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Chapter 3

Suitability Mapping for Constructed
Wetlands

Alvin Joseph Dolores, Clar Francis Camua, Rey Casas, Angelika Galicia,
Perlie Velasco, Angeli Cabaltica, and Joseph Angelo Sabio

Abstract Suitability mapping aims to provide the best locations of systems or
infrastructures for their conceptual design, where suitability analysis ranks the loca-
tions based on various criteria affecting the performance of the system or infrastruc-
ture. This chapter presents the guide for suitability mapping and analysis for
constructed wetlands (CWs) with case studies in the Philippines. A geographic
information system (GIS) software was used to map the suitable locations, while the
suitability analysis used a multicriteria decision-making (MCDM) technique for
Bulacan, Laguna, and Negros Oriental, Philippines. The decision criteria analysed
were land use, soil type, slope, distance to water bodies, and distance to population
centres. Criteria weights were derived from the literature and surveys with experts
and then analysed using the Analytical Hierarchy Process (AHP) MCDM technique.
A suitability map was generated using the computed weights and normalised maps
of each criterion as inputs into ArcGIS Pro. The suitability analysis for the CWs in
the case studies was done by taking the top 20% of the suitable locations and further
evaluating them based on the actual site conditions using Google Earth.
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3.1 Introduction

In the Philippines, the policy on wastewater management for water security is
geared towards expanding sewerage and sanitation infrastructures and broadening
the scope of the National Sewerage and Septage Management Program (NSSMP) to
improve the support from local government units (LGUs) and water districts (WDs)
(National Economic and Development Authority 2021). One of the technologies
that can be used for wastewater treatment is constructed wetlands (CWs), a type of
nature-based solution for water management. CWs are proven to be effective in the
treatment and disposal of various types of wastewater. CWs is a cost-effective and
sustainable engineered system that uses natural processes involving wetland vegeta-
tion and substrate or filter media, promoting the physical, chemical, and biological
processes in treating wastewater (Liu et al. 2014; Pefiacoba-Antona et al. 2021).
Further, CWs have low construction and operational requirements, making them
ideal for decentralised wastewater treatment in small rural areas.

As part of the feasibility planning of CWs, it is best to know first which suitable
site locations are to construct such facilities. Identifying suitable locations is critical
for CWs implementation since these facilities usually require a larger area than
conventional wastewater treatment facilities, which is usually challenging to prove
CWs feasibility. Available Geographic Information System (GIS) applications can
be used to easily map and analyse these suitable locations, depending on the objec-
tive and characteristics of the infrastructure being sited. GIS application would be
effective in suitability mapping since it allows efficient processing of a large amount
of spatial data and provides more accurate and easily accessible information. GIS
has multiple functionalities utilising both spatial and attribute data. One of its many
capabilities is that it overlays various layers or maps relevant to the same geographi-
cal region (Rossi et al. 2023). On the other hand, suitability analysis or ranking of
the suitable locations can also be done in the GIS software by incorporating the
results from multicriteria decision-making (MCDM) techniques, e.g. Analytic
Hierarchy Process (AHP). MCDM methods are popular tools for structuring and
evaluating complicated decision problems by evaluating and ranking solutions or
options (in this case, the spatial suitable locations). The general steps for MCDM
are (i) identifying the factors or criteria affecting the solutions, (ii) assigning the
weights for each factor, and (iii) ranking the options (Taherdoost and
Madanchian 2023).

Among the MCDM methods, AHP is a frequently employed and popular method
for site selection, owing to its simple and direct approach to decision-making. AHP
is an analytical problem-solving technique developed by Thomas L. Saaty in the
1970s. The fundamental idea behind AHP is to recognise that not all criteria hold
equal importance or weight in a decision-making process. It acknowledges that
some criteria are more significant than others and allows decision-makers to assign
weights to these criteria when evaluating different alternatives (Asadabadi et al.
2019). The study by Pefiacoba-Antona et al. (2021) provided a methodology for the
suitability mapping and analysis of CWs in two Spanish provinces, Bizkaia
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(oceanic location) and Malaga (Mediterranean location). Similarly, this chapter
aims to (i) present a method for suitability mapping of CWs for domestic wastewa-
ter treatment in the provinces of Bulacan, Laguna, and Negros Oriental, Philippines,
using GIS and AHP, based on the study of Pefiacoba-Antona et al. (2021), (ii) pres-
ent the generated suitability maps for these provinces, and (iii) validate the gener-
ated suitability maps by evaluating the most suitable locations found for each
province through satellite images and hazard maps.

The generated suitability maps could assist practitioners in identifying suitable
locations for CWs. Further, this study could contribute to the scientific research
communities to fill the related research gap, locally and globally. Ultimately, suit-
able maps can be used as part of the guide tool for the easy and successful imple-
mentation of CWs, promoting a nature-based approach to manage and preserve
water resources.

3.2 Constructed Wetlands (CWs) for Wastewater Treatment

Vymazal (2022) defines wetlands as areas that experience shallow water flooding or
prolonged soil saturation, resulting in the development of hydric soils capable of
supporting specialised macrophytes adapted to anaerobic conditions. This definition
makes wetlands suitable for wastewater treatment purposes. However, wetlands
were historically used as disposal sites rather than treatment systems because these
were conveniently located closer to discharge points, such as rivers or other water-
ways (Hoffmann et al. 2011). Unfortunately, this uncontrolled wastewater disposal
has led to the degradation and destruction of natural wetlands, with many becoming
saturated with nutrients and experiencing severe environmental damage. Despite
these issues, the use of natural wetlands persisted. Additional problems arose,
including challenges with system maintenance and unpredictable treatment
efficiency.

CWs are purpose-built systems that leverage the inherent mechanisms observed
in natural wetlands, enabling efficient conversion and elimination of contaminants.
These carefully designed systems integrate wetland vegetation, solids, and the
accompanying microbial communities to emulate the purification processes found
in their natural counterparts. However, they operate within a controlled and opti-
mised environment, offering enhanced effectiveness (Vymazal 2022).

Wallace and Knight (2006) reported that the origins of engineered treatment wet-
lands could be traced back to 1901 when the first system was patented. This initial
system resembled a vertical flow CWs, although there is limited documentation
regarding its widespread adoption. On the contrary, Hoffmann et al. (2011) argued
that the first known individual to explore the potential of wastewater treatment
through CWs was the German scientist Dr. Kithe Seidel in 1952. Utilising studies
conducted after that, the first full-scale CWs were built in the Netherlands in 1967
(Tourbier and Pierson 1976). Subsequently, there was a significant increase in CW's
installations during the 1980s and 1990s as the application expanded to different
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types of wastewater (Vymazal 2022). CWs are continuously being recognised for
their use in wastewater management due to their relatively low operational and
maintenance requirements and environmentally friendly approach, particularly rec-
ommended for developing countries (Rahman et al. 2020).

Omondi and Navalia (2020) identified multiple advantages and disadvantages of
CWs, as summarised in Table 3.1, which are important considerations in conceptual
designs and implementation of CWs.

The nature-based approach, low operational and maintenance costs, and positive
environmental impact make CWs an attractive option for sustainable wastewater
management in various settings, ranging from small-scale decentralised systems to
large-scale municipal applications. However, properly assessing the site for certain
criteria is still essential for maximising treatment efficiency, ensuring site suitabil-
ity, and complying with regulations. Thoroughly assessing the site based on specific
criteria ensures that CWs function optimally, deliver environmental benefits, and
provide long-term solutions for wastewater management.

3.3 Methodology for Suitability Mapping
of Constructed Wetlands

The case studies for the suitability mapping of CWs for domestic wastewater treat-
ment were conducted in Bulacan, Laguna, and Negros Oriental, following the meth-
odology established by Pefiacoba-Antona et al. (2021). The approach incorporated
the use of GIS in conjunction with AHP and summarised in the following steps: (i)
preparation of spatial data for the site criteria and constraint maps using Aeronautical
Reconnaissance Coverage Geographic Information System (ArcGIS), (ii) imple-
mentation of AHP to evaluate the suitability criteria for CWs, and (iii) generation of
the suitability map that illustrates the varying levels of suitability for CWs across
different areas within Bulacan, Laguna, and Negros Oriental. Figure 3.1 presents
the methodological framework of the case studies.

Table 3.1 Advantages and disadvantages of CWs (Omondi and Navalia 2020)

Advantages of CWs Disadvantages of CWs

* Natural wastewater treatment and e Larger land area requirement than
environment-friendly solution. conventional wastewater treatment systems,
* Cost-effectiveness compared to conventional | resulting in land availability and affordability
systems, requiring minimal energy input and crucial in the design.

chemicals, which reduces long-term operational | « Performance efficiency of CWs may vary
costs. seasonally or in different locations due to

* Enhanced biodiversity conservation and changing environmental conditions.
aesthetics by providing habitats for various * Toxic chemicals can temporarily reduce
plants, birds, insects, and wildlife. effectiveness of treatment.

* Effective removal of nutrients and other * Requires a minimum amount of water for
pollutants using plants, microorganisms, and successful operation.

natural processes.
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Fig. 3.1 Methodological framework of the study

3.3.1 Determination of Suitability Factors and Constraints

Suitability analysis requires the identification of several criteria that may be geo-
physical, environmental, or socioeconomic in nature (El Baroudy 2016; Bato 2018;
Mohammed et al. 2019). For this particular study, the following criteria were con-
sidered in the suitability analysis: land use, slope, soil type, distance to water bod-
ies, and distance to population centres. Moreover, several constraints were included
in the study. These constraints considered are those factors that would be unsuitable
for the construction of CWs. A constraint may be dictated by factors such as, but not
limited to, protected areas, economic zones, and safety requirements. For the case
studies, the following constraints were considered: surface water, coastline, pro-
tected areas, and built-up areas. The hazard assessment was considered after the
suitability map was created as part of the validation process.

3.3.2 Acquisition of Criteria and Constraint Maps

The border maps specified for Bulacan, Laguna, and Negros Oriental were
obtained. These border maps served as the fundamental base maps, providing the
spatial framework for conducting the suitability mapping. Subsequently, spatial
data for the identified criteria and constraints were acquired from various publicly
available databases from various government offices and groups, such as
National Mapping and Resource Information Authority (NAMRIA), Provincial
Environment and Natural Resources Offices, Humanitarian Exchange Data, and
Protected Planet.
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3.3.3 Consultation with Experts

If there are no policies set for siting CWs in a location, then it is necessary to consult
with experts who have knowledge and expertise in constructed wetlands, as well as
the study areas. The consultation aimed to (i) determine the levels of importance of
the identified criteria or factors (Fig. 3.2), (ii) obtain the varying degrees of impor-
tance of the classifications within each criterion or factor (Fig. 3.3, Part 2), and (iii)
set the buffer distances for the identified constraints (Fig. 3.3, Part 3). The complete
survey forms were uploaded and discussed on the website: https://doi.
org/10.30852/p.18686. This site is the Asia-Pacific Network for Global Change
Research (APN-GCR) project for 2021-2023 titled “Integrated Assessment of
Existing Practices and Development of Pathways for the Effective Integration of
Nature-based Water Treatment in Urban Areas in Sri Lanka, the Philippines and
Vietnam”, of which this study is part. The following experts were consulted for the
case studies:

e Expert A is an Engineer IV in the University Planning and Maintenance Office,
Office of the Vice Chancellor for Planning and Development, University of the
Philippines Los Bafos (UPLB).

e Expert B is an Assistant City Engineer and manager of the Bayawan City, Negros
Oriental, Philippines (Waste Management and Ecology Center).

e Expert C is a Water and Environmental Resources Management Specialist at
Green STEPS, Inc., and a member of the Society for the Conservation of
Philippine Wetlands (SCPW).

A comprehensive assessment was conducted from the input of experts to deter-
mine the weights assigned to each criterion. In the survey, as shown in Fig. 3.2,
experts were asked to compare two distinct criteria based on their level of impor-
tance. The answers provided by the experts were based on the nine-level scale of
Saaty (1987) (table shown in Fig. 3.2). These were used to create pairwise compari-
son matrices, which helped establish the relative importance and priorities of the
criteria.

Then, the results from Parts 2 and 3 of the survey (Fig. 3.3) were used to prepare
criteria and constraint maps for the suitability mapping of CWs in the study areas
using ArcGIS. Suitability analysis requires the quantification of the classifications
within each criterion. Thus, the experts were consulted regarding the importance of
each classification relative to the other classifications within the identified criterion.
The classifications under each criterion are listed in Table 3.2.
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Part 1. Site Suitability Criteria for Constructed Wetlands

In this study, the ining factors in siting wetlands are land use, slope, soil type, distance to water bodies, and distance to
population centers.

1. Land Use - considers the adequacy of particular land use to build a constructed wetland. For instance, burnt areas are classified as very
appropriate since it is an open space with no to little vegetation while forests are classified as not appropriate due to obstructions and high

vegetation.
2. Slope — i the cost of ion and
3. Soil type — i the ( of soil in construction and operation. Generally, it is desired to use impermeable (clay) since

wastewater is involved.
4. Distance to water bodies — considers the distance of transport from the constructed wetlands unit to the water body discharge point.
5. Distance to population center — considers the distance of wastewater collection from the source to the constructed wetlands unit.

In this part, you will be asked to compare each factor to one another based on its relative importance. You may refer to Table 1-1 to
answer the survey questions.

Table 1-1. Nine-level scale for pairwise comparison.

NUMERICAL
IMPORTANCE LEVEL DESCRIPTION VALUE
Equally important Two elements have equal importance 1
Experience or judgment slightly favors one
Moderately More Important 3
element
Experience or judgment strongly favors one
Strongly More Important 5
element
Very Strong More Important Dominance of one element proved in practice 7

The highest-order dominance of one element
Extremely More Important 9
over another

Intermediate Values Compromise is needed 2,4,6,8

Source: Saaty, 1987
Part 1. Site Suitability Criteria for Constructed Wetlands
Instruction: Kindly choose the number of your preferred choice based on your opinion on which of the factors is more important.

—9 = being your most preferred choice is on the left side
1 = being the choice of both criteria are of equal importance
9 = being your most preferred choice is on the right side

Note: The negative signs are only used to imply more importance to the criteria on the left side.

1.) Land Cover VS Slope*

[ Ll L [T TL[ [ o=

Mark only one oval per row.

- 8 7 % -4 3 2 1 2 3 4 5 6 1 8 9
DI Ry i A e R e M i e i e e S 0 [ GO (Y O (e, B S e [ o [ i [N o O |

2) Land Cover VS Soil Type*

[ [ e L o

Mark only one oval per row.

-9 -8 -7 —6 -5 —4 -3 -2 1 2 3 4 5 6 7 8 9
2) G 0y O w0 8 e G @ & 0y N0 T ) O oG a8
3.) Land Cover VS Distance to Water Bodies *
| Lanacover [ 0] | [s[+]5] [ el
Mark only one oval per row.
-9 -8 -7 -6 -5 —4 -3 -2 1 2 3 4 5 6 7 8 9
3) oo e e R o SO o Y e o R o O s | 1 2o o L o I o I v [ om B o

Fig. 3.2 Sample of the survey questionnaire for the pairwise comparison (Part 1)
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Part 2. Site Suitability Criteria for Constructed Wetlands

Instruction: In this part, you will be asked to reclassify the categories based on their i for using a scale of 110
10, with 1 being not appropriate and 10 being very appropriate.

Land Use *
Mark only one oval per row.

10 9 8 7 [ 5 4 3 2 1

Part 3. Site Suitability Buffer Zones

Instruction: In this part, you will be asked to provide the mini di i ) In meters that constructed wetlands must be located
from the buffer zones listed below.

18. Surface Water (m) *

\_//—\

Fig. 3.3 Sample of the survey questionnaire for the experts to provide the weights for each crite-
rion (Part 2) and to set the buffer distances for the identified constraints (Part 3)

Table 3.2 List of classifications considered per criterion

Criterion Classifications

Land use Closed forest, open forest, brush/shrubs, grasslands, annual crop,
perennial crop, open barren

Slope Relatively flat (0-8%), moderate (8—18%), steep (18-30%), very steep
(30-50%), extremely steep (>50%)

Soil type Hydrosol, silty clay loam, fine sandy clay loam, sand clay loam, silt
loam, loam, clay loam

Distance to water Based on numerical value of distance

bodies

Distance to population | Based on numerical value of distance
centres
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CR<0.10 Consistency Consistency
Ratio, CR Index, CI

Fig. 3.4 Steps for AHP criteria weighting (Saaty 1987)

3.3.4 Evaluation of Criteria Weighting using AHP

Before using the computed weights in the suitability mapping, a consistency assess-
ment of these weights was carried out using a series of equations to calculate the
consistency ratio (CR). These steps are summarised in Fig. 3.4 (Saaty 1987).

The first step involved computing each criterion’s consistency vector (C) by mul-
tiplying the weighted sum value with the inverse of the criteria weights, as shown in
Eq. (3.1).

c=[c}=(w)J )’ G

where:

C—is the consistency vector

{ C}—is the pairwise comparison matrix

{ W}—is the weight vector

{W}~1—is the inverse of the weight matrix

The eigenvalue (1) of the matrix was calculated by taking the average of the
consistency vectors. The eigenvalues obtained were then utilised to compute the
consistency index (CI) using Eq. (3.2).

crot-—m (3.2)
m—1

where:

CI—is the consistency index

A—is the average of consistency vectors

m—is the number of criteria considered

Finally, the consistency ratio was determined by dividing the CI by the random
index (RI), as shown in Eq. (3.3). This calculation assessed whether computed
weights were appropriate and consistent for application in the suitability mapping.
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CR=— (3.3)

where:

CR—is the consistency ratio

CI—is the consistency index

RI—is the random index

The RI value was determined based on the number of criteria considered in the
study. The specific values for the RI corresponding to different numbers of criteria
can be found in Table 3.3. In Eq. (3.3), the Rl used is 0.12 (based on Table 3.3) since
the matrix size is five, which is also the number of criteria used.

The matrix is consistent if the CR is less than 5% for a 3 x 3 matrix, less than 9%
for a 4 x 4 matrix, and less than 10% for larger matrices. In the case studies, there
are five factors or criteria evaluated; thus, CR should be less than 10% due to the
5 x 5 matrix. If the resulting consistency ratio exceeds 10%, the criteria weights
were re-evaluated with the help of the experts until a CR value less than or equal to
10% was achieved.

3.3.5 Preparation of Criteria and Constraint Maps

The acquired maps of land use, slope, and soil type were clipped to the administra-
tive boundaries of Bulacan, Laguna, and Negros Oriental, reprojected to World
Geodetic System (WGS) 1984 Universal Transverse Mercator (UTM) Zone 51 N,
and then rasterised to a similar resolution. These three criteria maps were then
reclassified based on the survey results using a quantitative appropriateness scale of
1 (not acceptable) to 10 (extremely appropriate) as graded by the experts (Fig. 3.3,
Part 2). The average scores based on the experts’ decisions were used as the final
reclassification values for land use, slope, and soil type. For those maps that were a
function of distances (distance to water bodies and distance to population centres),
Euclidean distance spatial analyst tool was used to transform the maps into discrete

Table 3.3 RI values based Number of criteria RI values
on the number of criteria 0.00

Saaty 1987
(Saaty 1987) 0.00

0.58
0.90
1.12
1.24
1.32
1.41
1.45
1.51

O 0 AN R W N

—
(=]
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rasters and allow for the measurement of the relevant distances. All criteria maps
were normalised into the same scale ranging from O (least suitable) to 255 (most
suitable). Equation (3.4) shows the map algebraic expression used to normalise the
reclassified criteria maps based on the Raster Calculator of ArcGIS.

(Cg —Cy.min)x 255

3.4)
(Cy.max—C,.min)

where:

Cr—is the reclassified criteria map

Crmin—18 the minimum value

Cr max—18 the maximum value

Buffers for the five criteria considered in the study were established using the
minimum distance provided by the experts (Fig. 3.3, Part 3). Buffer zones were
merged and assigned with a suitability value of zero. The final buffer map would
render certain areas restricted from the construction of CWs.

3.3.6 Generation of Suitability Map

Suitability mapping of CWs was performed using ArcGIS Pro Version 3.1.2. All the
normalised criteria maps and their corresponding weights (computed through AHP)
were used to generate suitability maps. In this process, a Python syntax (Eq. 3.5)
was employed to multiply the normalised maps by their assigned weights and over-
lay the individual maps into a unified suitability map. Once a preliminary suitability
map for CWs was generated, the buffer zones were subtracted from the preliminary
map to generate the final suitability map.

C,xW, + CyxW, +Cyx W, + C,xW, + C, xW, (3.5

where:

C—is the normalised criteria map

W—is the criteria weight

In addition, the study utilised a classification approach to partition the suitability
map into two distinct categories: high suitability and low suitability. Pixels within
the top 20% with the highest suitability scores (with suitability values of 204-255)
were designated as areas with high suitability, while the remaining 80% were clas-
sified as areas with low suitability. This categorisation facilitated the identification
of potentially suitable sites for CWs.

The most suitable site was chosen for each of the study areas. These sites were
verified, plotted, and measured remotely using Google Earth Pro. The wastewater
treatment capacity for the CWs was estimated assuming the following: (i) assuming
full utilisation of the areas, (ii) a rated capacity of 180 m*/day, and (iii) a reference
value based on the total area of facilities in Bayawan City’s CWs, which amounts to
2700 m? (Jegatheesan et al. 2022).
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3.3.7 Evaluation of Hazards

An assessment of environmental hazards was conducted to ensure the safety and
appropriateness of the identified suitable sites. The assessment specifically focused
on evaluating seismic, volcanic, and hydro-meteorological hazards in the chosen
sites. The study utilised GeoRisk Philippines’ HazardHunterPH, a readily available
database developed by the Philippine Institute of Volcanology and Seismology
(PHIVOLCS). The application provides comprehensive assessments of seismic,
volcanic, and hydro-meteorological hazards.

3.4 Suitability Mapping of Case Studies

3.4.1 Criteria and Constraint Maps

The reclassification of the criteria maps of land use, slope, and soil type can be seen
from the reclassification values from Table 3.4, in which closed and open forests are
the least priority for the construction of CWs. Meanwhile, open/barren areas were
considered the most appropriate land use type for the construction of CWs.
Moreover, mangrove forests, marshlands, swamps, fishponds, built-up, and inland
waters were deemed to be not suitable for the implementation of CWs under any
circumstances and have a reclassification value of 0.

Consistent with the study of Peflacoba-Antona et al. (2021), the site suitability
decreases as the slope of the area increases. Lower slope profiles were deemed more
appropriate by the experts for the steady flow of wastewater from the entrance to the
outflow. As a result, slopes within the 0%—18% range were deemed highly suitable,
while slopes greater than 18% were reclassified as less suitable for CWs. For the
soil type, clay and clay loam were considered the most appropriate for CWs con-
struction based on the experts’ judgments. Conversely, complex and beach sand
received the lowest suitability rating for CWs.

Finally, the average minimum distances from the experts’ survey served as buf-
fers to the constraints, as summarised in Table 3.5 and shown in Fig. 3.5.

3.4.2 Criteria Weights

After two iterations of consultation with the experts, a list of consolidated criteria
weights was computed, as shown in Table 3.6. The consistency ratios from the three
experts were determined to be 7.16%, 9.94%, and 8.49%. All consistency ratios
were within the acceptable range, which makes the consolidated criteria weights
suitable for further use in the suitability mapping of CWs. It is shown that distances
to water bodies and population centres obtained the highest weights among the five
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Table 3.4 Land use
reclassification based on their

suitability for CWs

Table 3.5 Constraint

minimum distances
(in metres)

47

Criteria

Sub-criteria

Value

Land use

Inland water

Built-up

Mangrove forest,

marshlands, swamps,

and fishponds

Closed forest

Open forest

Brush/shrubs

Grassland

Annual crop

Perennial crop

Open/barren

Slope

0%—8%

8%—18%

18%—-30%

30%—-50%

50% and above

Soil type

Complex

Beach sand

Hydrosol

Mountainous land

Silty clay loam

Fine sandy loam

Sandy clay loam

Silt loam

Gravelly loam

Loam

Clay loam

Clay

N=RENoRE-CRIENRIEN RV RRV RRV, RECTRE S Rl SERVSRIEN]

Constraint

Minimum distance (in m)

Surface water

190

Coastline

213

Protected areas

350

Built-up areas

270

criteria, with 45.2% and 23.2%, respectively. This is consistent with the findings of
Penacoba-Antona et al. (2021), where these two emerged as the highest contributing
factors in the determination of site suitability for CWs.

According to the experts, water bodies and population centres cannot be easily
altered or modified through engineering interventions, which makes them crucial in
assessing the suitability of areas for CWs. Further, water bodies are natural features
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0 20 40 80 Kilometers

Fig. 3.5 Constraints maps of the study sites: (a) Bulacan, (b) Laguna, and (¢) Negros Oriental,

with grey colour representing the constraints

Table 3.6 Consolidated criteria weights based on the survey (Part 1) with the experts

Criteria

Criteria weights Experts’ remarks

Cl: Land use 0.095 Can be easily changed through policy
intervention

C2: Slope 0.149 Can be altered through engineering
interventions

C3: Soil type 0.072 Can be altered through engineering
interventions

C4: Distance to water bodies | 0.452 Natural features that are too costly to divert

C5: Distance to population 0.232 Displacement may lead to huge socioeconomic

centers

Ccosts
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that are costly to alter, difficult to divert, and heavily protected by existing policies.
Penacoba-Antona et al. (2021) stated that water bodies offer multiple economic
advantages in the construction of CWs. Thus, the proximity of CWs to water bodies
may lead to easier access to water resources, reduced reliance on piping or pumping
systems, and lesser land modification costs. Meanwhile, population centres often
act as socioeconomic hubs which, aside from also being protected by laws, may
make any alterations costly.

On the other hand, the experts perceived soil type, land use, and slope as the
lesser impactful factors in the site selection of CWs. Modifying these factors through
engineering and policy interventions to suit the needs of CWs is relatively easier.
Moreover, CWs may be constructed across a wide range of land use classifications,
soil types, and slopes, thus making the infrastructure adaptable to these factors.

3.4.3 Generated Suitability Maps

The constraint maps with zero value were then multiplied by the produced prelimi-
nary suitability maps to finalise the mapping. Figure 3.6 shows the final suitability
maps of CWs in the provinces of Bulacan, Laguna, and Negros Oriental. The cate-
gorisation provides a clear and intuitive representation for local government units
and decision-makers to identify and prioritise areas that have high suitability. This
enables informed and sustainable planning decisions, ensuring that resources and
efforts are directed towards areas with the greatest potential for successful CWs
projects in Bulacan, Laguna, and Negros Oriental.

The areas with the highest suitability for CWs were concentrated around water
bodies. The coastal provinces (Bulacan and Negros Oriental) have suitable areas
near their perimeter. On the other hand, Laguna, as a non-coastal province, has suit-
able locations near inland water bodies, such as rivers and streams, due to the
absence of coastal regions. However, no suitable sites were found near Laguna Lake
since it is heavily protected by environmental policies. From the identified high-
suitability areas, one site per study area was selected as the most suitable site for the
construction of CWs, as summarised in Table 3.7.

The characteristics of the potential sites were also investigated. The investigation
of the most potential site in Bulacan revealed that it has annual crops as their pri-
mary land use, with slope profiles ranging from 0% to 8%, and clay loam soil type.
Likewise, in Laguna, the most potential area for CWs is characterised by perennial
crops as their land use, with slopes ranging from 3% to 8%, and loam as the soil
type. In Negros Oriental, the most potential site has land use for annual and peren-
nial crops, as well as brushes/shrubs. The soil type was either fine sandy loam or
clay, while the slopes range from 0% to 3%.

The summary of the seismic, volcanic, and hydro-meteorological hazard assess-
ments of the most suitable sites in Bulacan, Laguna, and Negros Oriental from the
HazardHunterPH app is presented in Table 3.8.
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Fig. 3.6 Final suitability maps of the study sites: (a) Bulacan, (b) Laguna, and (c) Negros Oriental,
with green colour representing the locations with high suitability for CWs

Table 3.7 Details of the most suitable site per province

Potential Land Area (in

Province Location km?)
Bulacan Camias and San Agustin, San Miguel, Bulacan 2.92
Laguna Buboy, Pagsanjan, Laguna 0.67
Negros Cawitan and San Jose, Santa Catalina, Negros 0.69
Oriental Oriental

3.5 Conclusion

The guide for suitability mapping for CWs is presented in this chapter, with case
studies in the three provinces of the Philippines: Bulacan, Laguna, and Negros
Oriental. The presented suitability maps were developed based on the study of
Pefiacoba-Antona et al. (2021). The mapping was performed using ArcGIS, and the
analysis with AHP to locate suitable locations for implementing the CWs. The cri-
teria considered in the suitability mapping were identified based on related studies
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Table 3.8 Summary of hazards assessment of the most suitable sites in Bulacan, Laguna, and

Negros Oriental

Hazard Bulacan Laguna Negros Oriental
Seismic hazards assessment
Ground rupture | Safe; Safe; Safe;
Approximately 31.7 km | Approximately Approximately 13.9 km
northwest of the Valley 28.3 km west of the west of the East Negros

Fault System: West Valley
Fault

Unnamed Fault

Fault System;
Southern Negros Fault

Ground Prone; Intensity VIII Prone; Intensity VIII Prone; Intensity VIII
shaking

Earthquake- Safe Safe Prone; low susceptibility
induced

landslide

Liquefaction Moderately susceptible Safe Safe

Tsunami Safe Safe Safe

Volcanic hazards assessment

Nearest active | Approximately 63.6 km | Approximately Approximately 124.5 km

volcano east of Pinatubo 17.1 km northwest of | south of Kanlaon
Banahaw

Lahar Safe Prone; Low Safe

Pyroclastic NA Safe Safe

flow

Ashfall Prone Prone Prone

Hydro-meteorological hazards assessment

Rain-induced
landslide

NA

Low susceptibility; no
identified landslides

Low susceptibility; no
identified landslides

Severe wind

117.1-220 kph (20-year
return period); 117.1-220
kph (500-year return
period)

117.1-220 kph
(20-year return period
and 500-year return
period)

88.1-117.1 kph (20-year
return period); 117.1-220
kph (500-year return
period)

Storm surge

Safe

Safe

Data are being updated

with the addition of other criteria from experts, including land use, slope, soil type,
distance to water bodies, and distance to population centres. On the other hand, the
constraints considered include surface water, coastline, protected areas, and built-
up areas.

From the generation of suitability maps for the case studies, the critical factors
are the inputs from the experts surveyed, such as the weights of the criteria to the
suitability of the location and buffer distance of the CWs to these criteria. Further,
the accuracy of the spatial maps of the criteria used in ArcGIS is equally important.
There are cases where the suitable locations in the map had different land use, and
the difference could be due to the outdated maps used. Thus, validation through
onsite or satellite surveys should be done. Lastly, collaboration with the stakehold-
ers, such as local government units and residents, should be done to verify the iden-
tified potential sites for the implementation of CWs.
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