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Abstract The Phil-LiDAR 2 program aims to extract the
natural resources of the Philippines from the available two
points per square meter LiDAR data. Mangroves, being
coastal resources, were one of the foci of this program under
the Aquatic Resources Extraction from LiDAR Surveys
(CoastMap). The object-based image analysis (OBIA)
approach, and support vector machine (SVM) algorithm
were utilized to classify three major classes from the LiDAR
data, namely: mangrove, other vegetation, and
non-vegetation. Object feature values used in the
classification include the mean, standard deviation, mode,
and texture values from the generated LiDAR derivatives.
These derivatives include the Digital Surface Model (DSM),
Digital Terrain Model (DTM), Canopy Height Model
(CHM), Intensity, Number of Returns, Normalized DSM
(NDSM), Slope, and Slope of Slope. Moreover, field data
collection and validation provided key references in the
supervised SVM classification and contextual editing of the
extracted mangrove areas. From the implemented
classification, an overall accuracy of above 90% was
achieved. Focusing with the final classified mangrove
coverage, management of the mangrove resources can be
made proper and efficient. Furthermore, high resolution or
detailed spatial information can support programs like
Reducing Emissions from Deforestation and forest
Degradation Plus (REDD+) and biodiversity studies.
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1. Introduction
Mangrove ecosystems are formed along the tropical and

sub-tropical coasts. It also extends in the brackish water
along the streams and rivers [1]. It is also known as the sea
rainforest where it usually grows in tropical countries like the
Philippines.
Generally, the mangrove ecosystem is important in the
coastal, marine, and terrestrial ecosystem. Mangroves are
ecotones linking the marine and terrestrial ecosystems.
Specifically, mangrove ecosystem serves as a home to
monitor lizards, fishing cats, monkeys, manatees, sea turtles,
and mud-skipper fish. It also serves as nesting and migratory
sites for several species of birds and nursery ground for
juvenile fish, shrimps, crabs, and mollusks. In terms of
coastal area protection, the ecosystem can be used for water
retention, nutrient recycling, shoreline and riverbanks
protection from erosion by sediment stabilization and
absorption of pollutants, and protection from storm surges
[2-4]. Aside from the ecological benefits it can provide, there
are also economic benefits from products such as wood and
fish.
However, despite of these benefits, there is a continuous
decrease in mangrove resources around the world [5]. In
Southeast Asia, this decrease has also been observed and
accounted from key factors such as wood extraction, area
conversion to agriculture and aquaculture, tin mining, and
coastal urbanization [6, 7].
In the Philippines, it was recorded that there are around 46
species in the country out of the 70 species of mangroves
around the world. The mangrove forest cover in the country
was estimated to be 400,000-500,000 ha in 1918 [8].
However, it has decreased through the years because of
direct and indirect threats to the ecosystem. Then, in 2000,
the remaining mangrove areas dropped to 130,000 ha. [9].
With the decrease in mangrove forest cover, the ecological
services provided also tend to decrease. Thus, at present,
there is a need for proper and efficient mangrove resources
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management. One way to efficiently and properly manage
the mangrove resources is through mapping the resources,
wherein larger areas can be covered with lesser cost and time
with an acceptable degree of acceptance or error.
Natural resources mapping is now being done through
earth observation methods. Traditional mapping of resources
are costly, only cover small area, and difficult to conduct
[10]. Thus, new technology such as remote sensing and
Geographic Information System (GIS) must be used to
efficiently map the resources. Remote sensing is defined as a
method of collecting data of an object from the measurement
made at a distance [11]. It is being popularly used in
gathering information from areas which are often
unreachable because of logistics issue. Remote sensing has
been used in research areas such as land use/cover changes or
mapping in wetland regions, carbon cycle and climate
warming in wetland environments, release of carbon by
peatland fires, and hydrology processes in wetlands [16].
Moreover, through this method large areas can be mapped at
a short time and at a lower scale.
Mangrove resources can be mapped through remote
sensing. Previous studies conducted have showed that
mangroves extraction using remote sensing classification has
accuracy from 75% to 90% [12]. Remote sensing techniques
include the use of aerial photographs, satellite images, radar,
and LiDAR technology. Light Detection and Ranging or
LiDAR, specifically aerial LiDAR, is a technology that can
provide a higher resolution image of an area as compared to
MODIS, Landsat, and Sentinel satellite images. It uses pulse
of light energy in measuring the distance between sensor and
target object [16]. When these pulses are emitted these will
be reflected by the ground feature and the precise time will
be recorded [13]. LiDAR can provide spatial data which can
be used in various applications such as flood modelling,
hazard assessment, urban development, site design
engineering, and natural resource management among others.
Also, this is popularly used in updating topographic data of
an area [14]. LiDAR data derives accurate ground elevations,
sea level rise, and produces accurate results when it comes to
the elevation and structure of landscapes [16]. Data derived
from LiDAR are also flexible in scale and format such that it
can be analyzed as a collection of points, as a derived raster
layer, or as a series of raster layers [19]. Zhang [16, 17] used
LiDAR in a study that derived the elevation difference
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between the ground surface and canopy, and identified gaps
in the mangrove forest. A study by Boehm et al [16, 18] also
used LiDAR datasets from August 2007 to August 2011 to
monitor peat swamp forest changes, and measure the height
of forest in comparison to field survey results.
Geographic Information System (GIS) is a tool for
interpreting the remotely-sensed data. It can provide various
spatial characteristics through the digital layers derived from
the data [11]. The combination of remote sensing and GIS is
helpful particularly in resource management because
managers and other concerned people can refer to spatial
data to make effective laws in managing and conserving the
resources.
One method to classify remotely sensed data is the
Object-based Image Analysis (OBIA). Studies showed that
spatial information used in OBIA improves the accuracy of
classification [12]. Support Vector Machine or SVM is also a
helpful machine learning technique for multispectral
classifications that can be applied to OBIA. Previous studies
conducted using Support Vector Machine (SVM), in
combination with OBIA, were able to provide satisfactory
results for mapping land cover, particularly mangrove
resources. The segmentation methods done were effective in
differentiating the spectral difference among various land
cover features. Moreover, several parameters were used to
make the extraction more effective. Some of the parameters
used in extracting mangroves are scale, shape, compactness,
texture, and relation with other objects [12, 15].
This study used the aerial LiDAR technology in extracting
the mangrove resources in Roxas, Oriental Mindoro,
Philippines. It aimed to provide the local government unit of
Roxas with a more detailed mangrove map that can be used
in their resource management plans. The OBIA approach and
SVM classification algorithm were implemented using three
classes namely, mangrove, non-vegetation, and other
vegetation. The parameters used were object texture, basic
metrics, and distance to water from the image.

2. Materials and Methods
The study was conducted along the shore of the
municipality of Roxas in the province of Oriental Mindoro,
Philippines (Figure 1).
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Figure 1. Location of the study site at Roxas, Oriental Mindoro, Philippines and the flight plan during LiDAR data acquisition

Figure 2. Input LiDAR derivatives for the mangrove area extraction

Processed LiDAR coverage has an area of 3,306.9501
hectare (ha) or 33.0695 square meter (m2). This includes
both land and water resources. Raw LiDAR data was
collected under the University of the Philippines DREAM
Program to be used for detailed flood modelling. This
LiDAR data was collected using an ALTM Aquarius
Optech Inc. sensor, which has 4 range capture
measurements and 33, 50.70 kHz of laser pulse repetition
rate. Furthermore, collected LiDAR data are within the
50cm and 20cm horizontal and vertical accuracies standard
set by the UP DREAM Program, respectively. Having a two
points per square meter resolution, additional utilization of
the LiDAR data was given to the Phil-LiDAR 2 Program
for detailed resource extraction. Both were nationwide
Programs having about 15 State Universities and Colleges

and High Education Institutes as partners. One of which
was Phil-LiDAR 2 UPLB Project, which was tasked to map
the MIMAROPA Region, and Laguna Province of the
Philippines.
2.1. LiDAR Derivative Inputs
Extraction process was limited to the use of only LiDAR
data. Initial derivatives, namely, Digital Surface Model
(DSM), Digital Terrain Model (DTM), Canopy Height
Model (CHM), Intensity, and Number of Returns having a
0.5 meter raster cell size were generated using LAStools.
While the additional derivatives, namely, Normalized
Digital Surface Model (NDSM), Slope, and Slope of Slope
were created using raster capable processing software.
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DTM represents the bare earth surface, while DSM is the
bare earth together with all other features like crops, trees,
buildings, and roads, etc. Intensity, on the other hand, shows
the average measure of reflected laser pulse from the ground
back to the sensor. Following the method from LAStools,
CHM represents solid tree canopies, buildings and other
non-ground features in a flat terrain. Slope was generated
from the DSM layer and emphasizes the edges of existing
features. While Slope of slope was generated from the Slope
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existing slope derivative and highlights further the edges of
features.
NDSM is the result of DTM removed from DSM (NDSM
= DSM – DTM), where the terrain was flattened to capture
the height of given features like buildings and trees. Lastly,
the Number of Returns is the number of layers that the laser
pulse hit during LiDAR data collection. Flat surfaces tend to
have a smaller number of returns value as compared to
vegetation or irregular surfaces.

Figure 3. Extraction Workflow
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2.2. Classification Workflow
Figure 3 shows the basic workflow implemented in the
classification and extraction of the mangroves. In OBIA,
instead of pixels, objects were used and classified. Values
of these objects differ depending on the portion or values
LiDAR derivatives that the object covers. Basic statistics
like mean, standard deviations, mode, and texture values
were among the inputs for classification. Being objects,
geometry values like area and the distance of these objects
from certain classes were utilized. However, there were no
attempt to identify key features or values that can efficiently
separate the three classes of mangrove, Other Vegetation,
and Non Vegetation.
Training and validation points were scattered along the
processed image. The number of the training points per
class is as follows: Mangrove – 45, Other Vegetation – 70,
and Non Vegetation – 35. While the validation points were
15 for each classes. It was consciously attempted that no

training and validation points overlap or are near each other.
Contextual editing was limited to misclassified Mangrove
and Other Vegetation classes. One possible reason is that
only LiDAR data was used in the classification, wherein
height and texture values were the basis for classification.

3. Results and Conclusions
From the total 3,306.95 ha of LiDAR data coverage,
about 90.80 ha was computed from the exported mangrove
shapefile. An overall accuracy of above 90% (Figure 4) was
obtained by implementing an SVM classification under an
OBIA approach for the three classes of Mangrove, Other
Vegetation, and Non Vegetation. The DTM generated from
LiDAR was very useful in contextual editing of the
classification since mangroves in Roxas were located
mostly in low elevation areas where estuaries were located.

Figure 4. Accuracy Assessment Result
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