Transforming Forest Monitoring for Climate Finance and Carbon Conservation in Coffee Landscapes
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INTRODUCTION

Forest degradation causes carbon loss, threatens
biodiversity, disrupts water cycles, and undermines
sustainable agriculture and climate finance opportunities.
In Ethiopia's coffee growing regions, population growth and
agricultural expansion have placed immense pressure on
forest ecosystems that are critical carbon sinks.

Our project leverages Al and remote sensing to detect
forest degradation and track carbon stocks.

By combining satellite imagery with neural networks, we
provide a scalable and data=driven approach that supports
carbon conservation, strengthens coffee agroforestry, and
improves access to climate finance through more accurate
carbon accounting.
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Figure 1: Area of Interest in the Yayu Biosphere Reserve, lllubabor, Ethiopia

NEURAL NETWORK STRUCTURE

Multiple
Hidden Layers

Input Layer: Biomass measurements from coffee plots with
corresponding NDVI values.

Hidden Layer: One layer with 64 neurons using a RelLU activation
function to detect non-linear relationships and emphasize relevant
patterns.

Output Layer: Predicted NDVI values based on biomass inputs.

The model was trained using reference data from healthy forest plots
(biomass = input, NDVI = target), enabling it to capture the complex, non-
linear relationship between vegetation density and spectral response.
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OBJECTIVES

1) Monitor Degradation Over Time: Evaluate forest
degradation trends between 2020 and 2023 using
various vegetation indices and quantify biomass
changes and CO, emissions.

2) Evaluate the Effectiveness of Forest Management:
Have forest management interventions successfully
reduced forest degradation rates on coffee plots?

3) Support Climate Finance Readiness: Evaluate the
potential of Al-based carbon monitoring for ART-
TREES and other carbon finance mechanisms,
ensuring accurate, veriflable carbon stocks estimates.

METHODS

1) The relationship between NDVI (Normalized
Difference Vegetation Index, calculated from
Sentinel-2 satellite images) and field biomass data
was assessed to establish a baseline.

2) Due to a non-linear relationship between NDVI and
biomass, a neural network (NN) model was used to
predict NDVI values from biomass data in healthy
forest plots.

3) NDVI maps were reclassified for the study site
using the predictions from the NN model, improving
the accuracy and providing a clearer picture of
current forest health.
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Figure 2: Example of reclassified NDVI values.

4) Additional vegetation indices e.g., Normalized
Difference Water Index (NDWI) and Enhanced
Vegetation Index (EVI) were incorporated to further
determine forest degradation.

5) A comparison of forest degradation and biomass
between sustainably managed ("Neumann") coffee
plots and control plots were done.

6) Results were validated using Planet 30m Carbon
Diligence product.

This approach improves carbon stock accuracy,
crucial for meeting climate finance verification
standards.

RESULTS

Figure 3: Degradation (2020-2021): Baseline for Carbon Loss Risk
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Figure 4. Degradation in 2022-2023

However, validating the classification with the
Planet Carbon Diligence product showed less
extreme changes but additional biomass loss in
2023.
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Figure 5: Degradation validated with Planet data (2022-2023)

Neumann's managed plots indicate potential for
carbon credit generation, though year-to-year
variability highlights the need for more consistent
management (Fig. 6). While the managed plots
show less degraded area in 2021, they have higher
degradation than the control plots in 2022 and 2023
(results not shown).

RESULTS

Mean Biomass per Plot Type per Year
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Figure 6: Mean biomass per plot type per year (2014-2023) in Mg
C per ha, in blue are the managed Neumann plots, in orange the
control plots.

CONCLUSION

Healthy forests are essential for carbon
conservation and unlocking climate finance: As
biomass increases, more carbon is sequestered,
supporting both climate goals and sustainable
coffee livelihoods.

Effectiveness of Management: While some forest
management efforts show positive impacts, year-
to-year variability suggests that more targeted and
consistent practices are needed to reduce
degradation.

Al Application for Forest Monitoring & Finance
Readiness: Leveraging Al and remote sensing has
proven effective in monitoring forest health and
carbon sequestration within Ethiopian coffee
landscapes. This approach improves the accuracy
of carbon stock estimates, enables early detecting
od degradation trends, and supports timely, data-
driven interventions, which enhances readiness for
climate finance mechanismes. It also strengthens
transparency and credibility in carbon monitoring,
which is critical for access to results-based
payments. As conservation increasingly links to
finance, reliable monitoring is vital.
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