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Introduction

1.1

Background
The overarching objective of the Philippine Development Plan (PDP) 2017-2022 for the infrastructure sector in the
medium-term is to accelerate infrastructure development and to ensure that operations of infrastructure systems and
facilities are sustained. In support of the said objective, the government shall formulate master plans and roadmaps
to ensure that the implementation of programs and projects are harmonized and well-coordinated. Toward this end, a
National Economic and Development Authority (NEDA)-administered Infrastructure Development Preparation (IDP)
Fund was included in the 2017 General Appropriations Act (GAA), which will fund among others, the Manila Bay
Sustainable Development Master Plan (MBSDMP).

1.2

The Project

1.2.1 Project Objectives
The Project aims to formulate a comprehensive and sustainable master plan for Manila Bay and the immediate
coastal zone together with as necessary the larger catchment, as the influence sphere. The influence sphere is the
area bounded by the Caraballo mountains to the north, the Zambales mountains to the northwest, the Bataan
mountains to the west, and the Sierra Madre Mountain Range to the east; as well as river systems contributing to
discharge in Manila Bay from Nueva Ecija, Bataan, Pampanga, Bulacan, Cavite, Rizal, National Capital Region and
Laguna.
The Local Consulting Firm (LCF) is to provide inputs to the Dutch Expert Team (DET) for a comprehensive and
sustainable master plan for Manila Bay and the immediate coastal zone together with the larger catchment, as the
influence sphere.

1.2.2 Components and Timeline
The assignment, which is an initial 30-month undertaking but later on extended until December 2020 because of
COVID 19 and subsequent community quarantines, is divided into two phases/components (see Figure 1).
Figure 1: Components and component deliverables across the timeline.

1.3

This Report
This Progress Report No. 33 accounts the activities and accomplishments for November 2020

2
2.1

Project Progress
Work Plan and Progress
The key activities and milestones during the month of November 2020 were:
▪
▪
▪
▪

Updating Final Action Plan and Investment report
Manila Bay Studies: Aquaculture and Fishpond, Water Quality Assessment, and Land Subsidence Studies
Development and Revision of Policy Notes on New Manila International Airport, Manila Bay Beach
Nourishment, and Water Resource and Flood Management Decision Support System
Information, Education, and Communication (IEC) Campaign development

Figure 2: Overall Work Schedule and Progress as of November 2020 with red bar indicating the Community quarantine period

2.2

Final Action Plan and Investment Report
For the month of November, the team’s undertakings focus on finalizing the Action Plan and Investment Report due
on 10th December. The said report is based on the previously submitted Final Master Plan and Draft Action Plan and
Investment report and will include updated Programs, Activities, and Projects; Updated Gap / Impact Analysis, and
Manila Bay Thematic Maps. In addition, it will include updated reports on: Manila Bay Atlas; ICZM Planning
Framework; Institutional Set-up and Capacity Building; Communication Plan; MBSDMP Process and Activities; and
Other Studies/Documents prepared by the Study Team.

2.2.1 Manila Bay Studies: Aquaculture and Fishpond, Water Quality Assessment, and Land Subsidence
Studies

Aquaculture and Fishpond
The Study on the Aquaculture Production Zone in Manila Bay was conducted to determine ideal aquaculture
production zones in North Manila Bay which will be important inputs in updating the Manila Bay Zoning Plan.
Refer to Annex 1 for the results of the study on the Proposed Aquaculture Production Zone in Manila Bay.

Water Quality Assessment Study
The MBSDMP team conducted Water Quality Assessment study in Manila Bay to update the existing water quality
profile of Manila Bay using the primary parameters for ambient waters indicated in the DAO 2016-08. The activity
specifically aimed to determine water quality of identified sampling points in Manila Bay and create an updated water
quality map using the water quality of sampling points identified. This study utilized on-ground observations of
communities living in areas identified as vulnerable from land subsidence in Northern Metro Manila, and southern
portion of Bulacan and Pampanga only.
Refer to Annex 2 for the draft report of the Water Quality Assessment

Land Subsidence Study
To analyze further the current situation of the coastal communities highly affected by land subsidence, a rapid
assessment of land subsidence rates was done by the MBSDMP team based on historical community observations.
Specifically, the study aimed to (1) Identify rates of land subsidence based on key informant’s knowledge, and (2)
Identify compounding factors of flooding and sea water intrusion in subsiding lands. Twenty-one barangays in the
Northern Manila Bay were selected to represent the entire land subsidence prone areas based on the study of Eco
(2013). Selected barangays were classified into coastal and non-coastal barangays. Barangays selected are
identified as high-risk zones for flooding based on available 10-year flood maps of PhiLidar, and Mines and
Geoscience Bureau (MGB) surveying results.
Refer to Annex 3 for the draft report of the Land Subsidence Study

2.2.2 Development of Policy Notes
The National Economic and Development Authority (NEDA) requested the MBSDMP Study Team to enhance the
previously submitted policy paper concerning the construction of New Manila International Airport in Bulakan,
Bulacan based on the agency’s format. In addition, NEDA also requested the team to prepare policy papers on
issues pertinent to Manila Bay, which include a) Manila Bay Area Water Resource and Flood Management Decision
Support System (DSS), with the Department of Public Works and Highways (DPWH) as the proposed lead
Implementing Agency (IA); and b) Manila Bay Beach Nourishment Project of the Department of Environment and
Natural Resources (DENR).
Refer to Annex 4 for the Policy Notes on New Manila International Airport, Manila Bay Beach Nourishment, and
Water Resource and Flood Management Decision Support System.

2.2.3 Information, Education, and Communication (IEC) Campaign development
The MBSDMP team are currently developing the Information, Education, and Campaign (IEC) Materials of the
Project that will serve as the promotional materials to inform the stakeholders regarding the salient contents of the
Master plan report. The IEC materials of the project will consist of the production of the (1) Audio Visual
Presentations and (2) Website and Brochures. The IEC materials are conceptualized to inform the status of the bay
and introduce the MBSDMP Pillars and PAPs. It is developed to target the lay people e.g., LGU officials, community
organizations, students, and other stakeholders.
Refer to Annex 5 for the Draft Brochures and AVP’s Content.
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Issues, Challenges, Actions Taken, and Lessons Learnt
The main challenge faced by the team during the reporting period is the series of natural calamities that slowed
down the conduct of additional studies, IEC developments, and internal coordination meetings. Studies on water
quality and land subsidence had to be scheduled on a later date as the anticipated trajectory path of the typhoons
would traverse the identified sampled areas of the studies. In addition, the natural calamities further hampered the
challenging internet connection of other team members who work under the work from home arrangement.
Challenges during this period, were addressed by working double time to compensate for the lost hours and
proactively revising team schedules to adjust to the project’s deliverable.
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Next Steps
The MBSDMP team will proceed on updating the Action Plan and Investment report (APIR) based on the collected
inputs from the stakeholders during the PAP validation exercise, Focal Group Discussions, and Manila Bay Studies.
Upon submission of the updated report, the team will commence with the preparation for the MBDMP Technical
Committee review scheduled in the early months of 2021.

Annex 1 Proposed Aquaculture Production Zone in
Manila Bay

PROPOSED
AQUACULTURE
PRODUCTION ZONE IN
MANILA BAY
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Introduction
Land conversion from mangrove to aquaculture ponds in the northern deltaic plains of
Manila Bay has grown extensively in the last 40 years as a result of rising local and global
demand (FAO, 2014). However, the uncontrolled fishpond construction and unsustainable
aquaculture practices in the region have resulted in the loss of natural habitats and
contributed to the degradation of water quality in the region. Together with land reclamation,
these factors contributed to the decline in natural productivity of the system. In a businessas-usual scenario, it is predicted that aquaculture production in the bay face decline. The
continued unplanned establishment of aquaculture ponds, compounded by poor aquaculture
practices resulted to further deterioration of Manila Bay’s water quality, leading to lower
production volume. Hence, a call for the incorporation of suitable fishpond areas in the
zoning plan of Manila Bay was raised by NEDA in the Manila Bay stakeholders’ meeting.
To spatially delineate suitable aquaculture production areas, available spatial data impacting
aquaculture production were obtained and evaluated based on their spatial coverage and
date of production. Spatial data on land subsidence, storm surge, and on planned natural
habitat restoration, were considered in the study. Although other factors impact aquaculture
production in the bay, only the aforementioned information was available at the scale
needed in the analysis.
In general, areas impacted by geo-hazards like storm surge and land subsidence negatively
impacts aquaculture production by increasing maintenance and operational cost, and the
risk of financial losses. Similarly, the restoration of natural habitat was also included in the
analysis. Increasing natural habitat coverage and protection is a central theme in the
sustainable development of the Manila Bay region. As such, the proposed location of habitat
restoration areas, a large section of which overlaps with abandoned and operational
aquaculture ponds, was also be considered in the delineation of aquaculture production
zone in North Manila Bay. The goal of the study is to determine ideal aquaculture production
zones in North Manila Bay at the regional scale. The accomplishment of this study would
provide important inputs in improving the Manila Bay Zoning Plan.
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Methodology
Study Area
The study area is located on the northern coast of Manila Bay. The shoreline of this region is
characterized by shallow intertidal mudflats, mangroves, and nipa areas (UNEEP-TEEB
2017; Jensen, 2018). A large section of north Manila Bay, mainly in the provinces of Bulacan
and Pampanga, has been converted to aquaculture use creating a mosaic of fishponds
across the deltaic plains in the region (Figure 1) that covers approximately 2,150 square
kilometers (215,000 Ha).

Construction of Sentinel-2 Dataset
The satellite images used in the study were obtained from Sentinel-2 (Copernicus Program,
European Space Agency). These data products are wide-swathed, high resolution,
multispectral images with 13 bands that range from RGB (10-m) to cloud screening, and
aerosol bands (60-m) (Table 1). All satellite images have been radiometrically preprocessed
and atmospherically corrected through the sen2cor algorithm created from reflectance input
data of Sentinel-2 Level-1 C TOA (Sentinel, 2015).
An image collection of the region was acquired between 01 January 2020 to 01 November
2020. The process generated a temporal aggregation of satellite scenes (Carrasco et al.,
2019). The satellite data within the said duration were reduced based on minimal cloud cover
(<15%). The image collection of Sentinel-2 data was built in the code editor of Google Earth
Engine API (ee.ImageCollection(‘COPERNICUS/S2_SR) which generated 21 elements.
The GEE platform takes advantage of stacked satellite imagery that is defined within a specific
timeframe. These are called temporal aggregations. This process uses different metrics such
as mean, median pixel values based on reflectance values of satellite scenes constrained
within the defined period. In comparison to traditional remote sensing methods, the use of
temporal aggregations is more efficient in reconciling data gaps or various spatial
inconsistencies, that can be attributed to high cloud cover, with an acceptable level of accuracy
(DeFries et al., 1995; Loveland et al., 2000; Carrasco et al., 2019). In the code editor, the
median() function was used to generate temporally aggregated scenes.
A near-infrared (NIR) composite image was created from the image collection to better
understand the different features of the study area. This band combination is ideal to
differentiate between vegetation, built-up, and aquaculture zones in the study area. The NIR
image was designated as a base map in the study.
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Figure 1. The generated land cover map of Manila Bay. The results created seven (7) classes representing
various habitat types across the Manila Bay region. Demarcated by the broken white line is the proposed last line
of coastal defense (lifted from Bacabac et al. 2020).
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Table 1. Technical specifications and radiometric properties of the Sentinel-2 MSI Level-2A data product acquired
in the study.
Band Number

Resolution (m)

Central
Wavelength
(nm)

Bandwidth (nm)

1

60

442.7

21

2
3
4

10
10
10

492.4
559.8
664.6

66
36
31

5

20

704.1

15

6

20

740.5

15

7

20

762.8

20

8

10

832.8

106

8a

20

864.7

21

9

60

945.1

20

10

60

1,373.5

31

11

20

1,613.7

91

12

20

2,202.4

175

Description
Ultra-Blue
(Coastal and
Aerosol)
Blue
Green
Red
Visible and Near
Infrared (VNIR)
Visible and Near
Infrared (VNIR)
Visible and Near
Infrared (VNIR)
Visible and Near
Infrared (VNIR)
Visible and Near
Infrared (VNIR)
Short Wave
Infrared (SWIR)
Short Wave
Infrared (SWIR)
Short Wave
Infrared (SWIR)
Short Wave
Infrared (SWIR)

Spatial Data Layers
Available spatial data on habitat location and proposed management zone (Bacabac and
Ticzon, 2020), storm surge (MBDSMP 2018), and land subsidence (Eco et al. 2020) was
used to delineate ideal fish production area in this section of the bay. On a large scale, these
factors influence aquaculture productivity and maintenance cost in North Manila Bay. These
data layers (Appendix A to C) were superimposed in the base map for analysis.

Identification of Ideal Fisheries Production Zones
From the GEE, The NIR base map was saved in GeoTIFF format and exported to QGIS for
the identification of ideal fishery zones in the study area (QGIS Development Team, 2020).
Available spatial data layers that were determined as essential factors that affect
aquaculture productivity were overlaid on the base map. The ideal fishery zones were
identified based on three considerations that would in effect, increase aquaculture
maintenance and operation costs, and conflict with the targeted restoration of natural
habitats in the northern deltaic plain of Manila Bay. The criteria for delineating aquaculture
production zones include (1) its location relative to potential storm surge (1-2 meters)
impacts; (2) location of aquaculture production zone relative to areas determined to subside
at -1.5 to -4.5 cm/year; and, (3) its relative distance from targeted mangrove rehabilitation
area taking into consideration a 1.5-km radius buffer zones. Shapefiles were digitized from
existing fishpond areas that meet the criteria. The extent of ideal fishery zones in the
northern Manila Bay area was computed in QGIS using the measure tool based on the
projected CRS (EPSG:4326 - WGS84) in square degrees. The calculated areas (Ha) of ideal
fishery zones and mangrove rehabilitation were classified according to municipalities. All
analyses were performed in Google Earth Engine API and QGIS.
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Results and Discussion
Majority of the coastline of Manila Bay has been developed and modified for specific
residential and economic purposes with aquaculture ponds comprising the third largest land
cover class in the area (Bacabac and Ticzon, 2020). However, a large section of these
established fish farms was found to be in geo-hazard zones, while most were reclaimed from
old growth mangrove forests and mudflats. The unplanned establishment of these ponds in
unsuitable locations in the deltaic plain has led to the further loss of productivity and higher
capital outlay to sustain production.

Figure 2. Proposed location of aquaculture production areas in north Manila Bay.

Considering the areas impacted by storm surges and land subsidence, and those targeted for
habitat restoration, the aquaculture production area will be reduced to approximately 42% of
its original extent. Based on the conducted spatial analysis, majority of the proposed fish
production areas (94%) will be in Pampanga, while a small percentage (6%) of the proposed
aquaculture production zone will be in Bulacan (Figure 2). In Pampanga, the more important
aquaculture production zones are in Sasmuan, Lubao, Masantol and Minalin, while In Bulacan,
these aquaculture production zones are located mostly in the municipalities of Obando,
Hogonoy and Bulacan (Table 2).
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Table 2. Area (in hectares) covered by the proposed fisheries production zone and restoration areas per
municipality.

Province
Bulacan

Municipalities

Balagtas
Bocaue
Bulacan
Calumpit
Guiguinto
Hagonoy
Malolos
Meycauayan
Obando
Paombong
Pampanga Bacolor
Guagua
Lubao
Macabebe
Masantol
Minalin
San Fernando
Santo Tomas
Sasmuan
Total Area (Bulacan)
Total Area (Pampanga)
TOTAL

Proposed
Potential
Fisheries
Restoration Area
Production Area for Mangrove and
(Ha)
Mudflats (Ha)
0.00
383.90
0.00
346.92
135.04
2,912.04
39.90
0.00
0.00
104.16
256.55
2,776.25
0.00
1,278.35
0.00
361.97
395.63
0.00
20.50
2,056.23
113.07
0.00
1,580.60
0.00
2,772.02
2,247.43
1,064.82
0.00
2,426.47
1,354.57
2,118.02
0.00
9.05
0.00
52.80
0.00
3,130.99
108.88
847.62
10,219.82
13,267.84
3,710.88
14,115.46
13,930.70

The reduced coverage of aquaculture production areas remains a viable management
strategy since areas impacted by land subsidence and storm surge is unsustainable,
uneconomical, and dangerous to the people overseeing its daily operation. Land subsidence,
which is already occurring in Metro Manila and along the northwestern section of Manila Bay,
compounded by sea level rise, puts the land surface closer to sea level. This enhances
flooding and intensifies storm surges in the region (Eco et al., 2013). Since year 2000, the loss
of fishponds and aquaculture infrastructure has become imminent along the receding coastline
of Manila Bay, suggesting that deltaic subsidence is already occurring at an accelerating rate
(Rodolfo and Siringan, 2006). Furthermore, fishponds established in low elevation, foreshore
areas have increased their vulnerability to storm surge because of the increasing frequency
and intensity of strong typhoons occurring in the Indo-Pacific (Emanuel 2005). It is estimated
that a 1-to-2-meter storm surge will enhance coastal flooding (Conway and Waage, 2010;
Vitousek et al., 2017) impacting aquaculture production primarily by inundating and damaging
the earthen dikes of the ponds. Pond damage and water inundation allow cultured fish to
escape and become invasive species (De Silva and Soto, 2009). Furthermore, water
inundation also increases the volume of contaminants that enter aquaculture areas (Ahmed
et al., 2019), further decreasing the overall productivity of the ponds. These natural processes
have led to the abandonment of some fishponds in the area.
Aside from increasing maintenance and operation cost of aquaculture ponds located in geohazard areas of Manila Bay, the overall productivity of the existing ponds has also shown signs
of decline due to poor water quality and aquaculture management. One mitigating strategy
aimed at enhancing water quality is to restore the already depleted and degraded natural
habitats in the area. The ability of nature to assimilate pollutants is contingent to the area
covered by natural habitats. As such, the restoration of natural habitats is one of the major
themes under the Manila Bay Master Plan. The goal of restoration is to ensure that the
6

ecosystem services of the bay remain sustainable through the restoration of viable area
covered by functioning habitats. In general, majority of the mangrove and mudflat restoration
activities will be conducted in Bulacan, particularly in the municipalities of Bulacan, Hagonoy
and Paombong (Table 2). In Pampanga, natural habitat restoration will be concentrated in the
municipalities of Lubao and Masantol (Table 2).
Table 3. Comparison of potential areas targeted for protection and the available area for habitat restoration after
aquaculture zoning.

Critical Habitat

Target
Protected Area
by 2040

Delineated potential
area for rehabilitation
and protection

Soft Bottom Habitat
Mangroves
Mudflats

16,900.00
3,000.00
2,498.00

30,000.43

TOTAL

22,398.00

43,931.13

13,930.70

In the foreshore area predicted to be impacted by storm surge and land subsidence, a
moratorium on aquaculture development or any form of development for that matter is
recommended. Pond construction and operation should be banned in the delineated foreshore
area (Appendix 1A). It is recommended that this section of the bay be left alone and protected
for nature to reclaim. The protection of this area will contribute to the area targeted for natural
habitat restoration and rehabilitation, as recommended in the Manila Bay Master Plan (Table
3). This can be implemented with limited budget and in the long term, this area will serve as a
buffer between the land and the sea in this section of Manila Bay. In time, this zone will reduce
the impact of storm surges, saltwater intrusion, reduce infrastructure damage, and reduce
shoreline retreat through sediment accumulation. Overall, the delineated foreshore geohazard zone covers approximately 30,000 hectares. Protection of this area alone is more than
sufficient to meet the targeted area for soft bottom habitat protection proposed in the Manila
Bay Master plan (Table 3). Furthermore, limiting aquaculture production in the proposed
production zone will also yield potential areas for mangrove and mudflat restoration (Table 3).
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Conclusion
At the current state of Manila Bay, zoning is one of the key strategies to improve its condition
and enhance sustainability. It is clear from the analysis that aquaculture production zone
should be limited to the more inland section of the deltaic plain. This will not only improve
aquaculture production per area but also free-up areas for habitat restoration as targeted in
the Manila Bay Master plan.
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Appendix

Appendix 1-A. Extent of coastal storm surge (1-2 meters) in northern Manila Bay. It is recommended that no
development be allowed in this area.

Appendix 1-B. Land subsidence (cm/year) in northern Manila Bay.
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Appendix 1-C. Location of existing mangrove stands and thr proposed buffer zone
for habitat restoration in northern Manila Bay
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Introduction
Water quality refers to the condition of the water, including its chemical, physical, biological,
and radiological characteristics. It is a measure of the condition of the water relative to the
requirements of one or more biotic species and/or to any human need or its suitability for a
particular purpose. The Clean Water Act (RA 9275) defines water quality as the characteristics
of water which defines its use in terms of physical, chemical, biological, bacteriological, or
radiological characteristics by which the acceptability of water is evaluated.
Degradation of the water quality of Manila Bay is highly accounted over decades of increasing
untreated discharges from domestic and industrial sources, as well as urban and agricultural
run-offs. Other marine activities such as waste and ballast water dumping attributed to the
current pollution load of Manila Bay waters.
Several legislations were already in place. As mentioned, the Philippine Clean Water Act
serves as the basis in assessment, monitoring and institutional compliance environmental
waters. Key administrative orders serve as its Implementing Rules and Regulation (IRR)
including the Department of Environment and Natural Resources Administrative Order 201608 (DAO 2016-08). In this DAO, the basis on classification of environmental waters based on
parameters and intended usages were summarized. Other relevant legislations were passed
regarding the water quality of the country includes Oil Pollution Compensation Act (RA 9483)
and the Environmental Impact System (PD 1586).
For Manila Bay, in particular, the Supreme Court of the Philippines issued a mandamus order
on 2008 directing national government agencies (NGAs) and LGUs to achieve a Class SB
(recreational waters) status of the Manila Bay waters based on DENR water quality
classification scheme.
In achieving sustainable development of Manila Bay, the Reduce Pollution Load (RPL) was
considered as one of the priority measures under the Manila Bay Sustainable Development
Masterplan (MBSDMP). This measure aims drafts all the ongoing and future programs,
activities, and projects (PAPs) necessary to be implemented to lessen pollution loading in the
bay. Salient PAPs indicated on the measure includes improvement of compliance to general
effluent standards, and establishment of Manila Bay water quality decision support system. In
both of these PAPs, baseline information on current water quality status of the bay is crucial
to show trends on the situation and assess future steps to be carried out in reduction of Manila
Bay pollution load.
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Objectives
This study then aims to give a complete picture of the current water quality of the entire Manila
Bay using the primary parameters for ambient waters indicated in the DAO 2016-08 in relation
with the objective of the Mandamus ruling to make Manila Bay water quality qualified for Class
SB.
Specifically, this study aims to:
1. Determine water quality of identified sampling points
2. Create an interpolated water quality map of the entire Manila Bay using the water
quality of sampling points identified

Scope and Limitations
The study is limited to wet season. The pandemic setup also does not reflect all existing
economic activities that may affect the water quality of the bay since many establishments are
closed or not in their full operations. Navigation are also affected by the quarantine protocols,
hence lesser activities in the ports compared to post-pandemic scenarios.
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Methodology
Site Selection
Stations were selected to cover the entire Manila Bay coastal and offshore waters. For the
coastal waters, stations were selected based on their proximity to outfalls of the Manila Bay
Basin. Offshore stations were selected using a 10km x 10km grid covering the Bay’s central
portion. Additional offshore stations were included to include the existing water quality
assessment points of Environmental Management Bureau (EMB) of DENR. Other offshore
stations were also added to represent coves within Manila Bay including coves like Mariveles,
Pampanga and Bacoor. A total of 92 stations were determined to represent the entire Manila
Bay.

Sample Collection
A grab sample of surface water
of each stations per site were
conducted from 0900H to
1600H, provided that no rainfall
was recorded in the area for the
past
24
hours.
Table
summarizes the date and time
collection of the samples.

October 28, 2020

Hermosa to Balanga, Bataan
Maragondon to Rosario, Cavite

October 30, 2020

Orion to Mariveles, Bataan

November 5, 2020

Lubao to Masantol, Pampanga
Cavite City, Cavite to Las
Pinas, Metro Manila

November 7, 2020
Hagonoy to Malolos, Bulacan
Grab sample were shipped to
the laboratory and were sealed whilst in transit in compliance with the DENR Water Quality
Monitoring Guidelines. Surface waters were assessed. Collection were
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done on depth of 0.5m.
Guidelines on wadable
water
sampling
collection were done
on
coastal areas.
Specific bottles for
each
test
were
prepared
in
compliance with the
laboratory procedures
in
handling
the
samples.

Parameter Identification
Primary water quality physicochemical parameters were measured. Dissolved Oxygen (DO)
and pH were measured onsite using handheld water quality meters. Color, Biological Oxygen
Demand (BOD), Nitrate, Chloride and Phosphate were analyzed on laboratory set-up. For E.
coli and fecal coliform, the bacteriological analyses were conducted using Multiple Tube
Fermentation Test (MTFT).
The values of each primary parameter indicated in DAO 2016-08 were used as the standard
for assessing the water quality of the stations. Class SB (recreational waters) is the target of
all agencies concerned with the Manila Bay clean-up based on the 2008 Mandamus Order.
The list of the values per seawater class were listed on Table 1.
Table 1. Water quality parameters on marine waters indicated in DAO 2016-08
Parameter

Unit

TCU
mg/L

Marine Water
(Class SA)
<1.1
NA
7.0-8.5
5
NA

Marine Water
(Class SB)
100
NA
7.0-8.5
50
NA

Marine Water
(Class SC)
200
NA
6.5-8.5
75
NA

Marine Water
(Class SD)
400
NA
6.0-9.0
120
NA

Fecal coliform
E. coli
pH
Color
Biological Oxygen
Demand
Total Suspended
Solids
Chloride
Nitrate
Phosphate

MPN/100mL
MPN/100mL

mg/L

25

50

80

110

mg/L
mg/L
mg/L

10
0.1

10
0.5

10
0.5

15
5
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Results
Manila Bay Mouth
This area is the most exterior portion of the bay. This includes the Mariveles Bay area,
Corregidor and Caballo islands and portions of Maragondon and Ternate in Cavite. The
Mariveles Bay is characterized by numerous built-up areas of the town proper; it is also a site
of several coal powerplants. Ternate and Maragondon areas are characterized by steep
slopes and most built-up areas are limited only near Ternate town proper. Corregidor and
Caballo islands are in the middle of the bay’s mouth. No built-up areas were located on both
islands, aside from several tourist facilities in Corregidor. This entire area is the bottleneck
entrance of all the navigation lines of big shipments going to and from Manila ports.
Results from the assessment showed that four stations near the bay’s mouth did not meet the
standard value for Class B waters. These areas are three sites in Mariveles, all located in
Mariveles Bay near the town proper and one in site in Ternate (TERNATE 1) which is also
near the coastal communities of the municipality. Mariveles 1 and Ternate 1 registered a fecal
coliform value higher than 10-folds of the standard for Class SB. In terms of E. coli, Mariveles
2 registered the highest value of of 700 MPN/100mL Ternate 1 also registered a lower DO of
4 mg/L compared to the Class B standard of 6 mg/L. All other parameters for Class B waters
were sufficed by all the stations in the Bay’s mouth.
in the Bay’s mouth.
Table 2. Results of the water quality assessment of areas in Manila Bay mouth
Fecal
coliform

E.
coli

pH,
onsite
7.08.5

Color

TSS

DO

Nitrate

Phosphate

Chloride

BOD

5

50

6

10

0.5

NA

NA

7.8

8

56

7

0.4

0.03

13900

2

7.8

8

31

8

0.5

0.04

14600

4

150

7.9

8

45

7

0.3

0.05

15100

3

130

8.1

5

44

4

<0.017

0.04

18100

2

7.8

2

8

3

25

7

<0.017

0.02

18100

2

<1.8

<1.8

8.1

3

18

6

0.3

0.03

17300

2

4

2

8

3

<2.5

6

0.5

<0.0064

19100

1

STANDARD FOR
CLASS SB

100

Mariveles 1

1700

490

Mariveles 2

700

700

Mariveles 3

350

Ternate 1

1100

Ternate 2
Ternate 3-O
Maragondon 1

Eastern Bataan
This area includes the municipal waters of the eastern portion of Bataan peninsula extending
from northern town of Samal to the eastern side of Mariveles. Bulk of the population of the
province is situated to this eastern coast. This area is characterized by a string of Bataan
municipalities wherein fishing communities are abundant. Powerplants and oil refineries are
also situated on the southern part, particularly in the towns of Limay and Mariveles.
Fecal coliform content of most sites is above the standards for Class B waters. Only four
stations have low fecal coliform content (MAR9 and LIM1-3). It must be noted that all areas
assessed in Limay, including offshore and wadable waters satisfied the fecal coliform limits
for Class B. Other than the four, all stations exceeded the limits, with Balanga station
registering the highest MPU/100mL of 16,000, all of which are E. coli. This observed fecal
coliform count is the highest among Bataan sites.
The station in Pilar (PIL1) is the only observed value that exceeds the TSS limits for Class SB.
It registered a value of 76 mg/L as compared to the standard value of 50 mg/L. All other
parameters for Class SB waters were met by the stations.
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Table 3. Results of the water quality assessment of the areas in eastern portion of Bataan
Fecal
coliform

E.
coli

pH,
onsite
7.08.5

Color

TSS

DO

Nitrate

Phosphate

Chloride

BOD

50

50

6

10

0.5

NA

NA

8.2

8

18

8

0.6

0.07

13200

2

130

8.2

8

14

8

0.6

0.02

13300

1

4.5

8.2

8

15

8

0.7

0.02

11300

<1

33

23

8

10

10

8

0.7

0.09

10200

1

70

23

8.2

8

10

8

0.3

0.02

11200

1

Limay 3

49

49

8

10

12

8

0.7

0.08

9540

1

Orion 1

490

170

8

10

9

8

0.5

0.09

8840

1

Orion 2

1300

330

7.9

10

12

8

0.6

0.1

8540

1

Orion 3-O

540

220

7.9

10

11

1

0.8

0.09

8590

1

Pilar 1

3500

270

7.7

10

76

7

0.6

0.008

10800

1

Balanga 1

16000

16000

7.3

10

13

7

0.9

0.1

4360

1

Abucay 1

2400

1600

7.6

10

18

7

0.7

0.1

7030

2

Samal 1

2400

2400

7.8

15

13

8

0.6

0.2

4700

1

Samal 2

2400

2400

7.5

20

15

6

0.8

0.2

4750

1

STANDARD FOR
CLASS SB

100

Mariveles 6

130

130

Mariveles 7

350

Mariveles 9

4.5

Limay 1
Limay 2

Pampanga River Basin
This area includes the delta where Pampanga river system, including its tributaries and other
minor rivers systems drain. The area is characterized by a wide areas of aquaculture sites
including fishponds and fish cages. Majority of mangrove ecosystems is also located in this
area. This spans across the northern towns of Bataan (Orani and Hermosa), Pampanga
coastal towns (Lubao, Masantol, Sasmuan and Macabebe); and municipalities of Bulacan
(Paombong, Hagonoy, Malolos, and Bulakan). Patches of built-up areas where most fishing
communities live are scattered along the coasts and riverine portions. Towards the inland
portion of this area, portions of ricefields of Central Luzon is located.
Table 4. Results of the water quality assessment of the areas in Pampanga River Basin
Fecal
coliform

E.
coli

pH,
onsite
7.08.5

Color

TSS

DO

Nitrate

Phosphate

Chloride

BOD

50

50

6

10

0.5

NA

NA

7.4

20

12

7

0.6

0.2

7370

1

1100

7.7

20

17

8

0.8

0.2

4360

1

1300

7.4

40

66

6

0.5

0.6

593

7

3500

3500

7.4

25

84

6

0.7

0.3

502

2

2200

790

7.4

25

96

6

0.9

0.2

12

2

Hagonoy 1

49

22

7.2

10

24

7

<0.017

0.1

10500

1

Hagonoy 2

220

220

7.1

10

16

6

<0.017

0.1

12100

2

Paombong 1

79

49

7.2

8

28

7

<0.017

0.04

16800

1

Malolos 1

33

33

7

10

18

6

<0.017

0.08

14100

1

STANDARD FOR
CLASS SB

100

Orani 1

1100

540

Hermosa 1

3500

Lubao 1

9200

Sasmuan 1
Masantol 1

Fecal coliform content in the Bataan (Orani and Hermosa) and Pampanga (Lubao, Sasmuan
and Masantol) are above the Class SB value. All the values of the five stations were above
1000 MPN/100mL. In Hermosa, Lubao and Sasmuan, E. coli concentration also exceeded
1000 MPN/100mL. In Bulacan, only one station in Hagonoy (HAG2) exceeded the allowable
fecal coliform content for Class SB, with an MPN/100mL of 220.
Exceedance to the standard TSS value were also observed in the areas of Pampanga. All
stations in Lubao, Sasmuan and Masantol has higher TSS compared to 50mg/L of Class SB
waters. It has to be noted that these are the areas where most of the tributaries of the
Pampanga river system drain.
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Cavite Coastal Waters
The southern portion of the Manila Bay includes the majority of the municipal waters of Cavite
towns. The coastal areas of Cavite is characterized by the dense population and the area has
significant number of economic activities including economic zones hosting big industries, and
different resorts and casinos hosting tourism activities. Fishing communities are also thriving
along the length of the coast. Towards the inland portion, more economic activities are located.
Agricultural lands are also located on the upland portion of Cavite.
Table 5. Results of the water quality assessment of the areas in Cavite
Fecal
coliform

E. coli

pH,
onsite
7.08.5

Color

TSS

DO

Nitrate

Phosphate

Chloride

BOD

50

50

6

10

0.5

NA

NA

8.1

5

78

6

0.5

0.06

17300

3

21

8.1

3

16

6

0.1

0.02

18000

2

700

8.2

5

18

5

0.6

0.05

17000

1

240

130

8.2

5

25

5

0.3

0.04

17800

2

490

490

8.2

5

19

6

0.3

0.05

17700

2

Tanza 4

1700

1700

8.2

5

99

7

0.7

0.06

17200

2

Rosario 1

920

540

8.2

5

25

5

0.5

0.04

17000

1

Noveleta 1

3500

1700

8.2

5

20

6

0.5

0.06

17200

1

Noveleta 2

430

230

8.2

5

16

5

0.3

0.06

17300

2

Cavite 1

35000

4900

7.2

20

28

4

0.3

0.7

7260

6

Cavite 2

790

130

7.4

10

12

6

0.3

0.2

11500

2

Cavite 3

4900

300

7.2

3

32

4

0.6

0.05

18400

1

Kawit 1-O

35000

35000

7.1

20

28

2

0.2

1.1

4280

7

Kawti 2-O

2400

78

7.5

15

9

6

0.8

0.3

7660

2

Bacoor 1

790

45

7.6

5

12

4

0.1

0.07

18100

3

Bacoor 2

2400

2400

7.4

8

12

5

0.5

0.2

15600

2

STANDARD FOR
CLASS SB

100

Naic 1

3500

3500

Naic 2

22

Tanza 1

3500

Tanza 2
Tanza 3

Only one station in Naic (NAI2) satisfied the fecal coliform content for Class SB. All other
station registered exceedance to the allowable values. Two stations registered 35,000
MPN/100mg one in Cavite City (Cav1) and Kawit (KAW2), both of which are located in Bacoor
Bay. In Kawit, the recorded 35,000 fecal coliforms were classified to be E. coli.
Two stations also exceeded the Class SB standards for TSS, one in Naic (NAI1) and one in
Tanza (TNZ4). Dissolved oxygen in two sites in Bacoor Bay were also lower than the Class
SB standard, CAV1 in Cavite City and BAC1 in Bacoor registered a value of 4 mg/L, a notch
lower than the standard value of 5 mg/L. Two stations in Bacoor Bay also exceeded the
phosphate loading of Class SB water, CAV1 in Cavite City and KAW1 in Kawit.
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Discussion
Coliform Content
Coliforms, in general, may appear in any type of environment. It is a wide group of bacteria
that thrive naturally in the soil, vegetation and even on fresh and saltwater. However, some
coliforms are known to thrive only on intestinal tracts of mammals, including humans. These
are the fecal coliform, that often thrive in the environment only through fecal matter
transmission into the environment.

Figure 1. Comparison of fecal coliform content of assessed stations.

Total fecal coliform content is the major pollution loading that makes majority of the assessed
site inadequate for Class SB classification. Fecal coliform content is a direct result of
inadequate sanitation of wastewaters leading out to the sea. Escherichia coli is one of the
most common species of fecal coliform from the intestinal tract that often contaminate
environmental waters. Several strains of E. coli are known to be harmful if ingested by
humans. The presence of these coliforms may also indicate high possibility that other bacterial
or viral strains are present in the seawater.
In cleaning up the Manila Bay waters, bacteriological loading of the water is one of the major
concerns needed to address. According to the result of this assessment, of the 48 samples
assessed, only 3 satisfied the Class B criteria of 100MPN/100mL fecal coliform count.
Bacterial count of several sites, particularly those proximal to urban centers such as Balanga
City surpassing the standards by 15-folds. Kawit and Cavite City surpassed the standard by
more than 30-folds. Geographic comparison of fecal coliform and E. coli content of the
assessed areas is on Figure 2.
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Figure 2. Fecal coliform and E. coli content of the assessed stations.

Heatmap of the fecal coliform content shows the relatively high bacterial content of Bacoor
Bay, attributed mostly to the values of CAV1 and KAW1.

pH
pH is a scale of assessing acidity or basicity of a certain material. In marine environments, pH
highly affects growth of organisms. Certain levels of pH is not tolerable for some organisms to
thrive and extreme value may even endanger humans.
Alteration of pH is caused by a multitude of factors. Pollution loading can affect the pH of
water, depending on the type and concentration of pollutants. Climate change also affects
seawater as evident findings showed rapid ocean acidification. In general, the mean ocean
pH is 8.1, however, accumulation of excess carbon dioxide in the atmosphere lowers this
value, hence the acidification of global sea waters.
In DAO 2016-08, the allowable pH for Class SB waters is 7.0-8.5. This value is neutral to
slightly basic. Results from the assessment showed that all stations assessed complied to the
said standard. Southern portions of Bataan including several points in Mariveles and Limay
registered the most basic pH with 8.2. Same values were also observed on the Cavite
municipal waters of Tanza, Rosario and Noveleta. The lower bound of the suggested pH of
Class B water is observed in Malolos, it is also the lowest pH of all the assessed sites. Nearby
stations of Hagonoy and Paombong also registered the lowest pH. This is can be highly
accounted to the more estuarine waters of the said stations given their proximity to the river
tributaries of Pampanga river basin. All Pampanga stations (Masantol Lubao, Sasmuan) are
among the stations with lowest pH of less than 7.5.
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Figure 3. pH of the assessed stations.

Figure 4. Geographic illustration of pH variations. All values recorded are within the acceptable range of Class SB
water's pH.

Color
Visual Comparison Method was done to assess the True Color Unit (TCU) of assessed
stations. In DAO 2016-08, the TCU value for Class SB waters is 50. This value reflects the
dilution factor used to match the color of the water sample to the standard platinum-cobalt
concentration. Water’s TCU is also highly affected by pH.
No exceedance in Class SB TCU value were recorded among the stations assessed. Lubao
(LUB1) has the highest TCU unit of 40.
It has to be noted that TCU only accounts to the “true color” after suspended materials causing
turbidity of the water is removed, thus, it does not represent the apparent color seen in the
environmental waters. Ambient waters, particularly marine waters, are also prone to color
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changes. Amount of rainfall, effluent discharges and biological activities may also alter the
color of the water.

Figure 5. True Color Unit (TCU) of the assessed station.

Figure 6. Geographic illustration of the water's True Color Unit (TCU), significant variation on Lubao and Bacoor
Bay Stations are observed but all are within the acceptable range of Class SB waters.

Total Suspended Solids
Total suspended solids (TSS) are defined as solids in water that can be trapped by a filter
(Ahmad Fauzi Ismail, 2019). It is a measure of the dry weight of the solids that are not
dissolved in the water. Sources of TSS are mostly by-products of biological processes of
animals, plants and algae. Other source may be insoluble sediments from effluent discharges,
surface runoffs, and from the bottom of the waterbody.
One of the major indicators of TSS in a water body is the possible sedimentation. In the case
of Manila Bay, sedimentation is highly attributed to surface run-offs and its major effluents.
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There is a varied sedimentation rate recorded across different portions of Manila Bay but
studies suggested that recent years recorded heavy sedimentation of 3cm in the northeastern
portion and 1cm/year in central and southern portion.
TSS can give further information in the amount of sedimentation that may alter the state of
Manila Bay. In DAO 2016-08, the standard TSS value for Class SB is 50 mg/L. based on the
result of the assessment, several stations registered exceedance to the said standard.

Figure 7. Total Suspended Solids (TSS) expressed in mg/L of the assessed sites. Orange line indicates the
standard value indicated in DAO 2016-08.

As shown in the figure, all stations in Pampanga (Masantol 1, Lubao 1, Sasmuan 1), one in
Bataan (Pilar 1 and Mariveles 1), and two in Cavite (Tanza 4 and Naic 1) exceeded the
standard 50mg/L value for TSS under Class SB waters. Both Tanza 4 and Naic 1 are
located proximal to Naic River. All Pampanga stations are nearby the western tributaries of
Pampanga River basin. Based on visual observation during the assessment, the station in
Pilar (PIL1) in Bataan is situated in silty waters in the eastern portion of the peninsula. While
Mariveles (Mariveles 1) is also situated near a creek running across the municipal town
proper. The lowest value for TSS is located in the southern portion of Maragondon (MAR1).
This station is in the mouth of the bay and no outfalls are nearby.
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Figure 8. Total Suspended Solids (TSS) in areas of Tanza, Cavite and estuarine waters of Pampanga showed
higher values than the Class SB standards.

Nutrient Loading
Nutrient pollution is the deposition of excess nutrients such as Nitrate and Phosphate into a
body of water. Effluents and surface runoffs carrying nutrients from agricultural, domestic and
industrial sources deposit these compounds to the water body.
One of the major effects of the nutrient pollution is eutrophication. This occurs when excessive
nutrient caused too much growth of plants/animals/microbial species in the water causing high
demand for oxygen and eventually depleting the oxygen supply of the marine ecosystem.
Cases of algal bloom are linked to this phenomenon.
Nitrate and Phosphate are the two main chemicals being monitored for their tendency to cause
nutrient pollution. Nitrates are usually found on fertilizers used in agriculture, and even in fish
feeds. Phosphate are major components of bleaches and detergents usually found in domestic
and industrial sources.
In the Class SB classification of DAO 2016-08, the maximum nitrate composition of the
seawater must not exceed 10 mg/L. All stations assessed satisfied the said standard, and all
fall below 1 mg/L nitrate composition. The highest value of 0.9 mg/L is recorded in both
Balanga and Masantol stations.
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Figure 9. Nitrate concentration (mg/L) of the assessed site in comparison with the Class SB standard.

One important consideration in nutrient load, particularly in nitrogen, is the occurrence of this
element in different compound. Primary parameters under DAO 2016-08 only considered the
Nitrate (NO3-N) form of Nitrogen, however, Nitrogen can be deposited in the water body in
other forms such as Ammonia (NH3) and Nitrite (NO2-). In other studies conducted in Manila
Bay, low levels compared to Class SB standards were also found, but its concentration varies
if outfall waters, fishponds and fishcages were also assessed (Opinon, Perelonia, Abendanio,
& Cambia, 2017).
In terms of Phosphate, the standard value must not exceed 0.5 mg/L. Results showed that
there are several outlier stations reflecting exceedance to the said standard. Two stations in
Cavite (CAV1 and KAW1) exceeded the standard. Both of which are in Bacoor Bay. One
station in Pampanga exceeded the standard. Lubao station (LUB1) registered phosphate
content of 0.6 mg/L. The rest of the stations registered lower Phosphate content compared
with the standard. As discussed, phosphate load is highly suspected to have been caused
by bleaches and detergent sources from runoffs and effluents. Areas with notable
exceedance must review existing environmental protocols that might be violated causing
such Phosphate content spike.
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Figure 10. Phosphate concentration (mg/L) of the assessed sites in comparison with the Class SB standard.

Figure 11. Nutrient loading (Left: Nitrate, Right: Phosphate) of assessed stations. All Nitrate levels are within the
Class SB Standards. While three stations exceeded the Phosphate standards, Lubao 1, Cavite City 1 and Kawit
1, with Kawit1 doubling the allowable value of 0.5 mg/L.

Chlorine
Chloride composition of seawater of is generally high because of the presence of these ions
in the salt making up the salinity of water bodies. It is not included in DAO 2016-08 primary
parameters to be assessed on sea waters. However, characterization of chloride content of
the seawater will give an overall view on what areas of the bay are high concentrations of
these ions are located.
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In general, the mean seawater chloride content is at 19,000 mg/L, while lower values are
expected in estuarines where chloride concetration may range from 500 to 5,000 mg/L. During
the assessment, the highest chloride ion content was recorded in Maragondon (MAR1) with
19,100 mg/L. Lowest values are all situated in Pampanga (MAS1, LUB1, SAS1), all are areas
proximal to the delta.
Chloride content information is seldom considered in research since it is expected to be high
on seawaters. However, chloride pollution also posed apparent risk to organisms thriving in
the bay. Excess chloride may damage gills of younger fishes and may kill smaller crustaceans.
Chloride is also a component of different wastewaters draining into the bay. Pesticides and
water softeners used in treating wastewaters are known sources of chloride. In early 2020,
discoloration of Manila Bay along the Roxas Boulevard coast in Manila was observed. Several
hypotheses were made by authorities as to what is the causative agent of the discoloration.
Although still unverified, one of the reasons being studied is the unregulated dumping of
chlorinated water in the area (GMA Network, 2020).

Figure 12. Variations on chloride concentration of the assessed sites.

Dissolved Oxygen and Biological Oxygen Demand
Dissolved oxygen (DO) is the amount of oxygen in aquatic and marine ecosystem that is
available for consumption for organisms It is measured onsite using Winkler/Titrimetric
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method. DO is an indicator on the viability of the marine ecosystem to support living
organisms. It is a crucial parameter to be assessed, particularly in terms of studying a
waterbody’s capacity to support fisheries. Depleting DO is highly accounted to excess
organisms consuming the oxygen, or rapid decomposition that also used oxygen. As
previously mentioned, eutrophication is one of the drivers of such scenario.

Figure 13. DO levels of assessed sites in comparison with the Class SB Standards.

Based on the Class SB standard, water bodies must have a minimum of 6 mg/L of DO. Based
on the results, there are several stations that did not meet this standard. One station in Orion,
Bataan (ORI3) registered the lowest DO of 1 mg/L only. Another station with low DO is in Kawit
(KAW1). This station in Kawit, Cavite (KAW1) is also the same station with the highest fecal
coliform and phosphate content recorded.

Figure 14. Comparison of BOD levels of the assessed sites.

Biological Oxygen Demand (BOD) is the amount of dissolved oxygen needed (i.e., demanded)
by aerobic biological organisms to break down organic material present in a given water
sample at certain temperature over a specific time period (Li & Liu, 2019). DO is the measure
on the amount of Oxygen present, while BOD is the amount of Oxygen needed by the
organisms in the water to survive. BOD is then a measure on the extent of aerobic organisms
thriving on the waterbody. High BOD can also mean that there is too much organic materials
decomposing in the area since decomposition is also a process consuming oxygen. The
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mentioned nutrient loading causing massive proliferation of organisms such as algae can
cause an extremely high BOD relative to the available DO level in the waterbody. This
condition wherein the demand for oxygen is higher than what is available may cause death
even to larger organisms such as fishes, inducing fish kills.
Based on the assessment, BOD is highest in the areas of Lubao (LUB1), Cavite City (CAV1)
and Kawit (KAW1). This is also the same sites with the highest phosphate content recorded.
No standard value for BOD was specified in DAO 2016-08, however, global seawaters,
particularly offshore waters are known to have low BOD values of 2 mg/L because of lesser
organic matters compared to freshwater and ecosystems near the foreshore (Simon, Ywann,
Guastalli, Llorens, & Baig, 2011).

Figure 15. DO and BOD levels of the assessed stations.
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Conclusion and Recommendations
The results of the water quality assessment showed highly problematic state of the sampled
portions of Manila bay particularly on fecal pollution loading with only 12 out of the 48 sampled
stations are compliant with the Class SB target of mandamus agencies. With the additional
tests on E. coli, it was further confirmed that majority of these fecal coliform content are from
human and animal wastes. It is further alarming to note that several points exceeded the fecal
coliform content standard for over hundred folds.
Of the sampled sites, emphasis must be given to the Cavite City-Kawit-Bacoor-Las Piñas area
where several stations like KAW1 and CAV1 recorded the highest exceedance in several
parameters other than fecal coliform content. The exceedance in phosphate, and relatively
high BOD, and low DO content may indicate nutrient pollution in the area. During the
assessment, it was observed that these areas are also sites wherein aquaculture practices
like fish cages and shellfish farms are located. There is a big tendency that high phosphate
content may lead to further eutrophication of the area. This can further trigger chain of
scenarios like the occurrence of harmful algal blooms (HABs) more commonly known as red
tide. This is the case wherein the algal species producing toxins can multiply into large
numbers and their toxins may reach unsafe levels when accumulated to the fishes and
shellfishes in the aquaculture sector in the area. Further, decomposition of the organic
materials may increase BOD, thus limiting the DO content of the waters and then suffocating
the fishes in the area. This is one of the leading causes that triggers fish kills.
These areas in Cavite are all located within or nearby Bacoor Bay, a subset of Manila Bay.
Because of the characteristic enclosure of the area, there is high probability that there is a
catchment phenomenon happening in the site wherein pollution load is contained and
deposited in volumes in the area. The proximity of the area to highly-densed population of
Cavite and Southern portion of Metro Manila also makes the Bacoor Bay more susceptible to
pollution loading.
Several stations’ exceedance in Total Suspended Solids are accounted to silt deposition from
nearby effluents. A high TSS can cause more turbidity to the waters. While turbidity across
portions of a water body, heightened TSS causing massive siltation may cause harm to
organisms, living in the bay. Heavy siltation may also indicate the absence of natural habitats
supposedly dissipating the levels of sedimentation such as mangroves, sea grasses and
mudflats. This underlines the importance of protecting and maintaining the remaining natural
habitats that provide ecosystem services such as sediment accretion that improves water
quality of the areas.
Overall, the need for a more comprehensive approach and implementation of sanitation
mechanisms of different agencies, particularly Local Government Units (LGUs), and partner
water supply and sanitation system entities are highlighted by these findings. Consistent
monitoring of the water quality of the bay is essential in keeping track as to where the trend of
water quality is going and what efforts are needed to further strengthen.
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Introduction
Land subsidence is the decline of elevation of land surface. It results from gravitational force
pushing the land downward as the amount of groundwater level under these grounds
decreased or become depleted. Subsidence may deprive the aquifer of the ability to
recharge, even when water is forcibly injected into wells, thus permanently water storage
capacity of aquifers. (Langridge & Fencl, 2020)
Manila Bay area faces the threats due to land subsidence. Several studies using historical
satellite imageries showed that Manila Bay area, particularly the northeastern portion is
sinking. In a study of Rodolfo and Siringan (2006), calculated land subsidence of the area
has a mean of 9cm/year. Other rates on more specific areas were computed on other
studies including 6cm/yr in North Metro Manila and South Bulacan, and 8 cm/yr in Caloocan
(Eco, 2013). Mean localized subsidence rate in the entire Metro Manila was also calculated
at the rate of 15cm/yr (Raucoules, 2013).
One of the problems aggravated by land subsidence are the threats of global sea level rise.
Global warming has raised sea level globally by about 3 mm/y from 1993-2009, while the
seas surrounding the Philippines rose between 7 and 9 mm/y due mainly to unequal heating
of the ocean (Nicholls and Cazenave , 2010).
With the combined effects of land subsidence and sea level rise, the already vulnerable
population of Metro Manila and surrounding area is expected to be even more vulnerable to
natural hazards because of land subsidence. Sinking city means more coastal communities
will become more prone to hazards such as flooding and storm surges. As the capital itself is
susceptible, major infrastructures and facilities hosting national economic activities will also
be prone to these threats.
Consideration of such phenomena is crucial in the implementation of the Manila Bay
Sustainable Development Masterplan. For the next two decades, the computed rates of land
subsidence are highly probable to increase due to the continuous extraction of groundwater.

Objectives
To analyze further the current situation of the coastal communities highly affected by land
subsidence, a rapid assessment of land subsidence rates was done based on historical
community observations. Specifically, this study aims to:
1. Identify rates of and subsidence based on key informant’s knowledge
2. Identify drivers of flooding and sea water intrusion attributed subsiding lands

Scope and Limitations
This study utilizes on-ground observations of communities living in areas identified as
vulnerable from land subsidence in Northern Metro Manila, and southern portion of Bulacan
and Pampanga only. All areas specified are also within the land subsidence-prone areas
identified by previous studies. Guided questions were designed to minimize observer bias
from the informants.
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Methodology
Site Determination
Twenty-one barangays in the Northern Manila Bay were selected to represent the entire land
subsidence prone area based on the study of Eco (2013).
Selected barangays are classified into two: coastal and non-coastal. Barangays selected are
identified as high-risk zones for flooding based on available 10-year flood maps of PhiLidar,
and Mines and available Geoscience Bureau (MGB) surveying results.
Within the barangays, specific households that are occasionally or permanently inundated with
flood were identified with the help of barangay authorities. The flooded households were
selected since their observation on flooding level were the basis of computation of the rate of
flooding in the area.

Figure 1. Rapid assessment of land subsidence sampling plots.

Data Collection
Data collected from the informants were grouped into two parts: (1) perceptions on the
drivers of flooding and (2) actual land subsidence rate estimation.
For the identification of drivers of flooding, KII were asked to answer among identified causes
of floods such as intense rainfall, high tide, subsiding land, dam water release, or combination
of any. These drivers are the identified main causes of flooding in the area.
Pressures on flooding problem are the factors that makes flooding more intense. KIIs were
asked to choose among proximity to water body, faulty drainage systems, absence of seawalls
and characteristic flat terrain of the area.
The KII were also asked on the frequency of flooding on the area and the current average
height of floods that they experienced on the past five years. They were also asked as to what
2

year they first experienced flooding and when were their houses became permanently
inundated by water.
For the assessment of land subsidence rate, KII were asked specific measurements of their
households in relation to the flooding that they experience. Figure 2 shows all the
measurement asked on the KIIs.

Figure 2. Representation of the measurements asked to the key informants.

Table 1. Actual questionnaires used in the assessment.
BRGY:

TOWN:

PART 1
1.1 Name of Respondent
1.2. Age
1.3. Other Respondents

Name

Affiliation with Respondent 1

1.4. Drivers of Flooding
“Alin sa mga sumusunod ang
nagdudulot ng pagbaha?”

1.)
2.)
3.)
4.)

1.5 Pressure on Flooding Risks

1.) Proximity to the water body (malapit sa dagat o ilog)
2.) Faulty drainage systems
3.) Absence of seawalls and coastal barriers (Walang harang
sa dagat)
4.) Flat topology (Flat at mababa ang lugar)

“Alin sa mga sumusunod ang
nagpapalala ng baha”

Intense Rainfall
Tidal inundation (High tide)
Land Subsidence (bumababa ang lupa dito)
Opening of dams

PART 2
2.1 Determine the year when the house is not yet flooded and the height of water from the flooring.
Alamin ang Year (Y1):

“Anong taon itinayo ang bahay?”

Y1:

Alamin ang Height (H1):

“Gaano kataas ang bahay mula sa
dagat noong una itong itayo?”

H1:
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Iestimate kung gano kataas ang
bahay mula sa dagat. Ang sinusukat
nito ay TAAS ng bahay mula sa tubig
noong unang itayo, at hindi ang
LAYO nito mula sa tubig.
2.2 Determine the year when the house experienced flooding due to high tide and the height of water from the flooring.
Alamin ang Year (Y2):

“Anong taon unang nakaranas ng
pagbaha na umabot sa loob ng
bahay”

Y2:

Maaring estimate kung hindi na
natatandaan.
Alamin ang Height (H2):

“Gaano kataas ang bahay mula sa
dagat noong unang taon na
nakakaranas ng pagbaha”

H2:

Maaring estimate kung ilang
talamapakan ang lalim ng baha.
2.3 Determine the height of water from the flooring during high tide now.
Additional flooring Height (Dagdag
na flooring):

“May idinagdag bang flooring
noong unang beses nakaranas na
bahain, kung mayrron, gaano
kataas?”

AF:

(ex tinaasan ang sahig). Hinggiin ang
estimate kung ilan ang idinagdag na
flooring mula noong taong unang
nakaranas na pagbaha at iestimate
kung gano kataas ang dagdag na
flooring
Alamin ang Height (H3):

“Gaano na kataas ngayong 2020
ang tubig mula sa original na
flooring?”

H3:

Itanong kung gaano na kataas ang
tubig sa kasalukuyan mula sa
ORIGINAL flooring.

Data Analysis
Computation of the rate of flooding of the area will use the formula:
𝐿𝑆 𝑟𝑎𝑡𝑒2020 =

(𝐻3 − 𝐴𝐹) + 𝐻1
2020 − 𝑌1

Wherein,
H3= Current flood height
AF= Recently made additional flooring height
H1= Initial elevation of the house/establishment from nearby waterbody
Y1= Year the establishment was erected

LS rate or current Land Subsidence rate is an estimate of subsidence of the areas since the
establishment of the households or other establishment was built which is computed based
on varying flooding levels. This value, however, is combined with the factor of sea level rise.
The observation of the community to the changing sea level was also studied. The
establishments measured were also used as the basis on measuring of the sea level changes.
Initial height of the establishment over the sea level (H1) on the year the establishment was
built (Y1) was subtracted with the level of sea (river/swamp) (H2) during the onset of the first
flooding experience (Y2). In formula, this is expressed by:
𝑆𝐿𝑅𝑖𝑛𝑖𝑡𝑖𝑎𝑙 =
Wherein,
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𝐻1 − 𝐻2
𝑌2 − 𝑌1

H2= Initial height of the sea/river/swamp water during the first flooding inside the household.
H1= Initial elevation of the house/establishment from nearby waterbody
Y2= Year when the first flooding was observed
Y1= Year the establishment was erected

The computed data on depth of subsidence will be processed as point estimates
representing the grid intersection points. Krigging analysis and IDW interpolation analysis
was done to show the estimated depth of subsidence of the North MBA in relation to
flooding.
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Results
A total of 63 households/establishments owners in 21 barangays were interviewed for the
Key Informant Interview aiming to gather on-ground observations of land subsidence in
relation to the flooding they have experienced. Thirty-three (33) of which are located on
coastal areas, while the remaining 30 are more inland but are nearby riverine or swamp
areas.

Drivers of Flooding
Majority (97%) of the interviewed respondents answered that tidal inundation and heavy
rainfall causes flooding in the area. Majority also stated that the main reason why they are
vulnerable to flooding is their proximity to the body of water.
The land subsidence prone area studied by Eco (2011), showed that majority of the affected
localities are situated in the Pampanga River basin. This area is characterized by tributaries
stemming from the main Pampanga river, and other minor river systems draining the Central
Luzon region towards the Manila Bay.
Even respondents from non-coastal areas that were assessed, including inland municipalities
of Calumpit, Bulacan and Macabebe, Pampanga answered “proximity to water body” as the
main reason why they are vulnerable to floods. This is also true to inland barangays of coastal
municipalities, such as Sasmuan and Macabebe, Pampanga, and Malolos and Bulakan,
Bulacan. Even though these areas are relatively far from the coast, flooding is still observed
due mainly to the overflowing of nearby rivers. In the case of Calumpit and Macabebe,
Macabebe swamplands is known to be a reservoir of excess rainfall that threatens flooding to
the nearby community.
In the areas near the coast, interviews suggest that even without rainfall, high tide can cause
massive flooding in the areas. This is attested by almost the communities interviewed (90%),
particularly in Hagonoy, Malolos, Bulakan and Paombong, Bulacan.

Onset of Flooding
Establishments interviewed are not limited to households only. Older structures such as
churches with known elderly caretakers were also asked on their observation of land
subsidence in the area, as manifested by flooding. Churches were prioritized because several
churches observed on the sites were built earlier than most surrounding households, thus
giving more information on land
subsidence and flooding. For the same
reason, older houses were also
prioritized in the selection of KIs.
Earliest built structure assessed was
made in 1921, which is a church in San
Vicente, Macabebe, Pampanga. In the
same locality, one household assessed
was made in 1934. Another church in
Hagonoy was built on 1950. Overall, the
mean year of establishment of the
assessed structures is 1971.
However, flooding, in the earliest, is
observed only in 1967 in Sapang
A church in San Vicente, Macabebe that is periodically
Kawayan, Masantol, all sites in Paco,
flooded.
Obando attested that they experience
their first flooding in 1970. Several structures built in 50’s and 60’s like houses in Calero
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(Malolos), Consuelo (Macabebe) and Sta Monica (Sasmuan) only experienced flooding during
the 1970s. Of the 63 assessed structures, 23 answered that their first flooding experience was
between 1967-1980. It must be noted that earliest flooding in the areas assessed are not
limited to the coastal areas only.

Figure 3. Earliest remembered flooding incidence in the sampled sites.

There are several houses that experienced flooding for the first time this past 10 years.
Some of these sample houses are in Pugad, Hagonoy and San Pablo, Paombong who just
experienced their first flooding in 2014. Two houses in Brgy Puti, Masantol also experienced
flooding just in 2018, and one house in Brgy Masukol, Paombong in 2019. The varied onset
of flooding experience of different houses on different barangays suggests several
indicators. Difference onset of flooding can be directly attributed to subsiding lands, higher
level of flooding due to more intense rainfall, and higher level of water in the nearby water
systems.

Changes in Sea Level
The change in sea level was assessed using historical knowledge on initial elevation (H1) of
the establishment above sea level and comparing it to the sea level when the first flooding
occurred (Y2). This data
roughly represents the sea
level rise from on-ground
observation
of
the
Key
Informants. For non-coastal
areas,
changes
in
the
maximum levels of rivers and
swamps that they experienced
were recorded. Only the initial
year of flooding was recorded
since permanently submerged
establishments were part of the
study, hence, current sea level
in those area equates to
flooding.
The average sea level rise
observation
of
all
the
Neighborhood in San Francisco, Macabebe uses boats when
communities assessed is at
flooding is severe in the area. San Francisco is near Macabebe
0.22cm/year. This is slightly
swamp area.
below the observed Philippine
sea level rise rate of 0.7-0.9 cm/year based on the study of Nicholls and Cazenave (2010).
Only two barangays accounted an average sea level rise within the said range. Brgy Puti,
Masantol registered a 0.85cm/yr rise in water level rise. This is a barangay along the
Pampanga River where residents occasionally experience flooding when river volume
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increase. Brgy Pugad, in Hagonoy, which is a one of the most exterior barangays in Manila
Bay, registered a 0.74cm/yr sea level rise. One of the representative houses assessed even
observed intrusion of the sea causing flooding inside their homes, within the same year of
establishing of their house. Another coastal barangay which is in estuarine waters between
riverine tributaries and Manila Bay waters, Brgy Mabuanbuan, Sasmuan registered sea level
rise of 0.56cm/yr. Meysulao, Calumpit registered a 0.58, a barangay located near the
Macabebe swamplands. To date, there are several houses left unoccupied due to the
permanent water inside their household.

Figure 4. Estimated sea level rise in the assessed sites based on initial sea level (H1) and sea level when they
first experienced flooding (H2). Note that river and swamp waters were assessed on non-coastal areas.

Based on the map generated using the values on sea level rise derived from the equation, it
was found that even non-coastal areas experienced significant change in water level. Evident
increase was observed on Brgy Puti, Masantol, a barangay lining along the main Pampanga
River. Significant increase was also found on nearby barangays in the municipality of Calumpit
and Macabebe where Pampnaga river also drain periodically inundating the Macabebe
swamplands.

Land Subsidence as Manifested by Flooding
The current estimate of rate of land subsidence in the study sites were assessed using the
level of flooding observed in the area by the citizens. This is computed using the initial water
level and the current average flood height experienced by the homeowners and establishment
caretakers. Any additional flooring installed by the residents to combat the flooding were
deducted to ensure original height of the houses will be used in the equation.
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Based on the results, the average land
subsidence of the areas assessed is at
14.70 cm/yr. In the calculation of the
average land subsidence rate, only
representative establishments that
experienced flooding for over 10 years
is included. Barangay Tawiran in
Obando, Bulacan has the highest
average land subsidence rate in the
areas assessed, with all representative
houses experiencing flooding for over
ten years. The barangay registered a
29.74 cm/yr land subsidence rate. This
coastal barangay is in the northwest
corner of Manila Bay and is an effluent
A house in Brgy Matungao, Bulakan that is almost
permanently inundated by flood
area by heavily silted waters of
Obando river flushing into the muddy
portion of the bay. During the data collection it was observed that numerous houses are also
left unoccupied and was apparently submerged to the sea. This corner of Manila Bay is one
of the identified areas with high susceptibility to land subsidence. Barangays from neighboring
municipalities of Bocaue (Lolomboy) and Marilao (Poblacion 2) also registered values that are
among the highest in terms of susceptibility to land subsidence of 15.93 cm/yr and 16.52cm/yr,
respectively. All of which are higher than the computed average in this study and higher than
the general average of 9cm/yr predicted land subsidence rate in the entire Manila Bay area
based on the studies of Siringan and Rodolfo, 2011. Other areas with relatively higher land
subsidence rate are at Matunagao, Bulakan with 23.71 cm/yr rate and San Roque, Paombong
with 26.13cm/yr.

Figure 5. Land subsidence rate based on historical flooding level experienced by the residents.

From the results, both coastal and non-coastal sampling areas experience varying extent of
land subsidence. However, apparent clustering of high values was found in Bulakan and
Obando areas. One possible reason of the high susceptibility of these areas is the
characteristic fluvial soils in the area. Located in the deltaic coastal plains, these areas may
suffer from auto-compaction, since their substrate are muddy. This is a result of compaction
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of muddy soils underneath that lessen elevation of the area. However, auto-compaction has
a minimal effect on elevation changes relative to the subsidence caused by groundwater
extraction.
Groundwater usage is the major cause of land subsidence. According to the National Water
Resources Board (NWRB), the initial assessment of groundwater supply was indicated in a
piezometric map dated 1955. According to this map, there are several groundwater flow
systems existing under the Manila Bay area, all of which are originating on different points
across the MBA. However, 39 years after the 1955 initial map, it was observed that the flow is
significantly altered. Alteration of the flow was due to groundwater extraction and this alteration
created several cones of depression on the aquifer system (National Water Resources Board,
2004). Cones of depression are actual conical features on aquifers created by pressures from
well extraction. The appearance of cones of depression in the Manila aquifer system is
indicative of the pressure of groundwater extraction that was observed decades before 2020.
In a 2020 study of Eco, et. Al, in Metro Manila land subsidence, an expected 67 km 2 area in
the City of Manila and CAMANAVA was identified as land subsidence prone – also due to
excessive groundwater extraction. These areas are also proximal to the Obando and Bulakan
sites that registered the highest rate of land subsidence in this study.
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Conclusion and Recommendations
Using the knowledge of the community on their on-ground experiences on their localities’
changing elevation, land subsidence rates were computed. Differences of flooding level
across time were used as the major indicator on estimating the land subsidence rate. Water
level rise in different bodies of water such as sea, rivers and swamplands were also assessed
since the effects of this rise greatly affected the flooding level that the community experience.
Sites were selected based on existing land subsidence prone maps, and representative
houses or any establishments were identified to represent as stations per site.
Results showed that water level is rising. Highest values computed showed that rising waters
are experienced not just in the coast, but also in the riverine areas. Estimated land subsidence
is the highest in Bulakan and Obando area, where the computed figures exceeded the
computed mean of land subsidence in the Manila Bay Area.
This study incorporated the actual experiences of the communities residing in the flood prone
areas where their households serving as the major indicator that their land is, indeed,
subsiding. Observation form the field showed the seasonal and daily struggles of communities
on the subsidence-prone areas. The sampling size is a fraction of the total population affected
by the phenomenon. Unplanned developments in the area where these scenarios are
recorded may result to further problems as population in the susceptible areas continues to
increase. Specifically, a careful approach in the planning for the development of an
international airport in Bulakan is necessary to be monitored by the authorities. Given that the
location of project coincides with the highly vulnerable areas to land subsidence based on this
study and other previous studies, mitigation plans must be put in place to ensure that the
threats will be diminished or minimized. In particular, the changes in the topography, alteration
of natural habitat and expected increase in economic activities and population per se in the
area must be considered in the establishment of the already Senate-approved airport. A
separate policy note was then crafted for the development of the Bulacan airport.
Under the Manila Bay Sustainable Development Masterplan, project, activities, and programs
(PAPs) for more efficient planning and zoning of the Manila Bay Area are emphasized.
Combatting vulnerability to land subsidence requires integrated approach in urban
development, community welfare, habitat protection and disaster risk reduction. The threats
of flooding and storm surges that are being heightened by land subsidence are necessary to
be addressed immediately since the changing climate further fuels these hazards, as
manifested by the results in water level rise in this study. A big population of in Region 3 and
National Capital Region must also be fully aware of the land subsidence threats. Massive
information and education campaign about these threats can results into 1.) less vulnerable
population since they are aware of the threats being posed, and 2.) the possibility to lessen
subsidence due to lesser groundwater extraction. However, the problem on groundwater
extraction requires institutional steps that will mobilize agencies, particularly water services
providers to integrate land subsidence threats in their water supply plans. This study is limited
to the already defined prone areas, however, in the case of the entire Manila Bay Area, there
are numerous areas with highly extracted underground water systems that may also be prone
to subsidence.
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POLICY NOTE
A draft policy paper of MBSDMP for the National Economic and Development Authority

Beach Nourishment Project
An Analysis of the Potential Impacts of the Beach Nourishment Project in Manila Bay

STATEMENT OF THE PROBLEM
Beach nourishment projects are designed to
add sediments to an already eroded shore and
increase its beach width. This is a softengineering alternative to prevent coastal
erosion and may add recreational value to the
shoreline which is practiced by many countries.
However, beaches are in a constant state of
flux, accreting and eroding in response to
waves, currents, winds, storms, and sea-level
change1, these factors are necessary to be
considered in designing beach nourishment
projects.
In September 2020, the Department of
Environment and Natural Resources (DENR)
started the beach nourishment project in a
portion of Manila Bay coast near Roxas
Boulevard in the vicinity of the City of Manila.
According to the agency, the material used as
an overlay to the beach was crushed dolomite
from Cebu quarry site with the grain size of 25mm. The agency spent P389 Million on the
overall project implementation, P28 Million of
which was allocated solely for the dolomite
overlay. This project is part of the Manila Bay
Rehabilitation Plan of the agency as mandated
by 2008 Supreme Court Mandamus Order2.
Several questions were raised by marine
science experts, environmentalists, lawmakers,
and ordinary citizens, revolving mainly on the
sustainability of the project.
This paper aims to propose several policy
measures to be considered in beach
nourishment projects across the Manila Bay. It
also aims to give a situationer on current ocean

1

Peterson. (2005). Assessing the Environmental Impacts of Beach
Nourishment. BioScience, 887–896

dynamics of the Bay that are fundamental in
designing beach nourishment projects
PHYSICAL CHARACTERISTICS OF MANILA
BAY BASIN

Manila Bay coastline spans over 1,993 km from
the province of Cavite, Metropolitan Manila,
Bulacan, Pampanga and Bataan3. The bay’s
coast is highly affected by the physical condition
of the entire Manila Bay basin including the noncoastal portions of the said provinces and even

Figure 1. Elevation of Manila Bay Basin showing the flat
topology of coastal areas and nearby high slope ranges.
(DENR-ERDB. (2018). Manila Bay Vulnerability
Assessment: Application of GIS and Remote Sensing
Technology and Information Convergence. Los Baños,
Laguna.)

2

DENR. (2020). Manila Bay Rehabilitation Program Beach Nourishment Project.
Quezon City: Manila Bay Coordinating Office
3
NAMRIA, D.-M. a. (2015). Manila Bay Environmental Atlas. Quezon City.
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the provinces of Rizal, portions of Quezon and
Batangas in CALABARZON, Tarlac, Zambales
and Nueva Ecija in Central Luzon, portions of
Pangasinan in Region 1, and portions of Nueva
Vizcaya in Region 2. The bay is a catchment
basin of freshwater runoff from 16 rivers and
tributaries coming from these areas.
As a characteristic of a basin, the entire MBA
has a varying elevation with Central Luzon and
NCR portion of the Bay area being generally flat
but surrounded by high-elevation mountainous
regions in all directions including Sierra Madre
in the eastern seaboard of Luzon, Bataan and
Zambales mountains in western Region 3, and
Tagaytay Ridge and Maragondon ridges in
Cavite.
SEDIMENT CHARACTERISTICS

Manila Bay does not have a uniform substrate
both in the coast and in the bottom. The
Northern Manila Bay coast where Pampanga
River drains is characterized by deltaic mud.
The Meycauayan River delta in Bulacan and
Navotas in NCR are made up of silt and muds.
Only small portions of Manila Bay are
considered sandy beaches. These beaches are
limited to both areas in Manila Bay’s mouth (the
tip of Mariveles, in Bataan, and Ternate and
Maragondon coastal areas in Cavite) and small
portions in Metropolitan Manila4.

Figure 2. Substrate type in Manila Bay Area. (MBSDMP
Situational Analysis Report, Atlas, 2018).

4

PEMSEA and MBEMP TWG-RRA. (2004). Manila Bay Refined Risk
Assessment. Quezon City.

2

The bottom portion of the bay has also different
substrates across varying depths and varying
proximity to the mouth. The central potion
where the deepest area of the bay is located is
covered with mud, while those in the mouth are
sandy. Shallow mudflats are located near delta,
particularly on northern portion near Pampanga
River openings. It has to be noted however, that
there are observed redistribution of different
substrates such as silts from the entire basin
because of the water circulation of the Manila
Bay waters.
WATER CIRCULATION

Manila Bay water circulation is characterized by
a double gyre in the North and South portion.
This means that there are two rotating patterns
of current seemingly spiraling the Manila Bay
(Villanoy & Martin, 1997). This circulation is
affected by wind velocities, tidal forces, and
nearby terrain. The characteristic double gyre
affects the bay’s “flushing” or the movement of
materials inside the bay, including the sediment
materials and the necessary nutrients needed
by different ecosystems found in the bay.

Figure 3. Wind direction coupled with tidal movement
creates the double gyres of Manila Bay. (Villanoy, &
Martin. (1997). Modeling the Circulation of Manila Bay:
Assessing the Relative Magnitudes of Wind and Tide
Forcing.)
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Figure 4. View of mangroves by boat along the north Manila Bay.

COASTAL ECOSYSTEMS

The circulation pattern of Manila Bay is known
to distribute necessary nutrients across the bay
allowing organisms to thrive across the
waterbody. The muddy substrates with
occasional sediment deposition from the basin’s
slopes in Pampanga river delta make it suitable
for mangrove species to thrive. Mangroves are
also once located in the shores of Cavite and
even Manila. To date, mangrove covers are still
found in Bulacan and Pampanga coast
(including inland riverine portions), portions of
Bataan, and Cavite coasts, patches in
Corregidor and Caballo Islands, and portions of
Manila (Las Pinas-Paranaque and Navotas).
Coral reefs are limited to the Bay’s mouth.
Recent survey from DENR-ERDB and
MBSDMP-RRA showed that patches of coral
reefs are still found in Mariveles and Corregidor
area, and Ternate, Cavite, all proximal to the
bay’s mouth.

barriers against natural coastal hazards in the
bay.
COASTAL HAZARDS

Communities in the bay are facing several
coastal hazards triggered by the effects of
global warming. DENR-ERDB studied several
imminent hazards in the Bay’s coast. This
includes storm surges, and coastal erosion.
Based on the study, the physical attributes of
the coast and varied institutional readiness of
the communities results to different levels of
vulnerabilities across the bay.
Using a vulnerability assessment model, it was
identified that a significant portion of the Manila
Bay coast, especially the coast of Metropolitan
Manila, has high vulnerability to these identified
coastal hazards5.

Benthic organisms thrive in several mudflats in
Manila Bay area, particularly in Navotas and
Pampanga River delta. These organisms are
usual sources of mollusks and crustaceans for
coastal communities and are important nutrient
source for fisheries.
Aside from the economic importance of these
habitats in boosting fish biomass where most
coastal communities rely, these habitats are
important coastal protection serving as natural

Figure 5. High vulnerability of Manila to coastal erosion.
Manila shores are also high in terms of vulnerability to
storm surges based on DENR-ERDB assessments.

5

DENR-ERDB. (2018). Manila Bay Vulnerability Assessment: Application of GIS
and Remote Sensing Technology and Information Convergence. Los Baños,
Laguna.
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ANALYSIS OF THE PROBLEM
BEACH NOURISHMENT SUSTAINABILITY

Several questions were raised by marine
science experts revolving mainly on the
sustainability of the beach nourishment project.
Experts from the University of the Philippines
Diliman pointed out the high tendency that the
crushed dolomite will be washed away by the
previously discussed wave dynamics and by
coastal erosion and storm surges. This is
congruent with DENR-ERDB’s findings that the
coast of Manila has a high vulnerability to these
hazards.
The Mines and Geosciences Bureau (MGB),
also a bureau under the DENR, stated in their
news brief that mechanically placed sand on
beaches moves as affected by waves, currents,
tides and wind and other potential impacts of
anthropogenic and natural events6. It was also
stated that beach nourishments are not
intended to stop erosion, but rather prevent it
from happening for a short period of time.
Given the high vulnerability to coastal erosion
and storm surge, and the characteristic double
gyre of the Manila Bay, there is a high chance
of flushing out of the sands These scenarios
may happen with or without typhoon passing
through the Manila Bay area.

erosion and storm surges are crucial factors to
be considered in any beach nourishment in
activities in Manila Bay area.
The DENR already clarified that the budget
allocated for the overlay includes the
maintenance of the beach nourishment and
there are several engineering interventions
simultaneously done to minimize the need to
refill the beach nourishment sands. However,
the how frequent should the sands be refilled
must be addressed to answer the questions on
project’s sustainability, taking into consideration
the financial costs of these interventions, and
various physical challenges in Manila Bay
coasts.
EFFECTS TO NATURAL BENTHIC ORGANISMS

The characteristic double gyre wave circulation
of Manila Bay is a big factor to be considered in
beach nourishment project. As mentioned,
these gyres are two rotating patterns of wave
movements due to wind and tidal forces. This
means that nutrients and materials (including
washed out sand from beach nourishment) from
the Manila Bay shore are not easily flushed out
to the open sea, but rather are circulated into
two rotating patterns in the North and South
portion of the Bay.

Aside from the oceanographic challenge of
maintaining the dolomite beach, one major
factor to be considered is the land subsidence
rate of Manila. Study of Rodolfo and Siringan
(2006) showed that the portion of Manila is also
prone to subsidence at a rate of 0.5-4.5
centimeters per year mainly due to groundwater
extraction7. This is another challenge in
maintaining the beach nourishment in the area
through the years.
In an interview with Channel News Asia,
National Mapping and Resource Information
Authority (NAMRIA), an attached agency of
DENR, also stated that the sea level rise in
Manila Bay is at 13.2 mm per year which is four
times higher than the global average. This rise
is also aggravated by the calculated land
subsidence. Sea level rise and land subsidence
coupled with high vulnerability to coastal
6

Mines and Geoscience Bureau. (2020). Impacts of the Use of Dolomite in
Beach Nourishment in Manila Bay. Quezon City.
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Figure 6. Gray sands and solid waste washing into the
beach nourishment site weeks after the project started

Dolomite is a naturally occurring compound, but
it is a foreign material to Manila Bay. This
material can be washed out to other portions of
the bay due to its gyres and may reach nearby
mudflats where benthic organisms (organisms
living in the bottom sediments of the bay) thrive.
7

K, R., & SiringanF. (2006). Global sea-level rise is recognised, but flooding
from anthropogenic land subsidence is ignored around northern Manila Bay,
Philippines. Disasters, 118.
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Several research showed that the Manila Bay
benthic community is already disturbed due to
invasive species from untreated ballast waters
of ships docking to the bay8, added to the
already severe pollution loading of its waters.
The already stressed benthic community can be
affected by materials that are not usually found
on the area.
THREATS ON HUMAN ACTIVITIES

Another reason of DENR for piling a white but
foreign material over the original gray/blackish
sand, is to promote public appreciation of the
cleanliness of the bay and give the locals a
chance of enjoying a white sand beach
experience.

This means that further installation of trash
traps, trash booms, and manual cleaning of the
beach nourishment site is necessary to ensure
cleanliness of the area. Simultaneously,
programs on improved solid waste
management should be strengthened to
address the pollution at source.
The bay’s water is also contaminated with high
density of fecal coliform. Although swimming is
still prohibited in the area, exposing public into
the sands near the waters can pose a threat to
public health. Studies suggest that fecal
coliform can also adhere in the sands near
contaminated waters9. Attracting human
activities into these areas may raise concerns
on public health.
DATA ACCESSIBILITY, PLAN
IMPLEMENTATION AND IEC

Figure 7. Crowds in Dolomite Beach, Manila Bay.
(https://philnews.ph/2020/09/20/dolomite-beach-manilabay-draws-crowds/).

An environmental psychology study Wyles
(2015) showed that coastal ecosystems are
one of the most preferred ecosystems of tourist
where they can experience “restoration” of their
well-being. However, the study showed how
any amount of marine debris, particularly solid
wastes from human activities, can drastically
decrease the attraction of the people to the
beach. Solid wastes floating ashore the Manila
Bay’s coasts is not a new problem, and there
are several efforts made by various agencies,
including DENR to manage these debris. After
the establishment of the beach nourishment
activities, it was highlighted that alongside the
gray sands washing into the dolomite sands,
solid wastes were also washed to the shore.

Manila Bay is a very important waterbody both
economically and culturally. Current day Manila
Bay tainted by decades of ecological stress is
infamous because of its deteriorating state. Any
further alteration of the natural environment of
the bay will raise questions on how sustainable
these projects can be and how it can affect the
current restoration efforts.
It is expected that the public will scrutinize
beach nourishment projects, particularly if it will
entail drastic visual changes i.e., white sand
overlay. This is also true to any reclamation
activities to be implemented in any other portion
of the Bay.

Figure 8. Protest on the dumping of crashed dolomite at
Manila Bay. (https://news.abscbn.com/news/multimedia/photo/09/11/20/dolomitedumping-in-manila-bay-decried)

8

Vallejo, & Ocampo. (2019). Manila Bay Ecology and Associated Invasive
Species: Coasts in Crisis. Coasts in Crisis.

9

Halliday, E. (2012). Basteria in Beach Sands: an emerging challenge in
protecting coastal water quality and bather health. Environmental Science and
Technology.

5

MBSDMP | POLICY NOTE Beach Nourishment Project

In the case of the dolomite overlay, accessibility
of the overall plan, budget breakdown and
impact analysis should be diligently considered
prior to the implementation so that public may
be aware of the rationale and scientific basis of
the project. Engagement of scientists and
experts is indispensable to ensure the sound
scientific and economic basis of the project.

IDENTIFICATION OF SPECIFIC POLICY
OPTIONS/ALTERNATIVES
Upon recognizing the issues and challenges of
beach nourishment in Manila Bay here are
several policies for consideration:
POLICY 1: PUBLIC DISCLOSURE OF THE
COMPREHENSIVE MANILA BAY
REHABILITATION PLAN OF DENR

To gain the public support to the efforts of
restoring the beaches of Manila Bay, the overall
plan for Manila Bay Rehabilitation Program
where beach nourishment projects are
anchored should be made accessible to the
public. This plan should include the baseline
ecological and physical assessment, mitigation
plans, cost analysis, monitoring and evaluation
framework, and information and education
campaign schemes.
The accessibility of overall plan to the public will
promote awareness and appreciation of the
project’s merits and demerits that could evoke
constructive participation and inputs of
stakeholders.
POLICY 2. CRAFTING OF MANILA BAY
TOURISM PLAN

The current beach nourishment is designed for
public’s appreciation of the cleanliness of the
bay. A novel project like this is expected to
attract many citizens, particularly those who
cannot afford to go to nearby white sand
beaches. Attracting visitors may also attract
commercial activities near the area. This could
increase the public health risks associated with
the contaminated water of the bay. Tourism
activities in the area should be designed to
ensure that safety measures are in place to
prevent exposure of tourists to contaminated
water and sands.

6

POLICY 3. CRAFTING OF REGULATIONS ON
FUTURE COASTAL ALTERATION IN MANILA
BAY

There are already several existing guidelines on
reclamation, beach nourishment and any
easement zone development. However, due to
the highly altered state of Manila Bay, any
further changes in the shore will be crucial to
the success of efforts to restore and protect
Manila Bay waters, ecosystems and its coastal
areas. It is highly suggested that concerned
agencies, including DENR-Environmental
Management Bureau (EMB), Philippine
Reclamation Authority (PRA), Department of
Public Works and Highway (DPWH), among
others, and experts from the field of marine
science and oceanography should craft a
detailed guidelines on coastal development
specifically in Manila Bay.

ASSESSMENT OF THE POLICY
OPTIONS/ALTERNATIVES
POLICY 1: PUBLIC RELEASE OF THE OVERALL
MANILA BAY REHABILITATION PLAN OF DENR

This policy will help the agency in ensuring a
scientifically backed coastal project. Beach
nourishment remains a complex project wherein
the mentioned physical, chemical, and
biological components of the bay are crucial
factors to consider alongside economical and
social impacts of the project. Ensuring proper
communication of the scientific basis of the
project can further minimize the questions
regarding any Manila Bay beach nourishment
projects.
Engagement of key bureaus of DENR (ERDB,
BMB, MGB and EMB) is essential in doing a
sound project plan wherein results of previous
studies by the bureaus can be integrated to the
department’s over-all plan.
The overall plan being followed by DENR in their
beach nourishment projects should be further
communicated properly to the public. This is
also very crucial during a pandemic, as a very
anxious public tends to question more about
fund allocation in times of crisis, as stated by
Dr. Ma. Stella Tirol of UPLB College of
Development Communication in a webinar on
Manila Bay Beach Nourishment on September
18, 2020.
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POLICY 2. CRAFTING OF MANILA BAY BEACH
NOURISHMENT TOURISM PLAN

Manila Bay Dolomite Beach project should be
integrated with the plans and programs being
implemented by the City of Manila and the
Department of Tourism. A comprehensive plan
on dolomite beach tourism project should be
developed jointly by DOT, DENR, and City of
Manila to ensure the economic viability of the
project as well as to ensure that safety
measures are in place to protect the tourists
from exposure to contaminated water and
beaches.
POLICY 3. CRAFTING OF REGULATIONS ON
FUTURE COASTAL ALTERATION ON THE
MANILA BAY

The Manila portion of the Manila Bay Coast is
an already altered coast due to past land
reclamation projects. Beach nourishment, and
all other coastal development projects in Manila
Bay need to be carefully examined to ensure
that the stability of the coastal areas is not
compromised.
Given the Bay’s already stressed environment,
all projects should follow an Integrated Coastal
Zoning Framework. Once completed the Manila
Bay Sustainable Development Plan along with
the ICZM Framework for Manila Bay should be
legitimized as one of the primary basis for the
appraisal of all proposed coastal development
projects.

POLICY RECOMMENDATIONS
To address issues and challenges of beach
nourishment project of DENR in Manila Bay,
there is a need to:
▪ Make the Manila Bay Rehabilitation Plan of
DENR accessible to all – to increase
awareness and reduce questionings of
public to the current activity on beach
nourishment in the bay. This will also help
the implementing agency on getting
support of the many by providing sciencebased projects.
▪ Develop a comprehensive plan on beach
nourishment to ensure that it is properly
integrated or harmonized with the City of
Manila’s tourism development plans. It will
also guarantee that mitigating measures
will be implemented to ensure public safety
and environmental sustainability amidst the
expected tourism activity in the area.
▪ Follow an Integrated Coastal Management
Zone of Manila Bay. Upon completion of
the MBSDMP ICZM Planning Framework,
the Manila Bay Task Force (MBTF) or the
Manila Bay Development Council (MBTF)
shall implement the zoning framework and
it shall be the basis for all future
development projects in the Bay.

7
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A draft policy paper of MBSDMP for the National Economic and Development Authority

MBA Water Resource and Flood
Management Decision Support System
An Analysis of the Flooding Incidence in the Northern Manila Bay

STATEMENT OF THE PROBLEM
Ironically, as safe water is becoming scarcer
and scarcer (with the extraction of groundwater
being the primary source of domestic water
amidst the irreversible land subsidence now
experienced by the coastal municipalities and
cities north of Manila Bay), riverine flooding is
further aggravated by the coastal flooding (due
to land subsidence and sea-level rise). The
interlink problems of inadequate water supply
and increasing flooding due to land subsidence
require immediate and comprehensive solutions
to reduce the exposure of people in North
Manila Bay coastal areas to flood risks while at

the same time ensuring that there is sufficient
supply of water for everyone.

Figure 1. Flooded area.

1
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ANALYSIS OF THE PROBLEM
There are two major river basins in the Manila
Bay Area: Pasig-Marikina-Laguna River Basin
and Pampanga River Basin. Both serve as the
main sources of freshwater flowing into Manila
Bay and as sources of water and livelihoods for
communities within the basin.

Along with this, the rate of future rise in sea
level is also expected to increase, due to global
warming. By 2100, an overall rise of around
1.1m is projected, implying a rate of sea level
rise of more than 1cm/yr (IPCC, 2019).

Figure 3. Land Subsidence Map, Narod Eco (2011).

This gradual increase of land subsidence and
sea level rise could contribute to the worsening
flood and high-tide inundation of the coastal
areas of Manila Bay in the near future. At
present, there are almost 5 million people at risk
to a 1:100-year flood event. By 2040, that
number could rise to a midline estimate of
around 7.6 million.

Figure 2. Map of major river basins in Manila Bay Area.

Along the Pampanga River Delta, the north
coast of Manila Bay experiences perennial
coastal and riverine flooding due to sea level
rise and land subsidence, tidal movements, and
discharge of water from major river basins. The
land subsidence in the Northern Manila Bay
area ranges from 0.5 to 4.5cm/yr, based on a
study conducted on 2011 by Narod Eco
(DOST) (Figure 3). As this is largely due to
massive groundwater extraction, future land
subsidence rate is expected to rise due to
increasing water demand, that will likely
intensify the groundwater extraction in the
absence of new sources of surface water.

2

Areas such as residential areas, croplands and
fishponds are affected by frequent flooding
along the coastal zones. It is estimated that
25,040 ha and 0.78 million people in the coastal
LGUs are likely to be affected by 1 to 2-m high
storm surge while some 47,210 ha and 2.8
million people are likely to be affected by 4 to 5m high storm surge.
In a study conducted on 2017 by Phil-LiDAR,
DOST, there is a 1/25 (4%) probability of a flood
with 25-year return period occurring in a single
year, with a Rainfall Intensity Duration
Frequency of 328.800mm.
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Figure 6. Sinking house in Sitio Pariahan, Bulakan,
Bulacan.
(https://assets.nst.com.my/images/articles/PHILIPPINESWATER-CLIMeATE_1558324368.jpg)

IDENTIFICATION OF SPECIFIC POLICY
ACTIONS
Figure 4. Inundation extents if amount of rain exceeds 25
year-rain return period (LiDAR DOST, 2017).

Flooding in some areas in Bulacan are not just a
result of typhoon or tropical storms but also
caused by high tide and extreme rainfall.
Other contributor to flooding in the low-lying
areas in North Manila Bay are the dams which
releases water when it reached the spilling
point, especially during typhoons or extreme
rain events.

Given the abovementioned causes of coastal
and riverine flooding in cities and municipalities
along Manila Bay, and knowing that potential
source of water is becoming a threat to many
people exposed to flood incidents due to land
subsidence and sea level rise, the following
potential actions may be considered:
▪ Comprehensive Water Resource and
Fluvial and Coastal Hydrodynamic
Assessment
▪ Manila Bay Area Water Resource and
Flood Management Decision Support
System (DSS)

ASSESSMENT OF THE POLICY
OPTIONS/ALTERNATIVES

Figure 5. Flooded area in Calumpit, Bulacan due to dams
released water during typhoon Quinta.1

POLICY 1: WATER RESOURCE AND FLUVIAL
AND COASTAL HYDRODYNAMIC
ASSESSMENT

There are communities in the North Manila Bay,
particularly in the municipality of Bulakan,
Bulacan, that is slowly sinking. The people of
Sitio Pariahan, in the Municipality of Bulakan,
can no longer see the streets due to sea level
rise and land subsidence in the area.2

This assessment will provide update and
accurate datasets and information that are
needed for precise flood management
decisions. It will strengthen the Manila Bay Task
Force and the Department of Public Works and
Highway in developing comprehensive and
science-based decisions on design and
implementation of a sustainable flood protection
projects and programs.

1

2

https://images.gmanews.tv/webpics/2020/10/calumpit1026_2020_10_26_21_
24_29.jpg

https://www.philstar.com/headlines/2019/05/20/1919413/sinking-feelingphilippine-cities-facing-slow-motion-disaster
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This shall include a comprehensive assessment
of water resources in the major river basins
draining to Manila Bay that will be useful for
developing new sources of water sufficient to
meet the present and future demands while at
the same time reducing heavy dependence on
groundwater and land subsidence.
POLICY 2: MANILA BAY AREA WATER
RESOURCE AND FLOOD MANAGEMENT
DECISION SUPPORT SYSTEM (DSS)

The potential outcomes of Policy 1 will be
managed and processed through an agile and
integrated Decision Support System (DSS). The
proposed DSS shall serve as the repository of
the datasets that will be generated from Policy
1, and the system for processing these datasets
into information that will be useful in sciencebased planning and decision-making process. It
will also be the system that will handle the
continuous monitoring of water resources in the
basin along with other related physical,
biological and socioeconomic variables to
ensure that the desired outcomes are achieved.
The DSS shall also provide feedbacks to the
Manila Bay Task Force (MBTF) or the Manila
Bay Development Council (MBDC) on the
effectiveness of PAPs being implemented and
prompt the necessary modifications that need
to be made.

POLICY RECOMMENDATIONS
To address concerns on flooding and provision
of safe water through alternative sources (i.e.,
surface water and bulk water projects), there is
a need to:
▪ Undertake a Comprehensive Water
Resources and Fluvial and Coastal
Hydrodynamic Assessment – to establish a
baseline data, and to generate information
that are essential to flood management and
in developing new sources of water to
reduce excessive groundwater extraction
the area.
▪ Develop a Manila Bay Area Water
Resource and Flood Management Decision
Support System (DSS) – that will provide a
substantial scientific and data-driven
information for appropriate and sustainable
design and construction of flood
management and alternative water-source
infrastructure. It will also be useful for
tracking the progress and success of
addressing the flooding problems through
various nature-based solutions and
infrastructure measures.

Figure 7. Flooding incident in Calumpit, Bulacan as water from Pampanga River overflows due to typhoon Quinta. Photo by
Michael Varcas/Philstar. (https://www.bworldonline.com/lgus-encouraged-to-collaborate-to-create-disaster-resilientcommunities/)
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POLICY NOTE
A draft policy paper of MBSDMP for the National Economic and Development Authority

New Manila International Airport
An Analysis of the Potential Impact of the Bulacan International Airport in Manila Bay and its ecosystem

INTRODUCTION
The need for more airport or runways in or close
to the National Capital Region cannot be
overstated. This is reflected by the volume of
passengers flying in and/or out of Metro Manila,
the inability of plane with scheduled flights to
properly land due to congestion on runways,
and subsequent delays in flights. And this has
become an expected normal by frequent
passengers entering or leaving Metro Manila via
the Ninoy Aquino International Airport (NAIA)
before the Covid-19 pandemic (where number
of flights have not reduced significantly yet).
An unsolicited proposal was received by the
Department of Transportation (DOTr) of a “New
Manila International Airport (NMIA)” with the
following:
▪ Air passenger terminal facilities having an
ultimate design capacity of 100 million
annual passengers (MAP);
▪ Airside facilities with an ultimate
configuration of four (4) parallel runways,
supported by associated airfield facilities;

Miguel Holdings Corporation, for the financing,
design, construction, supply, completion,
testing, commissioning, and operation and
maintenance of the New Manila International
Airport Project.1

Figure 1: NMIA Perspective
(https://www.facebook.com/nmiamnl/)

The New Manila International Airport Project is
planned to be constructed on the southwest
portions of Barangays Bambang and Taliptip,
Bulakan, Bulacan and is part of the SMC’s
NMIA Integrated Multi-Modal Transport
Network Masterplan for Mega Manila.

▪ Aviation-related equipment and support
facilities; and
▪ An airport toll road linking the new
international airport with the North Luzon
Expressway, with an approximate length of
eight (8) kilometers.
An invitation to submit comparative proposal for
the New Manila International Airport Project
was posed by the DOTr on July 2019, and by
August 2019, the project was awarded to the
proponent of the unsolicited proposal, San

Figure 2: SMC’s NMIA Integrated Multi-Modal Transport
Network Masterplan (https://www.facebook.com/nmiamnl)

1

Notice of Award (NOA), New Manila International Airport (Bulacan International
Airport) (https://dotr.gov.ph/2014-09-02-05-02-30/item/923-new-manilainternational-airport-project-bulacan-international-airport.html)
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Figure 3: Southwest part of Barangay Taliptip2

STATEMENT OF THE PROBLEM
LAND SUBSIDENCE AT PROJECT SITE

Barangays Bambang and Taliptip are amongst
the coastal barangay in the north of Manila Bay
Area which are experiencing extreme coastal
flooding due to sea level rise and land
subsidence.

Figure 5: Land Subsidence in the area (Eco, 2011)

Figure 4: Location of proposed NMIA in Barangays
Bambang and Taliptip, Bulakan, Bulacan.

The North coast of Manila Bay, largely
influenced by the Pampanga River Delta,
experiences perennial coastal and riverine
flooding due to Sea Level Rise (SLR),
subsidence, and obstructed waterways. A study
made by Narod Eco (Department of Science
and Technology) in 2011 showed that land
subsidence in the Northern Manila Bay ranges
from 0.5 to 4.5 centimeters per year which is
mainly due to massive groundwater extraction
(Figure 5). Figure 6 highlights location of the
NMIA Project on Eco’s Land Subsidence Map.

2

Figure 6: Location of the proposed airport (based on the
available data) superimposed in the Land Subsidence Map

Future land subsidence rate is expected to
worsen with the anticipated increase in water
demand and continuous extraction of
groundwater brought about by the growing
population, influx of travelers and development
activities in the area associated with the NMIA
and the Integrated Multi-Modal Transport
Network. This is likely to be compounded by

CNA’s Asia's Sinking Cities: Manila | Insight (https://www.youtube.com/watch?v=7bRtQvrSLKo&feature=youtu.be)

2
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creation of the Bulacan Airport City Special
Economic Zone and Freeport Zone
(BACSEZFA) through the recently approved
House Bill (HB) No. 7575. This “shall cover the
domestic and international airport, the Airport
City and the entire Municipality of Bulakan in the
Province of Bulacan”.
The rate of future rise in sea level is also
expected to increase with the unabated
warming of global temperature. According to
the Intergovernmental Panel on Climate
Change (IPCC), 2019, an overall rise of about
1.1 m is expected in 2100. This implies a rate of
sea level rise of more than 1 cm/yr.
The increasing rate of land subsidence and sea
level rise could contribute to the worsening
flood and high-tide inundation of the coastal
areas of Manila Bay in the near future. The
number of people potentially exposed to a
1:100-year flood is almost 5 million of which
about 65% live in NCR. The number of people
at risk is increasing much faster outside Metro
Manila due to population growth especially in
the Northern part of the Manila Bay. By 2040,
the number of people at risk could be around
7.6 million (a midline estimate) of which about
50% live in the NCR. With the current projected
rate of land subsidence in North Manila Bay and
the current state of Barangay Taliptip, the risk of
flood to people, properties, and investments is
quite high.

IMPACT TO NATURAL HABITAT

The two barangays are also amongst the
coastal barangays where restoration of natural
habitats is ongoing and planned to be increased
as indicated in MBSDMP.

Figure 8: Bulakan Mangrove Nursery/Eco Park at
Barangay Bambang

Figure 9: Mangroves at Barangay Taliptip

The ecosystem of north of Manila Bay hosts a
variety of habitats offering shelter to a diverse
aggregation of organisms. Generally, the largest
habitat type is the deep and shallow muddy
habitats, followed by the patchy coral reefs,
mangrove stands, and mud flats. These habitat
types are both nursery areas and feeding
grounds for a diverse species of fish. Combined
with its economic location, the North Manila Bay
is suitable for both capture fisheries and
aquaculture benefiting many stakeholders in the
region via ecosystem services it provides.3

Figure 7: Abandoned inundated structure at Obando,
Bulacan

Figure 10: Taken at Manila Bay during MBSDMP Rapid
Resource Assessment

3

“Manila Bay Situational Analysis Report 2018” and “Focal Theme Reports” at
www.mbsdmp.com/reports
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from inundation with serious repercussions on
wildlife and fish communities.
During the MBSDMP Rapid Resource
Assessment (2020), it was observed that the
mangroves in Bulacan and Navotas, in
comparison to Bataan, Pampanga, and North
Manila Bay, have lower diversity, evenness, and
richness (see Figure 12).
Figure 11: More than 19% of the East Asian- Australasian
Flyway population of Pacific Golden Plover Pluvialis fulva
overwinters in Bulacan, especially around Taliptip in the
Municipality of Bulakan4

The Manila Bay, especially its northern section,
also hosts the largest congregation of coastal
water birds in the Philippines – estimated at
around 171,600 to 208,600 individuals.
Furthermore, the Bay hosts 24 migratory water
bird species listed under the Convention of
Migratory Species as needing conservation and
management through international agreements.
Twelve (12) water bird species are considered
globally threatened or near threatened with
extinction risks. All the species mentioned
above are observed within proposed site for the
New Manila International Airport.5
Mangroves in North Manila Bay are also at risk.
It is also estimated that at this time the natural
habitats, particularly mangroves (whatever
remains of it), will sustain increasing damage

Figure 12: Computed indices of mangroves diversity,
evenness, and richness at North Manila Bay and the four
provinces (MBSDMP Rapid Resource Assessment, 2020)

In the absence of science-based planning,
programming and regulation of development
activities along the coastline of North Manila
Bay, the risks of flood damages to people,
ecosystems, and biodiversity in the area could
be aggravated several folds.
To provide an overall guiding framework for the
MBSDMP, an Integrated Coastal Zone
Management (ICZM) Planning Framework for

Figure 13: Drowning mangroves due to sea level rise

4

“Internationally Important Waterbird Sites in Manila Bay, Philippines”, Wetlands
International and IUCN NL (Jensen, A.E. 2018), Photo by Irene Dy
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“Internationally Important Waterbird Sites in Manila Bay, Philippines”, Wetlands
International and IUCN NL (Jensen, A.E. 2018)
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Manila Bay was developed based on science
and what is currently known about Manila Bay.
It defines the three (3) non-mutually exclusive
major zones, namely:
▪ Zone 1 refers to the Strict Protection Zones
(SPZ) consisting of natural areas with high
biodiversity value;
▪ Zone 2 refers to Special Use Zones (SUZ)
which are portions of the Manila Bay with
specific functions that are protected by law;
and
▪ Zone 3 refers to the Production Use Zone
(PUZ) which are primarily intended for
economic and recreation purposes. As
such, these zones are where suitable
human activities may be allowed
In defining the Strict Protection Zone, a buffer
zone as described by Shanks et al. (2003) and
Green et al. (2014) is also included.
The NMIA Project Site, currently encompasses
97.48 hectares of mangrove as well as 398.99
hectares of mudflats and softbottom which are
part of Zone 1: Strict Protection Zones of Manila
Bay.
IMPACT ON WATERWAYS

ANALYSIS OF THE PROBLEM
The construction of the international airport and
the creation of an ecozone in Manila bay will
further complicate the already stressed habitat
and ecosystem of the area which is
continuously hounded by unsustainable
economic growth, land subsidence and sea
level rise. Specifically, the introduction of new
development around the area will potentially
damages and affect its Natural habitats and
Ecosystems; Increase exposure of Built up
areas and Population to Coastal flooding; and
Potentially create additional stress to current
water supply.
DAMAGES AND LOSS OF NATURAL HABITATS
AND ECOSYSTEMS

The creation of the Bulacan Airport City Special
Economic Zone and Freeport Zone
(BACSEZFA) and the construction of the New
Manila International Airport and all its auxiliary
components are likely to cause damages to and
loss of natural habitats and ecosystems in the
Municipality of Bulakan and its nearby areas
where physical development and construction
activities will take place. According to the
available data provided, the airport terminal
development itself could affect: 38.17 hectares
of Mangroves, 370.95 hectares of Mudflats,
713.17 hectares of Birds Aggregation Sites,
and 40.93 hectares of Marine Key Biodiversity
Area (KBA), all essential for a sustainable
fishery industry.

Figure 14: Rivers and tributaries in Barangays Bambang
and Taliptip

With a large portion of Barangay Taliptip now
submerged, this has now become part of the
outlet and floodplain serving Guiguinto, Santa
Maria, and Meycauayan River.
The NMIA Project Site is also divided by two (2)
small rivers which helps in discharging river runoff to Manila Bay.
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INCREASE EXPOSURE TO FLOODING

The impact of the airport on worsening of floods
in the coastal areas and immediate inland area
requires a thorough study of the current
topography and water resources of the area
and its surrounding areas.
While the volume of water displaced to reclaim
the submerged area for the NMIA in the 2,500hectare coastal property may seem insignificant
in relation of its overall effect of raising the sea
level in the nearly 200,000-hectare Manila Bay,
reclaiming the now submerged area could
interfere with the discharge river runoff to
Manila Bay that could worsen the riverine
flooding.

Figure 15: Submerged area assists in discharging run-off
and fluvial flood water from rivers and tributaries

Thus, emphasis on the study of the project’s
site plan, detailed engineering design, and its
environmental and social impact assessment
should be given importance to ensure that no
localized flooding or disruption of water flow
along tributaries will occur during the
construction and operational phase of the
project.
The potential increase in density of built up
areas exposed to coastal flooding brought by
these developments, however, will still likely
compound the earlier estimates done as the
persistent threat of land subsidence and sea
level rise remains – especially with future
constructions and developments below the
Coastal Line of Defense (CLD).

Figure 16: MBSDMP Conceptual Coastal Line of Defense
and NMIA Project Site

INCREASE IN WATER DEMAND

The construction of the airport project and the
creation of BACSEZFA and all its
accompanying development could increase the
water demand in the area which will require a
higher water requirement to support growth. A
quick estimate for the airport terminal alone
shows that the facility is expected to consume
825 MLD of water annually. This additional
water requirement could further stress the
dwindling water supply in Metro Manila and
surrounding towns in Bulacan which could
trigger the installation of more shallow and deep
wells. Unless new sources of water will be
developed to cater the future water demand of
the airport and its development, the already
thinning water supply of Metro Manila and
Bulacan could be further reduced.
The conduct of a separate assessment of the
supply and demand balance (deficit or surplus)
for Bulacan province should be undertaken to
have an accurate estimate of the impacts of the
airport and associated developments on the
availability of water in Bulacan.

IDENTIFICATION OF SPECIFIC POLICY
OPTIONS/ALTERNATIVES
Upon recognition of the potential adverse
effects of the airport project and the creation of
ecozone based on limited information, two
potential recourse can be considered to
address the situation:
▪ To change the location of the project
▪ To provide additional safeguard to address
potential adverse effect of the project.

6

Vol. 1 No. 1 | November 2020

ASSESSMENT OF THE POLICY
OPTIONS/ALTERNATIVES
POLICY 1: CHANGE OF PROJECT LOCATION

The potential benefits of this project to uplift the
socio-economic status of the surrounding areas
and modernize air transport in the country
notwithstanding, the ideal recourse to avoid the
potential negative impacts on local
communities, ecosystems and biodiversity is to
find an alternate site for the project. This means
that the project will be constructed outside the
coastal regions of Manila Bay to avoid damages
to Mangroves, Mudflats, Birds Aggregation
Sites, and Marine Key Biodiversity Area (KBA),
all essential for a sustainable fishery industry in
Manila Bay. It will also avoid the additional
expenditures needed for engineering
interventions to counter land subsidence and
sea level rise. However, the change of location
would possibly affect the economic feasibility of
the project – not to mention the long-term plans
of the provincial and local governments of the
proposed site.
POLICY 2: PROVIDE SAFEGUARDS AND
ACTIONS TO MITIGATE ADVERSE IMPACTS

Should the NMIA be constructed as planned,
implementation of adequate safeguards to
mitigate the adverse impacts of the project is
imperative. This includes:

Setting in place incentives and disincentives for
the NMIA Contractors to properly and
responsibly undertake the project to keep the
impacts on Manila Bay and the local
communities within acceptable limits will be
essential. Strict monitoring of the impacts of
construction activities by an independent
multipartite body will be essential.

POLICY RECOMMENDATIONS
Based on the limited information available to
this rapid assessment, the construction of NMIA
in Bulakan, Bulacan will permanently damage
the natural habitats on the site where
construction and development activities will be
made. The only way this damage can be
avoided is if NMIA will be constructed in other
sites away from the coastal areas of Manila
Bay. However, considering that ECC and
legislative franchise have already been issued
with the implied due diligence exercised by the
government agencies concerned, there
appears to be a strong legitimate basis that the
project can proceed as proposed. Should this
legal basis remain unchanged, the safeguards
described in the preceding section must be
implemented with strong political will to ensure
the security of the adjoining natural habitats and
the welfare of the local communities within the
impact areas of the project.

▪ Compensate the natural habitats and
ecosystems that will be lost by restoring
adjacent natural habitats and ecosystems
with total area of at least 10 times the
footprint of all development activities on
land and offshore;
▪ Provide support to the establishment of
coastal flood protection measures;
▪ Provide support to the development of
alternative sources of water for the
adjoining LGUs; and
▪ Fund the setting up of long-term and
permanent system for monitoring natural
habitats, ecosystems, water quality, sea
level rise and land subsidence within the
immediate impact areas of the Airport.
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PRIORITY MEASURE 1:
REDUCE POLLUTION LOAD
(Activities that improve business and community
compliance with pollution quality standards and enhance)
The situation
The water quality of Manila Bay continues to deteriorate, to a large extent, due to increasing
discharges from untreated domestic, commercial, industrial and institutional sources as well as
urban and agricultural run-offs. This is indicated by the level of pollution and contamination in
the bay and its tributaries as indicated by reports from monitoring stations of the Department
of Environment and Natural Resources Environmental Management Bureau (DENR-EMB). This
concern is also strongly articulated by communities living along the coast of Manila Bay.
While the Philippine Clean Water Act of 2004 (RA 9275) clearly provides a comprehensive and
integrated strategy to address this problem, enforcement remains a challenge. From 2011 to
2015, only 45% of industrial establishments monitored (representing 91% of an estimated total
of 9,600 establishments) are compliant with Effluent Standards. In 2018, all monitoring stations
of Manila Bay reported fecal coliform beyond the Marine Water Class SB Standard of 100
MPN/100 ml that is desirable for fish habitats.
Key measure and priority actions
To address this problem, the Manila Bay Sustainable Development Master Plan has identified
the reduction of pollution load as one of six priority measures for Manila Bay development. This
measure is intended to manage and control untreated wastewater discharges from households
and industries, urban and rural runoff, and offshore sources of pollution. Likewise, this will
consider key water quality indicators such as the biological oxygen demand (BOD), the volume
of phosphates entering the bay, and percentage of the bay that meets guideline values of fecal
coliform for Class SB.
Key measures to improve the water quality of Manila Bay will entail an increase in investment
in environmental infrastructures for wastewater collection and treatment; enabling
environment along with stricter enforcement of pollution laws; and heightened public
awareness on the health and environmental hazards associated with untreated wastewater, as
expressed in general willingness to pay for the service.
This measure is expected to be realized through the following projects:
•
•

Expanding coverage of sewerage and septic management, in which water
concessionaires and local water districts deliver 100% of their sewerage commitment to
the MWSS by 2037;
Improving business and industry compliance with quality standards and enhancing
accountability mechanisms, in which the Environment Management Bureau (EMB)
monitors and strictly implements general effluent standards, and provide assistance to

•
•
•
•

LGUs and private partners in the setting up of point-sources wastewater treatment
facilities;
Controlling offshore water pollution sources through strict monitoring and efficient
management of offshore water pollution by the Philippine Ports Authority, Philippine
Coast Guard, and MARINA through a unified system and set of protocols, among others;
Controlling pollution from urban and rural runoff, which requires an expansive sewer
network and treatment facility in both urban centers and in agriculture and rural fishery
industry;
Increasing public awareness on untreated wastewater and its negative effects on the
bay by reinforcing existing DENRʼs information drive on the negative effects of
untreated sewage, and strategies to minimize wastewater;
Establishing Manila Bay Water Quality Decision Support System requires the setting up
of information-sharing mechanism at the EMB backed by a community of water experts.

Envisioned results
The successful implementation of the above projects and the realization of the priority measure
to reduce pollution load are expected to deliver the following results:
•
•
•
•
•
•

Expanded sewerage and sanitation services of water concessionaires – 100% of
coverage commitment;
Fully functioning General Effluent Standards Monitoring System;
Strong and unified systems and protocols among maritime authorities;
Wastewater and sewage treatment plants in localities;
Strong public engagement, commitment, and willingness to pay; and
An established information grid for the Manila Bay Water Quality Decision Support
System.

RELEVANT ACTORS
• Metropolitan Waterworks and Sewerage System
• Department of Environment and Natural Resources-Environmental Management Bureau
• Philippine Ports Authority,
• Philippine Coast Guard,
• MARINA
• Department of Agriculture
• Local Government Units
INDICATIVE COST REQUIREMENTS
PHP 865 MILLION
INDICATIVE TIME FRAME
ONGOING UNTIL 2037

PRIORITY MEASURE 2:
IMPROVE SOLID WASTE MANAGEMENT
(Enhance existing mechanisms and technologies on solid waste management)
The situation
Improper solid waste management is a key cause of water pollution in Manila Bay. The passing
of the Ecological Solid Waste Management Act (RA 9003) 18 years ago has failed to solved the
problem with the continued operation of open dumpsites and as solid waste continues to end
up in the bay area. In 2016, an estimated 6.83 million tons of solid waste was generated by
domestic, commercial, and industrial activities – a huge portion of which ends up in the bay
through creeks, esteros, drainage systems, rivers, and tributaries. These impair the smooth
functioning of ecosystems and habitats in the area and pose public health risks, including
flooding.
To address the problems arising from improper solid waste management, an efficient system
must be set up through projects that enhance existing mechanisms, practices, and technologies
on the reduction and management of solid waste, including those produced offshore by cargo
and passenger vessels. Much still needs to be done to make RA 9003 more effective, especially
in terms of stronger and more consistent enforcement of the law and address wanton
violations of its provisions.
Key measure and priority actions
The Manila Bay Sustainable Development Management Plan has identified the improvement of
solid waste management as one of six priority measures to address problems in Manila Bay.
The measure is intended to plug the gaps in the implementation of the law governing solid
waste management and reduction programs.
These will include a combination of infrastructures and soft measures varying from increased
capacities of solid waste disposal facilities and increased material recovery facilities (MRFs) to
information, education and communication (IEC) campaigns, institutional strengthening and
policy reform proposals.
•
•

•

Cut waste reduction and improve segregation practice – manage the solid waste
problem from its very source through education and awareness drive at the household,
agriculture, and industry levels where solid wastes are primarily generated;
Improve collection, recycling, and recovery mechanisms – this involves infrastructure
support in terms required facilities, needed equipment, technical support, financial
assistance through funding mechanisms, incentives for local government units and
recycling industries, and capacity-building activities;
Improve residual management – address the surging solid waste production due to
population growth by increasing the number of operational sanitary landfills, exploring
provincial-scale final waste disposal facilities, and considering for Public-Private

•
•

Partnership waste-to-energy (WTE), including refuse-derived fuels (RDF), bio-digesters,
thermal and non-thermal technologies;
Sustain and expand coverage of Manila Bay area cleanup activities – which is expected
to attain significant and durable results and impact; and
Improve management of offshore solid waste – address solid waste dumped offshore by
cargo and passenger vessels through efficient and unified monitoring systems by the
Philippine Ports Authority, Philippine Coast Guard and the Maritime Industry Authority
(MARINA).

Envisioned results
The successful implementation of the above projects and the realization of the priority measure
to improve solid waste management are expected to deliver the following results:
•
•
•

•
•

Enhanced information education and communication (IEC) program for waste reduction,
segregation, recycling and recovery;
Improved solid waste collection and management through infrastructure assistance
(materials recovery facility), equipment, capacity building in collection-recoveryrecycling, and technical assistance;
Increased capacity and number of operational sanitary landfills, established provincialscale final waste disposal facility to reduce residual waste, waste-to-energy (WTE)
facilities, including refuse derived fuels (RDF), among other types of residual waste
reduction technology;
Sustained and expanded efforts in Manila Bay cleanup; and
Established unified systems for monitoring and management of off-shore pollution in
coordination with maritime authorities, and construction of receiving facilities for both
sewage and solid waste in Manila Bay ports.

RELEVANT ACTORS
Metropolitan Waterworks and Sewerage System
Department of Environment and Natural Resources - Environmental Management Bureau
Philippine Ports Authority, Philippine Coast Guard, MARINA
Department of Agriculture
Local Government Units Private Sector
INDICATIVE COST REQUIREMENTS
PHP 12 MILLION
INDICATIVE TIME FRAME
2022-2040

PRIORITY MEASURE 3:
REDUCE EXPOSURE TOFLOODING
(Eco-friendly, resilient, technical and non-technical Solutions, community-based disaster
preparedness, and flood protection measures)
The situation
The Manila Bay is vulnerable to climate change and several other natural hazards which include
flooding, landslide, storm surge, sea level rise, tsunami, and earthquakes along with risks
associated with extreme rains and temperature.
Coastal flooding in Manila Bay Area is due to combined effects of sea level rise, land subsidence,
tidal movements, and discharge of water from major river basins. Floods periodically affect
coastal local government units within the MBA, constantly exposing some five million people at
a ratio of one per 100 annually. Of this number, 65% reside in the National Capital Region (NCR).
However, the number of those at risk is growing much faster outside NCR due to population
growth in the northern part of the Manila Bay. By 2040 it is projected that people at risk to
Manila Bay area flooding will rise to 7.6 million, half of which will be in Metro Manila.
More importantly, coastal flooding results in substantial welfare losses leading to more poverty
and decline in the adaptive and coping capacity of vulnerable sectors.
Key measure and priority actions
The Manila Bay Sustainable Development Master Plan has identified reduction of exposure to
flooding, along with five others, as a priority measure to address critical issues in Manila Bay.
This priority measure focuses on action plans, identified by key stakeholders that mitigate the
risk and impact of flooding in the Manila Bay area. The measure will include the following
priority actions:
•
•
•
•

•

Establishing Manila Bay area water resource and flood management decision support
system – strengthen the capacity of the Manila Bay Task Force and the DPWH on
sustainable flood protection initiatives and water use ;
Establishing North Manila Bay coastal line of defense – define a new coastline in north
Manila Bay where the original coastline has already disappeared due to inundation; the
new coastline will serve as basis for the design of flood protection measures;
Designing and implementing nature-based flood protection solutions – design and
implementation of nature-based flood protection solutions;
Undertaking climate resilient solutions and strategies, sustainable livelihoods, and
community-based relocation for people exposed to coastal flooding – set in place
climate-resilient solutions and strategies for communities most prone to coastal
flooding; this will include community-based relocation and provision of sustainable
livelihoods for those who opt to stay;
Minimizing land subsidence – regulation of groundwater extraction through issuance of
policies and search for alternative sources of water;

•

•
•

Enhancing disaster preparedness and adaptive capacities of coastal LGUs and
communities affected by the northern Manila Bay coastal line of defense – enhance
disaster preparedness and adaptive capacities of coastal LGUs, and communities
affected by the northern Manila Bay coastal defense;
Improving drainage along major rivers draining into Manila Bay –improvement of
drainage system along rivers and waterways; and
Rehabilitating watershed areas around Manila Bay – preserve the natural ecosystems
while enhancing the function of watersheds to regulate the flow of water and to
modulate water-related risks.

Envisioned results
The successful implementation of the above projects and the realization of the priority measure
to reduce exposure to flooding are expected to deliver the following results:
•
•
•
•
•
•
•
•

Document on comprehensive assessment of coastal and riverine hydrodynamics and
flood protection structures in the Manila Bay area;
Study on North of Manila Bay coastal line of defense (CLD), and law on Manila Bay
coastal line of defense;
Establishment of nature-based coastal and riverine flood protection;
Manila Bay coastal area community-based relocation sites (Phase 1 and 2);
Alternative water source project;
LGUs equipped with skills in preparing and implementing disaster risk reduction and
management plans (DRRMP) and LCCAP;
Obstruction-free waterways of major rivers draining into Manila Bay; and
Rehabilitated watersheds in Pampanga River basin, Bataan, Cavite, and Pasig-Marikina
River Basin.

RELEVANT ACTORS
Department of Environment and Natural Resources - BMB
Department of Public Works and Highways
Department of Interior and Local Government
National Housing Authority
Local Government Units
INDICATIVE COST REQUIREMENTS
PHP 400 MILLION
INDICATIVE TIME FRAME
2020 - 2035

PRIORITY MEASURE 4:
RESTORENATURALHABITATS
(Stronger enforcement of existing legal measures on habitat protection and fisheries zones)
The situation
Manila Bay is host to a wide variety of organisms, from mangroves, birds, several fish species,
and even corals. It holds several functioning habitats that continue to give ecological services to
all life-forms therein and around it, including people in nearby coastal settlement areas. Manila
Bayʼs natural habitats, as with all marine habitats in the world, contribute to the mitigation of
climate change that is a grave threat to humankind. Mangrove forests and mudflats that are
abundant around the bay area can prevent carbon dioxide emission, stopping the release of the
gas into the air, warming up the atmosphere.
However, chemical, biological, and solid waste pollution due to an ever-burgeoning population,
rapid expansion of industrial activities, and overexploitation threaten Manila Bayʼs natural
resource base and its habitats. The approximately 54,000 hectares of mangroves in Manila Bay
in the beginning of the 20th century has been decimated—leaving only 1,092 hectares by 2019
(NAMRIA).
Almost half of the sea grass habitat then is lost due to heavy siltation and settlement expansion
and development along the coasts of Manila Bay. The decimation of Manila Bayʼs natural
habitats that threatens the spawning of fishes is further aggravated by overfishing, degradation
of water quality due to emissions of untreated effluent and excessive aquaculture and
agriculture fertilizers, and other practices that harm juvenile fishes.
Communities living along Manila Bayʼs coastlines depend on its habitats for a living, and enjoy
the protection of its mangroves and reefs from tidal surges and other coastal hazards.
Destroyed natural habitat means less food on peoples’ tables and less protection from climate
hazards.
Key measure and priority actions
To address the habitat problem, the Manila Bay Sustainable Development Master Plan has
identified the restoration of natural habitats as one of six key measures. Broadly, the action
plans under this priority measure cover biodiversity assessment and monitoring, local habitat
protection and management, integrated coastal planning activities, and strict enforcement of
laws and ordinances governing habitat protection.
Restoring the natural habitats of Manila Bay is expected to be achieved through the following
priority actions and plans:
•

Improving coastal resource and ecological assessment and monitoring – this action plan
entails biodiversity assessment and monitoring with the help of biologists and the
participation of local communities in different sites around the bay, the declaration of

•
•

•

locally-managed protected areas where economic activities are prohibited or minimized,
and the integration of all data from the biodiversity assessment and marine protected
areas in the Coastal and Marine Habitat Spatial Plan.
Enforcing local habitat protection and management – requires the strict enforcement of
RA 8550 by concerned local governments in partnership with DA-BFAR to expand the
coverage of marine protected areas (MPAs).
Updating strict protection zone and fisheries use zone in the Manila Bay Integrated
Coastal Planning Management Framework – this action plan will benefit from the data
gathered in the mapping out of the locations of the habitats, and what activities are
designated for each zone; and would require the review and adjustment of the ICZM
planning framework, particularly the Strict Protection Zone and the Fisheries Use Zone.
Restoring and improving management of protected habitats – requires the
harmonization of all ongoing and planned efforts in conservation of the environment of
the bay to avoid overlapping, the sharing of experiences and best practices, and thinking
through new conservation mechanisms; meanwhile, the DENR-BMB shall take charge of
the restoration and improvement of the management of natural habitats, while the
Harmonized Conservation Strategy for Natural Resources shall be adopted in the
management of critical habitats and MPAs.

Envisioned results
The successful implementation of the above projects and the realization of the priority measure
to restore natural habitats are expected to deliver the following results:
•
•
•
•

Existence of a project on strengthening coastal resource and ecological assessment and
monitoring;
Established locally-managed marine protected areas (MPAs);
Approved coastal and marine habitat spatial plan for Manila Bay; and
Presence of a harmonized rehabilitation, restoration and management of protected
habitat

RELEVANT ACTORS
Ecosystems Research and Development Bureau (ERDB)
Bureau of Fisheries and Aquatic Resources (BFAR)
DENR - Bio-Diversity Management Bureau
Local Government Units
INDICATIVE COST REQUIREMENTS
PHP 1.250 BILLION
INDICATIVE TIME FRAME
2022-2040

PRIORITY MEASURE 5:
BOOST FISH BIOMASS
(Coherence and improved enforcement of plans, rules and regulations on fisheries, aquaculture
practices and coastal resource management)
The situation
The Manila Bay, with its natural habitats, is home to diverse ecosystems – mudflats, mangrove
forests, corals, and fishing grounds. But years of unsustainable fishing practices, compounded
by high concentration of pollutants and habitat loss have caused the near collapse of the bayʼs
fisheries. The lack of clear and coordinated action to address overfishing, environmental
degradation, and habitat destruction has led to shifts in the variety of catch and the obliteration
of wild fish stocks. As of 2014, the fish stock density in the bay has extensively dropped to an
estimated 0.32 tons/km2 from 4.61 tons/km 2 in 1947.
The Philippine Fisheries Code of 1998 (RA 8550) has provisions for management and
conservation of fisheries and aquatic resources, in a manner consistent with integrated
management of the coastal area, hence the importance of coordinated planning among
Fisheries and Aquatic Resources Management Councils (FARMCs) of every coastal local
government unit.
Key measure and priority actions
Boosting fish biomass is one of six priority measures in the Manila Bay Sustainable
Development Master Plan. Increased fish population, particularly the commercially important
species, is vital in sustaining the fisheries sector in Manila Bay and averting a looming possibility
of the fishing ground collapse. The priority measure of boosting fish biomass, along with a large
protected critical habitat, aims to increase fish population in Manila Bay by increasing the
number of adult spawning stock. Increasing biomass, coupled with a large protected sanctuary,
will increase fish population since fertility is dependent on the size of the spawning adult, while
the survival of its larvae across the different stages of development is strongly influenced by the
conditions of the nursery habitat.
Broadly, the achievement of the fish biomass measure under the MBSDMP rests on three
preconditions: (a) the reduction of fishing pressure by enforcement of existing laws, rules and
regulations meant to stop illegal and unsustainable methods of catching fish, (b)
implementation fish stock enhancement programs and sustainable aquaculture practice and
coastal resource management plans, and (c) and the strengthening of community development
and poverty reduction programs. Boosting fish biomass requires greater coherence in relevant
programs, activities and projects.
This priority measure is expected to be realized through the following priority actions and
programs:

•

•

•

•

Enforcing fisheries and coastal resource management plan – this plan of action would
requires the preparation of a community-based Fisheries and Coastal Resources
Management Plan (FCRMP), at the same time, coastal local government units will be
provided with training, capability building activities, and technical assistance for the
formulation of the FCRMP.
Establishing unified rules and regulations on fisheries in Manila Bay – the formulation of
the unified rules and regulations and the review of local ordinances on fisheries will be
undertaken by enlisting the engagement of the coastal LGUs for harmonization
purposes.
Rebuilding fish stock –a comprehensive assessment of the fish stock in Manila Bay and
the condition of their natural habitats through an in-depth research with the view of
coming up with activity proposals in support of the existing DA-BFAR efforts in
rebuilding fish stock in the bay.
Employing sustainable agriculture – this action plan is aimed at supporting the efforts of
Department of Agriculture-Bureau of Fisheries and Aquatic Resources (DENR-BFAR) on
sustainable aquaculture, in which good aquaculture practices (GAqPs) are replicated in
coastal or inland local government units with aquafarms.

Envisioned results
The implementation of the above projects and the realization of the priority measure on
boosting fish biomass are expected to deliver the following results:
•
•
•
•

Strengthened capacity of Manila Bay coastal local government units on communitybased fisheries and coastal resource management planning;
Unified rules and regulations on fisheries in Manila Bay adopted by all concerned coastal
local government unit;
Ecologically-friendly fisheries and aquaculture practices with fish stock biomass initially
reaching 0.42 metric ton per square kilometer and hitting up to 0.70 metric ton per km2
by 2040.
Thriving good aquaculture practices in all coastal LGUs around Manila Bay.

RELEVANT ACTORS
Department of Environment and Natural Resources - Bureau of Fisheries and Aquatic Resources
Local Government Units
INDICATIVE COST REQUIREMENTS
PHP 620 MILLION
INDICATIVE TIME FRAME
2022-2040

PRIORITY MEASURE 6:
RESPONSIBLE TOURISM
(Improved tourism plans and modalities, community tourism, establishment of eco-park and
eco-museum)
The situation
Tourism, and the opportunities it offers for leisure and enjoyment, is an important contributor
to people’s wellbeing. It is also an important source of foreign exchange earnings, investments,
revenues, and employment. In 2017, the direct contribution of travel and tourism to the
Philippine economy was estimated at P1.377 trillion or 8.7% of the country’s gross domestic
product.
The Manila Bay area is host to several historical and popular tourist destinations in the country.
It has traditionally been regarded as one of the best places to visit in the country, especially the
awe-inspiring sunset in its eastern part. Besides having the country’s primary gateways –
international airport and seaport – the MBA possesses a wealth of ecological, cultural, and
recreational attractions and diverse tourist destinations such as nature and ecotourism sites,
scuba diving sites, golf courses, yachting and marinas, hiking and trekking, and other urban
attractions.
At present, however, the tourism potentials of the Manila Bay area continue to be threatened
by the extent of its deterioration, especially its high pollution load, very high concentration of
fecal coliform content, and continuing degradation of its natural habitats. At present, only one
portion of Manila Bay, particularly the Aguawan Beach in Mariveles, Bataan, has been declared
by the Department of Environment and Natural Resources (DENR) as safe for swimming.
But the biggest challenge the Manila Bay area tourism industry is facing is its being largely
private sector-driven. Without effective, coherent and coordinated government policies and
actions – including the sectors tourism activities depend on – the industry will fail to exploit its
full potential.
Key measure and priority actions
In recognition of the importance of tourism in the field of sustainable development, the Manila
Bay Sustainable Development Master Plan has identified the promotion of responsible and
sustainable tourism as one of six priority measures towards an inclusive and resilient Manila
Bay. The measure is expected to promote more diverse, dispersed, socially-inclusive and
community-based, and ecologically sustainable tourism initiatives in the Manila Bay area.
While striving to enhance the tourism experience, the measure also aims to trigger positive
spillover effects on the wider economy by adhering to sustainable tourism development
principles, promoting responsible and ethical tourism, developing urban green tourism
products, and building up the capabilities of local government units in sustainable tourism.

This priority measure can be attained through:
•
•
•

Strengthening responsible and sustainable local tourism planning – the Department of
Tourism (DOT), as mandated, shall provide technical assistance to LGUs to formulate
local tourism development plans
Improving tourism modalities in the Manila Bay area – a mixture of approaches that
includes capacity building, training, and IEC campaign to promote its diverse ecological
and cultural attractions
Developing Manila Bay ecological park and setting up of eco-museum – the
development, design, and construction of an ecological park and eco-museum within
the Manila Bay coastal area

Envisioned results
The successful implementation of the priority measure and priority actions and programs are
expected to deliver the following key results:
• Provincial, city, municipal tourism development plans;
• Manila Bay area tourism project; and
• Manila By ecological park and eco-museum

RELEVANT ACTORS
Department of Tourism
Local Government Units
INDICATIVE COST REQUIREMENTS
PHP 530 MILLION
INDICATIVE TIME FRAME
2021-2025

PLANNING FRAMEWORK
INTEGRATED COASTAL ZONE MANAGEMENT (ICZM)
The Manila Bay Sustainable Development Master Plan and its four pillars
The Manila Bay Sustainable Development Master Plan (MBSDMP) is intended to serve as a
strategic framework and guide for decision-makers in the assessment and approval of programs,
activities, and projects for the development of Manila Bay and its immediate coastal zone
together with its larger catchment area. It has four pillars namely:
• Institutionalization and enforcement of the Manila Bay integrated coastal zone
management planning framework that sets the basic guiding principles for Manila Bay
development
• Six priority measures that address current and projected issues in Manila Bay
• Enabling environment to ensure effective and timely execution of the priority measures
• Stakeholder engagement to ensure active participation and commitment by various
stakeholders to the realization of the plan.
The integrated coastal zone management framework
The integrated coastal zone management (ICZM) framework is the overall guiding framework
for Manila Bay development. It is a holistic and integrative approach in addressing the complex
social and ecological issues in the Manila Bay coastal areas based on the understanding that
ecosystems are interconnected; what happens in one will have impact on others. Further, it
seeks to engage the participation and cooperation of relevant stakeholders, as well as broad
public support, to realize the overall goal of having a “Sustainable and Resilient Manila Bay” by
balancing and harmonizing sectoral objectives (environment, economic, social, legal, cultural
and recreational).
The integrated coastal zone management approach is a system for controlling development and
other human activities that affect the condition of economic resources and the quality of
environment in coastal zones. If coastal resource systems are to remain productive, their
management requires a holistic and comprehensive approach. ICZM provides the opportunity
to allow policy orientation and development of management strategies to address the issue of
resource use conflicts and to control the impacts of human intervention on the environment. It
provides institutional and legal framework, focuses on environmental planning and
management, coordinates various concerned agencies to work together towards a common
objective. It provides an umbrella for sectoral and other specific planning decisions and
activities.
In the Philippines, the integrated coastal resource management framework is manifested in the
“ridge-to-reef” approach in managing coastal resources, addressing threats in the uplands,
lowlands, and coastal areas in an integrated way. This approach expected to result in the
development of coastal resources that is sustainable, allowing these resources to continue

providing environmental services to support livelihood, eco-tourism, industrial and other socioeconomic activities.
Key principles
The integrated coastal zone management planning framework is founded on the following key
principles:
• Sustainability – ensuring uninterrupted delivery of Manila Bay ecosystem services;
• Precautionary – cautious foresight (prudence) in adopting measures against possible
hazards to the Manila Bay ecosystems and its communities.
• Optimization – balance between ecological and socio-economic goals of Manila Bay,
and ideally of the entire bay region;
• Participatory and holistic – inclusive engagement of concerned local government units,
national government agencies, private sector, and other key stakeholders in making
decisions on the use of Manila Bay; and
• Multi-disciplinary – engagement of experts from various disciplines related to the
management and development of Manila Bay.

ICZM Zones The major zones in the MBSDMP-ICZM planning framework were determined
under the following considerations:
• Protection of areas critical to the restoration and sustenance of the functions of natural
habitats;
• Areas necessary for the maintenance of the functions of certain portions of Manila Bay
as specified by law;
• Areas necessary for natural water circulation and tidal movement in the bay; and
• Areas providing spaces for suitable economic, cultural, religious, and recreational
activities.
The integrated coastal zone management planning framework is consistent with existing laws
and local ordinances covering the various Manila Bay zones and areas designated for specific
purposes, including Executive Order 74 (which transfers the Philippine Reclamation Authority to
the office of the president), and the Department of Environment and Natural Resources
Administrative Order No. 2008- 17 delineating protected areas in Manila Bay.
By law, the following zones are designated for Manila Bay:
• Areas for Specific Functions – include shipping navigational lanes, Bureau of Fisheries
and Aquatic Resources (BFAR) protected marine areas, recreation zone, among others.
• Production Zones –refer to all areas outside the Strict Protection Zones, where suitable
human activities may be allowed.
• Strict Protection Zones –cover remaining natural habitats critical for biodiversity
conservation and sustainable fish stock biomass production; and areas that are
identified for restoration or augmentation of existing natural habitats.

[Filler]
Integrated Coastal Zone Management imperatives
•
•
•
•
•

“Pangalagaan at panumbalikin ang ating ecosystem” - protect and restore existing
ecosystem.
“Pangalagaan ang kanlungan ng mga isda at buhay-ilang”- protect habitats of fish,
migratory birds, and large marine mammals.
“Panatilihin ang tanging gamit ng tukoy na lugar ayon sa batas”- sustain use of areas as
defined by law.
“Panatilihin ang likas na galaw ng tubig” -maintain water circulation and tidal
movement for the sustainability of Manila Bay’s critical habitats.
“Tiyakin ang ibayo at maingat na gamit ng ating likas-yaman” - optimize the use of
available resources for greater benefits.
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