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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
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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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