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ABSTRACT 
 
The deterioration of Laguna de Bay’s waters in the Philippines has been attributed to the urban 
expansion of Metro Manila but very little scientific evidence have been put forward to prove this. 
Laguna de Bay is Metro Manila's primary resource shed, thus the marginalization of the lake's 
resources as urban population grows and expands. The Philippine Government's "legalistic 
approach" proves inappropriate in containing the unplanned and unregulated urban expansion as 
a means of preserving the lake's water quality. Therefore, there is a need to conduct a scientific 
study wherein the results can be used as an input to policy making and environmental 
management.  
 
This paper provides scientific evidence of the relationship between the water quality of Laguna 
de Bay, its sub-basins and the expansion of urban areas within Laguna de Bay. The paper also 
evaluates the "legal boundaries" of Metro Manila vis-à-vis the "boundary of urban sprawl" to 
provide a realistic framework for policy formulation and environmental management in Laguna 
de Bay.  
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INTRODUCTION 
 
The National Capital Region (NCR) or more popularly known as Metro Manila is comprised of 
the 13 cities and 4 municipalities specified by RA 7924 (Philippine Congress, 1995).  Metro 
Manila is the smallest region in the Philippines in terms of area with a total land area of 636 sq. 
km. However, Metro Manila is the second most populous region in the Philippines with an 
estimated 9.9 million people and a growth rate of 1.06% (NSO, 2000). Table 1 shows the current 
population level and the respective land areas of the cities and municipalities comprising Metro 
Manila. 
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Table 1 – 2000 Population of Metro Manila with Land Area and Density per 
City/Municipality 
 

City/Municipality 
Population 

(2000) 
Land Area 

(km2) 
Density 

(Pop/km2) 
   City of Las Piñas 472,780 41.54                 11,381  
   City of Manila 1,581,082 38.55                 41,014  
   City of Makati 444,867 27.36                 16,260  
   City of Mandaluyong 278,474 11.26                 24,731  
   City of Marikina 391,170 33.97                 11,515  
   City of Muntinlupa 379,310 46.7                   8,122  
   City of Parañaque 449,811 47.69                   9,432  
   City of Pasig 505,058 31                 16,292  
   City of Valenzuela 485,433 44.58                 10,889  
   Caloocan City 1,177,604 53.33                 22,081  
   Pasay City 354,908 19                 18,679  
   Quezon City 2,173,831 161.12                 13,492  
   Malabon City 338,855 15.76                 21,501  
   Navotas 230,403 10.77                 21,393  
   Pateros 57,407 2.1                 27,337  
   San Juan 117,680 5.94                 19,811  
   Taguig 467,375 47.88                   9,761  
National Capital Region 9,932,560 638.55                 15,555  
(NSO, 2000) 
 
Metro Manila is bordered by the province of Bulacan to the north, Rizal to the east and the 
provinces of Cavite and Laguna to the south.  The region is also located between two important 
bodies of water, Manila Bay to the west and Laguna de Bay to the southeast.  Another important 
body of water the Pasig River bisects Metro Manila and serves as the outlet of Laguna de Bay to 
Manila Bay (Borja-Santos, 1993).  Figure 1 shows a map of Metro Manila with Manila Bay, 
Laguna de Bay and Pasig River. 
 
The shorelines of both Manila Bay and Laguna de Bay serve as important locations for 
industrial, commercial and tourism activities in the country.  Likewise, Manila Bay serves as a 
world-class harbor servicing both international and domestic shipping lines. While Laguna de 
Bay serves as a source of electricity for Metro Manila and its surrounding provinces. 
 
Aside from the obvious economic importance of Manila Bay and Laguna de Bay, both are 
important ecological areas as both serve as spawning areas for fish (salt water fish for Manila 
Bay and fresh water fish for Laguna de Bay) and a natural protection from floods.  Laguna de 
Bay likewise serves as an important water reservoir for Metro Manila and its surrounding 
provinces in terms of water for farming and industrial needs (Guzman, 2001). 
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Figure 1 – Map of Metro Manila (Guzman, 2001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Because of the economic and environmental importance of both Manila Bay and Laguna de Bay, 
these two bodies of water including their headwaters and watersheds have been referred to in this 
paper as Metro Manila’s resource shed.  The term resource shed simply means the area or areas a 
city is dependent on for food, water and energy. 

 
As the only legally defined administrative region in the Philippines, the expansion of Metro 
Manila (incorporation of adjoining provinces and/or cities and municipalities) can only be done 
through the Act of Congress.  This means that only the western portion of Metro Manila can be 
legally expanded with out the approval of Congress.  This western expansion of Metro Manila is 
not entirely impossible as reclamation of the Bay to give way to commercial and tourism 
activities has been on going; however, this activity is not without its limitations (economically, 
environmentally and structurally speaking).  Most of the “un-official” expansion of Metro 
Manila has occurred towards the north, south and south east of the area. 
 
These expansions towards the north, south and south east of Metro Manila do not fall under the 
jurisdiction of the Metro Manila Development Authority (MMDA), the lead agency tasked to 
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manage and ensure the sustainability of Metro Manila.  Neither are these expansions with in the 
legal jurisdiction of the Laguna Lake Development Authority, the lead agency tasked to manage 
the surface waters of Laguna de Bay. 
 
Objectives 

The main objective of the research is to determine the impacts of urban growth and development 
in Metro Manila, the Philippines’ capital on the quality of its resource shed, Laguna de Bay.  
Specifically, the research aims to: 
 

1. Determine current land use change and its impact on Laguna de Bay’s water quality;  
2. Evaluate both natural and anthropogenic impacts of changes on Metro Manila and its 

resource sheds;  
3. Assess ecological integrity of Metro Manila’s Resource shed (Laguna de Bay) as a 

result of changes; and 
4. Evaluate current and future policies on the Sustainability of Metro Manila and its 

resource shed given current conditions and trends in consumption. 
 
Significance of the Study 
 
The study provides scientific evidence on the relationship between urbanization and the physical 
state of Laguna de Bay. The results of the study will also be helpful for the Government, civil 
society and other organization/s for policy making and management of urban (Metro Manila and 
peripheral areas) and lake environment (Laguna de Bay). 
 
METHODS 
 
This research is a three-stage process. Stage 1 is the contextual analysis of Metro Manila and its 
resource shed.  In this stage, three satellite images (SPOT XS 1988, LandSat TM 1993 and 
SPOT XS 1997) have been used to determine land use change and ecological integrity for both 
Metro Manila and its resource shed.  All satellite images have been classified using the 
supervised classification scheme of the software Integrated Land and Water Information System 
(ILWIS) developed by the International Institute for Aerospace Survey and Earth Sciences (ITC) 
in the Netherlands.  Likewise, all images have been crossed with the boundaries of both Metro 
Manila and its resource shed.  
 
Stage 1 also includes a water quality analysis of Laguna de Bay’s surface water. Water quality 
parameters that were examined include dissolved oxygen (DO), phosphates, nitrates, total 
coliform, total dissolved solids (TDS), ph and temperature.  These parameters were chosen based 
on literature survey, which states that these parameters can be used as indicators of water quality 
based on specific land use types.  Data were obtained from the Laguna Lake Development 
Authority.  Statistical significance was analyzed using the standard two-factor Analysis of 
Variance (ANOVA). 
 
Aside from the land use and water quality analyses, Stage 1 likewise includes a sub-basin 
analysis. The sub-basin analysis included both land use and water quality investigations. 
 
Stage 2 involves a GIS-based risk, vulnerability and hazard assessment of the research area. 
Stage 3 involves a Strategic Environmental Assessment of the research area and is used to 
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determine the appropriateness of existing policies and future plans for the sustainability of Metro 
Manila and its Resource Shed.  Both Stages 2 and 3 are still on going and will not be discussed 
in this paper.  Figure 2 presents a conceptual framework of the methodology employed. 
 
RESULTS 
 
Land Use Analysis and Urban Expansion of Metro Manila and its Resource Shed 
 
As mentioned earlier, three satellite images were analyzed, however for this analysis, the results 
obtained from SPOT XS 1988 have been discarded due to the high levels (>50%) of cloud cover 
present over Metro Manila.  The LandSat TM 1993 used for this analysis covers the entire island 
of Luzon while the SPOT XS 1997 used covers the entire Metro Manila, portions of Bulacan, 
Cavite, Rizal and Laguna. 
 
The results of the 1993 image indicates that the total built-up area within Metro Manila is 
approximately 303 sq. km or 48% of the total land area of Metro Manila.  The term built-up area 
is used here to designate land used as industrial, commercial and residential areas.  The 1997 
image shows that the total built-up area within Metro Manila is approximately 481 sq. km. The 
results indicate an increase of 178 sq. km. or an increase of 27% built-up area in a span of four 
years. 
 
Both satellite images demonstrate that there is urban expansion within Metro Manila’s resource 
shed (outside of the legal boundaries) in particular in the areas adjacent to the legal boundaries of 
Metro Manila (Fig. 2 and 3).  The results of the classification show that residential and 
commercial/industrial areas outside of Metro Manila is approximately equal to 300 sq. km. in 
1993 and 454 sq. km. in 1997.  This is an increase of 154 sq. km. in four years. This increase is 
significant especially since the imagery used in 1997 covers only half of that covered by the 
1993 imagery.  
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Figure 2 – Land Use Map of Metro Manila and its Resource Shed Based on 1993 LandSat 
TM (Guzman, 2001) 

 
 
Figure – 3 Land Use Map of Metro Manila and its Resource Shed Based on SPOT XS 1997 
(Guzman, 2001) 
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Water Quality Analysis 
 
The Philippines’ Department of Environment and Natural Resources (DENR) classifies Laguna 
de Bay as a Class C fresh surface water. Class C waters are beneficial for the propagation and 
growth of fish and other aquatic resources, non-contact recreational purposes such as boating and 
jet skiing and as a source of industrial water (DENR, 1990).  As a Class C water, the following 
are the water quality standards that must be met: 

pH    6.5 – 8.5 
DO    7 – 10 mg/L 
TDS    1,000 mg/L 
Nitrate    10 mg/L 
Phosphate   0.4 mg/L 
Total Coliform  5,000 MPN/100 mL 

 
The results of the water quality analysis as summarized in indicate that the lake’s water quality 
falls within the set standards for Class C waters in the Philippines.  However, the results also 
reveal that there is an increasing trend in amount of nitrates, phosphates, TDS and total coliform 
present in the lake. Statistical analysis confirms that the increase in the amounts of nitrates, 
phosphates, TDS and total coliform are statistically significant through the years. 
 
Sub-basin Analysis 
 
San Pedro sub-basin was chosen for this analysis because of its location. This sub-basin is 
located directly south of Taguig, the southern most municipality that legally comprises Metro 
Manila. San Pedro sub-basin has a total land area of 6,900 hectares. 
 
Results of the land use analysis revealed that like Metro Manila, residential areas dominate this 
sub-basin.  What is interesting to note is that based on the 1988 satellite image, San Pedro sub-
basin used to be dominated by agricultural areas (~ 2330 hectares) and by 1997, the agricultural 
areas dropped to approximately 567 hectares.  A decrease of  1763 hectares.  Likewise, in 1988, 
urbanized areas was approximately 392 hectares and by 1997 it was approximately 3,404 
hectares, indicating conversion of previously classified agricultural areas, bare lands, forests and 
grasslands into urban areas (residential, commercial and industrial areas). 
 
In terms of water quality, the amount of phosphates and ammonia present in the San Pedro sub-
basin has increased from 1988 to 1997.  This increase in both ammonia and phosphates is 
statistically significant through the years.   
 
Ammonia in waters indicates the presence of community waste (from organic nitrogenous 
excretion) and waste productions from paper and pulp industries.  Phosphates in waters indicate 
the presence of domestic sewage in particular wastes containing detergents and industrial 
effluents (Chapman, 1992). 
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DISCUSSIONS 
 
The results of this study shows that the Lake's water quality declined as Metro Manila expands 
through its watershed. The deterioration of the lake's water quality can largely be attributed to the 
expansion of built-up areas especially since in the Philippines wastewater treatment plants are 
almost none existent and those areas (e.g. Makati City) that have some kind of a wastewater 
treatment plant are too old and inadequate to meet the needs of the growing population.   
 
From the satellite image analysis, we were able to observe that Metro Manila has limited land 
available for urban development.  Also, there are no more agricultural areas left in Metro Manila.  
Our satellite image analysis likewise showed that due to the lack of available land in Metro 
Manila, development has moved outside of Metro Manila’s legal boundaries towards the shores 
of the lake.   
 
The expansion of urban areas outside of Metro Manila is attributed to its growth and subsequent 
demand for more land. Another explanation for the expansion of urban areas outside Metro 
Manila can be attributed to current government policies especially the designation of Cavite and 
Laguna as industrial zones.  This policy is a result of the government’s intention to decongest 
Metro Manila by offering incentives to industries present in Metro Manila to relocate outside of 
the metropolis.  This relocation of industrial sites also meant that industries had to provide cheap 
housing to their employees in nearby areas as well as commercial areas where in employees 
daily needs can be met. 
 
At the same, these developments outside of Metro Manila are mostly conversion of existing 
agricultural, grasslands and forested areas.  For an area such as Metro Manila, this means that the 
areas that can be used to provide food and energy in terms of wood as source of electricity (Table 
2 summarizes the types of fuel used for lighting in Metro Manila and indicates the use of other 
materials including wood for lighting purposes) has declined and is located further from the city 
center. Thus Metro Manila has to import most of its agricultural and energy needs outside of its 
existing resource shed.     
 
Table 2 – Type of Fuel Used for Lighting in Metro Manila 
 

Type of Fuel Used for Lighting 

City/Municipality Total 
Households 

Electricity Kerosene LPG 
(Liquefied 
Petroleum 

Gas) 

Oil Others 
(includes 

wood, 
etc.) 

National Capital 
Region 2,132,989 1,976,739 32,304 37,051 920 85,975

Manila 333,547 304,881 5,856 4,780 80 17,950
Mandaluyong City 59,682 55,537 632 752 20 2,741
Marikina City 80,160 75,680 590 778 33 3,079
Pasig City 107,835 100,742 1,312 1,263 33 4,485
Quezon City 480,624 446,269 6,621 9,844 251 17,639
San Juan 24,605 22,826 147 236 - 1,396
Caloocan City 249,567 231,513 4,204 3,669 109 10,072
Malabon 74,137 68,238 1,739 1,845 11 2,304
Navotas 49,450 45,888 1,545 474 11 1,532
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Type of Fuel Used for Lighting 

City/Municipality Total 
Households 

Electricity Kerosene LPG 
(Liquefied 
Petroleum 

Gas) 

Oil Others 
(includes 

wood, 
etc.) 

Valenzuela City 106,382 99,998 1,060 1,142 21 4,161
Las Piñas City 97,962 90,290 1,283 2,511 31 3,847
Makati City 103,981 97,325 1,190 1,914 44 3,508
Muntinlupa City 78,016 71,357 1,286 2,291 83 2,999
Parañaque City 94,109 86,953 1,865 1,997 41 3,253
Pasay City 78,180 72,278 1,217 1,620 33 3,032
Pateros 12,029 11,501 128 49 - 351
Taguig 102,723 95,463 1,629 1,886 119 3,626
(NSO, 2000) 
 
The deterioration of Laguna Lake’s waters also means that the lake cannot be used as a source of 
drinking water.  As a result, Metro Manila has been importing its drinking water from Angat and 
Pantabangan watersheds (since the 1970’s) located further from Metro Manila compared to 
Laguna Lake.   The use of Laguna Lake’s waters for contact sports such as swimming and diving 
has been prohibited for decades now, further indicating the water quality of the lake.  The 
deterioration of the lake’s waters has also lead to the decline of productivity in the lake and the 
loss of fish species in the lake.  As a result of this declined productivity and loss of fish species, 
the government has been forced to regulate fishing activities in the lake, which has severely 
affected nearby fishing villages directly dependent on the lake for their daily existence (Barril, 
1993). 
 
The urban expansion outside of Metro Manila’s legal boundaries has also affected the lake’s 
water level.  At present, the lake’s water level is estimated to be 2.8 m with a silt depth of 3.5 
meters (Barril, 1993).  This means that further drawing of water from the lake such as that used 
to cool the Sucat Power Plant and the various small hydroelectric power plants that provides 
electricity to Metro Manila may worsen the lake’s condition. 
 
Given all the environmental issues related to the “un-official” expansion of Metro Manila, we 
have found out that Metro Manila’s urban management as well as the lake’s management is 
inadequate to address all these environmental issues. Largely because, Metro Manila's urban 
management depends primarily on Metro Manila Development Authority (MMDA), an agency 
under the Office of the President. MMDA's responsibility includes urban planning, policy 
formulation and implementation of plans, policies and programs within the 13 cities and 4 
municipalities that legally comprises Metro Manila. Aside from these responsibilities, MMDA is 
also accountable for the traffic management, flood control and solid waste management of the 
metropolis.  MMDA has no jurisdiction over environmental matters such as water and air 
pollution nor is it accountable for ensuring that all of the cities and municipalities of Metro 
Manila have land use plans that in conjunction with existing MMDA plans. Unfortunately, what 
is happening is that local government units (LGUs) (such as cities and municipalities) regulate 
their own land uses within their jurisdiction. The only link between LGUs and MMDA is the 
highly politicized and ever conflicting MMDA Board, which theoretically governs the day-to-
day activities of these LGUs. 
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Aside from MMDA, there are other agencies that have jurisdiction over Metro Manila; these 
include the Department of Public Works and Highways (DPWH) for roads within and outside of 
Metro Manila. The Light Rail Transit Authority (LRTA) for rail mass transit system planning 
and project implementation for Metro Manila and its adjacent areas. The Philippine Ports 
Authority (PPA) for ports planning within and outside Metro Manila. The Department of 
Transportation and Communications for general transport plan of areas within and outside of 
Metro Manila. The Metropolitan Water Works System (MWSS) for water production and water 
rate regulation in Metro Manila and the National Water Resource Board (NWRB) for regulation 
of underground and surface water extraction within and outside of Metro Manila. The Housing 
and Land Use Regulatory Board (HLURB) is responsible for ensuring that LGUs within and 
outside Metro Manila have land use plan and these land use plan are in conjunction with all other 
development plans in all levels of governance. 
 
Legally speaking, The Department of Environment & Natural Resources (DENR) should be 
responsible for the overall protection of the Philippine environment through its various bureaus 
and attached agencies. One such agency is the Laguna Lake Development Authority (LLDA), 
which is tasked to monitor and regulate the waters of Laguna de Bay. LLDA regulates industrial 
and commercial entities that discharge their effluent into the lake and is practically limited to the 
waters of Laguna Lake. It has no control over policies and programs on going within the 
watershed boundaries of the lake, even though these activities will likely impact the lake.  
 
Outside the legal boundaries of Metro Manila, there is no counterpart agency or government 
entity with a similar function to MMDA. In spite of the fact that Metro Manila’s expansion is 
way passed its legal boundaries, in areas outside of Metro Manila, every aspect of urban 
management is left with the LGUs who have no or very little capability in terms of urban and/or 
environmental management. As a matter of fact, many LGUs have shown conflicting land use 
policies. 
  
CONCLUSIONS 

The legalistic definition of Metro Manila’s boundaries has lead to the expansion of the 
metropolis outside of its boundaries.  The pattern of expansion as observed from various satellite 
images through the years is towards the watershed of Laguna de Bay.  These expansions of built-
up areas have contributed to the deterioration of the lake’s environmental quality as observed 
from its dismal water quality.  However, in spite of all these expansion and consequential 
environmental problems no framework has been developed to manage these problems.  As a 
matter of fact, it has been observed that current management strategies through the intricacies of 
so many agencies involved in almost all aspects of urban and environmental management have 
complicated the management of Metro Manila and its resource shed. 
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RECOMMENDATIONS 
 
We recommend that instead of a legalistic approach to the problem, a strategic environmental 
approach be taken.  What we mean is that areas outside of Metro Manila’s boundaries should be 
integrated into the jurisdiction of MMDA in terms of coordination of land use and development 
plans and lesser agencies with overlapping and contradicting functions should be involved in the 
management of Metro Manila and its resource shed. The functions of MMDA and LLDA should 
be coordinated more by fusing the two agencies.  This will give the fused agency both the power 
to regulate surface waters directly used by Metro Manila and regulate the areas outside of Metro 
Manila in order to ensure that whatever expansion outside of Metro Manila’s boundaries will not 
further deteriorate the lake.  Fusing the two agencies will also help solve the growing 
environmental problems of Metro Manila as this fused agency will have the mandate to manage 
and regulate environmental issues. 
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