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Abstract—By quantifying mangrove extent, aboveground
biomass (AGB) and carbon stock (CS) are of great
importance for addressing climate change adaptation and
mitigation. This study aims to estimate the AGB and CS of
mangroves along the coastline of Bacolod, Lanao del Norte,
Philippines with the use of Light Detection and Ranging (LiDAR)
technology. Field data validation were conducted from a two
separated 20m x 20m quadrant inside the study area. Investigated
field values such as diameter at breast height (DBH) and total height
were used in allometric equations. Furthermore, 17 LiDAR derived
parameters were used upon generating the composite bands which is
also used in estimating AGB and CS of mangroves. Different
models like digital terrain model (DTM), canopy height model
(CHM) and canopy cover model (CCM) were made to obtain more
accurate values of the AGB and CS. Results showed that the AGB
and CS of Bacolod Protected Landscape and Seascape has a mean of
3,654.75 kg/20mx20m and 1,717.73 kg/20mx20m respectively. The
distribution of AGB and CS were mapped from the results.

Keywords—Aboveground biomass, carbon stock, LiDAR,

mangroves.

. INTRODUCTION

Mangrove forests are very important coastal means, which
are vibrant to our socio-economic development. A huge
number of the human population are living in the coastal
area, and most communities depend on local resources for
their livelihood. Mangroves are sources of exceedingly valued
commercial products and fishery resources and also as sites
for developing a growing eco-tourism [1].

A. Mangroves in the Philippines

The Philippines’ mangrove forests offer abundant
ecosystem goods and services to coastal communities.
Mangroves are conventionally used for firewood, charcoal,
alcohol, medicines, and thatching used for construction [2]-
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[3]. In storm surges, it reduces the height and energy of the
wind and swell waves passing through them, reducing their
ability to erode sediments and to cause damage to structures
such as dikes and sea walls [4]. In addition, mangroves have
also highlighted in discussions on global climate change, in
particular with reference to Reduced Emissions from Forest
Degradation and Deforestation Plus (REDD+) [5], [6], [7]-

B. Mangrove degradation

In spite of its important role in coastal area undercurrents,
mangrove ecosystems are facing pervasive destruction
resulting from natural hazards and human interference. Be it
on the global, regional or national scale, the circumstances
are the same; there is a significant decrease in the world’s
total mangrove area over time [8], [9], [10].

C. Importance of mangrove biomass and carbon stock

Mangrove productivity is a measure of the ecological value
of a mangrove ecosystem. High productivity values equate to
a larger number and a more diverse array of organisms that
can be supported within a particular ecosystem. Productivity
is measured as the amount of living material (i.e. stem,
branches, leaf, and roots) produced by the mangrove
community over time. It is often measured through leaf litter
and biomass production. Biomass component consists of
aboveground and below-ground biomass (BGB) of
mangroves. However, owing to the difficulty of obtaining
samples for BGB production AGB is the often measured [11].

Reliable estimates of biomass are essential for estimating
total net primary production in ecological studies, assessing
the yield of commercial products from mangroves, providing
a baseline of CS that relate to the issue of global climate
change [12]. However, recent emerging airborne LiDAR
technology provides an ideal tool to conduct a non-destructive
AGB and CS extents since the tree height data can be derived
directly from LiDAR measurements. Airborne LiDAR
systems are capable of measuring objects on the earth surface
with a horizontal resolution of several meters and centimeter
vertical accuracy [13]. At the international level, there is
numerous available information regarding mangrove biomass
estimates but locally, we have very limited studies done. It is,
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therefore, necessary to conduct studies that will furnish data
in biomass production of different forest ecosystems such as
mangrove forests.

In particular, a very high-resolution LiDAR-derived data
were utilized to produce a map of the estimated AGB and CS
as well as the other important data such as CHM, DTM and
CCM.

Il. METHODOLOGY

A. Study area

The Bacolod Protected Landscape and Seascape (formerly
named as Liangan River Mangrove Reserve) was located
along the coastline of Bacolod, Lanao del Norte.
Communities rely on their livelihood commonly in this type
of ecosystem. By using object-based image analysis (OBIA)
with its assigned spectra, mangroves are extracted from a
high-resolution image or orthophoto (Fig. 1).
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Fig. 1 Bacolod Protected Landscape and Seascape

B. Workflow and target parameters

Before the batch files are given, every forest types were
pre-validated by the University of the Philippines Diliman —
Forest Resource Extraction from LiDAR Surveys (UPD-
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FREXLS) team to obtain numerical datasets and spectra of
each forest types and will be used as an input to the
endmember collection when processing the spectral angle
mapper. Classified LAS, orthophotos, and metadata are
produced from LiDAR data acquisition (Fig. 2). This three
raw datasets are used for the whole processing.
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Fig. 2 FREXLS workflow for AGB and CS estimation

C. LiDAR data and derivation

LiDAR point cloud data of Bacolod Protected Landscape
and Seascape (BPLS) was acquired and pre-processed by the
Disaster Risk and Exposure Assessment for Mitigation
(DREAM) Project [14]. The LIiDAR point cloud has an
average point density of 2 pointssm? and an average
resolution of 1 meter (Fig. 3).

Fig. 3 A 1-meter resolution of LiDAR point cloud of BPLS pre-
processed from DREAM Project

D. CHM, DTM, and CCM

The FREXLS component has given batch files programmed
by the UPD-FREXLS team to be used in LiDAR processing.

CHM (Fig. 5) are commonly used for extracting relevant
forest information. Often irregular height differences which
also called data pits are existing in the CHM. These pits
typically appear when the first Lidar return is far below the
canopy which tends to happen for two explanations. The first
cause is that a laser beam deeply breaches through the
branches and the foliage before producing the first return
[15]. The second reason is multiple laser beams — probably
from different flight lines that produce their first return in
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close horizontal juxtaposition but with a great height
difference because they “see” the canopy or the ground from
different angles [16]. From normalizing the height of the
LIiDAR data, partial CHMxx rasters is computed by all
returns below a certain height (meters) threshold (max z
value) where xx is the threshold: 0 —max z, 2 —max z, and n
—max z, where n is increased by 5 (Fig. 4) [17].
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Fig. 4 A simple diagram of a pit-free algorithm’s workflow.

Another output produced from the same script were DTM
that illustrated the bare elevation of a surface (Fig. 5) and
CCM which displayed the percentage canopy cover of a
certain vegetation.

Fig. 5 CHM (top), DTM (middle), and CCM (bottom) of Bacolod,
Lanao del Norte

E. LiDAR parameters

Canopy metrics (Fig. 6) are the measured percentage of all
first returns as well as the number of points inside a 5 m?
area. Likewise, height and intensity metrics determines the
height intensity of point clouds which are present in every
5m2. While the percentiles and bicentiles are the height
values or intensity given in the nth percentile points and the
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percentage of points given the nth% of the maximum height.
All of these parameters were produced by using LAStools and
ArcGIS softwares. These parameters are then used to estimate
the diameter at breast height (DBH) of the mangrove forest.
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Fig. 6 LiDAR parameters (left) are combined to generate
composite bands (right) which is used to reclassify the identified
mangroves from other types of forests

I1l. RESULTS

By means of spectral angle mapper in ENVI software,
composite bands (Fig. 6) are used to reclassify the mangroves
in the area with wavelength values of 8.225000, 98.075000,
96.675000, 11.400000, 2.600000, 1.025000, 1.550000,
2.450000, 6.175000, 9.575000, 13.875000, 19.125000,
25.050000, 17.525000, 75.600000, 2.025000, and 50.175000
are then classified as natural mangroves. With the convention
of majority analysis method, kernel size is adjusted to 5.
Results concluded that natural mangroves are dominant in the
area (Fig. 7). By converting the data into a vector or a
shapefile, this data are being used as a boundary or an extent
in calculating the aboveground biomass and carbon stock.

Fig. 7 Reclassified mangroves of BPLS using ENVI software

A. Field validation and accuracy assessment

Two plots were selected in the area to be represented as
dense and sparse and were investigated. Actual mensuration
of DBH and a total height of each individual species are
identified. Each plot is measured 20m x 20m and in each first
point were averaged by the GPS from one up to one and a half
hours. With this primary data allometric equations for
mangrove biomass include:
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Wagb = 0.251pD"2.46 @

Waypoint 1 was placed in an open canopy (Fig. 8) in order
to get a slighter error due to disturbances such as clouds and
weather condition as well.
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Fig. 8 A senior science research specialist and his assistant
placing the first point of the plot

One of the limitations of LiDAR technology is that it
cannot directly measure some important features in a forest
area. Such that, the AGB and CS can only be measured
through indirect measurements. Thus, these parameters
(dependent variable) are estimated using regression analysis
to derive its relationship to the independent variable (LiDAR-
derived parameters) (Fig. 9).
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Fig. 9 Comparison of the estimated values and field values of
aboveground biomass (a) and carbon stock (b)

IV. CONCLUSION

Through LiDAR technology, this paper identified and
mapped the AGB and CS of Bacolod Protected Landscape
and Seascape. It is estimated that AGB of the area has a mean
of 3,654.75 kg/20mx20m and CS has a mean of 1,717.73
kg/20mx20m. Through this technology, areas that are too
hard to access are possible to evaluate and can be
investigated. The study proves that the Bacolod Protected
Landscape and Seascape has a vast biomass potential which
can be given a big help from the locals to preserve and can be
of big advantage in climate change mitigation.

(@) (b)
Fig. 10 Aboveground biomass (a) and carbon stock (b) of Bacolod
Protected Landscape and Seascape
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