             

Brandt et al., Nature 2020

Image segmentation with deep learning
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Previous work: Continental scale tree cover at 1 m resolution
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© Florian Reiner° African tree cover in 2019 at 1m, 
based on custom PlanetScope mosaics

Å Quantifying Trees Outside Forests:

Tree cover by rainfall and canopy height (Lang, 2021)

Link to the paper 

Reiner et al, 2023
Nature Communications



Tree-level change: Moving beyond static maps of individual trees 

ÅMain question: How are trees changing over time?

ÅNew research aims: 

Å Introduce a temporal dimension to single tree mapping

Å Test possibility of tracking the same trees in multiple years of PlanetScope

Å Develop a framework to detect changes, accounting for uncertainties
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Point-based detection of tree crown centres
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Å Manual labeling of tree crowns is biased, extremely labour-intensive

Å New approach: Point-based labeling

Å Label is one crown centre point per tree

Å Trees modelled as Gaussian distribution during training

Å Points can be extracted from Lidar data

Å Prediction is a heatmap of crown confidence -> extraction of maxima to get predicted centres



Trees mapped as individuals -> extract centre from heatmap max
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Tracking trees through annual predictions
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Å Combining tree detections 

      from multiple yearly mosaics

Å 5 years: 2018-2022

Å Local buffer is applied to find 

     the  èsameé trees across years

Å Typology based change detection

     -> loss requires multiple years of

         no signal, to handle image noise



Country-scale case study - Tanzania
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Total number of cropland trees

Number of trees disappeared

Å Case study of Tanzanian cropland tree dynamics

Å Generation of 5 yearly PlanetScope mosaics for 2018 - 2022

Å Detected 110,000 farmland trees disappeared, with confidence > 0.8

Å of a total of 68 million farmland trees

Å Demonstrates feasibility for national monitoring applications

Å Limited in time to later than ~2017, due to PlanetScope availability



An operational framework to track individual farmland trees 
over time at national scales using PlanetScope
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Reiner, F., Gominski, D., Fensholt, R., & Brandt, M. (2024). An operational 

framework to track individual farmland trees over time at national scales using 

PlanetScope imagery. Journal of Selected Topics in Applied Earth Observations

Link to paper:



Application in India: severe decline in large farmland trees

Å 11% of large agroforestry trees detected in 2010 disappeared by 2018   (~100m2)

Å 5 million large trees (~70m2) disappeared from 2018-2022
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Å Farmers confirmed

     losses due to changing

     land use practices

Å Court case launched by

     National Green Tribunal

Å Brandt et al., 2024

     

Link to paper:

Documenting changes supports environmental awareness



Going forward: Global tree map
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Å 3 m global tree map

     from PlanetScope

Å Heatmap of tree 

     detection confidence

Å Link to viewer:
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