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Sammanfattning 
Varje år drabbas Filippinerna av flera tyfoner och resultaten av dessa kan bli omfattande 

katastrofer i form av bland annat översvämningar. Huvudstaden Manila är belägen på en 

flodslätt med flera områden på och även under havsnivå, med flera genomflytande 

vattendrag. Detta är några faktorer som bidrar till att staden ofta drabbas hårt av 

översvämningar. 

Under tio veckor på vårterminen år 2014 utfördes ett examensarbete som ett avslut på 

Högskoleingenjörsutbildningen i Geografiska InformationsSystem (GIS) vid Karlstads 

universitet. Åtta av veckorna spenderades i Manila i Filippinerna vid University of the 

Philippines Diliman, School of Urban and Regional Planning (UP SURP).  

Syftet med arbetet var att ta reda på hur sjukhus i Manila City drabbas av översvämningar. 

GIS användes till att utföra nätverksanalyser, där kortaste vägen att välja för 

räddningstjänsten från station via stadsdel till sjukhus beräknades. Den kortaste alternativa 

vägen vid 5-års flöde togs även fram för att jämföra skillnaden i körsträcka vid 

översvämning.  

Vid 100-års flöde utfördes en annan typ av nätverksanalys, där förslag på lämpliga platser 

för placering av en ny räddningstjänststation och en temporär sjukhusmottagning 

presenterades. Dessa förslag på placeringar låg i ett område som inte drabbas vid 100-års 

flöde. 

Resultaten från analyserna visade att Manila City är ett väldigt utsatt område vid 

översvämning. Vid ett 5-års flöde drabbas Manila City kraftigt i vissa delar och drygt 1/4 

av befolkningen blir berörda. De kortaste alternativa vägarna för räddningstjänsten att 

välja vid översvämning blir generellt längre än när staden inte är drabbad och vissa 

sjukhus är helt oframkomliga från några stadsdelar. 

Vid ett 100-års flöde blir området kraftigt översvämmat, nästan 2/3 av befolkningen 

drabbas och många vägar blir helt obrukbara, vilket gör att framkomligheten i Manila City 

är väldigt begränsad. 
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Abstract 
Every year the Philippines get affected by a number of typhoons, which cause severe 

damage, sometimes due to flooding. The capital, Manila, is located on a flood plain that is 

partly at, and even below sea level and with several rivers crossing the area. These are 

some of the factors that contribute to that Manila often is affected by severe flooding. 

During ten weeks of the spring semester in 2014, this thesis was conducted as a 

completion of the bachelor program Geographic Information System (GIS) at Karlstad 

University, Sweden. Eight weeks were spent in Manila in the Philippines at the University 

of the Philippines Diliman, School of Urban and Regional Planning (UP SURP).  

The aim of the study was to investigate how hospitals in Manila City get affected during 

flooding. GIS was used to perform network analyses, in order to calculate the shortest 

route for the emergency service to travel from a station via a barangay to a hospital.      

The shortest alternative route during a 5-year flood was also calculated in order to 

compare the distance differences that might be due to flood.  

During a 100-year flood another type of analysis was performed, where suggestions for 

suitable locations for placing emergency service and temporary medical centre were 

presented. These suggestions on suitable locations were placed in an area that will not be 

affected during a 100-year flood.  

Results from the analyses showed that Manila City is a very exposed area during flood. 

During a 5-year flood some parts of Manila City will be highly exposed and about 1/4 of 

the population will be affected. The shortest alternative route for the emergency service 

to use during flood will generally be longer than in normal situations. Some hospitals 

cannot be accessed from some barangays due to impassable roads.  

During a 100-year flood the area gets gravely affected, almost 2/3 of the population will 

be affected and many roads become impassable, which limits the accessibility in Manila 

City.  
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Wordlist 
 

Barangay                       
A barangay (Bgy) is the smallest administrative division in the Philippines (Wikipedia 
2014). 
 

Floodplain                                                                                                                       
A floodplain is a flat area vulnerable to flooding. (National Geographic [NG] 2014) 
 

5-year flood   ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss                                                                                                                  
A 5-year flood is the level of water in a certain place of a watercourse that will statistically 
occur on average one time in 5 years (Sveriges Meteorologiska och Hydrologiska Institut 
[SMHI], 2009). 
 

100-year flood                       
A 100-year flood is the flow of water in a certain place of a watercourse that will 
statistically occur on average one time in 100 years (SMHI, 2009). 
 

Network analysis                    
Network analysis is a structured technique for analyzing a circuit mathematically (All 
About Circuits [AAC] 2012).  
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1. Introduction 
During the spring semester in 2014, this thesis was conducted to find out how hospitals 

in Manila, the Philippines get affected by flooding. Flood and network analyses were 

made for this purpose. The duration of the study was ten weeks, out of eight were spent 

in Manila at the University of the Philippines Diliman, School of Urban and Regional 

Planning (UP SURP). 

 

1.1 Background 

The Republic of the Philippines consists of 7,107 islands and is situated in the western 

part of the Pacific Ocean. There are more than 20 active volcanos and the country is 

located in an area where several typhoons pass every year, and the islands are often 

affected by natural disasters (Globalis, 2010). Many devastating floods have been recorded 

throughout the history of the Philippines. There has been an increasing occurrence of 

natural hazards, due to a presumed global climate change including rising sea levels and 

more extreme weather events. Also due to a rapid population growth, high urbanization 

rate and exposure of natural resources. 
 

When a large quantity of rain falls in a short time the drainage pipes and channels are 

insufficient to transport the water masses. This can lead to flooded areas with water 

deeper than 30 centimeters, usually in the low-lying areas of the city that are at sea level 

and at the river beds. Precipitation that lasts for several days in combination with high 

tides, typhoons and storm surges, are all contributing factors that can make a flooding 

more severe or catastrophic. 
 

Manila, the capital of the Philippines, is located on a floodplain crossed by the rivers 

Meycauayan and Malabon-Tullahan in the north, and the Marikina River in the east. 

Manila Bay is situated in the west of the city and in the south-east the lake, Laguna de Bay 

is located (Bankoff, 2003). Parts of Manila are below sea level, which makes it harder to 

prevent flooding in the area (Bordadora, 2012). 
 

Typhoon Ondoy (Ketsana) struck Manila in September 2009 with heavy rainfall resulting 

in a flood disaster that caused 241 fatalities in Metro Manila. Over 870 000 people were 

affected and 65 000 buildings were damaged out of 12 500 were ruined completely due to 

the flood (Sato & Nakasu, 2011).   
 

After some extraordinary heavy rain in August 2012, Manila suffered again from severe 

flooding. Over one million people were affected by the typhoon Saola (Gener) where the 

flood resulted in the death of 70 people (Augustin, 2012). 
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The infrastructure was badly affected; many roads were covered with water which caused 

problems for the emergency services to get around effectively (Figure 1). Hospitals had 

difficulties, in some cases the water level reached as high as up to the second floor, 

jeopardizing the safety of patients (Torres, 2012). 
 

 
                        Figure 1. Flooding in Manila (Journal Week 2012). 

 

1.2 Aim of the study 

The aim was to perform risk analyses for hospitals that are exposed to flooding.            

To investigate the possibility of enhancing the efficiency of the emergency services, by 

finding the shortest alternative route from emergency service via barangay to hospital.  

Locate areas that will not get flooded to find suitable locations for emergency services and 

temporary medical center.  

 

1.2.1 Objectives 

 Which roads or/and streets between emergency service stations and hospitals will 

be impassable or have limited accessibility due to inundation? 

 How does flooding affect the shortest route from emergency service via barangay 

to hospital? 

 Which areas are more suitable for allocating emergency services and temporary 

medical centres? 
 

1.2.2 General objectives 

The main tasks were to: 

 Investigate how the roads between emergency service stations and the hospitals 

will be affected during different levels of flooding; 

 Make maps that highlights the roads and streets that will be impassable or the 

streets that will get limited accessibility due to inundation; 
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 Examine the water depth during different flood levels and to find shortest 

alternative routes for the emergency service in order to save time; 

 Determine which hospitals that can still be reached during inundation; 

 Analyze the shortest route from emergency services via different barangays in 

Manila to the hospitals. 
 

1.3 Delimitations 

The geographical limit for the analysis is the Manila City boundary (Figure 2). In order to 

delimit the extent of the project four hospitals were included in the analysis;  
 

 University of Santo Tomas (UST) Hospital 

 Philippine General Hospital (PGH) 

 Our Lady of Lourdes Hospital (OLLH) 

 Dr. Jose Fabella Memorial Hospital (DJFMH) 
 

These hospitals were chosen to get a geographical spreading in the study area and because 

they have all been affected by flooding in the past. 
 

Two flood levels were included in the analysis, 5-year flood and 100-year flood. 

Consideration was not given to the terrain and water flow direction.  
 

In the network analyses considerations were not taken regarding speed limits, one way 

streets, turning restrictions, under- and overpasses. Assumptions were made that the 

emergency service could drive in either direction and in water depths up to 0.25 meters.  
 

 
Figure 2. Selected hospitals in Manila City 
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2. Theory 
Different flood levels included in the analysis and case studies regarding flood- and 

network analysis are described in different parts in this section. The case studies were 

examined to get an understanding of what other countries have done. There is also a 

description of the extension tool ”Network Analyst” that were used to perform network 

analysis in the GIS software ArcGIS. Two different map layers that are included in the 

extension tool to perform different kinds of analyses and that have been used in the study 

for data analysis are described. 

 

2.1 5-year flood 

A 5-year flood is the level of water in a certain place of a watercourse that will statistically 

occur on average one time in 5 years. (SMHI, 2009). Return time for an event means that 

it will occur on average or exceeded once during that time. This means that the 

probability for the occurrence of a 5-year flood is 1 in 5 for each year.  

The likelihood that the 5-year flood will occur in a 5-year period is 67 % (Källerfeldt et al., 

2012). Table 1 shows the probability that the 5-year and the 100-year flood will occur 

within different time ranges. 

 

2.2 100-year flood 

The 100-year flood is the level of water in a certain place of a watercourse that will 

statistically occur on average one time in 100 years (SMHI, 2009). The probability of the 

occurrence of a 100-year flood is 1 in 100 for each year (Källerfeldt et al., 2012).          

The likelihood that the 100-year flood will occur in a 100-year period is 63 %. 

Historical observations of flows or future climate scenarios are being used to calculate the 

return time of a certain flood level (SMHI, 2009). 

 

Table 1. Probability, 5-year and 100-year flood 

Return 
time 

(year) 

Probability 
during 1 year 

(%) 

Probability 
during 5 years 

(%) 

Probability 
during 10 years 

(%) 

Probability 
during 50 years 

(%) 

Probability 
during 100 years 

(%) 

5 20 67 89 100 100 

100 1 5 10 39 63 
 

With inspiration from (Källerfeldt et al,. 2012) 
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2.3 Nationwide Operational Assessment of Hazards (NOAH)  

The Department of Science and Technology (DOST) launched the NOAH project to 

enhance disaster management in the Philippines. The aim is to be able to send out 

warnings six hours before a flood is expected to hit, advanced technology is being used to 

make vulnerability maps. The maps are distributed through media and communications 

platforms such as TV, apps and Internet. Flood maps can be seen at NOAH website1. 

Disaster science research and development projects are being integrated in order to 

achieve the goal. There are nine ongoing projects: 

 Hydromet Sensors Development 

 DREAM-LIDAR 3-D Mapping Project 

 Flood NET-Flood Modeling Project 

 Hazards Information Media 

Strategic Communication Intervention 

Disaster Management using WebGIS 

 Enhancing Geo-hazards Mapping through LIDAR 

 Doppler System Development 

 Landslide Sensors Development Project 

 Storm Surge Inundation Mapping Project 

 Weather Information – Integration for System Enhancement (WISE) (Nationwide 

Operational Assessment of Hazards [NOAH] 2013) 

The 18 largest river basins in the country will be equipped with 400 stations to measure 

water levels and 600 automated rain gauges and, moreover, flood hazard maps with high 

resolution will be made within two years. The intention is to eventually cover all major 

river basins in the Philippines (NOAH, 2013). 

 

2.4 Case studies –Flooding analysis 

Two different case studies, where GIS have been used to perform flooding analysis in 

order to prevent and avoid future flood events, have been examined and are presented in 

the following section. These studies are presented in this section to get an understanding 

of how other countries have been using GIS in order to conduct flooding analysis. 

 

2.4.1 Nigeria 

In 2012 Nigeria suffered from the worst flood in 40 years. A GIS analysis was made in 

order to investigate the extent of the flood and to located areas that are vulnerable to 

flooding. The analysis included mapping of the area affected by flooding and satellite 

imageries were used for this purpose.  

                                                           
1 http://noah.dost.gov.ph/ 

http://noah.dost.gov.ph/
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An investigation was made of how the residents will be affected in terms of health and 

property damage. Spatial analysis was also made of the floodplain in order to find better 

approaches to handle future floods.  

Maps including terrain, settlement and roads in the flooded areas were created to facilitate 

the field work. Field work was carried out in order to confirm that the estimated flooded 

area interpreted from satellite imageries was consistent with reality.  

To establish the extent of the flooded area, a combination of satellite data, a digital terrain 

model (DTM) and collected data from field work was used to make flood maps. Flood 

maps were then combined with settlement maps, to find out where people would be 

affected the most by flooding. By considering the geology, ground elevation, flood history 

and the amount of and distance to rivers in an area, flood risk maps were made by 

categorizing land by risk. To classify land vulnerability three categories were used; high, 

moderate and non-vulnerability.   

Plans for evacuation camps were made by considering the height for suited areas, 120 m 

above sea level was considered safe in this case. Other factors that contribute to flood 

disasters are uncontrolled construction of infrastructure and buildings near rivers.  

One of the conclusions that were made was that the situation worsened because of 

deficient infrastructure. It was recommended to make a contingency plan for the 

floodplains and to prevent future settlements in these areas. All floodplains in Nigeria 

should be analyzed in order to find the areas prone to flooding, increase awareness and 

make emergency plans.  More ports and dams should be built to handle the excess water 

that might appear during heavy raining (Ojigi et al., 2013).  

 

2.4.2 Hamburg 

In Hamburg a project called RISA (Rain InfraStructure Adaptation) has developed GIS-

based strategies in order to perform risk analysis over pluvial (rain related) hazards.          

This is made by assessing the risks and vulnerabilities to prevent or reduce damages 

caused by pluvial flooding.   

To perform the risk analysis a high-resolution digital surface model (DSM) with a grid 

resolution of 1 m were used. A digital register for Hamburg with information of land use 

and building types was included. Also digital aerial photos (LIDAR data) were paved and 

unpaved areas could be detected. Results from hydraulic simulations were gathered from 

an urban drainage system database and an assembling of emergency calls made as a result 

of deluge were used.  

Flood hazard analysis was made and vulnerability estimation was created in order to find 

out the level of flood hazards and vulnerability. The obtained levels were then combined 

to get a flood risk level.  
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Influencing factors for the flood hazard analysis were terrain topography and urban 

drainage systems. Parameters assessed were flow routes, local sinks and sewer overflow. 

Flood hazard classes included local sinks and flow routes; this resulted in a flood hazard 

level. 

Influencing factors, terrain topography and drainage systems, were evaluated according to 

the level of flood risk for the current area. It was important to take into account local 

conditions. The influencing factors were then evaluated regarding availability and 

relevance of data to be able to use it in an automated model.  

To estimate vulnerability, urban structure, buildings, critical points and objects were 

influencing factors. Assessment parameters were land use, building utilization, basements 

and critical point. Vulnerability classes included open space, buildings and neuralgic 

points; this resulted in a vulnerability level. 

Influencing factors, such as urban development conditions, buildings, critical points, were 

evaluated according to vulnerability risk.  

The assessment parameters were classified by the level of risk from very low hazard (1) to 

high hazard (5-6). The result from the flood hazard analysis and the vulnerability 

classification were then combined in a map to show the estimated flood vulnerability risk 

(Figure 3) (Scheid et al., 2013). 

 

                                  Figure 3. Estimated flood vulnerability risk 

 

2.5 Network analysis 

A network consists of interconnected lines and points, representing, for example, road, 

pipeline and railway systems, in order to perform network analysis. With network analysis 

it is, for instance, possible to find out the shortest travel route or locate the closest facility.  

A system of linear features where there is a flow of resources can be defined as a network. 

The lines are connected through nodes, which are points that represent the start and end 

of a line. Characteristics of lines include; length, direction, connectivity and pattern. 

Turning restrictions can be set as properties for nodes. 
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When performing road network analysis it is important to have detailed and accurate data 

to get a good result that is representative of reality. Preparation of data is vital. One way 

streets, speed limits, turning restrictions and connectivity between roads are some of the 

factors that should be considered. For best result a model with vector data should be used 

and the data should also be updated. 

Networks can be classified into four different types; unoriented, oriented, unoriented with 

loops and oriented with loops (Figure 4). The class depends on what kind of network that 

is used. If the flow in a network is going in one direction such as streams, it is best 

represented as an oriented network whilst a track where trains can go in both directions 

should be represented as unoriented. Roads are best represented by oriented- or 

unoriented networks with loops depending on if there is one way- or two way streets 

(Trodd, 2005). 

 

Figure 4. Different types of network (Trodd, 2005)        sssssss ssssss 

 

2.6 Network analyst – ArcGIS 

ArcGIS “Network Analyst” extension tool is used to perform spatial analysis based on 

networks. It can be used for different kinds of purposes like finding the shortest route, 

locate the most suitable place to establish a new service and determine the size of a 

service area among other things (ESRI, 2014a). 

Connectivity is crucial when it comes to network analyses. A feature dataset containing 

lines representing roads cannot be used directly to perform network analysis because the 

lines does not store information on what they are connected to. Therefore, in order to 

perform network analysis on roads with the ArcGIS “Network Analyst” extension tool,   

a network dataset must be created from the feature set containing roads. The Network 

dataset will store information about the connectivity between features and can be used for 

all types of analyses (ESRI, 2014b). 
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There are six layers included in “Network Analyst” in order to perform different kinds of 

analyses:  

 Route analysis layer 

 Closest facility analysis layer 

 Service area analysis layer 

 OD cost matrix analysis layer 

 Vehicle routing problem analysis layer 

 Location-allocation analysis layer (ESRI, 2014c). 

To perform network analysis, the network analysis layer must be linked to a network 

dataset. The loaded data, the properties that are set to perform an analysis and the 

achieved result are all saved in the layer. The workflow is similar for all the network 

analysis layers (ESRI, 2014d). 

 

2.6.1 Location-allocation analysis layer 

In order for emergency response services (ERS) to be as efficient as possible, the location 

of the facility is an important factor to consider. Emergency response times can be 

shortened if the station is located in such a way that as many people as possible lives 

within a certain distance from the station. The “Location-allocation analysis layer” can be 

used for this purpose, to find out where the best location for the station would be.       

The layer uses specified facilities and demand points to calculate the facility that would be 

best suited.  

Existing facilities that must be taken into account when calculating new locations are set 

as “Required”. A “Candidate” is a suitable facility to be considered when searching for a 

new location. With “Maximize attendance” the facility with the most possible demand 

weight gets selected. The “Demanded weight” is related to distance; longer distance 

decreases the demanded weight.  

“Impedance”, “Cost”, can be used to influence the result from an analysis. “Impedance 

cutoff” specifies the maximum distance that a demand point can have from a facility in 

order to be allocated to that facility. The distance is measured from the shortest way along 

the network (ESRI, 2012e). 

Temporary changes like flooding, that might limit the accessibility to a road during a 

limited amount of time, can be represented as a “Barrier”. A “Barrier” is a polygon-, 

point- or line that is used to restrict or change the edges and junctions that are within the 

barrier, of a network dataset. The impedance of a barrier can be changed so that the area 

within the barrier uses more or less time to travel through, it can also block the passage 

completely (ESRI, 2012f). 
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2.6.2 Closest facility analysis layer 

The “Closest facility analysis layer” can be used to find out the facility that is closest to an 

incident. A hospital can be represented as a facility and an accident can represent an 

incident.  The closest way can be calculated in different ways, depending on which 

settings that has been selected. It can for instance be the facility with the shortest travel 

time from the incident or the facility located within the shortest distance. 

Settings can be made so that only the hospitals within a certain travel time from the 

accidents will be included in the analysis. The travel time can be measured in either 

direction. Analysis can be made to find the closest facility between facilities and accidents 

for several different places at the same time (ESRI, 2012g). 

 

2.6.3 Route analysis layer 

“Route analysis layer” can be used for many different purposes. Depending on which 

impedance is set, the shortest or quickest route, from point A to point B, could be 

identified. It is also possible to find the route with the most beautiful view and add stops 

that should be included in the solution (ESRI, 2012h). To find the shortest route the 

impedance cost attribute should be distance (ESRI, 2012i). 

 

2.7 Case study – Network analysis 

In this section a case study were network analysis has been used in order to find out 

coverage areas for emergency stations based on emergency response times is presented. 

 

2.7.1 Coverage area for emergency stations 

Vector based network analysis was performed on the road network, in the municipality of 

Uppsala in Sweden in 2011. This was done to find out the extent of the coverage areas 

from the emergency service stations in the area.   

Network analyst were used to calculate coverage areas based on emergency response 

times, which were set to measure the areas reached within 5, 10, 20 and 30 minutes.    

Data was collected from a national road database provided by the Swedish Transport 

Administration (Trafikverket). Data with information about population in the urban areas 

around Uppsala was collected from Statistics Sweden (SCB). 

Restrictions were set for one ways to prevent routing in forbidden directions. Because the 

coverage area was estimated based on time, speed limits was an important attribute.     

The speed limits and length for each segment of line were used to calculate the time it 

would take to travel on every segment. Road type was used to set hierarchy on the roads 

so that the roads with higher ranking would be considered faster than lower ranked roads.        

An attribute with road names were also included to enable road directions.  
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Because the settings for connectivity were set for nodes only, which means that the roads 

will only connect through the endpoints of the line segments. Therefore flyovers and 

bridges would not be connected and there was no need to take the topology in 

consideration. 

Maps were then made to illustrate the coverage areas for the emergency service stations. 

Because the data used for the analyses were up to date and contained detailed information 

the results were considered to be realistic (Samuelsson, 2011). 

3. Methods 
Different kinds of methods were used to complete the project; literature study, interviews 

and data analysis. All parts are described in more detail in its own section below.    

 

3.1 Data 

The data used for the project is seen in Table 2.  

Table 2. Used data. 

 

Data  Geometry type Format Topicality  Accuracy  Source

5-year flood Polygon Shapefile

National 

Capital Region 

(NCR) plus 

Neighbor 

Provinces

Scale 1:1000 

Year 2013

Greater Metro Manila 

Area Risk Analysis 

Project - Metropolitan 

Manila Development 

Authority (MMDA)

100-year flood Polygon Shapefile

NCR plus 

Neighbor 

Provinces

Scale 1:1000 

Year 2013

Greater Metro Manila 

Area Risk Analysis 

Project - MMDA

Roads Line Shapefile City of Manila Year 2007

Provision of Data and 

Sevices for Geographic 

Information Systems 

Development Project of 

MMDA

Buildings Polygon Shapefile City of Manila Year 2007

Provision of Data and 

Sevices for Geographic 

Information Systems 

Development Project of 

MMDA 

Population Polygon Shapefile City of Manila Year 2007

Provision of Data and 

Sevices for Geographic 

Information Systems 

Development Project of 

MMDA 

Population 

density
-

Spreadsheet 

file
City of Manila Year 2010

National Statistics 

Office (NSO)

Manila city Polygon Shapefile City of Manila Year 2007

Provision of Data and 

Sevices for Geographic 

Information Systems 

Development Project of 

MMDA
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3.2 Software 

The software’s that were used during the project was: 

 ESRI - ArcMap 10.1 

 Google Earth  

 Microsoft office 2010 

 
 

3.3 Literature study 

A literature review was done to collect materials for the study and to find out information 

about previous flooding events and how it affected society. To get a deeper understanding 

of the problems with infrastructure caused by inundation, previous research has been 

examined to see what has been done in the past to prevent flooding. The information was 

gathered through research from books, articles and open sources. 

 

3.4 Interviews 

Interviews were made to get a better understanding about what has already been done     

concerning the prevention of future flooding. A meeting was arranged with Dr. Lagmay 

at National Institute of Geological Sciences (NIGS). He explained about the NOAH 

project and showed the associated app. A tour around the GIS department was also 

provided.  

The hospitals have to follow protocol in order to give out any kind of information.      

This process can be time-consuming and therefore, to get some basic knowledge about 

the effects that the hospital experienced from flooding and what has been done in order 

to prevent future flooding, informal interviews were made with employees that have been 

working in the hospital compound during times of flood.  

 

3.5 Data analysis 

Height profiles were created in Google Earth to get knowledge of the terrain in the areas 

surrounding the selected hospitals. 

The gathered data was analyzed and evaluated using GIS. Flood maps were made over the 

exposed areas to get an overview of inundated areas during different flood levels.      

Route analyses were made and the shortest routes from the emergency services via 

barangay to hospitals were calculated. More suitable areas were located for placing 

emergency services and temporary medical center. 
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In the analyses assumptions were made that the emergency service could drive in either 

direction and in water depths up to 0.25 meter. Considerations were not taken regarding 

speed limits, one ways, under- and overpasses.  

The analyses were performed in the GIS software ArcGIS, with the extension tool 

“Network Analyst”. All input data was transformed to the same coordinate system, 

“WGS 1984 Web Mercator (Auxiliary sphere)”, with the tool “Project”.  

The included layers were cut with the tool “Clip”. A polygon representing the boundary 

of Manila City was used as a clip feature, so that only the geographical area chosen for the 

project would be included in the analysis.  

Emergency services and hospitals were selected from the polygon layer with buildings and 

exported to new layers. These layers were then converted to points with the tool “Feature 

to point”. Each converted point representing the centre of its original building polygon. 

From the polygon layer with population data, “Feature to point” was used to create a 

point layer, where each point was centred in the middle of each population polygon.  

A ”File Geodatabase” was created in order to perform network analysis. A ”Feature 

Dataset” with the coordinate system ”WGS 1984 Web Mercator (Auxiliary sphere)” was 

created in the database. The roads that were going to be used for the analyses were 

imported to the created “Feature dataset” and a “Network dataset” was created from the 

road layer. The connectivity was set to ”End point” and other settings were “From end to 

end”. The attribute ”Length” was used as ”Cost” in meters. 

 

3.5.1 Route analysis 

From the “Network Analyst” extension tool, the ”Closest facility” and “Route analysis 

layer” were used to find the shortest route from emergency services via barangay to 

hospital. This was made when there was no flood and with 5-year flood serving as a 

“Barrier”. 

The three barangays with the highest population density in each district, where the four 

selected hospitals are located; Sampaloc, Santa Mesa, Santa Cruz and Ermita (Figure 5), 

were selected by population density for every barangay (data from year 2010). By finding 

out the names of the 12 barangays which are most densely populated in the four districts, 

their location could be represented by the population point layer (Figure 6). Each 

barangay were exported to a new layer. 
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Assumptions were made that each barangay chosen for the analysis would travel to the 

selected hospital that is located in the same district. The same analysis layers were used to 

find alternative routes during a 5-year flood. If the emergency service could not reach the 

hospital located in the same district as the barangay during a 5-year flood, the hospital 

that was located nearest that barangay was chosen instead. 

 

Figure 5. Manila City districts. The chosen hospitals are written in read text.s 
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Figure 6. Selected barangays (yellow stars) with highest population density.  
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3.5.1.1 No flood 

 “Closest facility analysis layer” were used to find out which emergency service that was 

closest to each barangay included in the analysis. 

 

Parameters that where set: 

Facilities: Emergency services 

Incidents:  The 12 chosen barangays 

Settings:  Impedance: Length (meters)                                         

Accumulation: Length 

Travel from:  Facility to incident 

 

Every emergency service facility generated from the analysis was then exported to a new 

layer. The four hospitals that were chosen for the analysis were also exported in the same 

way. The “Route analysis layer” was used to find the shortest route from emergency 

service via barangay to hospital. This was done to find out the shortest routes for all the 

12 barangays selected to be included in the analysis. 

 

Parameters that where set: 

Stops: Emergency service                                                                                                                                            

Barangay                    

Hospital  

Settings:  Impedance: Length (meters)                                         

Accumulation: Length 

 

3.5.1.2 Flood 

The analyses were performed as described above with the only difference that a layer with 

5-year flood was added as a line barrier. The 5-year flood was originally represented as a 

polygon but was converted to lines using the tool “Polygon to line” in order to be able to 

use the layer as a barrier in the analysis. The barrier layer represented water depths deeper 

than 0.25 m. 

In order to find out the emergency services that would not be affected by the flood, the 

tool “Erase” was used. The unaffected emergency services were exported to a new layer. 

The “Closest facility analysis layer” was first used to determine the emergency service 

located closest to each of the barangays selected for the analysis. Same settings were used 

as described in “no flood”. The emergency services retrieved from the analyses were then 

exported to a new layer. 
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After that the “Route analysis layer” could be used to find out the shortest alternative 

route from emergency service via barangay to hospital. Same settings were used as before 

and this step was performed on all the 12 barangays selected for the analysis. 

If an emergency service could not reach the intended hospital from a barangay, the 

“Closest facility analysis layer” was used again, in order to find out which alternative 

hospital would be nearest. All hospitals within the area was included in the search, in 

order to see if there would be an alternative hospital to go to if the route to the ordinary 

hospital would be flooded. 

 

Parameters that where set: 

Facilities: Hospitals 

Incidents:  The 12 chosen barangays 

Settings:  Impedance: Length (meters)                                         

Accumulation: Length 

Travel from:  Incident to facility 

 

Then “Route analysis layer” was used again in order to find a new shortest route to the 

alternative hospitals. Same settings were used as described above but using other hospitals 

as facilities. 

A comparison of the results generated for the shortest routes and the shortest alternative 

route during flood was then performed. Maps were made for all the different routes with 

and without the flood layer. A table with information about the distance of all the routes, 

and the difference in length between “flood” and “no flood”, was also created.  

 

3.5.2 Location-allocation 

The extension tool “Network Analyst” was used with the “Location-allocation analysis 

layer” to find suitable places for placing emergency services and temporary medical 

centres.    

One criterion that was set was that the buildings that were considered appropriate for use 

of emergency services or temporary medical centres must have a minimum area of 300 

m². Settings were made so that the largest best located building, considering that it would 

reach the most amounts of people within a certain distance, was chosen as a new suitable 

location. 

From the building layer destroyed/abandoned buildings with a minimum area of 300 m² 

were selected and exported to a new layer.  
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The tool “Erase” was then used to determine which buildings would not be affected 

during a 100-year flood. This tool was also used to find out which emergency services, 

hospitals and population point that would not be affected during a 100-year flood. 

The 100-year flood was originally represented as a polygon but was converted to lines 

using the tool “Polygon to line” in order to be able to use the layer as a barrier in the 

analysis. The barrier layer represented water depths deeper than 0.25 m. 

 

Emergency services - Parameters that were set: 

Facility type: Emergency services (Required)  

Abandoned buildings (Candidate), Weight: Area 

Demand points:  Barangays 

Weight: Total population 2000 

Problem type:  Maximize Attendance 

Facilities to choose: 12                                                        

Impedance cutoff: 5000 meters 

Barrier:  100-year flood lines 

Travel from:  Facility to demand 

 

Temporary medical center - Parameters that were set: 

Facility type: Existing hospitals (Required)  

Abandoned buildings (Candidate), Weight: Area 

Demand points:  Barangays, Weight: Total population 2000 

Problem type:  Maximize Attendance 

Facilities to choose: 21                                                        

Impedance cutoff: 10 000 meters 

Barrier:  100-year flood lines 

Travel from:  Facility to demand 

 

The results from the analyses were compiled and presented as maps where suggestions of 

new suitable areas for locating an emergency service and a temporary medical centre 

where shown.  
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4. Results 
The result section is divided into different parts. The first parts are about the four 

hospitals in Manila City that have been studied. The parts contain general information 

about the hospitals and their locations as well as informal interviews that were conducted 

during the visits of the hospitals. 

The two last parts shows the results from the analyses performed with the 5-year flood 

respective the 100-year flood. Each part begins with a map that shows the affected areas 

and a table with information about the proportion of the affected population.  

Regarding the 5-year flood and the analyses with the shortest route and alternative route, 

only two barangays are presented in the results, the result from the remaining barangays 

are seen in Appendix 1-4. A table shows the different lengths of the routes and the 

difference in distance between “no flood routes” and the routes calculated considering 

the 5-year flood.  

About the 100-year flood, the result for suitable location for placing emergency service 

station and temporary medical centre is presented. Matrixes that shows distance to the 

barangays within 5000 meters from the new suitable location for emergency service 

station and temporary medical centre is found in Appendix 5. Appendix 6 contains a map 

showing an overview of the suggested locations. 

 

4.1 University of Santo Tomas (UST) Hospital 

University of Santo Tomas (UST) Hospital in Manila is one of the affected hospitals 

located in a flood-prone area. In year 2012 the ground floor was flooded, patients and 

medical equipment was forced to move up to a higher level in the building. In times of 

ordeal there is need for extra food and supply for patients and personnel (GMANetwork, 

2012). 

 

The hospital is located 3.3 kilometers from Manila Bay and 1.8 kilometers from Pasig 

River, Figure 7 contains a height profile that shows that the area around UST is situated 

approximately 10 meters above sea level. 
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         Figure 7. University of Santo Tomas Hospital (Google Earth, 2014). 

 

Ocular inspection of the area confirmed that UST hospital is located on a flat area    

(Figure 8). According to an employee for 8 years2 Ondoy (Ketsana) was the worst case.           

The basement got flooded and the water reached up to about one meter on the ground 

floor, people had to move up to the second floor. The water went down quite slow and 

did not recede until the day after. To improve safety for the patients only offices and 

receptions are placed on ground floor. Patient wards have been moved to higher floors. 

UST floods easily also during heavy rain, but the water then reaches only about 5-10 cm 

and the water recedes fast. The drainage is poor and clogs easily during flooding. It is hard 

to do anything about it because the area is below sea level.  

Employee for 17 years3 also said that during Ondoy (Ketsana), flood level reached around 

one meter. After that sidewalks have been elevated and drainage system has been 

improved but the hospital still floods now and then. Because España Boulevard and 

Dapitan street, who runs just outside the hospital compound, has been elevated water 

runs down to UST hospital which is located on lower grounds and works as a catch basin. 

Last typhoon the water flooded about 10 centimetres.   

 

 

                                                           
2
 Employee for 8 years, UST, Interview conducted 2014-04-28 

3Employee for 17 years, UST, Interview conducted 2014-04-28 
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Figure 8. The entrance to UST Hospital. Ssssssssss ssssss sssssssssssssssssssssssssssssssssssssssss 

 

4.2 Philippine General Hospital (PGH) 

The hospital is the largest government hospital in the country (Hospital Map Online, 

2009) and it is located in the Ermita district (Philippine General Hospital [PHG], 2013). 

In year 2009 the storm “Ondoy” (Ketsana) hit Manila and several blocks were flooded, 

which made the roads impassable. All streets and roads in the Ermita district were 

virtually inaccessible (Philippine Daily Inquirer, 2011).  

PGH also suffered from flooding in year 2012, although not as serious as UST.         

Some staff chose to remain in the hospital during the worst time, because it was 

considered safer than going home (GMANetwork, 2012). 

The tropical storm “Maring” and several days of heavy raining left large parts of Manila 

inundated in year 2013. The traffic was severely affected and local transport stood still. 

Ermita and the nearby Malate district were flooded with over one meter in some places 

(Alimario et al., 2013). 

The distance from PGH to Manila bay is around 560 meters and the distance to Pasig 

River is 1.5 kilometers. A height profile shows the investigated area to be approximately 

12 meters above sea level (Figure 9). 
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Figure 9. Philippine General Hospital (Google Earth, 2014). Ssssssssss   ssssssssssssssssssssss 

 

Ocular inspection and informal interviews were performed at PGH (Figure 10) to find 

out how it has been affected by flooding. According to an employee since 23 years4 the 

hospital was not flooded during Ondoy (Ketsana), but Taft Avenue who runs just outside 

the hospital compound was flooded so the staff could not go home and the ambulance 

could not get access. Drainage on Taft Avenue has been improved since then.     

Employee since 5 years5 informs that the parking lot got flooded and the water level at 

the entrance was about knee-high. 

 
                    Figure 10. Philippine General Hospital. Ssssssssssssssssssssssssv   sssssssssssssssssssssssssssss 

                                                           
4
 Employee for 23 years, PGH, interview conducted 2014-04-28 

5
 Employee for 5 years, PGH,  interview conducted 2014-04-28 
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4.3 Our Lady of Lourdes Hospital (OLLH) 

OLLH is a privately owned hospital with high standards (Philstar, 2011) and it is located 

in the district of Santa Mesa (Our Lady of Lourdes Hospital [OLLH], 2012). A project 

has been started to enhance the drainage system in the area, to prevent inundation during 

the rainy season (Balita, 2013). 

The hospital’s location related to nearby rivers and a height profile that shows that the 

area around OLLH is situated approximately 11 meters above sea level (Figure 11).       

The distance from OLLH to Pasig River is about 740 meters. San Juan River is located 

approximately 320 meters from the hospital. 

 
 Figure 11. Our Lady of Lourdes Hospital (Google Earth, 2014).  Ssssssssss     sssssssssssss 

A visual inspection was made of the hospital area (Figure 12). The entrance is located on 

a slope but the basement is on lower grounds. 

An employee6 that worked during Ondoy (Ketsana) says that the basement got flooded 

completely that time and, because it is used as a parking lot, cars where floating.           

The water on the first floor was in between ankle- to knee-deep. It took hours for the 

water to subside. 

Residents7 in the area in front of OLLH says that during Ondoy (Ketsana), in September 

2009, the water level was knee-deep, but after the heavy downpour the water subsided 

within a few hours. According to them the worst flood scenario in the area was when 

Metro Manila experienced the “Habagat” (southwest monsoon rains) in 2012. Because 

three major dams; Angat Dam, La Mesa Dam and Pantabangan dam, had to release water 

in order to not overflow and break it took four days for the water to subside. 

                                                           
6 Interview conducted at OLLH, 2014-04-28 
7
 Interview conducted 2014-04-16 
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 Figure 12. Our Lady Of Lourdes Hospitals   s 

 

4.4 Dr. Jose Fabella Memorial Hospital (DJFMH) 

The hospital belongs to the Santa Cruz district (Department Of Health [DOH] 2011). 

During the floods in year 2012, the hospital was one of the most affected, water 

penetrated the ground floor and patients had to be evacuated to higher floors in the 

building (Cher 2012). 

The distance from Manila bay to the hospital is 2.6 kilometers. Pasig River is the closest 

river to the hospital, just 1.1 kilometers away. The height profile in Figure 13 indicates 

that the hospital is located in a flat area, only 5 meters above sea level. 

  
         Figure 13. Dr. Jose Fabella Memorial Hospital in Manila, Philippines (Google Earth, 2014). ssss   
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Ocular inspection of the area shows that the hospital (Figure 14) is located in a flat area. 

According to an employee, employed for 24 years8 the building was originally a garrison. 

The construction is very poor and it is not suited to be a hospital. When the water level is 

not so deep, things run like normal. During times of flooding temporary bridges are built 

to get access to the hospital.  

There is an ongoing plan to transfer the hospital to DOH (Department of health) hospital 

compound. This is already approved and is supposed to be done by the end of 2016. 

Because of this, nothing is done to prevent the building from future flooding. “It is more 

about prevailing during a flood than to prevent”, says the employee. 

 

 
                  Figure 14. Dr Jose Fabella Memorial Hospital.sssssssssssssssssssssssssssssssssssssssssssssssss 

 

4.5 5-year flood – Affected areas  

The areas affected by the 5-year flood are presented in Figure 15. Already during the      

5-year flood the hospitals included in the study were affected to an extent. The population 

in Manila City is about 1 652 200 (National Statistics Office [NSO] 2010). Around 25.6% 

of the population will be affected by 5-year flood, which is calculated from the population 

points considering all water depths included in the analysis (Table 3).  

 

Table 3. Affected population of 5-year flood 

Affected population 

                                                           
8
 Employee for 24 years, DJFMH. Interview conducted 2014-04-25. 

5-year flood 25.6% 
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Figure 15. Affected areas by 5-year flood.  
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4.5.1 Shortest routes 

Shortest route from emergency service via barangay to hospital were calculated for 

all 12 barangays. In this section, only two results is represented, for the other 

results, see Appendix 1-4. Shortest route from closest emergency service via 

barangay 598 in Santa Mesa to OLLH is 2.14 kilometers (Figure 16). 

 
Figure 16. Shortest route from emergency service via Santa Mesa, barangay 598 to OLLH. ssssssssssss 
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From emergency service via barangay 572 in Sampaloc to UST the shortest route is 3.47 

kilometers (Figure 17). 

 
Figure 17. Shortest route from emergency service via Sampaloc, barangay 572 to UST.  
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4.5.2 Alternative routes 

Shortest alternative route during 5-year flood were calculated from emergency 

service via barangay to hospital. This was made for all 12 included barangays, in 

this part only two barangays are presented, all others can be seen in Appendix 1-4.  

Alternative route to OLLH from emergency service via barangay 598 in Santa Mesa 

is 4.18 kilometers (Figure 18). The distance is almost 2.04 kilometers longer during 

the 5-year flood. Information about, how much the difference is between the 

shortest routes during flood compared to the shortest route when there is no flood, 

is found in Table 4.  

 
       Figure 18. Alternative route from emergency service via Santa Mesa, barangay 598sssssssss 

to OLLH.                  sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
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During a 5-year flood the roads to UST hospital will be impassable and therefore none of 

the chosen barangays can reach the hospital. In this case the hospital located closest to 

the barangays have been chosen, which is ”Mary Chiles General Hospital”. The shortest 

alternative route to this hospital via barangay 572 in Sampaloc is 5.62 kilometers (Figure 

19) and the distance will be 2.15 kilometers longer during the 5-year flood (Table 4). 

 
 Figure 19. Alternative route from emergency service via Sampaloc, barangay 572 to Mary Chiles sss 

General Hospital. UST is impassable. ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss  
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      Table 4. Shortest and alternative routes to hospitals. 

Hospital - Barangay                   Shortest route (km) 

  No flood Flood  Difference 

UST, Sampaloc   
Mary Chiles 

General Hospital   

Bgy 422 2.85 3.59 0.74 

Bgy 439 1.99 3 1.01 

Bgy 572 3.47 5.62 2.15 

PGH, Ermita       

Bgy 660 2.22 Impassable - 

Bgy 663 3.2 Impassable - 

Bgy 667 2 Impassable - 

OLLH, Santa Mesa       

Bgy 598 2.14 4.18 2.04 

Bgy 628 4.1 Impassable - 

Bgy 633 3.99 4.84 0.85 

DJFMH, Santa Cruz       

Bgy 305 1.26 1.35 0.09 

Bgy 372 3.41 Impassable - 

Bgy 373 5.47 6.9 1.43 

 

 

 

4.6 100-year flood – Affected areas 

In Figure 20 the areas affected during a 100-year flood is presented. Virtually all of Manila 

City will be severely affected and the selected hospitals will be greatly affected. A lot of 

roads will be impassable. The population in Manila City is about 1 652 200 (NSO, 2010). 

Around 61.6 % of the population will be affected which is calculated from the population 

points and based on all water depths (Table 5).  

 

Table 5. Affected population of 100-year flood. 

Affected population 

 100-year flood 61.6% 
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Figure 20. Affected areas of 100-year flood. 
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4.6.1 Suitable location for emergency service 

New suggested suitable location for placing an emergency service is represented in Figure 

21. The white truck represents the suggested location. It is located so that it reaches the 

most amounts of people within a 5000 meter distance and in Appendix 5 there is a matrix 

showing the distances to the barangays covered. The suggested building is selected from 

abandoned buildings and is larger than 300 m². With this location it will also be possible 

to reach people within the Santa Mesa area.  

 
    Figure 21. Suggested suitable location for placing an emergency service station in Santa Mesa.  sssssss 
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4.6.2 Suitable location for a temporary medical center 

In Figure 22, a suggested suitable location for placing a temporary medical centre is 

shown. Because many of the hospitals would be impassable during flood the new 

suggested location for a temporary medical centre could be suitable in order to reach 

people within the Santa Mesa area during times of flood. The location is selected so that 

the hospital will be available for as many people as possible within a 5000 meter distance. 

In Appendix 5 there is a matrix showing the distance from the selected location to the 

barangays within the coverage area. The suggested location is an abandoned building 

bigger than 300 m². 

In Appendix 6 an overview of the new suitable locations for emergency services and 

temporary medical centre is given. 

 
  Figure 22. Suitable location for a temporary medical center in Santa Mesa. ssssssssssss 
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5. Discussion and conclusion 
The results of the analyses show that Manila City is a very vulnerable area during flood. 

Due to its location next to Manila Bay, and the fact that parts of the city are situated 

below sea level with nearby watercourses in the surrounding area, such as Pasig River, San 

Juan River.  

Already during a 5-year flood parts of Manila City will be quite severely flooded and 

approximately 25.6 % of the population will be affected. Flooded areas with water deeper 

than 0.25 meter are parts of north Ermita and the eastern and southern parts of Santa 

Mesa. During a 100-year flood around 61.6 % of the population will be affected, which is 

a remarkable figure. 

 

5.1 5-year flood 

During a 5-year flood the roads from the chosen barangays in Sampaloc to UST hospital 

are impassable. Therefore the Mary Chiles Hospital was selected as an alternative hospital 

during flood, because it was the closest available hospital. As a result of that the distance 

for the emergency service routes were prolonged during flood. Via barangay 572 to Mary 

Chiles General Hospital the distance was approximately 2.15 kilometers longer, via 

barangay 439 about 1.01 kilometers and via barangay 422 the distance was approximately 

0.74 kilometers longer.    

The selected barangays located in Ermita could not reach PGH at all during flood, all the 

roads were impassable and there was no way to go to an alternative hospital. Regarding 

OLLH and the barangays in Santa Mesa, the roads to barangay 628 were the only ones 

that were impassable. The two remaining barangays could still reach the hospital. 

Through barangay 598 the shortest alternative route was 2.04 kilometers longer compared 

to the shortest route without flooding and via barangay 633 the distance increased by 0.85 

kilometers. 

The route for barangay 305 in Santa Mesa to DJFMH did not change that much, the 

increased distance was only 0.09 kilometers during flood. Barangay 372 in the same area 

could not be reached due to flooded roads and via barangay 373 the distance was around 

1.43 kilometers longer during flood. 

 

5.2 100-year flood 

During a 100-year flood almost all areas in Manila City will be affected. The eastern and 

southern parts of Santa Mesa will be gravely affected, while the impact on the remaining 

areas will be less. Parts of Sampaloc also remain relatively unaffected. As the city becomes 

so severely affected by a 100-year flood and virtually all roads to the barangays and 

hospitals will be impassable, a choice was made to refrain from making network analysis 

to find the shortest route. 
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The results from the proposed suitable location for emergency service and temporary 

medical centre showed that the area of Santa Mesa would be an appropriate place for 

placing these. This would create good opportunities for the emergency service to reach 

many people in the area and the coverage area for the temporary medical centre would be 

good. 

 

5.3 The hospitals 

Regarding the interviews at the hospitals it was harder than expected to perform them due 

to the fact that the hospitals need to follow protocol in order to hand out information, 

which often is a time-consuming process. Because the time for the project was limited 

and in order for people to answer questions, informal interviews were made with people 

who had been working on the hospitals during flood. They have direct experience of how   

hospital areas can be affected. A lot of the information that was gathered about the 

hospitals beforehand was confirmed by the interviews such as the fact that all the 

hospitals have been affected by flood. However some new information were revealed that 

would probably have been difficult to find out through literature study.  

OLLH is exposed, due to its location near both the San Juan River and Pasig River and 

the surrounding roads are highly affected already during a 5-year flood. When visiting the 

hospital, it was seen that the entrance was placed on a small slope which is good in order 

to prevent water from getting in that way. Conversations with people who work at the 

hospital premises revealed, however, that the hospital has problems with the basement 

that can get flooded more easily. 

At UST it was confirmed that the hospital has major problems with flood, that the 

hospital is sometimes flooded even during heavy rain was however new information. 

Dapitan road and España Boulevard has been elevated, causing the water to run down to 

the area. The fact that the roads have been elevated is good for the accessibility on the 

roads during flood but makes the hospital area more flooded. The improvements made 

on the drainage system do not seem to be sufficient. If a patient requires emergency 

medical care it is important that the transport reaches all the way to the hospital. 

PGH has got similar problems, the hospital building will not be affected by flood but the 

road leading to the hospital, Taft Avenue, becomes impassable due to flood so that 

emergency service will not be able to access the area. 

New information also revealed that DJFMH is scheduled to move to the DOH 

compound which is a preventive action in itself. As a result to this no further actions are 

being made to prevent the hospital area from future floods. Previous solutions with 

temporary bridges might be sufficient until the move in year 2016. Before the move has 

taken place tough, it might still be useful to know how the area gets affected and what 

options there is in order for the emergency service to function as optimally as possible, 

for the remaining time that the hospital remains at its original location. 
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5.4 Considerations 

In the study no restrictions on the road network could be used. No considerations were 

taken regarding speed limits, one ways and under- and overpasses on the roads in the 

area. There was no chance to get access to data containing such attribute. At the same 

time, the study was limited to ten weeks, and with all that information about the roads the 

preparation of the data for the analysis would require a lot of processing and time in order 

to get good results. Because of this the study was based only on the shortest route where 

no time aspects were taken into consideration. 

In order to limit the study it was decided to investigate the shortest route from an 

emergency service via barangay to one of the four selected hospitals that were located in 

the same district as that barangay. If the road to the selected hospital was impassable from 

a barangay, the closest accessible hospital was chosen. This might not necessarily be the 

way it would be done in reality, but because of the limited amount of time, this approach 

was chosen. 

The geographical limitation for the study area was Manila City boundary and an 

expansion of the area can change the results. There might be other hospitals or 

emergency services, which are located near the border that can be used instead. 

With experience from round trips in the city and visits to the hospitals, the traffic in 

Manila City is very congested. Emergency services have difficulties to get through traffic 

and are not following any rules regarding for example one ways in emergency situations. 

So even if analyses had been performed considering  information about the speed limits 

and other road restrictions, the result would not be perfect anyway and the generated 

times would only be approximate.  

In such analyse, in order to enhance the result, considerations would have to be taken 

regarding added time for turning and time delay caused by traffic light crossings.       

There are also other factors that are hard to take into consideration when performing 

network analyses such as road conditions caused by weather, roadwork, traffic jams and 

car accidents that can all be hard to predict. These are factors that wary and can change 

from day to day.  

The accuracy of the height profiles that were created in Goggle Earth is not the best. 

They were made to get an idea of how the terrain in the area was. During visits to the 

areas, ocular inspections were made to get a better understanding of how the areas look 

like in reality. 
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The data used to perform the analyses was not up to date, which can cause the result to 

be inaccurate. There might have been changes in the road network since and the 

population density of a barangay might have changed. Assumptions were made that the 

population growth is proportional which would result that the barangay with the highest 

population density, according to the data available for the analysis, would still be the 

same. 

 

5.5 Recommendations 

It is possible to build on the analyses made in this study and it is also possible to use the 

method in order to obtain similar information about other areas. The recommendation 

given in this case is to use current and updated data that is detailed and accurate.           

To investigate emergency response times and find out the fastest way to various areas, 

road restrictions with information about all the roads is required in order for the result to 

be good.  

Another recommendation is to control and confirm the results by field work. As in this 

study performed, control that the abandoned buildings suggested for suitable locations 

for emergency service and temporary medical center, are still abandoned. This is especially 

important when using data that is not up to date.  

If time is not an issue it is also possible to include more hospitals and expand the study 

area for the analysis. More interviews at the hospitals and pursuing with the procedure to 

follow “the hospital protocol” to get access to some more information could be 

considered. It might also be interesting to interview personnel at the emergency service 

stations in order to find out how the stations have coped during flood and what their 

experience have been. 

When choosing an alternative hospital for the emergency service to travel to, the hospital 

should be chosen so that it meets the standard of the original hospital. 

Since flooding in Manila City is a reoccurring problem that is difficult to do anything 

about. An alternative solution for the problem with accessibility to the hospitals during 

flood can be to use a boat or another type of vehicle that can get through deep water. 

This might be a cheaper solution than to set up a temporary medical center or/and 

emergency service.  
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Appendix 1 – Shortest/alternative routes, Santa Mesa – OLLH 
 

Figure 23. Shortest route from emergency service via Santa Mesa, barangay 628 to OLLH.  
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Figure 24. Shortest route from emergency service via Santa Mesa, barangay 633 to OLLH.   
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Figure 25. Alternative route from emergency service via Santa Mesa, barangay 633 to OLLH. Difference in 

length: 0.85 kilometers. Barangay 628 is impassable. 
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Appendix 2 – Shortest/alternative routes, Sampaloc – UST 
 

Figure 26. Shortest route from emergency service via Sampaloc, barangay 422 to UST.  
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Figure 27. Alternative route from emergency service via Sampaloc, barangay 422 to Mary Chiles General 

Hospital. Difference in length: 0.74 kilometers. UST is impassable. 
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Figure 28. Shortest route from emergency service via Sampaloc, barangay 439 to UST.  
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Figure 29. Alternative route from emergency service via Sampaloc, barangay 439 to Mary Chiles General 

Hospital. Difference in length: 1.01 kilometers. UST is impassable. 
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Appendix 3 – Shortest/alternative routes, Ermita – PGH 
 

Figure 30. Shortest route from emergency service via Ermita, barangay 660 to PGH.  
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Figure 31. Shortest route from emergency service via Ermita, barangay 663 to PGH.  
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Figure 32. Shortest route from emergency service via Ermita, barangay 667 to PGH.  
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Figure 33. All barangays chosen in Ermita is impassable.  
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Appendix 4 – Shortest/alternative routes, Santa Cruz – DJFMH 
 

Figure 34. Shortest route from emergency service via Santa Cruz, barangay 305 to DJFMH.  
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Figure 35. Alternative route from emergency service via Santa Cruz, barangay 305 to DJFMH. Difference in 

length: 0.09 kilometers. 
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Figure 36. Shortest route from emergency service via Santa Cruz, barangay 372 to DJFMH.  
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Figure 37. Shortest route from emergency service via Santa Cruz, barangay 373 to DJFMH.  
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Figure 38. Alternative route from emergency service via Santa Cruz, barangay 373 to DJFMH. Difference in 

length: 1.43 kilometers. Barangay 372 is impassable. 
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Appendix 5 – Matrixes from suitable locations 
 

 
Figure 39. Matrix that shows distance from emergency service to barangays.  

 
Figure 40. Matrix that shows distance from temporary medical center to barangays. 
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Appendix 6 – Overview of suitable locations 
 

Figure 41. Overview map for temporary medical center and emergency service.  


