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Abstract: Land suitability assessments play a crucial role in determining optimal land use patterns to meet specific
requirements, particularly in the context of forest restorations and plantations. However, there is a lack of studies reporting
such assessments for mangrove rehabilitation and reforestation in the Philippines, leading to low survival rates (10-20%) due
to improper site selection and site-species matching. This study aims to identify and narrow down suitable sites for mangrove
growth in La Union Province, facilitating ground truthing for site selection and species matching. The Geographic
Information System (GIS) method, specifically the Weighted Linear Combination (WLC) using ArcMap software, was
employed. The study identified four suitable sites along the coastline of La Union within the jurisdictions of Aringay, Bangar,
Sto. Tomas, and the City of San Fernando, all actively involved in mangrove conservation. However, mangrove planting
efforts in other municipalities along the coastline of La Union, such as Agoo, Balaoan, and Bauang, were not reflected on the
maps due to data resolution limitations. Nevertheless, the study's findings should be regarded as a supportive tool in the site
determination process, with ground truthing and assessment remaining essential. Integrating the study's results with
mangrove rehabilitation/reforestation efforts offers efficiency options that have the potential to enhance project success rates.
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country also surpasses Indonesia, Australia, Papua New
Guinea, and Malaysia in mangrove biodiversity (FAO,
2007), accounting for approximately 1.9% of the global
mangrove environment (Giri et al., 2011).

Coastal communities in the Philippines rely heavily on
productive mangrove ecosystems for sustenance,

1. Introduction

The Philippines is renowned for its rich biodiversity,
including a diverse range of flora and fauna. However, the
country's archipelagic geography makes many island

species, including mangroves, susceptible to eradication
(Caujapé-Castells et al., 2010; Isik, 2011). Mangroves,
encompassing both the ecosystem and the preserved floral
species (UNEP, 2014), exhibit remarkable diversity in the
Philippines, with 35 true mangrove species compared to a
combined total of 10 in North and Central America. The
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livelihoods, and protection against storm surges and
typhoon-induced winds (Tariah, Abali, & Aminigbo,
2022). Despite their critical importance, anthropogenic
activities continue to degrade mangrove lands, leading to a
significant reduction in mangrove cover. Historical
estimates by Brown and Fisher (1918) indicated that the
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Philippines had approximately 400,000 to 500,000
hectares of mangroves, which declined to 240,800
hectares by 2010 (Long et al., 2014). The most substantial
losses occurred during the 1950-1970 period when land
conversion for stable aquaculture industries was actively
promoted by national policies (Primavera et al., 2016).

The depletion of mangrove forests can be attributed to
various factors, including the lack of ecological
awareness, insufficient knowledge of their economic
value, continuous land reclamation for commercial and
residential purposes, fish pond operations, encroachment,
pollution, sedimentation, improper shoreline engineering,
weak implementation of zoning ordinances, and the
general attitude and behavior of the populace (Salmo I11 et
al., 2015; Gevafia et al., 2019).

Over the past two decades, efforts to conserve and
rehabilitate mangroves have increased, driven by the
recognition of the ecosystem services, economic value,
and biodiversity they provide (Gevafia et al., 2018).
However, monitoring reports vary across regions and
localities, with some areas experiencing increased
mangrove cover due to conservation efforts, while others
lack data on mangrove extent and health. Success rates of
mangrove rehabilitation projects also vary, often
hampered by inappropriate site selection and species
matching, as well as the lack of community participation
(Primavera & Esteban, 2008; Pulhin et al., 2017).

This study focuses on addressing the challenges related
to site selection for mangrove rehabilitation. Issues in site
selection arise from the lack of a science-based process,
tenure rights complexities, and inadequate coastal land use
zoning. The reversion of unproductive aquaculture ponds
to mangrove forests, mandated by Republic Act 8550,
revealed that many leased fishponds had been illegally
disposed of or converted to private ownership.
Consequently, mangrove planting projects often resort to
planting on seafront lands, which are open access public
lands but unsuitable for seedlings due to strong winds and
wave action, resulting in low survival rates (Primavera et
al., 2013).

La Union Province, like other coastal areas, faces
similar challenges in rehabilitating and reforesting its
mangrove lands. Local governments often lack data on
mangrove extent, health, ecosystem services, and species
inventory due to concerns from pond operators and
caretakers who are apprehensive about external surveys.
Earth observation and Geographic Information System
(GIS) methods can alleviate these issues.

In the Philippines, GIS-based land suitability analysis
has been employed to determine optimal areas for specific
crops, such as aerobic rice cultivation in Central Luzon
(Armecin & Cosico, 2010) and banana plantation in
Laguna (Bato, 2018). Similarly, GIS methods have been
utilized to identify optimal sites for beekeeping in La
Union (Estoque & Murayama, 2010).

Land suitability analysis encompasses two independent
analyses: site search problem and site selection problem
(Cova & Church, 2000). Site selection analysis helps
identify the best location for a specific activity among a
group of feasible locations based on specified attributes.
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In contrast, site search analysis involves a broader search
when no candidate sites are available (Arentze et al.,
1996). The Weighted Linear Combination (WLC) model
is a widely used GIS-MCA approach that combines
criterion weights and value functions to assess the
suitability of locations. It allows for the inclusion of
diverse criteria based on specific goals and enhances the
decision-making process (Malczewski, 2017).

This study utilized the GIS-based WLC method to
locate suitable land areas for mangrove growth in La
Union Province. By aiding decision-makers in site
selection for mangrove rehabilitation and reforestation
programs, the study seeks to contribute to science-based
solutions for current mangrove rehabilitation challenges.

2. Materials and methods

In the province of La Union, located in the northwest
corner of the island of Luzon (Figure 1), the study area
encompasses a land area of approximately 1,497 km2
(149,000 ha) (GOVPH, 2022b). The province's geography
is characterized by predominantly hilly terrain, gradually
rising eastward from the coast to the Cordillera Range.
Mount Talang, with an elevation of 1,520 m (4,990 ft),
represents the highest point in the province. The coastline
stretches approximately 114.70 km to 155.4 km (DENR-
R1, 2019). According to the 2020 Ecological Profile of La
Union, the province has an estimated 152 hectares of
mangrove lands (Provincial Government of La Union,
2020).

As of 2013, numerous municipalities in La Union are
situated along the coast, comprising a total of 94
barangays with an estimated population of 185,038 (Table
1). The coastal communities heavily rely on fishing as a
livelihood, making it a priority area for development and
protection by the La Union Provincial Government
(Salmo 11l et al., 2015). Mangrove forests within the
province are declared protected areas, such as the Agoo-
Damortis Protected Landscapes and Seascapes (ADPLS),
covering 60 ha and declared a Marine Protected Area
(MPA) by the Department of Environment and Natural
Resources (DENR). The management of mangrove
protected areas involves the People's Organization (PO),
DENR, Protected Area Management Board (PAMB), and
the Local Government Unit (LGU).

The mangroves in La Union provide essential benefits
to the coastal communities. In municipalities like Agoo
and Sto. Tomas, they serve as spawning grounds for fish
and crustaceans, as well as habitats for migratory birds.
Local livelihoods in Sto. Tomas, Aringay, Bauang, San
Fernando, and San Juan depend on resources derived from
the mangroves, including fish, crustaceans, mollusks, nipa
shingles, firewood, and charcoal. Mangrove planting
activities have been carried out by various organizations
and agencies, demonstrating efforts to mitigate climate
change and promote conservation.

However, the province has experienced mangrove

degradation due to aquaculture conversion, illegal
settlements, mangrove cutting, erosion, siltation,
84
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sedimentation, and pest infestations. The loss of mangrove
lands has been exacerbated by the impacts of climate
change, leading to coastal erosion, decline in fish catch,
and increased vulnerability to natural disasters.

Despite these challenges, La Union still retains a total
area of 140 hectares of mangrove forested lands. Some of
these areas consist of old stands or secondary growth,
while approximately 80 hectares are designated as
plantation grounds, and 60 hectares are protected areas.
Mangrove planting and coastal clean-up activities have
been conducted in collaboration with various
organizations and stakeholders.

To determine land suitability for mangroves, the study
utilized parameters such as elevation, slope, precipitation,
and air temperature. Geomorphological data, including

elevation and slope, were derived from the ASTER Global
Digital Elevation Map, while average air temperature data
were obtained from the Global Solar Atlas. Average
precipitation data were retrieved from WorldClim. All
data used in the analysis had a resolution of 30-arc
seconds.

The analysis employed a weighted linear combination,
which is a GIS-based multicriteria analysis method. This
approach combines map overlays to identify and specify
suitable locations based on the ranking or weight assigned
to selected parameters. The process involved three main
steps, including the identification, collection, and cleaning
of attribute map data (pre-processing).

120°200'E

120°300°E

San Gabdel

San Femando Cty

120°200°E

120°300'E

120°400'E
Province of La Union
Region | - llocos Region

16°50'G

e — e Kilometers
0 3 6 12 18 24

Legend

Coastiine

Boundary

~—— Coastal Municipalities/City

Figure 1: An administrative map of the Province of La Union showing the coastlines and the coastal municipalities and

city

3. Results and discussion

3.1. Assignment of suitability classes

The goal of a land use appropriateness analysis is to
determine the best future land use to meet specified
demands. Each component is assigned a class based on
how a given tree species responds to various
environmental conditions.
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Table 2 presents the specific parameters acquired from
literature. Mangroves are known to tolerate air
temperatures as low as 8 °C to as high as 42°C for short
periods of time (Monsef et al., 2013). Aside from air
temperature, mangroves are also sensitive to precipitation
or rainfall, as this climatic factor controls mangrove range
limits in distribution, abundance, species richness and
survival (Osland et al., 2017). Surface elevation and slope
also affects mangrove establishment in a specific or local
area because the elevation and slope of the location dictate
the tidal inundation frequency of these locations (Leong et
al., 2018).

Four classes for land suitability are applied: unsuitable
for 1, marginally suitable for 2, moderately suitable for 3,
and highly suitable for 4. A higher score is attributed to
higher or most favorable land suitability because in WLC,
the higher the combined value achieved by weighing, the
more suitable it is, where in the final score of the
habitat/land suitability is defined as:

:; = :z%:: [4/}4*3

Where S is the final score, Wi is the weight factor, and
Xi is the score of class i (Cuong et al., 2019). For the
certain equation, the weight of factor was assumed to be
equal. Each attribute or parameters' raster layer were
mapped according to this equation and given values.

3.2. Suitability Maps

In the whole province of La Union there were four (4)
identified locations in total (Figure 3): the Municipality of
Bangar (orange, moderately suitable), City of San
Fernando (orange, moderately suitable), Municipality of
Aringay (highly suitable), and Municipality of Sto. Tomas
(moderately suitable).

Legend
Suitability

Figure 3: Generated mangrove land suitability map for La Union Province, Philippines. Magnified images of the
detected suitable sites: (A) City of San Fernando, (B) Municipality of Santo Tomas, (C) Municipality of Aringay and, (D)

Municipality of Bangar.

4. Discussion

The Municipality of Bangar is the province's northmost
town and it's smallest. In the northernmost part of the
small town runs the Amburayan river, which is also a
source of income for the locals. However, agriculture is
still the main source of income for its inhabitants
(GOVPH, 2022a). The pixel was near the river by its
estuary and is located by what seems like a land use for
agriculture. It showed a moderately suitable area (Figure
3D).

On the other hand, the Municipality of Aringay (Figure
3C) showed high suitability for mangroves, while the
Municipality of Sto. Tomas (Figure 3B) showed moderate
suitability for mangroves. Both areas appeared to be
located on land used for aquaculture. Both towns are
known for their milkfish and oyster products, and both
thrive in the fishing industry as the major occupation of
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the people of the coastal areas. It is possible that these
areas where the suitability of mangroves appeared were
once areas populated by mangroves. Due to the history of
the clearing of mangroves in the country; during the 1950s
there was a massive government support for the
conversion of mangrove lands to make way for the
aquaculture ponds (Primavera, 1995). These sites were
also located along the eastern side of the Lingayen Gulf,
where the Agoo-Damortis Protected Landscapes and
Seascape is located. The Sto. Tomas location was inside
the Santo Tomas Cove (Damortis Cove); but the Aringay
town shorelines are not among the jurisdiction of the
protected landscape, it is only located northside of the area.

Lastly, the City of San Fernando, revealed a moderately
suitable pixel, near the harbor and airport industry area
along its coastlines (Figure 3A). The area is a land used
for either commercial or residential purposes. The City of
San Fernando is among the coastal cities of the province.
The San Fernando Bay is a rich fishing ground where its
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seaport is also in operation. Due to the rapid economic
growth of this urbanize area, many of the mangrove
forests are traded for the location’s economic stability.
Because of low environmental protection due to the loss
of mangrove forests, the residents are susceptible to
hazards. Climate change also contribute to the frequent
flooding that the city experiences. The Comprehensive
City Land Use Plan for 2015-2025 revealed that the
Carlatan Lagoon and the various drainage systems is only
about five percent (5%) of the land area of the city. It is
mainly vegetated with mangroves, nipa palm, tropical
shrubs, and grasses. The Carlatan Lagoon has been then
since surrounded by many residential areas due to its
reclamation.

Despite limitations (data availability, accessibility,
reliability, and consistency) in mapping data, the results of
the study were still able to display suitable areas.
Although highly specific and small scale this seems to be
on par with Long et al., (2014) having shown that the
coastal region where La Union is located only has an
estimated mangrove area of 1 — 1,000 hectares, as of 2010.
The province of La Union has lesser mangrove forest area
in contrast to other coastal region of the country.
Moreover, there has been no current, accurate and reliable
data specific for the province of La Union, at least not
accessible to the public. The data that is available is
fragmented and ambiguous, and it does not provide
enough detail to construct metrics that will guide and
monitor the sustainable exploitation of mangrove
resources. Many of mangrove assessments are on a
national level and only focuses on areas with greater
mangrove forest extent. Although fragmented, such data
are still of value because it serves as a baseline for project
grounding and is still usable with proper additional pre-

processing steps necessary for intended use of the material.

The United Nations Environment Programme released
in 2014 a call to action to reverse the patterns of mangrove
decline, mangrove land restoration, and to ensure that the
remaining mangrove habitats are protected and/or
sustainably managed (UNEP, 2014); and a very important
factor for a successful mangrove rehabilitation or
reforestation is the selection of site. Many planting efforts
had shown low survival rates and have failed to
effectively restore mangroves dues to an inappropriate site
selection (Saenger, 2002; Xiong et al., 2021). This study
contributes to alleviate this burden on mangrove
management and planning. The use of remote sensing
techniques and mapping mangroves helps address
knowledge and data gaps that may help in mangrove
conservation ang management (UNEP, 2014).

Despite yielding a small number of locations, this result
is relevant for it provides a starting point for site selection
discussions  because many successful  mangrove
conservation and rehabilitation programs have already
proven the influence of decisions related to site selection
(Damastuti et al., 2022). This delineates a clear image of
where to look if when locating and choosing a site for
many mangrove rehabilitation activities; from here on
decision making for planning a mangrove project can be
more reliable and efficient. Furthermore, this is beneficial
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and relevant for mangrove restoration because field
surveys for mangrove lands prove to be difficult due to the
muddy conditions and structure of the ecosystem (Hu et
al., 2020).

Furthermore, this study assumed that the environmental
factors used as parameters influence mangrove growth
equally and are then weighted equally. Most studies
implementing WLC protocols use multicriteria evaluation
(MCE) as a decision support operation in weighing
parameters for GIS methods (Jiang and Eastman, 2010).
Many studies' criteria for suitability are weighted by the
analytical hierarchy process (AHP) (Cuong et al., 2019;
Dashti et al., 2013; Loui Alburo et al., 2019; Masoudi et
al., 2021). The AHP implements criteria weights through
pair-wise comparison by expert judgements. In a
multicriteria decision problem, this indicates the relative
relevance of a set of activities. The AHP technique allows
judgments on intangible qualitative factors to be combined
with tangible quantitative criteria (Badri, 2001). However,
this study does not implement the AHP method, thus, not
benefiting from its advantages. Although this method
extracts judgements from individual people, its
disadvantage is unsatisfied consistency due to possible
bias of respondents to AHP questionnaires.

Also, parameters in this study are limited to only air
temperature and precipitation for bioclimatic factors and
elevation and slope for topographic parameters. It lacked
the hydrological conditions and physicochemical
properties for mangrove growth (Xiong et al., 2021).
Despite the fact that air temperature and rainfall regimes
do influence the global distribution, quantity, and species
richness of mangrove forests (Osland et al., 2017).
Elevation is often a replacement for inundation for it is the
driving factor that drive inundation rates and other
features that affect flooding and draining (Schile et al.,
2007). Despite lacking other factors for suitable mangrove
growth, abiotic factors such as topography and
temperature are enough in this case due to the objective of
the study. This is the main advantage of such tool; factors
can be customizable depending on the desired objectives
and results. Given that this is a baseline study other
parameters did not include such as water pH, salinity, and
nutrient availability can be measured and studied on site;
such parameters are subject to adjustment based on the
specificity of species to be planted. Furthermore, the
factors that are not included are said to contribute more on
the diversity of mangroves (Perri et al., 2017). The main
goal of the study is to delineate suitable sites in an area of
possibilities, the success of rehabilitation still heavily
relies on the ecohydrology of the site and the efficacy of
the prepared planting strategy and site management.

All these locations scored the highest in air temperature.
Air temperature is essential for mangroves. In 2021, a
study in China found that the development of mangroves
is sensitive to sudden changes in their ecosystem and that
air temperature was the primary factor controlling
mangrove development. Although the rising temperatures
supposedly promote mangrove development, the intensity
of human altercation in lands has reversed this tendency,
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leading to the current
populations and lands.

degradation in mangrove

5. Conclusion

The global focus on rehabilitating and reforesting
mangroves has led to both successes and failures. One
common problem is the lack of knowledge and data gaps
in decision-making for site selection. This study provides
baseline information on suitable land for mangrove
rehabilitation, which can contribute to the success of
planting projects.

In the province of La Union, where mangroves are a
priority for sustainable development, the lack of proper
training and capacity among governing bodies often leads
to rushed planning, skipping important steps for project
success. This study addresses these gaps by offering
science-based solutions.

The study identifies suitable planting locations remotely,
without the need for on-site surveys that may face
resistance from local residents. While not perfect, these
maps can guide diversity assessments and species
selection when ground truthing is conducted.

The study demonstrates that training and capacity
building for personnel involved in mangrove rehabilitation
is feasible. The flexibility of the mapping tool allows for
customization of criteria and parameters according to
specific project goals.

However, the study's options for parameters were
limited due to the unavailability of reliable satellite
imagery in the Philippines. To ensure data relevance and
reliability, ground truthing activities and integration with
biodiversity assessments are still recommended.

Some locations identified as suitable for mangrove
growth in the maps already have designated areas or
ongoing planting activities, indicating the need for careful
verification through ground truthing and monitoring
systems.

Due to limited and fragmented data, the use of mapping
and satellite imagery is limited to initial investigation and
assessment. The study's results can provide a basis for
provincial policy briefs and inform local environmental
policies and development plans.

Choosing the right location and conducting thorough
site assessments for species selection are crucial for
successful mangrove rehabilitation. This study contributes
to filling the information gap and emphasizes the role of
GIS mapping methods like WLC in mangrove
conservation efforts.

Acknowledgements

A.A. Aduana-Alcantara and K.J. Almadrones-Reyes
acknowledges the Philippines Department of Science and
Technology Science Education Institute, Accelerated
Science and Technology Human Resource Development
Program (DOST-SEI, ASTHRDP) and German Deutscher
Akademischer Austauschdienst (DAAD) Scholarship

Journal of Sustainability and Environmental Management (JOSEM)

Grant respectively. This study is an integral part of the
project Mangrove Diversity Research as Vulnerable
Ecosystem for La Union’s Sustainability (MARVELS),
under the research program spear headed by N. H. A.
Dagamac funded by the University of Santo Tomas -
Research Center for the Natural and Applied Sciences
(UST-RCNAS) and National Research Council of the
Philippines.

References

Arentze, T. A., Borgers, A. W. J., & Timmermans, H. J. P.
(1996). An Efficient Search Strategy for Site-
Selection  Decisions in an Expert System.
Geographical Analysis, 28(2), 126-146.
https://onlinelibrary.wiley.com/doi/full/10.1111/j.153
8-4632.1996.tb00925.x

Armecin, R. B., & Cosico, W. C. (2010). Soil fertility and
land suitability assessment of the different abaca
growing areas in Leyte, Philippines. Proceedings of
the 19th World Congress of Soil Science: Soil
Solutions for a Changing World. International Union
of Soil Sciences.

Badri, M. A. (2001). A combined AHP-GP model for
quality control systems. International Journal of
Production Economics, 72(1), 27-40.
https://research.uaeu.ac.ae/en/publications/a-
combined-ahp-gp-model-for-quality-control-systems

Bato, V. A. (2018). GIS-based suitability mapping of
Banana in the Philippines.

Brown, WIlilliam H.; Fischer, A. F. (1918). Philippine
mangrove  swamps. Bureau of  Printing.
https://archive.org/details/philippinemangro00brow

Camacho, L. D., Gevafia, D. T., Sabino, L. L., Ruzol, C.
D., Garcia, J. E., Camacho, A. C. D.,, Oo, T. N,
Maung, A. C., Saxena, K. G., Liang, L., Yiu, E., &
Takeuchi, K. (2020). Sustainable mangrove
rehabilitation:  Lessons and  insights  from
community-based management in the Philippines
and Myanmar. APN Science Bulletin, 10(1), 18-25.
https://doi.org/10.30852/SB.2020.983

Caujapé-Castells, J., Tye, A., Crawford, D. J., Santos-
Guerra, A., Sakai, A., Beaver, K., Lobin, W.,
Vincent Florens, F. B., Moura, M., Jardim, R.,
Gomes, ., & Kueffer, C. (2010). Conservation of
oceanic island floras: Present and future global
challenges. Perspectives in Plant Ecology, Evolution
and Systematics, 12(2), 107-129.
https://doi.org/10.1016/J.PPEES.2009.10.001

Cova, T. J.,, & Church, R. L. (2000). Exploratory spatial
optimization and site search: neighborhood operator
approach. Computers Environment and Urban
Systems. https://doi.org/10.1016/S0198-
9715(00)00015-6

Cuong, N. D., Volker, M., & Ko&hl, M. (2019). Facilitating
objective forest land use decisions by site
classification and tree growth modeling: a case study
from Vietnam. IForest - Biogeosciences and

88



Mangrove Land Suitability Assessment Using Weighted Linear Combination: A Case Study of La Union Province Coastline ...

Forestry, 12(6), 542.
https://iforest.sisef.org/abstract/?id=ifor2945-012

Damastuti, E., de Groot, R., Debrot, A. O., & Silvius, M. J.

(2022). Effectiveness of community-based mangrove
management for biodiversity conservation: A case
study from Central Java, Indonesia. Trees, Forests
and People, 7, 100202.
https://linkinghub.elsevier.com/retrieve/pii/S2666719
322000139

Dashti, S., Monavari, S. M., Hisseini, S. M., Riazi, B., &
Momeni, M. (2013). Application of GIS, AHP,
Fuzzy and WLC in Island Ecotourism Development
(Case study of Qeshm lIsland, Iran). Life Science
Journal, 10, 1274-1282.
https://www.semanticscholar.org/paper/Application-
0f-G1S-%2C-AHP-%2C-Fuzzy-and-WLC-in-Island-

Dashti-
Monavari/al46234bch3cfc5ea310c89788a7al4a8del
a9dd

DENR-R1. (2019). Regional Profile.
https://r1.denr.gov.ph/index.php/about-us/regional-
profile

Duke, N. C. (1992). Mangrove Floristics and

Biogeography. Tropical Mangrove Ecosystems, 41,
63-100.
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/
CE041p0063

ESRI. (2015). ArcGIS Desktop Release 10 (10.3.1).
Environmental Systems Research Institute.

Estoque, R. C., & Murayama, R. C. E. (2010). Suitability
analysis for beekeeping sites in La Union,
Philippines, using GIS and multi-criteria evaluation
techniques. Research Journal of Applied Sciences,
5(3), 242-253.
https://doi.org/10.3923/RJASCI.2010.242.253

FAO. (2007). The world’s mangroves 1980-2005. FAQO
Forestry Paper, 153, 89.

Fick, S. E., & Hijmans, R. J. (2017). WorldClim 2: new 1
- km spatial resolution climate surfaces for global
land areas. International Journal of Climatology,
37(12), 4302 - 4315.
https://onlinelibrary.wiley.com/doi/10.1002/joc.5086

Gevafia, D. T., Camacho, L. D., & Pulhin, J. M. (2018).
Conserving mangroves for their blue carbon: Insights
and prospects for community-based mangrove
management in southeast Asia. Coastal Research
Library, 25, 579-588. https://doi.org/10.1007/978-3-
319-73016-5_26/COVER

Gevafia, D. T., Pulhin, J. M., & Tapia, M. A. (2019).
Fostering Climate Change Mitigation Through a
Community-Based ~ Approach:  Carbon  Stock
Potential of Community-Managed Mangroves in the
Philippines. Coastal Management: Global
Challenges and Innovations, 271-282.
https://doi.org/10.1016/B978-0-12-810473-6.00014-
5

GOVPH. (2022a). Bangar, La Union - Provincial
Government of La Union. https://launion.gov.ph/city-
and-municipalities/bangar-la-union/

Journal of Sustainability and Environmental Management (JOSEM)

GOVPH. (2022b). Quick Facts - Provincial Government
of La Union. https://launion.gov.ph/quick-facts/

GP. (2021). About Geoportal Philippines. Internet.
https://www.geoportal.gov.ph/

Hu, T., Zhang, Y. Y., Su, Y., Zheng, Y., Lin, G., & Guo,
Q. (2020). Mapping the Global Mangrove Forest
Aboveground Biomass Using Multisource Remote
Sensing Data. Remote Sensing, 12, 1690, 12(10),
1690. https://www.mdpi.com/2072-
4292/12/10/1690/htm

Hypestat. (2021). Your source of free GIS data for the
Philippines - HypeStat. Internet.
https://hypestat.com/info/philgis.org

Isik, K. (2011). Rare and endemic species: why are they
prone to extinction? Turkish Journal of Botany, 35(4),
411-417. https://doi.org/10.3906/bot-1012-90

Jiang, H., & Eastman, J. R. (2000). Application of fuzzy
measures in multi-criteria evaluation in GIS.
International Journal of Geographical Information
Science, 14(2), 173-184.
https://www.tandfonline.com/doi/abs/10.1080/13658
8100240903

Leong, R. C., Friess, D. A., Crase, B., Lee, W. K,, &
Webb, E. L. (2018). High-resolution pattern of
mangrove species distribution is controlled by
surface elevation. Estuarine, Coastal and Shelf
Science, 202, 185-192.
https://linkinghub.elsevier.com/retrieve/pii/S0272771
417307965

Long, J., Napton, D., Giri, C., & Graesser, J. (2014). A
Mapping and Monitoring Assessment of the
Philippines’ Mangrove Forests from 1990 to 2010.
Journal of Coastal Research, 294(2), 260-271.
http://www.bioone.org/doi/abs/10.2112/JCOASTRE
S-D-13-00057.1

Loui Alburo, J. P., Nestor Garcia, J. M., Sanchez, P. B., &
Sta Cruz, P. C. (2019). Application of analytical
hierarchy process (AHP) in generating land
suitability index (LSI) for sugarcane in central

Mindanao, Philippines.
https://www.ukdr.uplb.edu.ph/journal-articles/712
LP DAAC. (2021). LP DAAC - About. Internet.

https://Ipdaac.usgs.gov/about/

Malczewski, J. (2000). On the Use of Weighted Linear
Combination Method in GIS: Common and Best
Practice Approaches. Transactions in GIS, 4(1), 5-
22.
https://onlinelibrary.wiley.com/doi/full/10.1111/1467
-9671.00035

Malczewski, J. (2011). Local Weighted Linear
Combination. Transactions in GIS, 15(4), 439-455.
https://onlinelibrary.wiley.com/doi/10.1111/j.1467-
9671.2011.01275.x

Malczewski, J.  (2017).  Multicriteria  Analysis.
Comprehensive Geographic Information Systems, 3,
197-217. https://doi.org/10.1016/B978-0-12-409548-
9.09698-6

Masoudi, M., Centeri, C., Jakab, G., Nel, L., & Mojtahedi,
M. (2021). GIS-Based Multi-Criteria and Multi-
Objective Evaluation for Sustainable Land-Use

89



Mangrove Land Suitability Assessment Using Weighted Linear Combination: A Case Study of La Union Province Coastline ...

Planning (Case Study: Qaleh Ganj County, Iran).
International Journal of Environmental Research,
15(3), 457-474.
https://link.springer.com/article/10.1007/s41742-
021-00326-0

Monsef, H. A. El, Aguib, A. S. H., & Smith, S. E. (2013).
Locating suitable mangrove plantation sites along the
Saudi Arabia Red Sea Coast. Journal of African
Earth Sciences, 83, 1-9.
https://doi.org/10.1016/J.JAFREARSCI.2013.02.005

Osland, M. J., Feher, L. C., Griffith, K. T., Cavanaugh, K.
C., Enwright, N. M., Day, R. H., Stagg, C. L., Krauss,
K. W., Howard, R. J., Grace, J. B., & Rogers, K.
(2017). Climatic controls on the global distribution,
abundance, and species richness of mangrove forests.

Ecological Monographs, 87(2), 341-359.
https://onlinelibrary.wiley.com/doi/full/10.1002/ecm.
1248

Pacyao, J. P. R, & Llameg, M. B. (2018). Success
Indicators of the Philippine National
Aquasilviculture Program (PNAP) - Mangrove
Rehabilitation Project in Davao del Sur, Southern
Philippines.  Open  Science  Journal,  3(1).
https://osjournal.org/ojs/index.php/OSJ/article/view/
349

Perri, S., Viola, F., Noto, L. V., & Molini, A. (2017).
Salinity and periodic inundation controls on the soil-
plant-atmosphere continuum of gray mangroves.
Hydrological ~ Processes, 31(6), 1271-1282.
https://onlinelibrary.wiley.com/doi/full/10.1002/hyp.
11095

Primavera, J. H. (1995). Mangroves and brackishwater
pond culture in the Philippines. Hydrobiologia,
295(1), 303-309.
https://link.springer.com/article/10.1007/BF0002913
7

Primavera, J. H. (2000). Development and conservation of
Philippine  mangroves: institutional  issues.
Ecological Economics, 35(1), 91-106.
https://linkinghub.elsevier.com/retrieve/pii/S0921800
900001701

Primavera, J. H. (2005). Mangroves, Fishponds, and the
Quest for Sustainability. Science, 310(5745).

Primavera, J. H., dela Cruz, M., Montilijao, C., Consunji,
H., dela Paz, M., Rollon, R. N., Maranan, K,
Samson, M. S., & Blanco, A. (2016). Preliminary
assessment of post-Haiyan mangrove damage and
short-term recovery in Eastern Samar, central
Philippines. Marine Pollution Bulletin, 109(2), 744—
750. https://doi.org/10.1016/j.marpolbul.2016.05.050

Primavera, J. H., & Esteban, J. M. A. (2008). A review of
mangrove rehabilitation in the Philippines: successes,
failures and future prospects. Wetlands Ecology and

Management, 16(5), 345-358.
https://link.springer.com/article/10.1007/s11273-
008-9101-y

Primavera, J. H., Yap, W. G., Savaris, J. P., Loma, R. A,
Moscoso, A. D. E., Coching, J. D., Montilijao, C.,
Poingan, R. P.,, & Tayo, I. (2013). Manual on
Mangrove reversion of abandoned and illegal

Journal of Sustainability and Environmental Management (JOSEM)

brackishwater fishponds Mangrove Manual SerieS
no. 2 (First).
https://cms.zsl.org/sites/default/files/2023-02/2
Manual - Reversion of Abandoned and Illegal
Brackishwater Fishponds.pdf

Provincial Government of La Union. (2020). Ecological
Profile - Provincial Government of La Union.
https://launion.gov.ph/knowledge-resources-
hub/ecological-profile/

Pulhin, J. M., Gevafia, D. T., & Pulhin, F. B. (2017).
Community-Based Mangrove Management in the
Philippines: Experience and Challenges in the
Context of Changing Climate.
https://link.springer.com/chapter/10.1007/978-4-431-
56481-2_16

Saenger, P. (2002). Mangrove Ecology, Silviculture and
Conservation. Springer Netherlands.
http://link.springer.com/10.1007/978-94-015-9962-7

Salmo Ill, S. G., Favis, A. M. T., Ting, M. N. S., & Lim,
A. B. U. (2015). State of the mangrove summit.
https://journals.ateneo.edu/index.php/smnl/article/vie
wFile/2519/2438

Schile, L. M., Carson, T., Callaway, J. C., Bachand, P.,
Parker, V. T., Lowe, J. P., Vasey, M., & Siegel, S.
(2007). Influence of elevation and inundation on tidal
wetland vegetation distributions in the northern San

Francisco Bay Estuary. Ecological Society of
America Annual Meeting Abstracts.
https://eco.confex.com/eco/2007/techprogram/P7005
HTM

Snedaker, S. C. (1984). The mangroves of Asia and
Oceania status and research planning.
SOLARGIS. (2021). Global Solar

https://globalsolaratlas.info/support/about
Songcuan, A. J. G., Baloloy, A. B., Blanco, A. C., David,
L. T., Go, G. A, Cadalzo, I. E., Estabillo, M. S.,
Quides, R. R., & Tamondong, A. (2015). Mangrove
forest extent mapping in Southwestern Luzon using
2015 landsat imagery. State of the Mangrove Summit:
Southern Luzon Proceedings, 34-39.
https://ajol.ateneo.edu/sms/articles/523/6698
Suprakto, B., Soemarno, Marsoedi, & Arfiati, D. (2014).
Development of Mangrove Conservation Area Based
on Land Suitability and Environmental Carrying
Capacity (Case Study from Probolinggo Coastal
Area, East Java, Indonesia). International Journal of

Atlas.

Ecosystem, 4(3).
http://article.sapub.org/10.5923.j.ije.20140403.02.ht
ml

Suri, M., Juraj, B., Rosina, K., Chrkavy, D., Suriova, N.,
Cebecauer, T., Caltik, M., & Erdelyi, B. (2020).
Global Photovoltaic Power Potential by Country.
https://globalsolaratlas.info/download/philippines

Syahid, L. N., Sakti, A. D., Virtriana, R., Wikantika, K.,
Windupranata, W., Tsuyuki, S., Caraka, R. E., &
Pribadi, R. (2020). Determining Optimal Location
for Mangrove Planting Using Remote Sensing and
Climate Model Projection in Southeast Asia. Remote
Sensing, 12(22), 3734. https://www.mdpi.com/2072-
4292/12/22/3734/htm

90



Mangrove Land Suitability Assessment Using Weighted Linear Combination: A Case Study of La Union Province Coastline ...

Tariah, I. M. ., Abali, T. P., & Aminigbo, L. M. O. (2022).

Impact of Climate and Land Use Changes on the
Livelihood of Residents in Calabar River Basin,
South-eastern Nigeria. Journal of Sustainability and
Environmental ~Management, 1(2), 151-160.
https://doi.org/10.3126/josem.v1i2.45356

UNEP. (2014). The importance of mangroves to people: a
call to action. United Nations Environment
Programme World Conservation Monitoring Centre
(UNEP-WCMC).
https://wedocs.unep.org/xmlui/handle/20.500.11822/
9300

Valdez, J. A. (2018). Mapping Suitable Areas of Central
Luzon, Philippines for Aerobic Rice Production

E [ Ls]

Journal of Sustainability and Environmental Management (JOSEM)

Using GIS-Based Land Suitability Analysis.
Philippine Journal of Agricultural Economics, 2(1).
https://www.ejournals.ph/article.php?id=12015

WorldClim. (2021). Global climate and weather data —
WorldClim 1 documentation.
https://worldclim.org/data/index.html

Xiong, Y., Jiang, Z., Xin, K., Liao, B., Chen, Y., Li, M.,
Guo, H., Xu, Y., Zhai, X., & Zhang, C. (2021).
Factors influencing mangrove forest recruitment in
rehabilitated  aquaculture  ponds.  Ecological
Engineering, 168, 106272.
https://linkinghub.elsevier.com/retrieve/pii/S0925857
421001270.

@ @ @ © The Author(s) 2023. JOSEM is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

91



