Estimating total fuel load in tropical savanna using NASA’s GEDI
spaceborne lidar and machine learning
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1. Introduction

The understanding of wildfire dynamics is important to mitigate climate change and guide conservation
practices in several ecosystems in the world. Savannas are generally fire-adapted but human activities
have affected fire regimes and the landscape characteristics (Bowman et al. 2013). Presently, the most
flora-rich savanna in the world, the Brazilian Cerrado, has also experienced those effects (Schmidt et
al., 2018).

One of the main factors affecting fire is the amount of biomass available for burning, defined as fuel
load. Remote sensing technologies are used for local scale fuel load mapping mainly using airborne lidar
data (Gajardo et al. 2014). However, for large scale fuel load mapping spaceborne data is required. The
recently launched spaceborne lidar sensor GEDI (Global Ecosystem Dynamics Investigation, Dubayah
et al. 2020) holds potential to meet this demand. GEDI was developed to penetrate forests with about
95-98% (daytime and night-time measurements, respectively) of canopy cover to efficiently retrieve the
vegetation vertical structure. Nonetheless, GEDI potential for fuel load estimation has not been broadly
investigated yet.

In this study, we developed a methodological approach using GEDI and field data to train a Random
Forest (RF) algorithm to estimate fuel load in the Cerrado biome. Our approach allowed us to quantify
the fuel load of several types of vegetation in the study area.

2. Data and Methods

We established 50 sample plots of 900 m? in four Cerrado conservation sites. In the field, we
collected fuel loads of different vegetation layers including surface, herbaceous, shrubs, and woody
layers. The study sites were surveyed with the GatorEye Gen 1 UAV system (Broadbent et al. 2021)
with a dual-return lidar to obtain the high-density point clouds. The UAV-lidar 3D point cloud was used
to build GEDI-like waveforms using the GEDI simulator (Hancock et al. 2019, Silva et al. 2020) that is
able to reproduce the on-orbit GEDI data characteristics. We calculated waveform metrics of relative
height at the 98th percentile (m), canopy cover fraction (%), plant area index and foliage height diversity
using the rGEDI package (Silva et al. 2020). The metrics were used to train a RF algorithm with the
total field-measured fuel load (TFL) as the response variable. The model’s performance was assessed in
a 5-fold cross-validation using the coefficient of determination (R?), absolute (Mg ha') and relative (%)
root square mean error (RMSE) and mean difference (MD). Finally, we applied the model to the on-
orbit GEDI footprints over the Cerrado biome and aggregated the estimations into 1-km grid cells.

3. Results and Discussion

The RF had a relatively good performance to estimate TFL with R2 = 0.71, RMSE = 23.01 Mg ha?,
RMSE (%) = 40.78, MD = 0.22 Mg ha! and MD (%) = 2.09. This performance is related to the GEDI’s
potential of better obtaining vegetation structure over previous spaceborne lidar missions. Part of the
uncertainty may be due to the inclusion of near-surface vegetation layers, such as herbaceous and ground
fuels, that are commonly not considered but represent an important fuel component. The GEDI footprint
density varied for different Cerrado regions for which the models were applied to map the total fuel load
(Figure 1). Most of the data gaps are expected to be filled with upcoming data releases. Alternatively,
data fusion with other spaceborne sensors can be used to derive wall-to-wall maps and or improve spatial
resolution of the fuel load map. The presented framework represents a key point for advancing the
understanding of fuel load accumulation over large areas and its effects on ecosystem functioning and
carbon emissions. This is especially important in Cerrado where integrated fire management solutions
that depend on large-scale fuel load characterization are taking place to preserve fire history and
biodiversity (Schmidt et al., 2018).
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Figure 1. GEDI footprint density (a) and total fuel load (TFL) estimates (b) at 1km grid cells for the
entire Cerrado biome. Values within plots represent mean + standard-deviation of TFL estimates and
GEDI footprints in (a) and (b), respectively.

4. Conclusion

We evaluated the potential of using GEDI data to estimate total fuel load in the Cerrado biome. Our
methodological approach based on GEDI footprints showed relatively high accuracy to estimate total
fuel load in the study area. Our modeling approach is an advance for large-scale fuel load mapping in
the Cerrado biome and it shows potential to be applied to other fire-prone ecosystems worldwide.
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