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Improving airborne LiDAR-based mangrove aboveground biomass estimation in the
Philippines

Monitoring mangrove biomass is crucial for evaluating carbon storage, understanding
carbon cycles, and studying climate change. Traditional estimation methods often
underestimate biomass due to regional variations in species composition and tree height.
LiDAR technology, which measures distances and shapes using laser light, allows for non-
destructive, extensive biomass estimation. The study aimed to develop a biomass
estimation formula for old-growth mangrove forests in the Philippines using national-
level airborne LIDAR data and focused on improving the accuracy of biomass estimation
models.

The Lorey’s mean canopy height (#,) and LiDAR relative height (RH) metrics were
calculated for the old-growth mangrove forest in the Katunggan It Ibajay Ecopark (KII
Ecopark) on Panay Island, Philippines (Fig. 1). The RH metrics were used to estimate H,,
and above-ground biomass. Using the R+ metrics, aboveground biomass was estimated
in two ways: (i) Conventional method: Using the optimal RH, H,, was estimated, and then
aboveground biomass was estimated using an existing formula (Suwa et al. 2021), and (ii)
Developed equation: The newly developed equation directly estimates aboveground
biomass using the optimal RH metrics. The relationship between A, and the RH was
verified, and then the conventional formula (above-ground biomass = 2.25H,,"®" (Eq. 3)
was applied to estimate above-ground biomass. The relative height at the 95" percentile
(RHys) corresponded best with H,, (R = 0.79). When RH,, was applied to Eq. 3, above-
ground biomass was underestimated in plots with high canopy height (#* = 0.46) (Fig. 2,
left). The formula for estimating above-ground biomass using RH,s showed relatively high
accuracy (Fig. 2, right: above-ground biomass = 0.02*RH,**® (Eq. 4), & = 0.58). The
above-ground biomass map of the old-growth mangrove forest in Kl Ecopark can be
obtained using the developed Formula 4 (Fig. 3).

The newly developed equation is expected to enhance biomass measurement in old-
growth mangrove forests, enabling extensive and correct assessments using airborne
LIDAR data. This can contribute to measurement, reporting, and verification (MRV)
processes, although incorporating additional variables, such as tree diameter, could
further improve accuracy. The study highlights the importance of advanced methods for
better understanding and managing mangrove ecosystems in the context of carbon
storage and climate change.
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Figure 1. Katunggan It Ibajay Ecopark (KIl Ecopark) on Panay Island, Philippines
(a) The location of the survey area and the transect plots (), with the numbers indicating the survey
transect ID. (o) A very old Avicennia rumphiana tree in the survey area
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Figure 2. Relationship between observed aboveground biomass (AGB) and

estimated aboveground biomass (AGB) using Eq. (3) (left) and Eq. (4) (right)
The dashed line indicates a 1:1 ratio. The solid line indicates a trend based on the Loess method.
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Figure 3. Aboveground biomass (AGB, kg m~2) map in the KIl Ecopark
Reference: Mandal et al. (2024) £cological Research 40: 120-132.
The figures are reprinted/modified from Mandal et al. (2024) with permission. © ESJ 2024

[ ]
Japan International Research Center for Agricultural Sciences JIRCAS



