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Abstract: Coastal resources in Lian, Batangas, have undergone significant degradation due to a
combination of human activities and natural factors, including sea-level rise, changes in sea-surface
temperature, fluctuations in rainfall, increased storm frequency, and sedimentation. This has led to
adverse effects on key ecosystems such as corals, mangroves, and seagrasses. To assess the extent
of climate change hazards on these coastal resources, a Vulnerability Assessment was conducted in
the municipality of Lian, Batangas. The assessment employed a combination of the Coastal Integrity
Vulnerability Assessment Toolkit (CIVAT) and Integrated Coastal Sensitivity, Exposure, and
Adaptive Capacity to Climate Change (ICSEA-C) guidelines. Additionally, the analysis
incorporated detailed mapping using Light Detection and Ranging (LiDAR) data for mangroves
and LandSat 8 imagery for corals and seagrasses. The findings at the municipal scale revealed that
a staggering 90% of mangroves in Lian, Batangas, were highly vulnerable. This vulnerability was
attributed to a high score in intrinsic characteristics and a low adaptive capacity. Similarly, a
majority of seagrasses in the area were classified as medium and highly vulnerable at the municipal
level. Only 10-20% of seagrasses received low to medium vulnerability scores. Shockingly, almost
100% of the coral reefs in Lian, Batangas, were deemed highly vulnerable, indicating a critical threat
to this crucial marine ecosystem.

Keywords: CIVAT; climate change hazards; coastal resources; corals; ICSEA-C; LiDAR data;
LandSat 8; mangroves; seagrasses; vulnerability assessment

1. Introduction

The Philippines, located in the Pacific Rim, is identified as a hotspot for natural disturbances.
Recent studies have ranked it as the third most disaster-prone country globally due to its high
exposure to natural calamities. Disturbing trends and projections in climate hazards, including
increasing air and sea-surface temperatures, rising sea levels, more intense and frequent typhoons,
higher rainfall, and acidification, have been observed in the country. These changes pose significant
threats to coastal communities and resources, necessitating a well-integrated and urgent response.

To address these challenges, the first step is conducting a vulnerability assessment to understand
the specific risks and impacts. The province of Batangas, situated along the Verde Island Passage
Marine Corridor, is crucial in global marine biological diversity. Lian, Batangas, with its 19
barangays, features eight coastal barangays covering 0.36191 km2 of mangroves, as reported by
NAMRIA in 2010. Talim Bay, a habitat for diverse marine species and corals, is located in this
municipality.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Seagrass areas in Lian, Batangas, were assessed in six barangays: Matabungkay, Balibago,
Binubusan, Lumaniag, Luyahan, and San Diego, with a total area of approximately 104 hectares.
Barangay Lumaniag recorded the highest area, followed by Luyahan, Binubusan, Balibago, San
Diego, and Matabungkay. Six seagrass species from three families were observed in these barangays,
with Enhalus acoroides, Cymodocea serrulata, Halophila ovalis, Halodule pinifolia, Thalassia
hemprichii, and Cymodocea rotundata being the most frequently observed. In 2012, the Department
of Environmental and Natural Resources (DENR) conducted an assessment of seagrass areas in Lian.
This initiative aimed to monitor and develop a sustainability plan for the existing seagrass species in
the area, reflecting a proactive approach toward conservation and environmental management. In
this work, vulnerability assessment of coastal resources in climate change is implemented. Three
coastal resources which are mangroves, seagrasses, and benthic habitat are subjected to assessment.

2. Methodology

2.1. General Framework

The vulnerability assessment of coastal resources in Lian, Batangas involved the implementation
of five major activities, as illustrated in Figure 1. These activities were crucial in gathering
comprehensive data and insights for a thorough analysis. The activities include:

Focus Group
Discussion/KIl

Data Gathering
Vulnerability
Assessment
Bathymetric GIS data
Survey Integration

Figure 1. Activities conducted to complete VA.

e  Coastal Resources Mapping: This involved the creation of processed maps for coastal resources,
specifically mangroves and aquaculture using LiDAR data, and seagrasses and corals using
LandSat 8 images.

¢ Focus Group Discussion: Engaging in discussions with community members through focus
group discussions provided valuable firsthand information about their personal experiences
and perspectives on the changes occurring in the coastal areas of Lian.

¢  Bathymetric Survey: Conducting a bathymetric survey was essential for creating a depth vector
layer, a crucial component for the final data integration and scoring in the assessment of
seagrasses and corals.

e Data Gathering: This activity involved collecting various types of information about Lian,
Batangas, including Comprehensive Land Use Plan (CLUP), Marine Protected Area (MPA)
maps, names of fisher folks organizations, ordinances in coastal communities, and other relevant
data.

GIS Data Integration: Integration of data gathered from various sources into a Geographic
Information System (GIS) allowed for a comprehensive and systematic analysis. This step facilitated
the processing of vulnerability assessments for corals, mangroves, and seagrasses. The information
gathered through these activities, including data from focus group discussions and key informant
interviews, was meticulously analyzed, recorded, and integrated. This comprehensive approach
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ensured a thorough understanding of the vulnerabilities of corals, mangroves, and seagrasses in the
coastal areas of Lian, Batangas. Further details and discussions on each major activity can be found
in the preceding sections.

2.1.1. Data Gathering

To enhance the comprehensiveness of the vulnerability assessment of coastal resources in Lian,
Batangas, additional data from various government agencies and sources were collected. This
supplementary information encompasses key elements such as the Comprehensive Land Use Plan
(CLUP), Marine Protected Area (MPA) maps, details about different fisher folk’s organizations,
population statistics, and existing research findings on various coastal resources in the area. The
gathered data not only contributed to the overall understanding of the local context but also played
a crucial role in meeting the criteria necessary for creating a robust vulnerability assessment.

In particular, the research sought additional data to address specific questions related to
sensitivity and adaptive capacity. Technical references and statistical records were required to
provide thorough and accurate responses to these questions. The gathered data were then
categorized based on their relevance to different criteria, as outlined in Table 1. For instance, MPA
maps were considered within the governance criterion, which is an essential component of adaptive
capacity. On the other hand, CLUP and population density data were associated with anthropogenic
disturbances criteria under sensitivity.

This systematic approach to gathering and categorizing additional data ensures a well-rounded
and informed vulnerability assessment, taking into account various factors that contribute to the
resilience or vulnerability of coastal resources in Lian, Batangas. The utilization of data from
government agencies and local government units (LGUs) strengthens the scientific basis of the
assessment, providing a foundation for informed decision-making and strategic planning to address
the challenges posed by environmental changes.

Table 1. Additional Data Used.

Additional Data Provider/Source
CLUP LGU
Population, Population Density LGU, NSO
Fishermen’s Organization LGU, MAO
MPA Maps LGU, MENRO

Seagrasses Map (used for verification) DENR

2.1.2. Coastal Resources Planning

The mapping of mangroves and aquaculture resources was accomplished by extracting
information from LiDAR data using Object-Based Image Analysis with the Ecognition software,
following established workflows outlined in previous studies [32-34]. Concurrently, the resource
map for corals and seagrasses was derived from LandSat 8 imagery captured in the same month and
year as the LiIDAR data acquisition. In the classification of LandSat 8 images, the KNN (K-Nearest
Neighbors) algorithm was employed instead of the maximum likelihood classification algorithm.
Various vegetation indices served as input layers in the processing of corals and seagrasses.

For mangroves and aquaculture classification, different LiDAR derivatives were utilized,
including DSM (Digital Surface Model), NDSM (Normalized Digital Surface Model), slope of DSM,
DTM (Digital Terrain Model), CHM (Canopy Height Model), and RGB from orthophotos images. The
classification process for mangroves involved the use of height metrics, while aquaculture processing
incorporated the slope of DSM and intensity of LIDAR data, aligning with the established workflow
[34].

The accuracy assessments for both mangroves and aquaculture indicated a high accuracy rate
of over 90%. In the case of corals and seagrasses, the accuracy assessment yielded a score of 87%. The
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results, illustrated in Figure 2, depict the merged extracted mangroves and aquaculture from LiDAR
data. This mapping approach, combining LiDAR and LandSat 8 data, showcases a reliable and
accurate representation of coastal resources, providing valuable information for further analysis and
the vulnerability assessment of these ecosystems in Lian, Batangas.

(a) (b)

Figure 2. Extracted Mangroves and Aquaculture from Lian, Batangas from LiDAR Data. (a) Extracted
Mangroves (green) and Aquaculture (blue), North; (b) )Extracted Mangroves (green) and
Aquaculture (blue), South.

The LandSat 8 image data employed for the classification of corals and seagrasses was obtained
from the United States Geological Survey (USGS). The satellite captured the image in November 2016,
aligning with the same month in which training and validation points were collected for the study.
Prior to the classification process, thorough preparation of the LandSat 8 image was carried out. The
preparation steps included:

¢ Radiometric Calibration: Adjusting the pixel values of the image to account for variations in
sensor sensitivity and atmospheric conditions.

e  Atmospheric Correction using FLAASH: Correcting for atmospheric effects to enhance the
accuracy and reliability of the image data.

¢ Resizing: Adjusting the dimensions of the image to meet the requirements of the classification
process.

e  Masking: Applying masks to focus the analysis on specific areas of interest and exclude
irrelevant information.

Figure 3, presented below, displays the final output of the extracted corals and seagrasses after
completing the classification, refinement, and accuracy assessment processes. This meticulous
approach to image preparation and classification ensures that the results are accurate and
representative of the actual distribution of corals and seagrasses in the coastal areas of interest. The
integration of USGS LandSat 8 imagery, coupled with precise image processing techniques,

contributes to a reliable foundation for the subsequent stages of the vulnerability assessment of these
vital marine ecosystems.
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Figure 3. Final Output of Corals and Seagrasses Extracted from LandSat 8 Image. (Blue) represents
the extracted corals and green represents seagrasses.

2.1.3. Bathymetric Survey

The bathymetric survey was executed in two distinct and simultaneous phases to
comprehensively cover different parts of the coastal area. One team conducted surveys on foot,
focusing on very shallow sections of the coastal region. Their objective was twofold: first, to collect
points for training and validation purposes, crucial for processing LandSat 8 imagery to extract
information about seagrasses and corals; and second, to capture data from the shallow areas not
accessible by boat.

Simultaneously, another team conducted a survey of the coastal region using a mounted GNSS
(Global Navigation Satellite System) on a boat. This approach allowed for a broader and more
efficient coverage of the coastal depths. The points gathered from both teams were processed and
merged to generate a comprehensive depth vector layer. The boat survey team specifically acquired
seabed depth data with reference to the boat’s position, indicated by latitude and longitude
coordinates. Notably, the boat position guides were spaced 200 meters apart, with each data point
recorded at a distance of 20 meters. The resulting dataset, represented in Figure 4, illustrates the
points gathered through both walking and boat surveys. This integrated approach ensures a detailed
and accurate representation of the bathymetry, encompassing shallow coastal areas and deeper
regions, essential for a thorough understanding of the underwater topography in the study area.
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Figure 4. Plot of bathymetric survey points. (a) Points gathered from mounted GNSS in the boat; (b)
Points gathered from walking (very shallow areas).

Following the bathymetric survey, the collected data underwent a comprehensive combination
and processing phase to generate both a depth vector layer and a contour layer. Reclassified values
for depth were then utilized as input for the sensitivity criteria in the assessment of seagrasses and
corals. The resulting processed bathymetric data is depicted in Figure 5, representing the final output
of this phase.

For a more detailed understanding, the reclassified values derived from the bathymetric survey
data were employed as a key component in establishing the sensitivity criteria for both corals and
seagrasses. The translation of sensitivity criteria for depth, derived from the bathymetric survey data,
is presented in Table 2. This table provides a comprehensive overview, including qualitative and
quantitative ratings corresponding to the depth values. These sensitivity criteria are pivotal in
evaluating the impact of varying depths on the health and resilience of corals and seagrasses in the
study area.

Table 2. Seagrasses and Corals Sensitivity for Depth.

Depth (meters) Rating Numerical Rating
0-10 Very High 5
5-10 High 4
10-30 Moderate 3
30-60 Low 2
>60 Very Low 1
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Figure 5. Generated depth Vector using the bathymetric point by walk and boat, gray is the deepest

and green is the shallowest with maximum depth of approximately 20m. (a) The generated depth
before reclassification; (b) Depth reclassified.

2.1.4. Focus Group Discussion and KII

A total of 85 participants engaged in the Focus Group Discussion (FGD) across various coastal
barangays in Lian. Predominantly male, aged between 30 and 50 years, most participants were
fishermen affiliated with fisherman organizations, residing in coastal areas for over 10 years. Notably,
in Luyahan and Matabungkay, where no distinct fishermen organizations existed, villagers included
in the FGD were either fishermen or fishermen’s wives, each with over 10 years of residency.

The FGD comprised two main activities: participatory mapping and structured discussions.
During participatory mapping, participants delineated coastal resources in Lian using provided
maps, successfully identifying the locations of mangroves, corals, seagrasses, and aquaculture. Their
understanding and knowledge about the importance of each resource were also probed. The second
part involved specific questions addressing the health and threats of coastal resources, habitat
conditions, resource locations, river and agricultural land locations, aquaculture details, fishing
grounds, income, fishing practices, alternative livelihoods, water quality, illegal activities, municipal
ordinances, and other concerns. These responses were compiled based on combined guidelines from
Coastal Integrity Vulnerability Assessment Toolkit (CIVAT) and Integrated Coastal Sensitivity,
Exposure, and Adaptive Capacity to Climate Change (ICSEA-C).

Additionally, Key Informant Interviews (KII) with five municipal experts aimed to validate FGD
data using the same set of questionnaires. Responses were interpreted based on CIVAT and ICSEA-
C guidelines, addressing sensitivity, adaptive capacity, human intervention, governance, and habitat
morphology criteria. Results, as illustrated in Figure 6, revealed varying scales across barangays, with
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ratings from 1 to 5 (lowest to highest) for anthropogenic disturbances, human intervention and
governance, and habitat morphology. These ratings will undergo rescaling in the final Vulnerability
Assessment (VA) stage.
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Figure 6. The translated values of FGD and KII with the following scale; (1) very low, (2) Low, (3)
Medium, (4) High, and (5) Very High: (a) Anthropogenic Disturbances scale based on the FGD in each
barangay of Lian.; (b) Human Intervention and Governance scale as a criteria of Adaptive Capacity
based on the FGD and KII in each barangay of Lian.; (c) Habitat Morphology scale based on the KII
in Lian.

2.1.5. Focus Group Discussion and KII

GIS data Integration includes processed mangroves and aquaculture from LiDAR data,
processed seagrasses and corals from LandSat 8 Image, generated exposure layers for each coastal
resources, generated sensitivity layers, and generated adaptive capacity layers. All data from
Bathymetric survey, FGD, KII, resources maps, additional data gathered were rescaled and translated
using the combined guidelines of CIVAT and ICSEA-C, these values where attributed to GIS layers
respectively as sensitivity, exposure, or adaptive capacity depending on the guidelines that fits them
accordingly.
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2.2. VA Framework

The concept of vulnerability, as defined in [38], refers to “the degree to which a system is
susceptible to, or unable to cope with, adverse effects of climate change, including climate variability
and extremes.” This definition encompasses three key components: exposure to climate hazards,
sensitivity to hazards, and adaptive capacity to hazards [38]. The exposure in this study comprises
Long-term and Extreme Sea Surface Temperature, Extreme and Changes in Precipitation, Sea-Level
Rise, Storm Surge (specifically for mangroves), and Storm Frequency. Sensitivity criteria include
Intrinsic Characteristics, Coastal Integrity, Anthropogenic Disturbances, and Habitat Characteristics.
Sensitivity and exposure were considered together to assess potential impacts, following the
methodology proposed by [39]. Adaptive capacity criteria consist of scores related to Governance,
Human Intervention, and Habitat Morphology.

To evaluate vulnerability, the potential impact was cross-tabulated with adaptive capacity,
applying this framework to each coastal resource. The preceding paragraphs will delve into the
detailed framework for each coastal resource. Figure 7 visually represents the comprehensive
framework employed in performing the Vulnerability Assessment (VA). This structured approach
ensures a systematic evaluation of vulnerability by considering the unique characteristics and
interactions of each coastal resource in response to climate hazards.

Long - term and Extreme
Sea - Surface, Extreme
and Changes in
Precipitation, Sea - Level
Rise, Storm Surge, Storm
Frequency

EXPOSURE

POTENTIAL IMPACT

VULNERABILITY

SENSITIVITY ADAPTIVE CAPACITY

Intrinsic Characteristics,

Coastal Integrity, Governance, Human
Anthropogenic Intervention, Habitat
Disturbances, Habitat Morphalogy

Characteristics

Figure 7. Framework used as defines by IPCC, 2001.

2.2.1. Exposure

The exposure data utilized in this study was derived from the research conducted by the
University of the Philippines - Marine Science Institute (UP-MSI), focusing on geographic factors.
This exposure layer incorporates various elements, including long-term and extreme sea-surface
temperature (IOT, EHE), extreme and changes in precipitation (ER, DWB), and sea-level rise (SLR).
The ratings are presented in cluster form, with the municipality of Lian, Batangas falling under cluster
III. Figure 8 provides a visual representation of the exposure layer, covering the entire Philippines.
As outlined in Table 3, specific ratings were assigned to each factor: IOT received a score of 2, EHE
scored 4, ER obtained a score of 1, DWB was rated 5, SLR received a score of 5, resulting in an average
of 3.4 for all entries under the exposure layer. Notably, DWB and SLR garnered the highest scores of
5, indicating their elevated significance in the exposure assessment, while ER received the lowest
score of 1.

This exposure layer, with its distinct ratings and cluster categorization, provides a
comprehensive overview of the geographic factors contributing to the vulnerability of the
municipality of Lian, Batangas, and is instrumental in understanding and assessing the potential
impacts of climate hazards on coastal resources in the region.
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Table 3. Scores for the Cluster III, 5 (very high), 4 (high), 3 (Medium), 2 (Low), and 1 (Very Low).

Exposure Numerical Rating
10T 2

EHE 4

ER 1

DWB 5

SLR 5
Average 3.4

Figure 8. Typology Analyses of the Philippine Waters UP — MSI).

2.2.1.1. Storm Surge

The storm surge map employed in this study is derived from the Storm Surge Hazard map,
specifically based on the predicted storm surge height of 5 meters (Advisory 4). This map, illustrated
in Figure 9, is particularly relevant for assessing the potential impact on mangroves, given that a 5-
meter storm surge can significantly affect these coastal ecosystems. The Storm Surge Hazard map
was generated as part of the DOST-Project NOAH (Nationwide Operational Assessment of Hazards)
program, with its main office situated at the National Institute of Geological Sciences (NIGS),
University of the Philippines.

It's crucial to note that this exposure layer was exclusively utilized for the evaluation of
mangroves. This specific map provides valuable information about potential storm surge impacts,
aiding in a focused and detailed assessment of the vulnerability of mangroves in the study area.

doi:10.20944/preprints202312.0822.v1


https://doi.org/10.20944/preprints202312.0822.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2023 doi:10.20944/preprints202312.0822.v1

}oity Nationwide Operational Assessment of Hazards (NOAH)

Storm Surge
Advisory 4

T

Figure 9. Storm Surge Hazards map Advisory 4 (DOST project NOAH).

2.2.1.2. Sea Surface Temperature

The Philippines has witnessed a notable increase of 0.3 degrees Celsius in sea surface
temperature [40]. Recorded sea surface temperatures spanning the period from 1985 to 2006 were
consistently higher compared to other areas within the Coral Triangle in Southeast Asia [8]. Sea
surface temperature is a critical factor influencing the health of biodiversity across various
ecosystems. Elevated sea surface temperatures can lead to coral bleaching, a phenomenon that
adversely affects fish production and yields.

Figure 10, presented below, depicts a time series of sea surface temperatures based on the study
conducted by [8]. This visualization provides a chronological overview, highlighting the trends and
variations in sea surface temperatures over the specified period. The observed increase in sea surface
temperature underscores the significance of understanding and monitoring these changes to assess
their potential impact on marine ecosystems and fisheries.

Sea surface temperature, 1985-2006
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Figure 10. Time Series of Sea Surface Temperature in the Philippines [40].

2.2.1.3. Sea — level rise

The rise in sea levels is a contributing factor to accelerated beach soil erosion, posing threats not
only to communities residing in coastal areas but also to the coastal resources themselves [7]. A study
[41] projecting a high emission scenario anticipates a sea-level rise of 1.0 meter by the year 2080.
However, observations in the Philippines indicate a more recent increase ranging between 0.2 to 0.4
meters in sea level rise [42]. This data emphasizes the real and current impact of rising sea levels in
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the country, underscoring the need for proactive measures to mitigate the adverse effects on coastal
communities and their valuable resources.

2.2.1.4. Storm frequency

The frequency of Category 5 typhoons passing within a 300 km-radius of each coastal site was
tallied over a 30-year record and subsequently mapped by [43], as illustrated in Figure 11. This
mapping provides a visual representation of the occurrence and distribution of these extremely
powerful typhoons in proximity to each coastal location over the specified time frame.

Srorm Freguency (1980 2000)
s Low

Nedam
o Mgh

-

A S—
Figure 11. Frequency of Storm passing through the Coastal of Batangas [43].

2.2.2. Sensitivity

The sensitivity criteria for mangroves, seagrasses, and corals were adopted from two sources:
the study by [44] titled “Development of GIS-Based Coastal Resources Vulnerability Assessment
Framework for Coastal Resources in the Philippines” and the “Vulnerability Assessment Tools for
Coastal Ecosystems: A Guidebook” prepared by the Marine Environment and Resources Foundation,
Inc. [45].

For mangroves, the sensitivity criteria under intrinsic characteristics include proximity to coastal
development, proximity to aquaculture, the condition of the beach in the last 12 months, whether the
coastline is prone to erosion, width of the shore platform, and steepness of the coast. Anthropogenic
disturbance criteria encompass solid waste accumulation and management, presence of tourism
activities and other activities, coastal mining and/or wood harvesting/deforestation, conversion of
coastal lands from rural-agricultural to residential and industrial use, and pollution such as oil spills,
construction of landfills, and unregulated dumping. In habitat characteristics, sensitivity criteria
involve the age of the mangrove stand, the state of the natural forest, the kind of mangrove species
present, and the population density of large mangroves compared to small mangroves.

For seagrasses, anthropogenic disturbance sensitivity criteria include water quality, solid waste
accumulation and management, presence of tourism and other activities, catch rates, catch
composition, dependence on fishing, coastal and offshore mining, and conversion of coastal lands
from rural to other uses. Intrinsic characteristics criteria involve proximity to coastal development,
proximity to aquaculture, proximity to river outlets, depth of seagrass habitat, changes in the beach
in the last 12 months, proneness of the coastline to erosion, width of the shoreline, width of the shore
platform, and steepness of the coast. Habitat characteristics include the presence of key species, extent
of seagrass cover, and composition of seagrass beds.
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For corals, intrinsic characteristics sensitivity criteria include proximity to coastal development,
proximity to aquaculture, proximity to river outlets, depth, changes in the beach in the past 12
months, proneness of the coastline to erosion, width of the shore platform, and coastal steepness.
Anthropogenic disturbance criteria are the same as those for seagrasses. Habitat characteristics
include the presence of key species, dominant growth forms, and the condition of the coastline lined
by coral reefs/communities. Detailed tables presenting this data are not included in this text.

2.2.3. Adaptive Capacity

The criteria used for the indicators of Adaptive Capacity were adopted from two sources: the
study by [44] titled “Development of GIS-Based Coastal Resources Vulnerability Assessment
Framework for Coastal Resources in the Philippines” and the “Vulnerability Assessment Tools for
Coastal Ecosystems: A Guidebook” prepared by the Marine Environment and Resources Foundation,
Inc. [45].

For the governance component of adaptive capacity for mangroves, the criteria include the
existence of local ordinances, community support, and local knowledge, as well as aspects related to
Marine Protected Areas (MPAs), such as their existence, extent of focus, and the need for expansion.
Maps of MPAs in Lian, Batangas, are illustrated in Figure 12a,b.

Under human intervention, criteria comprise habitat restoration efforts, awareness of coastal
resources within communities, and the extent of coastal modifications (including pier wharf and
seawall construction, reclamation, and foreshore use). In habitat morphology, criteria include the
presence of refuge sites (buffer zones for community extension) and the presence of adjacent habitats
(other coastal resources). This framework provides a structured approach to evaluating the adaptive
capacity of mangroves, encompassing governance, human intervention, and habitat morphology.
The inclusion of specific criteria enables a comprehensive assessment of the resilience and adaptive
capabilities of mangrove ecosystems in the study area.
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Figure 12. (a) MPA in Lian, Batangas provided by MENRO Lian,Batngas ; (b) MPA in Lian, Batangas
provided by MENRO Lian,Batngas.

In assessing adaptive capacity for seagrasses, the governance criteria parallel those used for
mangroves. Under human intervention, criteria include the dependence on fisheries’ resources,
average fishing experience per fisher, effectiveness of fishery resource management plans, habitat
restoration efforts, awareness of coastal resources, awareness of the importance of each coastal
resource, and the extent of coastal modifications. Habitat morphology criteria for adaptive capacity
of seagrasses encompass the presence of adjacent habitats, the condition of Enhalus acoroides
(density composition among seagrasses), and the continuity of seagrass beds.

For corals, governance criteria mirror those used for mangroves and seagrasses. Human
intervention criteria for corals align with those used for seagrasses. In terms of habitat morphology,
criteria include coral cover health, the presence of massive corals compared to branching ones, the
comparison of large colonies to small colonies of species, the reduction in coral diversity, and the
presence of adjacent habitats (other coastal resources). This consistent framework ensures a
comprehensive and comparable evaluation of the adaptive capacity of seagrasses and corals,
considering governance, human intervention, and habitat morphology as integral components of
their resilience.

2.2.4. Scoring and Rescaling

The Coastal Integrity Vulnerability Assessment Toolkit (CIVAT) guidelines, derived from a
study conducted by the University of the Philippines - Marine Science Institute (UP-MSI), were
employed to score various criteria for exposure, sensitivity, and adaptive capacity. These guidelines
not only facilitated the initial scoring based on raw numerical values but also aided in the subsequent
rescaling of scores into descriptive categories such as High, Medium, and Low.

A combination of criteria from Integrated Coastal Sensitivity, Exposure, and Adaptive Capacity
to Climate Change (IC-SEA C) and CIVAT was utilized for the assessment of sensitivity and adaptive
capacity. Additionally, storm frequency and storm surge were integrated into the exposure layer.
However, for the mangrove vulnerability assessment, the team specifically utilized storm surge.

The exposure map in Figure 11 served as the basis for scoring storm frequency of Category 5
typhoons. The scores for exposure indicators were then rescaled according to the CIVAT guidelines.
This structured approach ensures a comprehensive and standardized evaluation of the vulnerability
of coastal resources, particularly mangroves, by considering exposure to extreme weather events.
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Table 4. Exposure Scores for Storm Frequency.

Barangay Score Numerical Score
Balibago Low 2
Binubusan Low 2
Lumaniag Low 2
Luyahan Low 2
Matabungkay Low 2
San Diego Medium 3

Scores and rescaled values of Sensitivity criteria for mangroves, and seagrasses proximity to
coastal development (Tables 5 and 6), proximity to aquaculture areas (Tables 7 and 8), proximity to
river outlets (Table 9), and Depth criteria scores for seagrasses and corals are shown in Table 10.

Table 5. Proximity to Coastal Development Scores Criteria (Mangroves).

Distance to Rating Numerical
Urban Areas Rating
(meters)
Within 500 Very High 5
501- 1000 High 4
1001 - 1500 Moderate 3
1501 - 2000 Low 2
Beyond 2000 Very Low 1

Table 6. Proximity to Coastal Development Scores Criteria (Seagrasses).

Distance to Rating Numerical
Urban Areas Rating
(meters)
Within 300 Very High 5
301- 600 High 4
601 - 900 Moderate 3
901 - 1200 Low 2
Beyond 1200 Very Low 1

Table 7. Proximity to Aquaculture Scores Criteria (Mangroves).

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)
Within 750 Very High 5
751 - 1500 High 4
1501 - 2250 Moderate 3
2251 - 3000 Low 2
Beyond 3000 Very Low 1
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Table 8. Proximity to Aquaculture Scores Criteria (Seagrasses).

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)
Within 300 Very High 5
301 - 600 High 4
601 - 900 Moderate 3
901 - 1200 Low 2
Beyond 1200 Very Low 1

Table 9. Proximity to Aquaculture Scores Criteria (Seagrasses).

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)
Within 500 Very High 5
501 - 1000 High 4
1001 - 1500 Moderate 3
1501 - 2000 Low 2
Beyond 2000 Very Low 1

Table 10. Seagrasses and Corals Depth sensitivity Scores criteria.

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)

0-5 Very High 5
5-10 High 4
10-30 Moderate 3
30-60 Low 2

Greater than 60 Very Low 1

The proximity of corals to Marine Protected Areas (MPAs) was assessed, and the scores were
subsequently rescaled. This process involved plotting the coordinates provided by the Municipal
Environment and Natural Resources Office (MENRO) in Lian, Batangas. Table 11 outlines the scoring
criteria utilized for assessing the adaptive capacity of corals in proximity to MPAs. Similarly, criteria
for scoring the proximity of corals to coastal development can be found in Table 12. Additionally,
Table 13 provides the scoring criteria for the proximity of corals to river outlets. These structured
criteria and scoring systems ensure a systematic evaluation of the adaptive capacity of corals in
relation to their proximity to MPAs, coastal development, and river outlets.

Table 11. Seagrasses Depth sensitivity Scores criteria.

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)
Within MPA High 4
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Within 50 meters Moderate 3
of the MPA
Beyond 50 Low 2
meters of MPA

Table 12. Proximity to Coastal Development Scores Criteria (Corals).

Distance to Rating Numerical
Urban Areas Rating
(meters)

Within 1000 Very High 5
1001 - 2000 High 4
2001 - 3000 Moderate 3
3001 - 4000 Low 2

Beyond 4000 Very Low 1

Table 13. Proximity to Aquaculture Scores Criteria (Corals).

Distance to Rating Numerical
Aquaculture Rating
Areas (meters)

Within 1250 Very High 5
1251 - 2500 High 4
2501 - 3750 Moderate 3
3751 - 5000 Low 2

Beyond 5000 Very Low 1

Table 14. Proximity to River Outlets Scores Criteria (Corals).

Distance to River Rating Numerical
Outlet Areas Rating
(meters)
Within 750 Very High 5
751 - 1500 High 4
1501 - 2250 Moderate 3
2251 - 3000 Low 2
Beyond 3000 Very Low 1

The rubrics employed for identifying potential impacts and conducting the overall vulnerability
assessment for each coastal resource were derived from the study conducted by [44]. The rescaling
of data obtained from the Focus Group Discussion (FGD) followed the methodology outlined in the
work of [45].

Following the Vulnerability Assessment (VA) framework illustrated in Figure 7, ratings for
potential impacts associated with Intrinsic Characteristics, Governance, Anthropogenic Activities,
and Habitat Characteristics were determined based on the sensitivity and exposure ratings [45], as
depicted in Figure 13. Subsequently, Tables 4-8, along with other data, were rescaled using the
Coastal Integrity Vulnerability Assessment Toolkit (CIVAT) guidelines, which employ descriptive
ratings such as High, Medium, and Low, corresponding to the original ratings of Very High, High,
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Medium, Low, and Very Low. While the specific computations are not presented here, the potential
impacts for each of these characteristics were calculated using the field calculator in ArcMap.

Potential Impact

Figure 13. Rubric of Potential Impact as a function of Sensitivity and Exposure [45].

Ratings for Vulnerability of each Intrinsic Characteristics and Governance, Anthropogenic
Activities, and Habitat Characteristics were based on the ratings on Potential Impact and Adaptive
Capacity as shown in Figure 14.

Vulnerability
Adaptive Capacity

Figure 14. Rubric of Vulnerability as a function of Adaptive Capacity and Potential Impact.

The ratings for the Overall Vulnerability of each coastal resource were determined based on the
ratings for Intrinsic and Governance, Anthropogenic, and Habitat Vulnerabilities, as outlined in [44].
The rubric for Overall Vulnerability, considering Anthropogenic Characteristics, Intrinsic Properties
and Governance, and Habitat Characteristics, is illustrated in Figure 15. This rubric serves as a
guideline for assessing the combined impact of these factors on the overall vulnerability of each
coastal resource.
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Figure 15. Overall Vulnerability as a function of Intrinsic and Governance, Anthropogenic and
Habitat Vulnerabilities [45].
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3. Results and Discussion

The Vulnerability Assessment (VA) results for mangroves indicate that the majority of the four
barangays are highly vulnerable to climate change, with Bungahan, Binubusan, Luyahan, and
Matabungkay showing elevated vulnerability scores. The high sensitivity scores primarily stem from
intrinsic characteristics, specifically the proximity to urban areas and aquaculture. These factors,
combined with low scores in governance, contribute to high potential impact scores and an overall
high vulnerability related to intrinsic characteristics.

In contrast, some parts of Binubusan and Luyahan received medium scores. These scores result
from a combination of medium scores in exposure and sensitivity criteria, which constitute the
intrinsic characteristic component, leading to a moderate potential impact. These areas also exhibit
medium scores in governance, habitat morphology, and human intervention. The final vulnerability
scores for these specific parts of Binubusan and Luyahan are categorized as medium.

Lumaniag, San Diego, Balibago, and some parts of Matabungkay received low vulnerability
scores. Despite high scores in intrinsic characteristics, these scores were counterbalanced by low
scores in habitat characteristics. The compensation of a high potential impact for intrinsic
characteristics with a low potential impact in habitat characteristics, along with a medium potential
impact in anthropogenic disturbances, contributes to lower vulnerability. High scores for human
intervention, medium scores for habitat morphology, and medium scores for governance collectively
play a role in reducing vulnerability in these barangays.

Figure 16 illustrates the final output of the mangroves VA in GIS, providing a visual
representation of the vulnerability levels across the study area. Graph representations for sensitivity
(Figure 17), adaptive capacity (Figure 18), and exposure (Figure 19) are also included to enhance
understanding of the respective levels in each barangay.
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Figure 16. Barangaya Level of Vulnerability Assessment of Mangroves to Climate Change Hazards.
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Sensitivity Criteria Scares for Mangrove
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Figure 17. Sensitivity criteria for mangroves and the score in each criteria of each barangay with (3)
as High, (2) medium and (1) Low.
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Figure 18. Adaptive Capacity criteria for mangroves and the score in each criteria of each barangay
with (3) as High, (2) medium and (1) Low.
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Figure 19. Exposure scores for mangrove in each barangay of Lian; (1) Low, (2) Medium, and (3)
High.

In the seagrass Vulnerability Assessment (VA) results, most parts of Binubusan received a high
score due to a medium score in intrinsic characteristics, along with medium values for exposure,
anthropogenic activities, and habitat characteristics. These factors collectively contribute to medium
potential impact scores for intrinsic characteristics, anthropogenic disturbances, and habitat
characteristics, coupled with medium values for adaptive capacity, resulting in an overall high
vulnerability.

In the case of Bungahan, despite obtaining medium scores in anthropogenic disturbances,
intrinsic characteristics, and habitat morphology, it still received a high final VA score. This is
attributed to governance and human intervention, which received medium scores, along with a low
value for habitat morphology. The roles of governance, habitat morphology, and human intervention
are significant in yielding medium and low vulnerability scores in most parts of Lian, despite having
high scores in intrinsic characteristics.
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The final output map illustrating the level of vulnerability of seagrasses to climate change
hazards is presented in Figure 20. This map provides a visual representation of the vulnerability
levels across the study area for seagrasses.

1:29,868 LIAN

~ M.

&
1 i
BARANGAY LEVEL OF VULNERABILITY ~ soene
ASSESSMENT OF SEAGRASS -
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'SEAGRASS LEVEL OF VULNERABILITY

Figure 20. Barangay Level of Vulnerability Assessment of Seagrasses.

Graphs representations of sensitivity (Figure 21), adaptive capacity (Figure 22), and exposure
(Figure 23) are can be see below.
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Figure 21. Sensitivity Criteria and the scores of each criteria in each barangay for Seagrasses; (1) Low,
(2) Medium, (3) High.
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Adaptive Capacity Criteria Scores for Seagrass
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Figure 22. Adaptive cspscity Criteria and the scores of each criteria in each barangay for Seagrasses;
(1) Low, (2) Medium, (3) High.
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Figure 23. Exposure scores for seagrass in each barangay of Lian; (1) Low, (2) Medium, and (3)
High.

In the Corals Vulnerability Assessment (VA) results, only San Diego and a small part of Prenza
received high vulnerability scores. This high vulnerability is primarily attributed to elevated scores
in habitat and intrinsic characteristics, despite having medium scores in exposure, governance, and
human intervention (criteria of adaptive capacity), which collectively influence the overall
vulnerability score. Luyahan, Binubusan, and Balibago obtained medium scores, while Lumaniag
and Matabungkay received low scores.

The presence of high tourism activities, categorized under anthropogenic activities, negatively
impacts coastal resources, contributing to the medium vulnerability scores for Luyahan, Binubusan,
and Balibago. These three barangays exhibit medium scores in intrinsic characteristics, low
governance, high human intervention, and high habitat morphology, all of which affect their
vulnerability scores.

Matabungkay stands out with a low vulnerability score, primarily due to its low score in
anthropogenic disturbances, despite having medium scores in habitat characteristics and high scores
in intrinsic characteristics. The combination of a high score in habitat morphology and medium scores
in human intervention and governance contributes to the low vulnerability score for this barangay.

In the case of Lumaniag, a low score in anthropogenic disturbances and habitat characteristics
significantly influences the overall vulnerability score. With a high score in habitat morphology and
medium scores in governance and human intervention, Lumaniag achieves a low vulnerability score.

Figure 24 depicts the final map output of the Corals VA, illustrating the vulnerability levels of
corals to climate change hazards across the study area.
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Figure 24. Barangay Level of Vulnerability Assessment of Corals.

Graphs of sensitivity (Figure 25), adaptive capacity (Figure 26), and Exposure (Table 26) are

shown below.
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Figure 25. Sensitivity Criteria and the scores of each criteria in each barangay for corals; (1) Low, (2)

Medium, (3) High.
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Adaptive Capacity Criteria Scores for Corals
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Figure 26. Adaptive Capacity and the scores of each criteria in each arangay for corals; (1) Low, (2)
Medium, (3) High.

Based on the data summary, Mangroves exhibit high vulnerability in Binubusan, Bungahan,
Luyahan, Matabungkay, and Balibago, while Lumaniag and San Diego show a low vulnerability. For
seagrasses, Binubusan, Luyahan, and Bungahan display high vulnerability, San Diego and Balibago
have a medium vulnerability, and Lumaniag and Matabungkay exhibit low vulnerability. In the case
of corals, only San Diego has a high vulnerability, Binubusan, Luyahan, and Balibago show a medium
vulnerability, and Matabungkay and Lumaniag have a low vulnerability.

Considering all three coastal resources, Binubusan and Luyahan emerge as the barangays with
the most vulnerable coastal resources. Bungahan, with vulnerabilities in only two resources, also
faces considerable risk. Lumaniag, on the other hand, appears to be the least vulnerable among the
barangays.

A visual representation of the Vulnerability Assessment (VA) results for mangroves, seagrasses,
and corals is depicted in Figure 27, providing a graphical overview of the vulnerability levels across
the different coastal resources in each barangay.
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Figure 27. Exposure and the scores of each criteria in each arangay for corals; (1) Low, (2) Medium,
(3) High.
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Figure 28. Graph of the summary of VA results of mangroves, seagrass, and corals.
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4. Conclusion

The results suggest that integrating GIS into the Vulnerability Assessment (VA) of coastal
resources to climate change hazards yields favorable outcomes, particularly for mangroves, where
features extracted from LiDAR datasets and Orthophotos demonstrate good results. The VA results
for seagrasses and corals, although utilizing LandSat 8 images, also prove to be satisfactory. Key
factors influencing VA outcomes include input data from Focus Group Discussions (FGD),
bathymetric surveys, and other secondary data. This underscores the importance of integrating
various scientific, social, and historical findings, data, and records for accurate VA, following the
guidelines of combined Coastal Integrity Vulnerability Assessment Toolkit (CIVAT) and Integrated
Coastal Sensitivity, Exposure, and Adaptive Capacity to Climate Change (ICSEA-C).

The combination of different toolkits in conducting VA for coastal resources is not only
applicable but also enhances accuracy. GIS integration provides a visual interpretation of the
vulnerability of coastal resources to climate change hazards. It serves as a valuable tool for conveying
information to the public, illustrating the impact of climate change on coastal resources. Human
activities significantly contribute to the outcomes of VA, with seagrasses being particularly affected
by climate change hazards. The results indicate that 70-80% of mangroves in the area are highly
vulnerable to climate change hazards. The presence of Marine Protected Areas (MPA) greatly
influences VA results for corals.

Conducting VA at the barangay level proves to be a valuable assessment, aiding in prioritizing
areas for future rehabilitation, especially when facing budget constraints at the municipal
government level. Overall, the study emphasizes the importance of comprehensive data integration
and GIS application in conducting effective Vulnerability Assessments for coastal resources,
highlighting the urgency of addressing the impact of climate change on these vital ecosystems.

5. Recommendation

Future researchers can explore the use of benthic LiDAR data for coral and seagrass
classification, as this study relied on LandSat 8 imagery. Additionally, conducting vulnerability
assessments using alternative guidelines beyond CIVAT and ICSEA-C could provide further
insights. The inclusion of additional criteria from diverse guidelines can enhance the depth of
vulnerability research. Different methods for gathering information, aside from focus group
discussions, could be employed in future studies. Implementing proper zoning for urban
communities near coastal resources is crucial to prevent further degradation. Prohibiting sand
mining for residential building purposes is essential. Regular dissemination of information to locals
about the impact of climate change, the effects of illegal activities, and related issues should be
prioritized. Supporting local income through livelihood programs during non-fishing seasons can
reduce reliance on illegal fishing activities.

Effective implementation of local ordinances for coastal resource protection is vital, with active
involvement from local communities. Measures to combat illegal fishing practices, such as using
dynamite and cyanide, must be urgently addressed. Enhancing adaptive capacity measures,
especially in areas with high and medium vulnerability, is essential for building resilience.
Continuous tree planting of mangroves, using appropriate species for each area, can help minimize
coastal soil erosion. Strict implementation of solid waste management, especially in coastal areas, is
critical for environmental preservation.
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