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Abstract 
The Philippines has a geographical and geological setting of a typhoon-prone 
country. Tropical cyclones have a high incidence of passing through the Phi-
lippine islands during the months of September to November with an average 
time overland at 11 hours north of 14.5˚ contrasted to 20 hours south of 
14.5˚. Due to the frequent occurrence of typhoons and tropical cyclones in 
this country, most of the provinces of the Philippines experience flood-related 
disasters that affect the people, their livelihood and many infrastructures. It is 
deemed necessary for the Philippines to come up with strategies to prevent 
further damage to its people and their properties. In this study, through the 
use of important parameters such as earth observations, Light Detection and 
Ranging (LiDAR) and Geographic Information System (GIS), assessment of 
buildings in Dagupan, the Philippines with the possibility of being affected by 
floods during different typhoon scenarios was done. GIS overlay analysis of 
the CLSU Phil-LiDAR 1 Project outputs, the 3D building GIS database, and 
flood hazard maps was done for the assessment. One (1) meter resolution 
LiDAR Digital Elevation Models (DEMs), geo-tagged video captured data and 
high-resolution images in Google Earth were used for processing and analysis 
to produce a 3D building GIS database. HEC HMS and HEC RAS were used 
to develop flood models that were used to produce flood hazard maps with 
different hazard levels. The results of this study were the series of flood expo-
sure maps and vulnerability maps with statistics at different rainfall scenarios. 
Moreover, the buildings that will be affected by flood in the area were quanti-
fied and these were categorized according to their type. It was observed that 
as the rainfall return period increases, the number of buildings predicted to 
be exposed and vulnerable to flood also increases. The houses, business estab-
lishments, government offices, hospitals and other building types that are at 
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risk of being affected by the flood were counted. Through analysis, it was 
predicted that there is a higher risk of building exposure and vulnerability 
during the 100-year rainfall return period. Out of the 71,884 buildings ex-
tracted from the area, a predicted 69,214 buildings will be exposed to flood 
during the 100-year rainfall return period, 59,137 buildings, 9253 buildings, 
824 buildings at low, medium and high flood hazard level, respectively. 
Moreover, a total of 9297 buildings are foreseen to be vulnerable to flood, 
4614 buildings, 4368 buildings, 315 buildings at low, medium and high flood 
hazard levels, respectively. The maps produced through the study are a valua-
ble asset for the development and preparedness of the community in the Da-
gupan floodplain. Warnings and other information on evacuation measures 
will be easier to disseminate through the use of the produced maps in this 
study.  
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1. Introduction 

Throughout the years, the Philippines has been included in the routes of most, if 
not all, the typhoons in South East Asia. Due to its geographical location, the 
Philippines has been hit by typhoons every year making it one of the areas on 
earth most exposed to natural and man-made disasters (Grünewald and Boyer, 
2013). Some typhoons are rather normal but others devastatingly affect the 
country and the Filipinos. Typhoons bring tons of water to the country and this 
in return causes a flood to a lot of areas in the Philippines. Due to the incidence 
of flooding in the Philippines, government and non-government agencies are 
aware that disaster management is a necessity for the country. Efficient disaster 
management could help prepare and save the lives of thousands of Filipinos 
from disasters and make the country less prone to destruction and losses. 

In 2012, news broke that in 15 years Dagupan City was underwater due to the 
continuous rising of sea level and ground subsidence in the area (Cardinoza, 
2012). Dagupan is a bustling coastal city that is situated at the eastern margin on 
the delta of Agno River lying one meter above sea level while the Pantal River 
flows through it (Prevention Web, n.d.). Moreover, the city was reported to have 
seven tributaries, which include the Mangueragday River, Tanap River, Dawel 
River, Calmay River, Pantal River, Patogcawen River and Bayaoas River (Vispe-
ras, 2016). Calmay River traverses Lucao, Carael, Tapuac, Poblacion Oeste, Cal-
may, Lomboy, Salapingao and Pugaro Suit; Pantal River passes through Pantal, 
Barangay 1, Barangay II and III, Pogo Chico, Pogo Grande, Lasip Grande, Ma-
lued, Bacayao Sur and Lasip Chico; Dawel River is along Dawel area; Tanap Riv-
er is found in Bonuan Gueset; Mangueragday in Bonuan Binloc, Patogcawen is 
in Tambac, Bayaoas River goes across Mamalingling, Bolosan, Manguin and Sa-
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lisay (Visperas, 2016). Due to the bodies of water surrounding the area of Dagu-
pan, flooding in the city is as normal as it gets during the wet season when the 
level of water increases. 

Light Detection and Ranging, shortly known as LiDAR, is now a common tool 
for obtaining data for hazard mapping, urban development and surveying of all 
types of areas. LiDAR uses an airborne laser to point at the surfaces of the tar-
geted area and as the beams of the light are reflected, a sensor collects and the 
range of reflected lights is measured. A collection of these reflected beams of 
light is called a point cloud that has three-dimensional spatial coordinates (lati-
tude, longitude, and height) that corresponds to a particular point on the Earth’s 
surface from which the laser pulse was reflected (National Ocean Service, 2015). 
LiDAR technology, as a major source of digital terrain information, made the 
production of flood hazard maps attainable and more accurate. LiDAR systems 
offer accuracy, precision, and flexibility for the examination of both natural and 
manmade environments during mapping (National Ocean Service, 2015). 
Through LiDAR the topography of Dagupan was assessed and this study pro-
duced the data that was used for the hazard analysis for the area. 

A valuable risk reduction method requires the identification and mapping of 
flood-prone areas. Moreover, it is also important to understand the relationship 
of hazards, exposure and vulnerability to each other to make disaster prevention 
effective (Bureau for Crisis and Recovery, 2010). Flood hazard maps contain in-
formation that is vital for the development and planning of the area as well as for 
the preparation of natural calamities or disaster.  

In this study, the mapping and assessment of buildings exposed and vulnera-
ble to flood in the flood plains of Dagupan River basin in Pangasinan, Philip-
pines were conducted and the generation of the 3D building GIS database that 
was used for the assessments was also presented. The assessments were done 
through GIS overlay analysis using the CLSU PHIL-LiDAR 1 Project flood ha-
zard maps outputs and generated 3D building GIS database. This study focused 
on identifying the number of buildings exposed to different flood hazard depth 
at varying rainfall return periods. 

The general objective of the study was to generate a 3D Building GIS database 
and to determine the exposure and vulnerability of the building (in terms of 
height) to flood hazard at varying rainfall return periods in Dagupan River ba-
sin. Specifically, this study aimed to generate a 3D building GIS database for the 
Dagupan River flood plains, map the buildings’ exposure and vulnerability to 
flood hazards in Dagupan River basin floodplains using GIS and assess the 
buildings exposure and vulnerability to flood at different rainfall scenarios with 
varying intensity and duration. 

2. Materials and Methods 
2.1. The Study Area 

The city of Dagupan (Figure 1) is found in Pangasinan (16˚2'51''N 120˚20'27''E),  
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Figure 1. The Dagupan river basin in Pangasinan, Philippines. 
 
bounded by Lingayen Gulf in the north, San Fabian in the northeast, Mangaldan 
in the east, Calasiao in the south and Binmaley in the west. The city has a total 
land area of 40,079,278.93 square meters or about 4008 ha, but cadastral maps 
reveal that the sum of lands within Dagupan is 4447.10 ha (Dagupan City, 2020). 

A remarkable portion of the total area of Dagupan was composed of bodies of 
water such as rivers, lake, creeks, and fishponds, along with this is 35.98% of the 
area primarily for agriculture, 22.88% for residential and the rest are for the 
commercial, industrial, institutional, government parks and roads (Dagupan 
City, 2017). Dagupan has 31 barangays: Bacayao Norte, Bacayao Sur. Barangay 
II, Barangay IV, Bolosan, Bonuan Binloc, Bonuan Boquig, Bonuan Gueset, Cal-
may, Carael, Caranglaan, Herrero, Lasip Chico, Lasip Grande, Lomboy, Lucao, 
Malued, Mamalingling, Mangin, Mayombo. Pantal. Poblacion Oeste, Barangay I 
(T. Bugallon), Pogo Chico, Pogo Grande, Pugaro Suit, Salapinagao, Salisay, 
Tambac, Tapuac, and Tebeng (Philippine Statistics Authority, 2010). 

2.2. Dataset Utilized by the Study 

The LiDAR-derived Digital Surface Model (DSM) and Digital Terrain Model 
(DTM) with 1-m resolution acquired and processed by UPD PHIL-LiDAR 1 
project were used for the extraction of building footprints in the flood plains of 
Santo Tomas River basin. These Digital Elevation Models (DEMs) have the 
Mean Sea Level as a vertical datum and were delivered in ESRI GRID format 
with Universal Transverse Mercator (UTM) Zone 51 North projection and the 
World Geodetic System (WGS) 1984 as horizontal reference (Santillan et al., 
2015). 1D maps produced were obtained from the project Phil-LiDAR1 maps of 
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the LiDAR Data Processing and Validation in Luzon: Region III and Pangasinan 
(Region I). 

For improved accuracy in building footprints extraction, Google Earth images 
were utilized in rechecking of the existence and shapes of the extracted features 
from LiDAR DSM where created fishnet of rectangular cells was overlaid and 
served as a guide in both building footprint extraction and existence rechecking 
in Google Earth.  

Extracted building features were also verified and field validated with the use 
of a video-tagging device or geotagged video capturing tool wherein information 
such as name and type were gathered. The provided table from the UPD PHIL- 
LiDAR 1 project containing a summary of different types of buildings with cor-
responding codes for the building type attributes.  

The flood depth maps generated by the CLSU PHIL-LiDAR1 project were 
used as input in buildings flood exposure and vulnerability assessment. These 
flood depth maps represent the maximum depth of flooding due to rainfall 
events with varying intensity and duration (i.e. return period of 5, 25 and 
100-year). Flood depth maps were transformed into flood hazard maps by cate-
gorizing the flood depths in hazard levels as follows: not exposed, low (<0.5 m 
depth), medium (0.5 - 1.5 m depth) and high (>1.5 m depth). To determine the 
reliability and accuracy of the generated flood depth map to the observed flood 
depths in the area, field validation was conducted. Based on the results of the 
data from the field, the models had indicated a positive bias with an RMSE value 
of 0.84 which signifies that the generated flood hazard maps can produce a relia-
ble exposure and vulnerability assessment.  

2.3. Generation of Building GIS Database 
2.3.1. Building Feature Extraction 
For a more accurate number of buildings in the study area, features were ma-
nually digitized where footprints were traced using the polygon feature type 
from the LiDAR Digital Surface Model using ArcGIS 10.2 software. The exis-
tence and shape of the extracted buildings were checked using the corresponding 
high-resolution Google Earth due to the reason that some buildings and their 
extents were indistinguishable in the DSM.  

2.3.2. Building Feature Attribution 
All building features extracted were attributed following the various building 
types as shown in Table 1. With the use of the integrated Spatial Analyst in GIS, 
automated buildings height extraction from normalized Digital Surface Model 
(NDSM) was performed. The normalized DSM represents the height of the ob-
ject from the terrain which was produced with the difference between the Digital 
Surface Model (DSM) and the Digital Terrain Model (DTM). The building 
height range that was considered is greater than or equal to 2 m. Therefore, a di-
gitized building with a height of less than 2 m was deleted. This assumes that 
only those features which are having the said height are considered as buildings. 
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Table 1. Building types with corresponding codes that were used in the buildings attribu-
tion (UP-PHIL-LiDAR). 

Building Type Code 

Agricultural & Agro-Industrial AG 

Bank BN 

Barangay Hall BH 

Factory FC 

Fire Station FR 

Gas Station GS 

Market/Prominent Stores MK 

Medical Institution MD 

Military Institution ML 

NGO/CSO Offices NG 

Other Commercial Establishments OC 

Other Government Offices OG 

Police Station PO 

Power Plant/Substation PP 

Religious Institution RL 

Residential RS 

School SC 

Sports Center/Gymnasium/Covered Court SP 

Telecommunication Facilities TC 

Transport Terminal (Road, Rail, Air, and Marine) TR 

2.4. Generation of Flood Hazard Maps 

Through the CLSU PHIL-LiDAR 1 project, flood depth maps were generated 
and used as input in building flood exposure and vulnerability assessment in the 
flood plains of the Dagupan River basin. The flood depth maps were generated 
by the use of the developed flood model of the river basin from the combined 
HEC HMS hydrological model and HEC RAS hydraulic model. The flood depth 
maps represent the maximum depth of flooding due to rainfall events with va-
rying return periods (5-, 25-, and 100-year return periods) where the discharges 
or flow data inputs were computed 5-, 25- and 100-year return period of rainfall 
events in the Dagupan River watershed. Flood depth maps were transformed in-
to flood hazard maps by categorizing the flood depths into hazard levels as low 
(<0.50 m depth), medium (0.50 m - 1.50 m depth), and high (>1.5 m depth). 
Figure 2 displays the Dagupan flood hazard maps at a 5-year, 25-year and 
100-year return period, respectively.  

2.5. Buildings Exposure Vulnerability Assessment 

GIS overlay analysis of the 3D building GIS database and flood hazard maps for  
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Figure 2. The flood hazard maps of Dagupan River at varying rainfall return periods. 
 
the Dagupan river basin was conducted to identify which buildings are exposed 
to various levels (low, medium, and high) of flood hazards. For the determina-
tion of buildings’ vulnerability in the flood plains of the River basin, the degree 
of building exposure to the flood was characterized by the comparison of build-
ings height and simulated flood depths. If the flood depth was less than 0.10 
percent of the building height, it was coded as “Not vulnerable”. If the flood 
depth was 0.10 percent but less than 0.30 percent of the building, it was coded as 
“Low vulnerable”. On the other hand, if the flood depth was equal to 0.30 - 0.50 
percent, then the vulnerability was medium. If the flood depth was greater than 
0.50 percent of the building’s height, then the vulnerability was high.  
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3. Results and Discussion 
3.1. Land Uses 
3.1.1. Existing Land Use 
There are at least eight (8) land uses within the A and D land and public forest of 
the watershed (Figure 3). A & D area corresponds to 24,678.54 ha allocated for 
agriculture, 7271.46 ha for built-up areas, 4338.95 ha for agroforestry, and 
1037.45 ha for reforestation uses. The public forest was set aside for agroforestry 
(157.66 ha), enrichment planting (259.47 ha), reforestation (2296.69 a), and all 
areas above 50% with the topography of 1000-masl protection forest (5344.27 
ha) (DENR Alaminos Regional Office, 2013).  

3.1.2. Land/Vegetation Cover 
Dagupan (Sinocalan) River Watershed is predominantly covered by cultivated, 
annual crop with 24,428.68 ha followed by the built-up area with (7271.46 ha) 
(Table 2 and Figure 4). It is also comprised of 4686.09 ha of wooded grassland, 
3555.47 ha of the cultivated perennial crop, 1755.92 ha of shrubs and 1285.94 ha 
of broadleaved open forest. The least area covered is the closed coniferous forest 
with only 47.96 ha (DENR Alaminos Regional Office, 2013). 

3.2. Hydrologic Hazard and Mass Movement Hazard 
3.2.1. Flood 
Pangasinan, being situated in low-lying areas is prone to perennial flooding es-
pecially, along river tributaries. Dagupan (Sinocalan) River together with Agno 
River causes flooding in nearby municipalities. Figure 5 shows that 22,016.2 ha  
 

 

Figure 3. Land use map of Dagupan (Sinocalan) River Watershed. 
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Figure 4. Vegetative/land cover map of Dagupan (Sinocalan River Watershed). 
 
Table 2. Vegetation/land cover of Dagupan (Sinocalan) River watershed. 

Vegetation/Land Cover Area (ha) 

Cultivated, annual crop 24,428.68 

Built-up area 7271.46 

Wooded grassland 4686.09 

Cultivated, perennial crop 3555.47 

Shrubs 1755.92 

Open forest, broadleaved 1285.94 

Fishpond 983.00 

Open forest, coniferous 893.99 

Inland water 616.03 

Open forest, mixed 155.29 

Forest plantation, broadleaved 70.36 

Natural, grassland 51.43 

Closed forest, coniferous 47.96 

TOTAL 45,801.62 

Source: National mapping & resource information authority. 

 
of low-lying areas within the watershed are highly susceptible to flooding. 
Reckoned from the generated data of MGB DENR R-1 disclosed that Dagupan 
City has the most number of affected barangays (29 barangays) that are highly  
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Figure 5. Flood susceptibility map of Dagupan (Sinocalan) River Watershed. 
 
susceptible to flooding, followed by Sta. Barbara (26 barangays). Other munici-
palities that are highly susceptible to flooding include Binalonan (23 barangays), 
Calasiao (22 barangays), Urdaneta (19 barangays), Laoac (9 barangays), Ma-
naoag (7 barangays), Asingan (4 barangays), Mangaldan, 4 barangays), Mapan-
dan (4 barangays), and three (3) barangays in San Manuel (DENR Alaminos Re-
gional Office, 2013). 

There is also a report that severe floods in Dagupan for the last two decades 
have a ten-year recurrence interval (Ecosystems Research and Development Bu-
reau, 2015). It was also reported that flooding was found to be mainly caused by 
the following: 1) physiography; 2) river and channel aggradation; and 3) heavy 
rainfall. The interviews conducted affirmed that the majority of respondents be-
lieved that the magnitude and frequency of flooding are increasing. Respondents 
also affirmed to have experienced annual flood with a water depth that varied 
from knee-to waist-deep. Most of the damages caused by flooding were in agri-
culture (e.g., crops and livestock) and infrastructure (e.g., buildings, schools, 
houses, bridges, and roads). 

3.2.2. Rain-Induced Landslide 
A landslide can be caused by a variety of factors including earthquakes, storms, 
volcanic eruptions, human modification of land, and by strong or heavy rainfall. 
In a landslide, masses of rock, soil or debris move down a slope  
(https://www.ready.gov/landslides-debris-flow). Debris and mud flows are rivers 
of rock, soil, and other debris saturated with water. They develop when water 
rapidly accumulates in the ground, during heavy rainfall, changing the soil into a 
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flowing river of mud and they can flow rapidly  
(https://www.ready.gov/landslides-debris-flow).  

Landslide occurrences caused by prolonged or heavy rainfall has been expe-
rienced in the country especially in steep barren mountainous areas when the 
normal rainfall rate exceeds the normal absorptive capacity of the soil and trig-
gered by abnormal volume of rainwater in a short period. Such catastrophe re-
sulted in the loss of lives and damage to properties. The Toboy-Tacnien/Sino- 
calan River Watershed is also prone to a rain-induced landslide (Figure 6). Most 
of the barangays that are highly susceptible to landslide are located in the 
mountainous/steep slopes of San Manuel and Sison. Slightly susceptible to 
rain-induced landslide covers the municipalities of Binalonan, Malasiqui, San 
Manuel, Urdaneta City and Villasis as identified in the characterization report. 
There are also two (2) barangays that are moderately susceptible to landslide in 
Binalonan (Moreno and Sta. Catalina and one barangay in San Manuel (Baran-
gay Lapalo) (DENR Alaminos Regional Office, 2013).  

3.3. 1-D Simulated Flood Hazard Maps Due to Hypothetical,  
Extreme Rainfall Events 

The resulting model was used in determining the flooded areas that will be af-
fected by extreme rainfall events. The simulated model was an integral part of 
determining real-time flood inundation extent of the river after it had been au-
tomated and uploaded on the DREAM website. The sample 1D flood hazard 
map using the calibrated discharge of Dagupan River from HMS model is shown 
in Figure 7. 
 

 

Figure 6. Rain-induced landslide susceptibility map of Dagupan (Sinocalan) River Wa-
tershed. 
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Figure 7. 1D Flood hazard map using calibrated flow discharge of Dagupan River from 
HMS. 
 

Figures 8-12 show the 1-D simulated flood hazard maps of Dagupan River 
Basin for a 5-year, 10-year, 25-year, 50-year and 100-year rainfall events.  

Dagupan City experiences most high level (>1.5 m) of flood at different rain-
fall periods as presented in Table 3. One reason is that the town is located in the 
downstream portion of the river which serves as the catchment basin in the area. 
Barangays Bolosan, Mangin, Tebeng, Salisay, Mamalingling, Bonuan Boquig, 
Pogo Chico, Malued, Bacayao Sur and Lucao could experience low to high flood 
events at different rainfall return periods. Dagupan City will experience high 
flooding in case a 5-year return rainfall event will occur in an estimated area of 
902.71 ha (Figure 8). However, for a 10-year return rainfall event, an estimated 
area of 1085.66 ha will experience high flooding (Figure 9) whereas for a 25-year 
rainfall return event an estimated 1322.42 ha will be affected (Figure 10). 
Moreover, for a 50-year return rainfall event, an estimated area of 1472.62 ha 
will experience great flood (Figure 11) while 1610.55 ha for a 100-year return 
rainfall event (Figure 12). 

3.4. GIS Building Database 

Using ArcGIS, LiDAR data were processed and buildings from the floodplains of 
Dagupan were extracted (Figure 13). The GIS shapefile of the Dagupan flood-
plain consisted of 71,884 buildings which were further subdivided to its type 
(Figure 14). Out of the total buildings in the area, 96.71% were recognized as 
residential buildings while the least proportion of the buildings were identified 
as Telecom facilities, non-government offices, water supply, fire stations, etc. 
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Figure 8. 1D-Simulated flood hazard map of Dagupan River Basin for a 5-year rainfall event. 
 

 

Figure 9. 1D-Simulated flood hazard map of Dagupan River Basin for a 10-year rainfall event. 
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Figure 10. 1D-Simulated flood hazard map of Dagupan River Basin for a 25-year rainfall event. 
 

 

Figure 11. 1D-Simulated flood hazard map of Dagupan River Basin for a 50-year rainfall event. 
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Figure 12. 1D-Simulated flood hazard map of Dagupan River Basin for a 100-year rainfall event. 
 

 

Figure 13. The extracted building footprints in the flood plains of Dagupan River. 
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Figure 14. Extracted buildings with attributes in Dagupan River flood plain according to 
type. 
 
Table 3. Areas (hectare) of Dagupan City that will be affected by flood at different return 
periods. 

RIDF Category Areas (ha) in Dagupan City Affected By Flood 

5-year 

Low 1064.53 

Medium 1466.22 

High 902.71 

10-year 

Low 924.44 

Medium 1505.79 

High 1085.66 

25-year 

Low 673.61 

Medium 1612.79 

High 1322.42 

50-year 

Low 543.05 

Medium 1655.08 

High 1472.62 

100-year 

Low 475.07 

Medium 1650.91 

High 1610.55 

 
Figure 14 shows that among the extracted different building types, the most 

number of buildings (69.523 buildings) are categorized as a residential type 
while the least was attributed as under Fire station type of building. It shows that 
Dagupan River is mostly surrounded by residential buildings along its bank.  

3.5. Building Exposure to Flood Hazard 

Floods are prevalent in Dagupan City during the wet season in the Philippines. 
Different types of buildings are seen and experienced to be exposed to flood 
whenever the city is hit by typhoons. Quantified results of the exposure of the 
different buildings to flood hazards in the flood plains of Dagupan, Pangasinan 
are proportioned in Figure 15. In a 5-year rainfall return period, only 7.62% of  

https://doi.org/10.4236/ajcc.2020.94029


A. M. Paz-Alberto et al. 
 

 

DOI: 10.4236/ajcc.2020.94029 470 American Journal of Climate Change 
 

 

Figure 15. The number of buildings exposed to different hazard levels at varying rainfall 
return periods. 
 
all the buildings (5475 buildings) were predicted to be unexposed to flood. 
However, 90.46% of the buildings (65,025 buildings) were predicted to be ex-
posed under low flood (<0.5 m) while 1.78% of the buildings (1277 buildings) 
were predicted to be exposed to medium flood (0.5 - 1.5 m) and the remaining 
0.15% (107 buildings) will be exposed to high flood (>1.5 m). The same trend 
was seen in a 25-year rainfall period. The unexposed buildings to flood in a 
25-year rainfall return period remained at 7.62% of the total number of the 
buildings during this time. Further at a 100-year rainfall return period, there was 
a slight decrease in the percentage of buildings that were predicted to be exposed 
to different hazard levels resulting in an increase in the number of those that are 
going to be exposed. Exposed buildings under low flood hazard levels were at 
85.49% (61,454 buildings), under medium flood hazard levels were at 6.43% 
(4622 buildings) and under high flood hazard levels were at 0.46% (333 build-
ings). In a 100-year rainfall return period, the number of buildings unexposed to 
the flood was predicted to drop at 3.71% (2670 buildings) while the number of 
buildings exposed to flood will increase. It was predicted that buildings that will 
be exposed to flood are at 82.72% (59,137 buildings) for low level, 12.87% (9253 
buildings) for medium level and 1.15% (824 buildings) for a high level during 
the 100-year rainfall return period. 

The predictions indicated that throughout the recognized rainfall return pe-
riods, buildings flood exposure will eventually increase where buildings become 
more susceptible to flood. Increasing flood exposure of buildings is depicted in 
Figures 16-18 showing the locations of the expected affected buildings around 
Dagupan during a 5-, 25- and 100-year rainfall return period, respectively.  

The severity of buildings exposed to flood is shown as the orange (medium 
level) and red (high level) colors diffuse in the maps. Figure 19 shows the total 
number of buildings on the different rainfall return period (5-, 25, 100-year 
rainfall return period) according to the building types. Among the exposed 
buildings to flood, residential-type buildings are mostly affected followed by 
schools, and other commercial establishments. Meanwhile, the rest of the build-
ing types fell on the side of the graph since these are far less in number com-
pared to the occurrence of residential building types in the area. Results revealed  
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Figure 16. Location of buildings exposed to flood hazard at 5-year return period of rainfall event. 
 

 

Figure 17. Location of buildings exposed to flood hazard at 25-year return period of rainfall events. 
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Figure 18. Location of buildings exposed to flood hazard at 25-year return period of rainfall events. 
 

 

Figure 19. The number of buildings exposed to flood hazard according to type at varying 
rainfall return period. 
 
that as time reaches a hundred years, buildings increases. The types of buildings 
that may increase in number and appear in time include residential, school, 
medical institutions, barangay hall, religious institutions, fire stations, other 
government offices, and other commercial establishments. This is due to the in-
crease in the number of population in Dagupan City. The construction of resi-
dential buildings and other buildings for the necessities and requirements of the 
local communities in their everyday living will also rise.  
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3.6. Buildings Vulnerability to Flood Hazard 

The vulnerability of the building refers to the building’s inability to withstand 
the effects of disasters. In this study, the vulnerability of the buildings in the 
Dagupan floodplain was assessed through the comparison between the build-
ing’s height and simulated flood depths. The analysis concluded that out of the 
71,884 buildings, an increasing trend in the number of vulnerable buildings is 
predicted for the 5-, 25- and 100-year period at 1.35%, 6.13%, and 12.93%, re-
spectively (not shown in the figures). Meanwhile, Figure 20 shows the number 
of buildings versus the flood hazard level during 5-year, 25-year and 100-year 
rainfall return periods in the city of Dagupan. In a 5-year rainfall return period, 
98.65% (65,435 buildings) of the total number of buildings will be invulnerable 
to flood. While the number of vulnerable buildings is proportioned around 
1.14% (816 buildings) for vulnerable to low flood hazard level, 0.22% (157 
buildings) for medium level and a very little portion of 0.001% (1 building) will 
be vulnerable to high flood hazard level. Furthermore, in a 25-year rainfall re-
turn period, the invulnerable number of buildings is about 93.87% (61,999 
buildings). In terms of vulnerability, 3.57% (2567 buildings) will be under a low 
flood hazard level, 2.44% (1754 buildings) will be under medium level and 0.12% 
(89 buildings) will be under a high level. For the 100-year rainfall return period, 
a further drop to 87.07% (59,917 buildings) is expected to be invulnerable to 
flood. Apparently, for the 100-year rainfall return period, 6.42% (4614 buildings) 
of the total number of vulnerable buildings will be under low flood hazard level, 
6.08% (4368 buildings) will be under medium flood hazard level, and 0.44% (315 
buildings) will be exposed to high flood hazard level. 

The sum of buildings that show vulnerability to flooding is expected to in-
crease throughout time according to the assessment using the building height 
and simulated flood depth height in Dagupan City. The following figures 
(Figures 21-23) are the illustrations of the locations of the buildings that are 
expected to be vulnerable to flood during the 5-, 25- and 100-year rainfall return 
period. 
 

 

Figure 20. The number of buildings vulnerable to flood hazard in terms of height at dif-
ferent hazard levels. 
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Figure 21. Location of buildings vulnerable to flood hazard at 5-year rainfall return period. 
 

 

Figure 22. Location of buildings vulnerable to flood hazard at 25-year rainfall return period. 
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Figure 23. Location of buildings vulnerable to flood hazard at 100-year rainfall return period. 
 

Figure 24 shows the vulnerability of buildings during the different flood ha-
zard levels in Dagupan according to the different types of buildings. The number 
of buildings vulnerable to flood increases for 5-, 25- and 100-years of rainfall re-
turn periods. It can be observed from Figure 19 that the residential types of 
buildings are the ones that are affected by flood. 

3.7. Social Aspect 
3.7.1. Temporal and Economic Analysis of the Buildings Present in  

Dagupan City, Pangasinan 
In a published Population Census from 1995 to 2000, an almost steady popula-
tion growth increase was observed in Dagupan City, and the increase amplified 
starting from the millennium reaching up to 171,271 people in 2015 (Figure 25). 
PhilAtlas (Ecosystems Research and Development Bureau, 2015) mentioned that 
the recent Census in 2015 for Dagupan City corresponds to 5.79% of the total 
population of Pangasinan province.  

Though the population of Dagupan City boomed from 1995 up until 2015, the 
total number of constructed buildings in Pangasinan has minimal increments 
throughout the years (2004-2016) (Figure 26). In contrast to the low increase in 
the number of residential buildings, when further investigated, the infrastruc-
tures, in fact, increased in total value for the same years (Figure 27). Even 
though Pangasinan is known for its four cities (Alaminos, Dagupan, Urdaneta, 
and San Carlos), records show that the province remained a home for around 
more than 2000 residential buildings in 2016 and about only less than 500  
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Figure 24. The number of buildings vulnerable to flood hazard according to type at va-
rying return periods. 
 

 

Figure 25. Total population density from 1995 to 2015 Census for the City of Dagupan. 
 

 

Figure 26. Total number of buildings in Pangasinan in 13 years. 
 

 

Figure 27. Total value of buildings in Pangasinan in 13 years. 
 
non-residential buildings on that same year (Figure 28 and Figure 29). With 
more than 2000 residential buildings and more than 150,000 people in the 
record, this means that an occurrence of flood in Pangasinan is a threat that will 
largely affect the residents especially those that are inhabiting the low lying areas 
with close proximity to a body of water such as the river basin in Dagupan City. 
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Figure 28. Total number of residential and non-residential buildings in Pangasinan in 13 
years. 
 

 

Figure 29. Total value of residential and non-residential buildings in Pangasinan in 13 
years. 

3.7.2. Changes Observed and Natural Disasters Which Occurred in  
Dagupan (Sinocalan) River 

The one on one interview with the residents of Dagupan was carried out on Sep-
tember 15-18, 2015. The interview was conducted to have additional informa-
tion regarding the history and to determine the current situation of the river. A 
total of 314 residents were interviewed along the river. The changes observed in 
the Dagupan (Sinocalan) River and the occurrences of natural disasters are as 
follows (Table 4 and Table 5). 

Calamities were experienced by the residents near the Sinocalan River. The 
respondents said that they were usually hit by strong typhoons every year since 
the Philippines sit astride the typhoon belt, and the country suffers an annual 
onslaught of dangerous storms from July through October. Some typhoons 
found to be very destructive which were resulted in floods, overflowing of rivers, 
erosion, and hurricane. The calamities passed through the area often changed 
and affect the natural features of the river including erosion that caused the en-
largement of the river width.  

4. Conclusion and Recommendations 

This study generated a 3D Building GIS database and exposure and vulnerability 
maps with a total of 71,884 buildings that were extracted from the flood plains of 
Dagupan River through the use of LiDAR technology and Geographic Informa-
tion System. It was predicted that the majority of the buildings in the Dagupan  
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Table 4. Changes observed in Sinocalan river in Dagupan, Pangasinan. 

Changes Observed % of respondents who observed such changes in specific parts 

Narrowing of River 46% 
Midstream due to aquatic 
wastes plus sedimentation 

Widening of River 33% River and River mouth 

High Turbidity 21% River mouth, due to aquatic wastes 

Local Water District For laundry and bathing 100% River and Coastal Areas 

Deep well handpump Drinking sources 100% River and Coastal Areas 

 
Table 5. Natural disasters in Sinocalan River and coastal areas in Dagupan, Pangasinan. 

Natural Disaster % of respondents who observed such changes in specific parts 

Typhoon 51% Damage structures augmented by water dam release 

Flood 44% 
River mouth area and in conjunction with high tide and dam 
water release, make the soil to lose tension 

Landslides 4% In upper areas during heavy rainfall 

Tornado 1% In open areas, rarely occurs 

 
flood plain will be exposed to flood in 5-, 25- and 100-year rainfall return pe-
riods. However, only a minimal proportion of the total buildings in the vicinity 
will be vulnerable to flood due to the building height. 

The exposure and vulnerability maps produced in this study may help the 
residents and local officials to be prepared in the disaster that may happen dur-
ing rainy seasons due to floods. Areas that will be severely affected by the flood 
on a 5-, 25- or 100-year rainfall return period are included in the produced ha-
zard maps. 

Due to the lack of other necessary data for the analysis during the time that 
this study was conducted, the analyses were only based on the height of the 
buildings extracted. It is recommended to expand the analysis where formal en-
gineering decision analysis will be considered. 
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