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CHAPTER 14. URBAN SPATIAL ANALYSIS ON VULNERABILITY FOR
EARTHQUAKE IN METROPOLITAN MANILA

14.1 Introduction

In this chapter, the regional vulnerability of Metropolitan Manila and the relationship between
vulnerability and resource are evaluated. These evaluations will give an idea on the relative
vulnerability within Metropolitan Manila spatially.

14.2 Regional Vulnerability Evaluation
14.2.1 General
1) Purpose

Understanding the urban earthquake vulnerability correctly together with urban structure is
important in order to come up with appropriate measures to lower the level of vulnerability. In
relation to this, regional vulnerability evaluation aims to achieve the following:

1)  Anindex for planning an earthquake prepared city

2)  Areferencefor selecting the regionsfor establishing projects on earthquake measures, and
3)  Atool of understanding the urban earthquake vulnerahility for the community members, to

raise awareness
2) Assumptions

Among the earthquake scenario prepared for this study, model 08, the west valley fault model,
damages Metropolitan Manilathe most. If the urban structureis being prepared for the impact of
the Model 08 earthquake, it will also be prepared for less destructive earthquake scenarios.
Therefore, model 08 was applied for al analyses.

3) Methodologies

Three indices, building collapse, flammability, and evacuation difficulty, were used for
determining the existing vulnerabilities of earthquake in theregion. Lastly, an evaluation on the
comprehensive regiona vulnerability is also added to understand the foremost vulnerable areas

within the Metropolitan Manila'*™.

Simplified flow of thisanalysisis shown in Figure 14.2.1.

11 The result of this analysis, shown by maps, highlights the area with high vulnerability. It isimportant to understand that thisis

only arelative comparison within the Metropolitan Manila, indicating where areas with the higher vulnerability. It does not mean
that the areawith low rank is always safe.
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Figure14.2.1 Flow of the Regional Vulnerability Evaluation

Target areafor thisanaysisisthe whole Metropolitan Manila. The analysisuses 2,621 gridswith
dimensions of 500m by 500m covering the whole target area. The uniformly sized grids were
used as units for the analysis because they are more appropriate to indicate regiona
characteristics rather than administrative boundaries which are irregularly shaped. Among the
2,621 grids, 288 grids were not counted for eval uation, because these grids are not and will not be
devel oped for the urban activities such grids coving La Mesa Dam and the international airport.

Used Data

Data used for this analysisis basically year 2000, when the national population census together
with building survey was conducted by NSO. All other dataused aside from the national census,
is established recently. Table 14.2.1 isthe summary of data used in this analysis.
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Table14.2.1

Summary of Data used in Regional Vulnerability Analysis

Vulnerability

Classification

Type of Data

Description

Building Collapse

Building Damage

Number of building
seriously damaged
Number of building
moderately
damaged

Number of buildings by
the classification
(Census 2000)
- type of wall
- year of construction
<NSO, 2000>
Ground condition
- Ground condition
<Phivolcs, 2000/
MMEIRS, 2003>
- Liquefaction
potential
< MMEIRS, 2003>

Flammability

Flammable Area

Land use map
Building type and
numbers

Land use, 2003
- Open spaces and
parks
<MMEIRS, 2003>
Road networks
<MMDA, 2002 /
MMUTIS 1999>
Building type (Census
2000)
- Wooden buildings
- Concrete and wood
buildings
<NSO, 2000>

Secondary Explosion

Hazardous facilities

Hazardous Facilities
- Location

- Facility type
<BFP, 2003>

Evacuation Difficulty

Building Damage

Number of building
seriously damaged

Number of Buildings by
the classification
(Census 2000)

<NSO, 2000>

Road Type

Total length of road
by width

Total length of road with
width more than 6m and
8m

<MMDA, 2002 /
MMUTIS 1999>

Note: Data Source and Data Year are described in < >.

Interpreting the Ranks

Evaluation done hereis the relative comparison of the vulnerability between grids. Thereforein
interpreting results, areas with higher vulnerability such as grids with rank 5, simply means that
vulnerability in these areas are relatively higher than that of grids with lower ranking. An area
with lower vulnerability, for example rankl, only means that relatively, the vulnerability is low,
but is not necessarily absolutely safe.
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14.2.2 Building Collapse

1)

2)

3)

Purpose

Building collapse evaluates the vulnerability of building damages caused by earthquake motion,
by comparing the building collapse probability among the regions relatively. The results of this
building collapse can be utilized for selecting the regions for urban renewa projects, such as
re-development and urban renewal in dense areas. It will aso highlight the areas where to
implement or consider upgrades on the individual buildings, such as building diagnosis or
individual reinforcement.

Method of Calculation

Indices used for this evaluation are the followings.
1) Rateof building seriously damaged
2)  Rate of building moderately damaged

For each indices, rate of building damage was cal culated by the grid. These two indiceswerethen
accumulated without any weights and re-classified by equal intervals between the scores of
smallest and largest to indicate the degree of vulnerability. Calculation method on score and rank
is shown in appendices.

Result
(1) Condition

Rate of building moderately damaged, and rate of building seriously damaged represented by the
5 ranks are shown in Figure 14.2.2 and Figure 14.2.3 respectively. Figure 14.2.3 shows that
eastern part of Marikina city, western part of Pasig city, and some parts of western Muntinlupa
city has the highest rate of building seriously damaged. On the other hand, figure shows that a
wide areaof buildingswill be moderately damaged al ong the west valley fault areaand the manila
bay area.

(2) Result on building collapse

Based on the two indices described above, building collapse was calculated as shown in Figure
14.2.4. 1t indicates that there are four main areas high collapse possibility, aslisted below.

1)  Western Marikinacity area

2)  Eastern Pasig area

3)  Muntinlupacity along the Laguna Bay

4)  South Eastern Manila City Area
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14.2.3 Flammability

1)

2)

Purpose

Flammability aim to eval uate the comprehensive vulnerability of flammable areas and secondary
affected areas. Flammable areais meant for the areas with open spaces and high occupancy for
wooden building structure. Open spaces are comprised of major roads, vacant lands, and parksin
thisanalysis. Secondary affected areas are zones affected by the explosion of hazardous materials
facilities.

Result of thisflammability can be utilized for knowing the regions proneto fire. Such areacan be
the target for fireproof promoting, and urban renewal projects can be set in.

Method of Calculation

Indices used for this evaluation are the followings.
1) Hammable area
2)  Areas affected by the secondary explosions

(1) Flammablearea

Flammable area is calculated using the open space ratio and the area rate of wooden building.
Here, open space ratio is defined by the area ratio of the road, vacant land, and parks in a grid.
Rank of vulnerability in thisindex is classified as shown in Table 14.2.2.

Table14.2.2 Vulnerability Classification of Flammable Area

Rank of the Vulnerability Open Space Ratio, Rate of Wooden Building

1 Open space ratio more than 70%

2 Open space ratio less than 70%, and wooden building
ratio less than 10%

3 Open space ratio less than 70%, and wooden building
ratio less than 20%, more than 10%

4 Open space ratio less than 70%, and wooden building
ratio less than 30%, more than 20%

5 Open space ratio less than 70%, and wooden building
ratio more than 30%

(2) Areasaffected by the explosions (Secondary impacts)

Thisiscalculated using the location of hazardous facilities with aweighted value of affected area
depending on the type of hazardous material stood. Areato be affected by hazardous facility type
is described as follows.
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Table 14.2.3 Distance Areas Affected by the Explosions by Hazardous Facility Type

3)

Type of hazardous facility Areas to be affected (radius)

Gas stations 0.3 km
Acetylene & Oxygen 0.3 km
Chemicals 1 km

LPG and Gas Tanks 2 km
Qil 0.5 km
Petroleum 0.5 km
Power generation 0.5 km

Each index was calculated by the grid. These two indices were then added and re-classified by
egual intervals on the value to indicate the degree of flammability. Calculation method on score
and rank of vulnerability is shown in Appendices.

Result
() Condition

Flammable area, and areas affected by the explosions (secondary impact) represented by ranks
are shown in Figure 14.2.5 and Figure 14.2.6 respectively. Figure 14.2.5 shows that four major
regions, namely Manila Bay Area South-west Metropolitan Manila, Metropolitan Manila
Northern Fringe, and Long-established Village Areas, as high flammability area. Detailed areas
are described below.

1) ManilaBay Area: Navotas bay area, Kalookan South, Manila North Harbor

2)  South west MM: Pasay, seashore of Paranaque and Las Pinas

3) MM Northern Fringe: Kalookan North, North- eastern Quezon

4)  Long-established village areas. Pasig, Taguig, Pateros intersection

Figure 14.2.6 shows that there are two major regions with high possibility of affection by
explosions. Those are the large area of north-western Metropolitan Manila, and Pasay airport
area. Other than these areas, there are small high flammability area distributions among
Metropolitan Manila.

(2) Result on flammability (Including the secondary effect)

Based on the two indices described above, flammability was calculated as shownin Figure 14.2.7.
Thisfigure indicates that there are mainly three areas to pay most attention to, as listed bel ow.
1)  Northern ManilaBay Area

2)  South Eastern Manila City Area

3)  Centra ManilaBay Area
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14.2.4 Evacuation Difficulty

1)

2)

3)

4)

Purpose

Evacuation difficulty isto evaluate the difficulty of an areafor securing road, for evacuation and
accessibility. If the total length of road is longer, it is interpret that there are higher number of
road network, meaning that there are higher chance of evacuation. In overall, it is meant to show
the difficultness to leave or access the affected area.

Result of this evacuation difficulty can be utilized for knowing the regions where need to be
considered for securing roads. Such area can be the target for road widening and building
strengthening projects.

Method of Calculation

Indices used for this evaluation are the followings.
1)  Number of buildings seriously damaged
2)  Total length of usableroad

Number of seriously damaged buildings establishes the amount of debristo be expected in case of
earthquake. Usableroad was based upon the number of building collapsed inthegrid. Supposing
if the total number of seriously damaged building is less than 150 in a grid, road width with 6m
and more can be used. If the total number of seriously damaged building is more than 150 in a
grid, road width with 8m and more can be used. The usage possibility by the width of road is
based on the Kobe earthquake experience. Calculation method on score and rank of
vulnerability is shown in Appendices.

Condition

Number of serioudy damaged buildings in 5 ranks is shown in Figure 14.2.8. This figure

indicates that there are mainly three regions, namely, manila bay side, west valley fault side, and

central Metropolitan Manila, with high number of buildings seriously damaged.

1) ManilaBay Side: Navotas Bay Area, Manila North Port Area, South Eastern Manila City
Area, and Central South ManilaBay Area

2)  West Valey Fault Side: North Eastern Quezon City Area, Western Marikina City Area,
Eastern Pasig Area, Pateros Municipality Area, and Muntinlupa City along the Laguna Bay

3)  Central Metropolitan Manila: Makati-Mandal uyong intersection

Result on evacuation difficulty

Based on the classification described above, evacuation difficulty was calculated. For the grid
areawith rank 4 and 5 which is shown in total length of road wider than 8m was calculated. For
other grid areas, total length of road wider than 6 m was accumulated. This result, with the

-14-11-



Earthquake Impact Reduction Study for Metropolitan Manilain the Republic of the Philippines

classification by total length of usable roads, isshown in Figure 14.2.9. Thisfigure indicates that
there are mainly four portions of areas to pay most attention to, as listed bel ow.

1)  Metropolitan Manila North-eastern Fringes Number of Building Seriously Damaged

2)  South-eastern Manila City Area

3)  Central-south ManilaBay Area

4)  West Valley Fault Area
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14.2.5 Comprehensive Regional Vulnerability and its Char acteristics

1)

2)

3)

Purpose

Comprehensive regional vulnerability is to show the areas with high vulnerability of al three
kinds of vulnerabilities, building collapse, flammability, and, evacuation difficulty, as discussed
above.

This comprehensive evaluation gives an idea on which area of the Metropolitan Manila has the
highest vulnerability on the earthquake situations. It is also possible to utilize for administrative
and planning purposes, or for the community members to know their living environment. Areas
with high vulnerability are priority areas for being cautious to the earthquake impact.

Characteristics of the comprehensive regional vulnerability are also expressed by integrating the
result of three vulnerabilities. Figure of regiona vulnerability characteristics is the smplified
expression of the region, for people to understand easily, on the characteristics of the
vulnerabilities facing the area.

Method of Calculation

Indices used for comprehensive regional vulnerability are the following.
1)  Building Collapse

2) Flammability, and,

3)  Evacuation Difficulty

Thesethreeindices were accumulated and re-classified by equal intervalsto indicate the degree of
vulnerability.

For the creation of regional vulnerability characteristics, areas with high vulnerability, for rank 4
and 5, for all indices on building collapse, flammability, evacuation difficulty, and comprehensive
regional vulnerability were taken into account.  Calculation method on score and rank of
vulnerability is shown in Appendices.

Result
(1) Comprehensiveregional vulnerability

Figure 14.2.11 shows the comprehensive regiona vulnerability based on the method described
above. This figure indicates that there are 9 areas to pay most attention to among the
Metropolitan Manila as for the comprehensive regional vulnerability. Those areas are as the
following.

1) NavotasBay Area

2)  ManilaNorth Port Area

3)  South Eastern Manila City Area
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4)  Central ManilaBay Area

5)  North Eastern Quezon City Area

6)  Western Marikina City Area

7)  Eastern Pasig City Area

8)  MuntinlupaLagunaBay Area

9)  Mandaluyong Makati City Border Area

Among these selected areas, the first four areas, from 1) to 4), are with the high vulnerability of
flammability and evacuation difficulty. Areas 5) to 9) are the areas with building collapse and
evacuation difficulty.

(2) Regional Vulnerability Characteristics

Based on the results of four vulnerability analyses, regiona vulnerability characteristics are
indicated as shown in Figure 14.2.10. Thisfigure indicates the high vulnerability areas by type.
In summary, Metropolitan Manila has the following vulnerability characteristics.

1) 4 areaswith high flammability and evacuation difficulty

2) 4 areaswith building collapse and evacuation difficulty

3)  lareawith high flammability

4)  Metropolitan Manila's fringe areas have evacuation difficulties

Table 14.2.4 describes in detail on areas by type of vulnerability.

Table14.2.4 High Vulnerable Area by Type

Type of Vulnerability Area
Flammability and 1) Navotas Bay Area
Evacuation Difficulty 2) Manila North Port Area

3) South Eastern Manila City Area

4) Central Manila Bay Area

Building Collapse and 1) North Eastern Quezon City Area

Evacuation Difficulty 2) Western Marikina City Area

3) Eastern Pasig City Area

4) Muntinlupa Laguna Bay Area

5) Mandaluyong Makati City Border Area
Flammability 1) Valenzuela-Kalookan South-Quezon west intersection

Evacuation Difficulty 1) Metropolitan Manila Fringes

- Northern Fringe

- Taguig Fringe

- Las Pinas Fringe
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14.2.6 Possible Regional Separation

1)

Possible Regional Separation

By overlaying proposed emergency road network onto comprehensive regiona vulnerability,
Figure 14.2.12 shows the possible regional separation of an earthquake impact in Metropolitan
Manila. Obviously, roads crossing or passing through the high vulnerable areas, are with ahigh
probability of becoming impassable. Overall, by analyzing passable and impassible roads, it can
be deduced that Metropolitan Manila will possibly be separated into four regions by the
earthquake impact. Four regions are 1) MM west, Metropolitan Manilawest for the Manila Bay
Area, 2) MM north, Metropolitan Manila north, 3) MM east, Metropolitan Manila east for the
Pasig - Marikina Area, and 4) MM south, Metropolitan Manila south. Reasons for regional
separation are summarized bel ow.

MM West

Western part of Metropolitan Manilawill be isolated from other part of Metropolitan Manila by
fire and building collapse

MM North, and MM South

Northern and Southern part of Metropolitan Manilawill be separated by the building collapse and
the geographical condition. The intersecting area between Mandaluyong and Makati has a high
possibility of building collapse; moreover, Pasig River is running through east-west which is
naturally disadvantageous in terms of separation.

MM East

All road networks running east-west, which are on the fault will be broken due to the movement.
Other roads running North-South in fault areas will be difficult to use, due to the high number of
building collapse.
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14.3
14.3.1
1)

2)

3)

Resour ce and Vulner ability Evaluation
General
Purpose

Understanding the correlation between the present distribution of resources to the possible
vulnerability is also important. Inthisanalysis, resourceis defined as the facilities with capacity
to reduce the secondary impact. The result will indicate the area with high vulnerability by the
type of secondary damage possibilities. In this aspect, evaluation on resource and vulnerability
aims to achieve the following:

1) Anindex for new investment on facilities or strengthening capacities for reducing the
secondary damage effect,

2)  Areferencefor knowing the regions where most attention are needed, by type of secondary
effect, and;

3) atool of understanding the incapability of the resources to reduce the secondary damage
effect. This result can be utilized by decision makers, and community members to
understand the limitation of resources.

Assumptions

Regional vulnerabilities used in this anaysis are the results achieved in the former evaluation
explained in 14.2 Regional Vulnerability Evaluation. Resources, as defined above, in this
analysis are fire stations, public schools, hospitals, and specified parks and open spaces.

One more important factor to mention is that the evaluation done here is based on relative
comparisons. Therefore, in interpreting the analysis results, an areawith rank 5isrelatively high
in vulnerability within Metropolitan Manila, and the area with rank 1 is relatively low in
vulnerability, but it does not necessarily mean the areais absolutely safe.

M ethodology

Four indices on vulnerahilities, fire extinguishing service shortage, evacuation facility shortage,
hospital service shortage, and evacuation area shortage, are the indices used to evaluate the
resources and vulnerability. Figure 14.3.1 shows the simplified flow of this analysis.
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Service Area Density of
Fire Stations

Service Area Density of
Public Schools

Service Area Density of
Hospitals (Public and
Private)

Service Area Density of
Parks and Open
Spaces

Flammability

Number of Seriously
Damaged Buildings

Number of Seriously
Damaged Buildings

Building Collapse

Evacuation Difficulty

v

4)

Fire Extinguish Service Evacuation Facility Hospital Service Evacuation Area
Shortage Shortage Shortage Shortage
Figure 14.3.1 Flow of the Resource and Vulner ability Evaluation

Target area for this analysis is the whole Metropolitan Manila, with 500mx 500m grid as the

basic unit of analysis.

Data Used

Data used for the evaluation of resource and vulnerability is summarized in Table 14.3.1. Source
of data and published data year varies depending on data type.
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Table 14.3.1

Summary of Data used in Resource and Vulner ability Evaluation

Vulnerability

Classification

Type of Data

Description

Fire Extinguish Service
Shortage

Service area density of
fire stations

Fire stations

Location of fire stations
by service type
<BFP, 2003>

Flammability

Flammability

Flammable Area
<MMEIRS, 2003>

- Existing land

maps

- Building Type
Road networks
<MMDA, 2002 /
MMUTIS, 1999>
Secondary Explosion <
MMEIRS, 2003>

- Hazardous Facilities

use

Evacuation difficulty

Evacuation difficulty

Number of buildings
seriously damaged
<NSO, 2000>

Road type

< MMDA 2002 /
MMUTIS, 1999>

Evacuation Facility | Service area density of | - Public schools Location of public
Shortage public schools schools by service type
<Dep Ed, 2003, CHED,
2003)
Building damage - Number of buildings | Number of buildings
seriously damaged seriously damaged
<NSO, 2000>
Hospital Service | Service area density of | - Location of hospitals | Location of hospitals by
Shortage hospitals (Public and by service type service type (DOH,
Private) 2003)
Building damage - Number of buildings | Number of buildings
seriously damaged seriously damaged
<NSO, 2000>
Evacuation Area | Service area density of | - Location of parks | Land use 2003
Shortage parks and open spaces and open spaces <MMEIRS, 2003>

- Location of parks
and open spaces

Building damage

Number of buildings
seriously damaged

Number of buildings
seriously damaged
<NSO, 2000>

Note: Data Source and Data Year are described in < >,

14.3.2 Fire Extinguishing Service Shortage

1) Purpose

Fire extinguishing service shortage aims to find the most prominent areas which are incapabl e of
extinguishing fire after the earthquake. Result of this fire extinguishing service shortage can be
utilized for knowing the area with shortage for fire extinguishing service, and for investing and
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2)

3)

strengthening fire extinguishing service, or for raising awareness and measuresfor fire extinguish
tips to the community residents, where fire extinguishing service are not available.

Method of Calculation

Fire extinguishing service shortage is measured by 3 indices as follows.

1)  Serviceareadensity of fire stations,

2)  Hammability, and

3)  Evacuation difficulty

The first index, service area density of fire stations, is the result of calculating the density of
service coverage areaper grid. Coverage areaof each facility varies, depending on the capacity of
service. It was assumed that central fire stations, of which one existsin each LGU, have twice as
much capacity as sub-stations, of which severa are located in each LGU. Therefore, in the
calculation, it was given that the stations cover an area of 4km in radius, while sub-stations cover
an areaof 2kmin radius.

The second and third indices are used by applying the result achieved in section 14.2.
Flammability, shown in Figure 14.2.7, indicates the area with flammable possibilities.
Evacuation difficulty, shown in Figure 14.2.1, indicates the area with difficulty in approaching.
Calculation method on score and rank is shown in Appendices.

Results
(1) ServiceAreaDensity of Fire Stations

shows service area density of fire stations. Thisfigure explains that the service density it self is
originally low in the areain Kaookan North, Quezon City, and fringe areas.

(2) FireExtinguish Service Shortage

Based on the three indices described above, Figure 14.3.2 shows the area with fire extinguishing
service shortage. This figure indicates that there are mainly five areas especially short in fire
extinguishing service, they are:

1)  Northern ManilaBay Area

2)  South Eastern Manila City Area

3)  Pasay City Area

4)  Eastern VaenzuelaArea

5)  North Western Quezon City Area
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14.3.3 Evacuation Facility Shortage

1)

2)

3)

Purpose

Evacuation facility shortage isto find the most prominent area with evacuation facility shortage.
Shortage is correlated with the number of seriously damaged buildings, assuming more people
will be losing their homes in those areas with high number of building collapse. Result of this
evacuation facility shortage can be utilized for identifying the area with shortage for evacuation
facility, and in investing and strengthening evacuation facilities, in searching for agreement on
cooperation with private schools acting for evacuation facility, or in raising awareness and
creating measures among the community residents for mutual assistance.

Method of Calculation

Indices used for this evaluation are the following:

1)  Serviceareadensity of public school, and;

2)  Number of buildings seriously damaged

Public schools usually act as evacuation facility in case of disaster. Thus, location data of public
schools are used in this analysis, and private schools are not included. Service area density of
public schoal is calculated using weighted coverage area by the type of school. It isassumed that
the accommodation capacity is larger in college than in secondary school, which in turnislarger
than in elementary school. Therefore, inthe calculation, it isgiven that the collages cover the area
of 2km in radius, while secondary schools cover the area of 1km, and elementary schools cover
the area of 0.5km.

The second index, which is the number of buildings seriously damaged is used by applying the
result achieved in Figure 14.2.9. Calculation method on score and rank is shown in the
Appendices.

Results
(1) ServiceAreaDensity of Public School

shows service area density of public school. This figure explains the following three

characteristics on the density distribution.

1)  Service areadensity is high in the older urbanized areas, this means that there is a higher
density in Manila City and its vicinity.

2)  Seviceareadensity ishigher in the central cities than in the sub-urban areas.

3)  Overdl, establishment of public school is not catching up with the population growth in the
urban fringes.
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(2) Evacuation Facility Shortage

Based on the result of service area density of public schools and number of buildings seriously
damaged, Figure 14.3.4 shows the evacuation facility shortage. The figure shows that there are
mainly 5 portions within the Metropolitan Manila with high shortage in evacuation facilities, as
listed below.

1)  ManilaNorth Port Area

2)  South Eastern Manila City Area

3) AlmanzaArea, Las Pinas

4)  North Eastern Quezon City Area

5)  West Valley Fault Area
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14.3.4 Hospital Service Shortage

1)

2)

3)

Purpose

Hospital service shortage aims to find the most prominent area with hospital shortage. Hospita
service shortage is correlated with the number of seriously damaged buildings. It is assumed that
more injured people will be in need for hospital treatment from the areas with higher number of
building collapse. Result of this hospital service shortage can be utilized to determine the area
with shortage for medica treatment, and to search for the measures to strengthen the hospita
service.

Method of Calculation

Indices used for this evaluation are the followings.
1)  Seviceareadensity of hospitals
2)  Number of buildings seriously damaged

L ocation datafor hospitalsinclude both the public and private. Service areadensity of hospital is
calculated using weighted coverage area by the level of hospital referral system. Since the
accommodation capacity islarger in tertiary level than in secondary level, which in turn is higher
than in elementary level, it was assumed that the tertiary level hospitals cover the area of 2kmin
radius, while secondary level hospitals cover the area of 1km, and primary level hospitals cover
the area of 0.5km in the calculations.

The second index, number of buildings seriously damaged is applied from the result achieved in
section 14.2, Figure 14.2.9.  Calculation method on score and rank is shown in Appendices.

Results
(1) ServiceAreaDensity of Hospitals

shows service area density of hospitals. Thisfigure explainsfollowing two characteristics of the

density distribution.

1)  Sewvice area density is higher in the older urbanized areas, especially within the inner
Metropolitan Manila.

2)  Service area dendity is originally low along the West Valley Fault System, where it is
expected that many injured people will be in need for medical treatment.

(2) Hospital Service Shortage

Based on the result of service area density of hospitals and the number of buildings seriously
damaged, Figure 14.3.6 shows the hospital service shortage. The figure shows that there are
mainly 5 portions within the Metropolitan Manila where it will be especiadly likely to have
shortage in hospital service, aslisted below.

1) Navotas Bay Area
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2)  South Eastern Manila City Area
3)  Central South ManilaBay Area

4)  North Eastern Quezon City Area
5  West Valey Fault Area

Manila City and adjacent areas seem to have certain levels of service; however, thereis high risk
of hospitals burning due to the high possibility of fire.
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14.3.5 Evacuation Area Shortage

1)

2)

3)

4)

Purpose

Evacuation area shortage seeks to find the most prominent areas with shortage of open space and
parks, which will act as evacuation center in the course of emergency response and rehabilitation.
Evacuation area shortage is correlated with the number of seriously damaged buildings. It is
assumed that more people from those areas will need to evacuate to the open spaces. Result of
this evacuation area shortage can be utilized to establish the area with shortage in evacuation
areas, and introduce projects that focus on expanding the small areas to be utilized as evacuation
area, or provide information on the availability of evacuation areafor the community members.

Method of Calculation

Indices used for this evaluation are the followings.
1)  Serviceareadensity of parks and open spaces.
2)  Number of buildings seriously damaged

For the analysis of service area density for parks and open spaces, only the areas larger than 2
hectares were sdlected, which could be utilized for the evacuation purpose. Service area for
individual parks and open spaces is considered to be 2km in radius from its outer lines, and this
will be used to determine its capacity.

The second index, number of buildings seriously damaged is the result achieved shown in Figure
14.2.9. Calculation method on score and rank is shown in Appendices.

Service Area Density of Park and Open Spaces

shows service area density of parks and open spaces. Thisfigureillustrates that the service area

density of parks and open spaces are rather high in the fringe areas, such as Valenzuela and
Kaookan North, the intersection of MarikinaQuezon-Pasig area, and Las
Pinas-Paranague-M untinlupa south area. According to our land use map of 2003, only 1.7% and
9.2% of the whole Metropolitan Manila are comprised of parks and open spaces.

Evacuation Area Shortage

Based on the result of service area density of parks and open spaces, and the number of buildings
seriously damaged, Figure 14.3.9 shows the evacuation area shortage. The figure points out that
there are mainly 3 portions within the Metropolitan Manila which are especially short in
evacuation area, as listed below.

1) Along ManilaBay

- Navotas Bay Area

- Manila North Port Area

- South Eastern Manila City Area
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2)

3)

Along West Valley Fault System
Northern Pasig City Area
Pateros Municipality Area
Southern Taguig Area
Muntinlupa Laguna Bay Area
North Eastern Quezon City Area
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CHAPTER 15. EARTHQUAKE DAMAGE SCENARIO

This chapter will expound on an earthquake damage scenario for Metropolitan Manila.

15.1 Summary of Earthquake Damage
Summary of earthquake damage for Model08, 13, 18 are shown in Table 15.1.1.

Table15.1.1 Summary of Earthquake Damage

Model Model 08 Model 13 Mode 18
Scenario Earthquake Magnitude 72 7.9 6.5
Fault Mechanism Inland Fault Subduction Unknown
. 168,300 1,900 14,200
Heavily . 0 o
Residential Building 1,325,896 Damage (12.7%) (0.1%) (1.1%)
Partl 339,800 6,600 52,700
y (25.6%) (0.5%) (4.0%)
Dead 33,500 100 3,100
Population (0.3%) (0.0%) (0.0%)
9,932,560 Casualty
) , Iniured 113,600 300 9,500
J (1.1%) (0.0%) (0.1%)
Outbreak 500 - -
798 ha
Wind Speed 3m/s 42,100 - -
Burnt area and buildings
Fire building 1,710 ha
Wind Speed 8m/s 97,800
buildings
0,
Casualty Wind Speed 3m/s 7,900 (0.1%)
Wind Speed 8m/s 18,300 (0.2%) | - -
Bridge 213 Large possibility of | Bridge 7 0 0
(with detail inventory and stability analysis 189) | falling-off Flyover 0 0 0
Flyover 80 il ;
4 - - . Moderate possibility of | Bridge 2 0 2
with detail inventory and stability analysis 38 :
¢ Y y anelysis38) | falling-off Flyover 0 0 0
Water Supply Bresk of pipes or } ) ;
Distribution Pipes Total 4,615km joints 4000 points 0 points 200 points
Electric Power
Transmission and Distribution Line Total 4,862km Cut of cables 30km Okm 4km
PLDT Telephone
Aeria Cable 9,445 km Cut of cables 95 km 0km 11 km
Underground Cable 3,906 km
Public Purpose Buildings Heavily Damaged 8-10% 0-02% 0-1%
(Hospital 177, School 1412, Fire Fighting 124, Police 43,
MMDCC Organizations and 17 LGU City and Municipal Halls | partly Damaged 20— 25% 0-0.3% 2 -3%
53)
10-30 stories 981 Heavily Damaged 11 % 0.3% 23%
Mid-rise and  High-rise | Puilding Partly Damaged 27% 2.8% 9.2%
Buildings 3060  stories | ;0 Heavily Damaged | 2% 0% 0%
building Partly Damaged 12% 0.1% 0.5%

Source: JICA Study Team

15.2 Earthquake Damage Scenario During One Week from Occurrence of
Earthquake

Earthquake damage scenario for Model 08 is shown in Table 15.2.1

-15-1-



Earthquake Impact Reduction Study for Metropolitan Manilain the Republic of the Philippines

P9108 U1 BLLIOJS] SPUNOAN ® Buip|Ing sbulp|ing asu-ybiy
Sjuejul pasde| (09 wio.} sBuip|ing pue ssLI-piw Wolj |} sijusuB e [einjoniis UON e
u1 Ajfe1oadss ‘suonipuod Buial] Areyiuesun pondsalayl 0l  |asu-ybiy pue asu-piu ainyuiny Bul|ey pue Buip|ing pssde||00
‘uofeueIuod Aq BuISealoul SIUBITEd | INJJ0 SSWOIPUAS wiol} |[e4 SIuaWw P AQ pasned 1910 [eJeJSIA Buog B Jo ainldel) ewrnel] e
JOIeM Ues D Jo ol e Usnio Auey e [edn1onuis UoN e saun(ul Buiusealyr-a41j-uou Yyiimajdoad 000‘0TT e painlu|
Juswiieal}
[eoipaw ok lido.dde Jo
uoieyiwl| 03 se suossed
paunfut Ajineay Jo yreq
felnq
JO UolelIWI| BINjOSqY e
no Bnp a|doad ummm JByuny eale Jo1enbs ul |lews S| pesp Jo JoquinN e
9/e'SaIpoq Pespalios o  Adew sxoouseue Agasde|(0D Bulp|ing e ‘9Ip pue sBuIp|INg pesde| |00 W0} penasal
"pesp e $JN200 ©ale Jo)ienbs Ul ylesp 0} juing e 10U 82 oym sucs.ed padde. sspnjoulainbiysIyL e
o Bnp are are Buip|ing pasde| |00 ymeap Buip|ing
S9Ipoq pesp alo|N e| 8yl ul paddes sucsied e |01 uing Buip|ing pafewep ul paddell 000'0Z e | Pasde||0d J0 8inssaid WO} Pesp JO %06 ‘Pesp 000'VE ® peag| senensed
SyoouseIe
Ag spuedxe sfewreq Buip|ing S90S 09-0€ 00T JO _[e10} Joj pafiewep
S90UBPsAl 8su-YBIY ula|gssodw uoiRNGeH | ainjrey emod oL ApIRiapolU 05z ‘pasde||0d Jo pafewep A|Inesy %g o
sBulp|ing pefewep ApJonss 1ou ul Alddns Jerem pue Jomod oN e |Agsiorrap ul padden Buip|ing saLI03s 0E-0T 000T 10 103 10} paliewep asu-ybiH
Syo0usIele Jo Sales Ag sBuip|ing pefiewep Apielopow Jo asde|joD e akea|doad Aue|\ o| Apesepow 9/ ‘pasde||od Jo pabewep A|ineay 9TT | pue asu-priA
peliwi| Apienss
uonouny BRIHO e uBWUBAOD
sBuip|ing ‘901jod
eAowRIslugeq e paywi| ApJonss uofouny BRIJO o 21/gnd pafeurep ‘Bunybiy
pornIuISiedal sbuip|ing 8y1 01 yJeal 10U URD S|RIS 359%9 aen¥end pabewep ApBpoW %G2-02 *| o1 ‘|00yas
Krejodwe) e| ssebnjsi yiim paidnaoo ate sBuip|ing a1jand e 01 ulbaq SIUBPIAY pasde| |02 10 pafiewep Ajinesy 90T — 8 © ‘ferdsoH
syoousele Aq pasned pafiewrep apnjoul saunbijasay «
"0%5/Z S1 Bulp|Ing Joyenbs ul ol afeweq «
%9T S!SBUIp|INg Spew-Uapoom
‘96 S1SBUIP|INQ 8pew-818.10uU0d JO Ol afeureq «
fege|en
Joapsbuofe Bulp|ing pe1os}je uoideenbi 000°0T ¢
(SBuip|inq fenuspisa. pafiewep Ajineay Jo | (sBuip|ing [e10) JO 9692) pabewep Ajplelepow 000‘0FE ¢
pesde|joo ul Buial|aidosd) esnoy [eNUspISL 1Y) 150| 81dosd 000'092'T © (sBuip|ing sasnoy
[eAOWRISIGRQ ° afiewep Buip|ing JBYLINY SSSIEO o0USPUY | 10} JO %ET) pasde||0o Jo pabewep Ajiaeay 000°'0LT «| fenuepisay| sBulpjing
Beskep, w%_ﬁi shep m-ﬂ_ sinoy vg-T Inoy 1-0 swe1|

"085/WIg paads puim ‘ N/ @Xenbyies Joadud 11nd20-
(z'28pnyube \ ‘1ine4 A8|feA 159/\) 80 BPOIN @Xenbyires o1eusds-

uonIpuoD dseg

01.Jeuaos affewreq axenbyl feg

TZsrolqel

-15-2-



Fina Report

paddois uonouny RO
sBuIp|ing au1 01 YJeas 10U Ued S|RIS
saabn ol y1im paidnaoso are sbuip|ing 21/gnd

adeed Bueuedere |\
a1 01 buipeaids
all} 01 ebueq

pabewep Aponss Bup|ing VAN

BaJe 3SNOH JBMO 8y punose uondeenbi
pafewep Apionss ale asnoH Jeddn ayl

‘a0eed Bueuede.e |\ 8y} punose sbuip|ing enuspssy

JUBWIUBAOD) eUBD

FoUBP ST TRYT
01 Buiuinpi ul Ano1yip Buiney ajdoad Aue N

ARempoo|q ueyehbue |\

po|desip 81e speol |[e 1ISO0W|Y « speol uo 19| SSDIURA urauQ ‘PARY U N UIBUQ ‘BAIY Bised UlauO |  sobpug
S9DIUBA U1Im pa1dnado ale speol ||e 1SoW | « W01}SIN200 3114 poBewrep sabplig 6 JO [e10L e | pue speoy
aulyJew buijpuey-obied 01 ssbeweq «
Buipeojun pue Buipeo| ajdedeou| e uonaesenbi| Ag payjn pue pefiewep ale sioqeH
Jaid ayrapsbuofe awod o1 a|gissodul| Buiddiys eleuas) e| feuiwel Jouruo) pue 1odyinos ‘LodyLIoN UISLeUYA «| pue sliod
azey
WB11y ersinswnfep Aluo e[211 Ag Aljigsia Jood e
wo|goid Alouoep a|qe|ene
Ag wes/s Buipue| eiuswnisu| a|gedesu| e J|1dooipy AluQ e S9111|198}) 1JodJ e Ul uofouNny JO SSO|SWOoS e
Buluadoas feemuny e  Aemunl JoainsojD e pabewep Apubis femuny |  spodiny| uoieliodsuel |
ally asn Jo 1no
Jo peauds Agspuedxe | pue paisabuod siaoinkes suoyd en|pd pue auoydepl e
auoydop) Joaw ] paIWIT e ©eaJe papuadsns e uolels JoARISUel}
JorJoual ay} 1o} pnjajge|eAe Jo uoieIWIT e Anajoym [aseq o1 sabewrep Jo S)nsal se JJo uaxolgauoyd en|pd e
sioeeush dnxdeq ay1 Jono papuadsns asde||00 Bulp|ing Ag pasred sa|ged Jo Buiddeus Aue |y e
Aousbiewe BuiA|dde Bulenodal A|eiled | saoinesauoydopl e S0 Jo Buiddeus WHOQT [RI0L | suoydspl
A0 910ym 8y} Ao NS ally
Senunuod ain|k) eMod e jousiafewep | Jo pealds Aq spuedxe asde||00 Bulp|ing Ag pasred sa|ged Jo Buiddeus Aue |y e
poJen0R) Buip|ing Jo eale pafeweq e S9|(eo Jo Buiddeus wOE 101 @
JoU S| UoIRISONS  |eale Ul BuleAcdsl Ao ajpymayy pebewep S| 1jme} 8y} Uo uoIeIsgns A|ddng
Jowlojsuel 0y sabeweq e Alened o oAoain|e) BMod e JowJojsuel) 911198 B ‘S| (Je} UOISSIWSUe} D199 [T | A101100|3
we1 Buo| Joy Addns
Jorem Jo Buiddoss sesred jue|d uoireoijund swiod 0p0‘y e adid Addns Addns
JoeM pue 110AIesal eBuy 01 safieleq e |A110 ajoymay) Jono Ajddns jerem joain|ed e Jorem o1abewep Ag pasned Ajddns Jerem Joain|eq e BEM SsauIpiI
sassau| |1 AloTe.l1dsal Sased axows ANeoH e
N0 pauINg Bae 1013y
00,'T Ul Buip|ing fenuspsal (%.) 000'00T ©
a|gedeoul wesAs Bunybiyali4 e
speol
pa)20|q-S1gep Jo pa1sahuod Jo asmnedsq
paus INBuinxe Seale 81148y} 01 3|qeyJeaiun auibus all4 e a4
SoweallH e . a|edeaul siuelpAyallq e A poUIN220 10N ©| o peaids
yue) afelors wolyabexes| Od e
Mue) afeloxs Wody afiexes| wnajolrd e
Buipesids a11) Jo UoIEOIIUGR |\ e  SUBUOLY [RNUBPISSY ‘S[eHdSOH ‘Se1i0)ded Woljall] e
Ajddns Jemod Jo Buiwnsal punoe all} Jo Buipesids Aq Bised ul Qg ‘uozen® Q9 e(ILBIN Ul QL ald Jo
JO 1IN2119 1I0US AQ INDJ0 SYEaIqIN0 3li) MON e [SHUE) pue wire(o.ied pue 5d Jo UosodxT e 1IN2112 Hoys A1d1198 e AQ Yeaiqino 811 00G PI0L | Meauqino all4
»B1esheps skep;-€ skep -1 sinoy v2-T noy T-0 swel|

-15-3-



Earthquake Impact Reduction Study for Metropolitan Manilain the Republic of the Philippines

153

153.1

Earthquake Damage Script during One Week from Occurrence of
Earthquake

Damage amount and situation are presented Section 15.1 and 15.2. These are trandated into a
script for better understanding. Lynn Paladio-Melosantos of PHIVOLCS developed the script
based upon damage data. Script contents were discussed with the Study Team before being
finalized. The same scenario was used during the tabletop exercise held last August 26.

Day 1

Evening. August 26, 2003 is a typical Tuesday, the traffic, the crowd, the sunset at 6:14 as
announced by PAGASA. Except that today you are not coming home from work, but from the
WORKSHOP at Shangrila Hotel. You are ailmost home; looking forward to a smple tinolang
manok that you know is stewing in your kitchen.

You get off from the bus and navigate your villageroad. Asyou are walking thelast few metersto
your gate, you feel asuddenjolt. It sort of pushesyou forward. At first you don’t know what it is.
But the ground continues shaking, up and down, sideways, getting stronger every second. You
fall to the ground, unable to keep standing. You hear a booming sound. You hear screams from
peopleinsidetheir homes. You hear breaking glasses. Telephone and power polessway violently.
Then the power goes off. In front of you, the village road is heaving, asif you are riding waves.
The strong ground shaking goes on for 50 seconds. It isthe longest 50 seconds of your life.

The ground shaking has stopped but you remain on the ground, still feeling dizzy. You try to get
up, your knees shake under you. People start pouring out of their homes. Panic and confusion are
everywhere. Occasional cries and wails add to the confusion. Around you are toppled poles and
fences, collapsed houses, cracked roads, broken water pipes.

You got home as quickly asyou can. You recognize your family amongst the crowd on the village
street. They are all home, shaken but unhurt. You let out a sigh of relief and say a prayer of
thanks. But your family refuses to enter your home. A barangay leader gives instructions to you
and your neighbors to move to the basketball court to keep away from objects that may fall or
topple.

You move your family as instructed. You try to make a call to other relatives but your mobile
phone hasno signal. Still you dialed anumber. 1t didn't work. You finally walked back to check
your home. But home is something you barely recognize. Everything seemsto be piled up onthe
floor — appliances, shelves, books, lighting fixtures, family portraits, clothes, your prized Jollibee
collectibles, even the tinola dinner.

Among the pile of mess on the floor, you pick up the old battery-operated transistor radio that
your mother-in-law refusesto part with. Youturniton. Atfirst you only get static. You play with

-15-4-



Fina Report

15.3.2

the dials and catch this piece of news. PHIVOLCS issued a bulletin that says a devastating
earthquake, with magnitude 7.2 generated by the nearby West Valley Fault, hit Metropolitan
Manila. The ground shaking was felt at PEIS VIII in Metropolitan Manila. Weak to strong
aftershocks are expected.

You rummage for blankets and go back to the basketball court. You try to think happy thoughts

knowing thiswould be avery long night. You stay tuned in to the radio. Newstricklesin.

- There is a mgjor power outage in Metropolitan Manila as well as in the neighboring
provincesin Luzon.

- Telephone lines, including cellular networks, are down.

- Many residential houses are heavily damaged and collapsed

- Some school buildings collapsed.

- A few hospitals are heavily damaged, ICU patients need to be transferred, and other
patients need to be evacuated.

- Fires broke out in severa residential clusters, chemical plants, and few other factories and
hospitals.

- Hundreds, if not thousands, are estimated trapped dead or injured from collapsed or
burning houses, buildings and factories.

- Abandoned cars, some damaged by falling objects, littered the streets of Metropolitan
Manila.

Within the next few hours after the earthquake, the National Disaster Coordinating Council
convened. Not all the member agencies have representatives immediately available.

Day 2-3

You are one of the more fortunate. No one is injured in your household. But your house is
damaged and you are not sure if it will survive the next strong aftershock. Also, food and
drinking water are becoming scarce. The barangay leaders and community members work
together to provide for everyone.

Overnight you felt several moderate to weak after shocks. Thereis still no eectricity, telephone
communication, and water. Haze from burning buildings darkens the horizon. Fires still spread
unabated.

News reports give more dismal picture of the extent of damage brought by the earthquake:

The President declares a state of calamity. She mobilizes the Armed Forces of the Philippinesfor
rescue, clearing of debris, and construction of temporary shelters. She suspends schools and
offices.

Philippine flags fly at half-mast.
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15.3.3

PHIVOLCS confirms movement of the West Valley Fault after it conducted an aerial survey over
Metropolitan Manila.

Volunteer rescue groups from Olongapo and Baguio City coordinate with the NDCC.
Back-up power generators are available only in critical public and private offices.

There are more reports of collapsed houses, now numbering in the thousands, mid- to high-rise
buildings, and major bridges

Many roads are impassable.

The LRT and MRT railways remain standing but not operational.

Reports of casualties continue to rise to several thousands.

Several thousand families have lost their homes and begin to occupy open spaces.

People rescued from collapsed buildings show crush syndromes and given medical attention on
sitein temporary medical shelters. They cannot be transferred immediately to hospitals because
ambulances cannot get through the roads littered with debris and cars.

The police contain random acts of looting.

Day 4-7

You continue to occupy the basketball court. There is still no power, communication and water
supply.

In the tent clusters that sprouted in parks and other open spaces, the lack of clean water supply
makes the outbreak of infectious diseases a thresat.

In hospitals, injured patients are lined up even along corridors. Again, the lack of clean water isa
major problem.

Many people, especialy children, suffer from shock, traumatized by the strong ground shaking,
the sight of destruction, or being temporarily trapped.

Bodies exhumed from rubbles are lined up along the streets. The air has the distinct smell of
decay.

International volunteer rescue teams coordinate with the NDCC. Rescue will continuein the next

few days.

Clearing of debris will continue for several weeks to months. Bodies will continue to be
recovered among building debris.

Relief goods are distributed in evacuation centers. Some evacuation centers receive more relief
goods than others.
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Neighboring Asian countries pledge and extend technical, medical and other forms of support.

The Government appeals to those with capabilities to join forces in responding to the disaster.
Recovery and rehabilitation will take years and years.
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