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Abstract 
This project performed floodplain population estimates and created population density maps 

for the municipalities of Bayamón, Cataño, and Guaynabo. Our methods included the use of ArcGIS 

software to display aerial photographs, Census block data and FIRM data in the form of maps.  A short 

survey was conducted to understand residents’ flood experiences and awareness, as well as their trust 

in a catastrophe modeling system and flood alerts. The survey data were analyzed using SPSS, allowing 

us to make correlations between flooding experiences and preparedness among floodplain 

communities. These data will be used by the Planning Board to make population estimates for the rest 

of Puerto Rico and to better allocate resources for flood mitigation and prevention. 
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Executive Summary 

Coastal regions, especially islands such as Puerto Rico, frequently experience severe weather 

that leads to flooding.  These natural hazards cause a tremendous amount of damage each year, most of 

which must be repaired using government funds.  Within the last 20 years, Puerto Rico has experienced 

three hurricanes and eight instances of severe flooding. While these numbers might seem small, the 

costs of repairs and recovery efforts associated with each hazard are large.  In November of 2003, more 

than $65 million was issued by the U.S. federal government for recovery from a series of floods and 

mudslides in Puerto Rico.  Hurricanes in particular require a large allocation of government funds due to 

severe flood damage, which is often incurred during the storms and must be repaired.  After Hurricane 

Hugo hit Puerto Rico in 1989, the damage totaled over $9 billion in the U.S. and approximately $1 billion 

in Puerto Rico alone.   

The damage costs are elevated in Puerto Rico because there is a large population residing in 

floodplain regions, areas which have at least a 0.2% chance of flooding each year.  An estimated 50,000 

structures and 150,000 people are located in designated floodplains.  Many of these residents live in low 

income housing built before government flood zone regulations were established.  La Junta de 

Planificación (The Planning Board) is the government body within Puerto Rico responsible for flood 

mitigation.  The Planning Board currently uses Flood Insurance Rate Maps (FIRMs) as the primary 

method of flood management.  FIRMs show the likelihood of flooding in specific regions based on 

previous flood data and are used to estimate the minimum amount of insurance each building should 

have.  However, the population density within these flood zones is unknown, making damage 

estimations, federal aid allocations and recovery efforts extremely challenging.  

The current technique used to estimate the floodplain populations utilizes a computer program 

called ArcGIS, a form of Geographic Information Systems (GIS).  GIS allows data to be layered, both in a 

database and an electronic map to show overlapping areas.  For the purposes of this project, the 

different layers included:  Census data by block, FIRMs, rivers, roads, municipality outlines, and aerial 

photographs.  Once the data were compiled, maps were generated showing each house located in a 

floodplain.   These houses and associated Census information were used to estimate the population per 

block inside a flood region.  

The overall goal of our project was to expand the Planning Board’s knowledge on the effects of 

flooding in three municipalities: Cataño, Bayamón, and Guaynabo.  Specifically, this involved 
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determining the number of people living in the floodplains and their experiences with flooding.  Once 

this was accomplished, we presented a recommendation to the Planning Board on strategies to improve 

population estimates, flood mitigation and flood prevention knowledge in the floodplains regions.  This 

information will assist the Planning Board in addressing specific issues in each region and improve 

disaster preparedness in Puerto Rico.  

In order to meet our goal, we developed several objectives that allowed us to gather the 

information required to make a valid recommendation.  The first objective was to estimate the 

population living in the floodplains of Cataño, Bayamón, and Guaynabo.  This was completed by using 

ArcGIS and aerial photographs to estimate the population based on the number of housing units and 

Census information.  The second objective, immediately tied to the first, was to generate population 

density maps based on the population estimates.  This will provide the Planning Board with vital 

information as to how many people are at risk of flood damage, thus allowing them to better allocate 

resources and funding.  The third objective our group set was to improve upon the methodology utilized 

by a previous IQP group from WPI to estimate the population density of the San Juan municipality.  By 

improving on the previous methodology in both objectives one and two, as well as by making further 

recommendations, our group will aid the Planning Board, and potentially future research teams from 

WPI, in making accurate population estimates for the whole of Puerto Rico.  

Our fourth objective was to survey a sampling of the public living in the floodplains in each of 

the three municipalities to make connections between demographics and flood experiences.   This 

information was then analyzed to make valuable connections between flood insurance and flood 

frequency, flood frequency and damage compensation, and several other interesting correlations.  The 

final objective of our group was to analyze the survey to understand the public perceptions of the 

current warning system and evaluate the public response to receiving warnings generated by computer 

models.  Our group took particular interest in making the connections between each municipality and 

the residents’ receptiveness to computer-generated warnings.  The survey took into account the 

personal experiences relative to flooding that the population maps cannot encompass, which was an 

important extension of our data collection.   

By combining information from both population density estimates and survey results, our team 

has acquired an understanding of the number of people living in dangerous flood regions of Bayamón, 

Cataño, and Guaynabo and their experiences with flooding.  We have used this knowledge to make 

recommendations for the Planning Board in assisting the residents of the floodplains to better prepare 
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for flooding.  We also further enabled future researchers to more accurately estimate floodplain 

populations in the remaining municipalities. 
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Chapter 1: Introduction 

Catastrophes due to severe weather occur worldwide and cause much damage each year.  

Agencies around the world have started to develop mapping systems to estimate the number of people 

that will be affected by these natural hazards, before they occur, in order to minimize their negative 

effects.  Geographic Information Systems, GIS, is one such program that is able to layer different data 

onto maps that will aid in hazard management.   Specific data are entered into a GIS program based on 

site location, flooding information and even characteristics of the infrastructure.  Using this program and 

the resulting maps, it is possible to estimate the population density and gather infrastructure 

information in a particular flood zone to better equip public officials in the event of a hazard.  GIS has 

the capability to improve hazard mitigation and make areas more resilient to weather hazards.    

This type of system could be highly beneficial to Puerto Rico, a U.S. territory that is hit each year 

by natural disasters, namely floods and hurricanes (Boose et al., 2004, p. 335).  Puerto Rico has many 

areas designated as floodplains, meaning there is a 0.2% or greater chance of flooding in the area each 

year, but the island administration does not have an accurate estimation of the number of residents 

living in these flood regions.  This information is crucial because knowing the population in a flood zone 

is critical to determine necessary aid, shelter requirements and potential damage following a disaster.  

By overlapping corresponding data layers in GIS and using them to estimate the population in 

floodplains, Puerto Rico would be better prepared to respond in the event of a future flood or a 

hurricane.   

The data required to generate these maps comes from several sources.  The primary 

information is from Flood Insurance Rate Maps (FIRMs) and Census block information.  To manage the 

floodplains, La Junta de Planificación (The Planning Board) uses FIRMs to evaluate flood risks and 

determine the appropriate amount of insurance required for properties in floodplains (FEMA, 2011).  

Areas on a FIRM are given specific designations based on the likelihood of flooding.  Data from the U.S. 

Census provides the population per block, which can be layered with the FIRMs to detail the number of 

people in a specific flood zone.  Additions to the maps, such as aerial photographs, can enhance the 

flood mitigation capabilities by showing the infrastructure within the at-risk areas.  Knowing the 

particular infrastructure aids the government in generating more accurate population estimates and 

better flood damage estimates.  This technique to estimate population is important for better floodplain 

management yet has only been completed for the municipality of San Juan.  This project estimated the 

population density in floodplains for three municipalities: Cataño, Bayamón, and Guaynabo in a similar 
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method as was performed for San Juan.  These three municipalities were suggested to us by our liaison, 

Professor Cruz, because these areas contain numerous flood zones in which populations estimates have 

not yet been made.  Maintaining a consistent methodology, while making changes to improve accuracy, 

is an important aspect of the project and will assist the Planning Board in conducting population 

estimates for the remaining municipalities.  

Better flood management is extremely important in Puerto Rico where a large percentage of the 

population lives in floodplains.  The purpose of our project was to improve upon the current flood 

management by accurately calculating the population density within the floodplain regions of Cataño, 

Bayamón, and Guaynabo.  We have combined existing FIRMs as well as Census blocks and aerial 

photographs of the floodplains within those municipalities to obtain accurate estimates.  To supplement 

the creation of the population density maps, we conducted a survey of residents living in the floodplains 

in order to analyze the relationship between demographics, flooding experience, and flood insurance 

prevalence.  This information was then analyzed and can be used by the Planning Board to further 

educate and prepare high risk communities in flood zones about flood damage prevention and 

insurance.   Our project followed a methodology similar to that which was used in the San Juan 

municipality by a former WPI team in 2010, and enhanced it to allow future researchers to create 

population density maps for each of the 78 municipalities within Puerto Rico.  
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Chapter 2: Literature Review and Background 

Coastal regions, especially islands such as Puerto Rico, are victims of many natural disasters.  

The two most prevalent are floods and hurricanes.  Puerto Rico suffers physical, economic and social 

damages each year from the effects of these disasters. The Puerto Rican government, more specifically 

the Planning Board, works to minimize and prepare for these hazards.  As technology has improved, 

better methods of hazard mitigation and loss estimation have been developed.  These include GIS 

technology and catastrophe modeling systems. This chapter presents information on the natural 

disasters that occur in Puerto Rico and the current government involvement in hazard mitigation and 

relief.  Also covered within the chapter are explanations of GIS and ArcGIS technologies, as they apply to 

disaster preparedness and HAZUS-MH, a catastrophe modeling program that is being studied for 

potential implementation.   

2.1 Natural Disasters 

Coastal regions contain much of the world’s population both in small settlements and in cities 

with large populations. These coastal areas are more prone to natural disasters, which have become 

more prevalent and devastating in the last decade (Small, & Nicholls, 2003, p. 2). Natural disasters 

expose people and infrastructure to natural hazards (Dilley, 2006, p. 2). Flooding and hurricanes are two 

of the most common natural hazards and are the focus of this chapter because they cause frequent and 

significant damage in Puerto Rico and are the areas of concern in this project.  

2.1.1 Climate Change 

As the Earth’s climate gets warmer, there is more water in the atmosphere, making coastal 

areas, such as Puerto Rico, more apt to experience flooding (Saunders, 1999, p. 2).  Whether climate 

change will increase the number of hurricanes in future years has been a recent topic of research.  

Comparing the time periods 1988 to 1997 with 1970 to 1979, the number of major catastrophes has 

increased by a factor of 3 worldwide, while the resulting economic losses have increased by a factor of 

4.3  (Saunders, 1999, p. 3).  In the U.S., the increasing amount and intensity of extreme precipitation has 

been linked to an increase in the number of flooding incidents (Saunders, 1999, p. 12).  According to the 

Disaster History maintained by FEMA, Puerto Rico has experienced a similar increase (FEMA, 2010b).  In 

the twenty year period from 1961-1980 there were five major natural disaster declarations in Puerto 

Rico.  This increased in the next twenty years, from 1981 and 2000, in which there were nine major 

disaster declarations on the island.  Thus, it is thought that climate change has played a major role in the 

increasing number of natural hazards.  The increase in natural disasters in Puerto Rico has made hazard 
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mitigation a priority to the government to increase public safety.  Our project will help the government 

further their hazard mitigation techniques. 

2.2 Flooding 

Floods are some of the most common hazards and have devastating effects on human habitats 

and economies worldwide. They can affect a small area such as a neighborhood or can be more 

widespread covering large regions.  In a 28-year span from 1982-2011, there were about 3,000 floods 

worldwide that affected close to three billion people and caused approximately $70 billion in damage 

(EM-DAT, 2011, para. 1).   Puerto Rico specifically has suffered from over a dozen floods, ranging in 

severity, in this same time period (FEMA, 2010b).   In November 2003, the federal government granted 

over $65 million to Puerto Rico alone, to help local residents and businesses recover from flood damage. 

Of the total, about $57 million went to assist individuals who had serious disaster needs but did not 

have proper insurance coverage or any insurance at all (FEMA, 2004, para. 1).  In October 2005, severe 

flooding and landslides again occurred on the island.  The federal government granted over $13 million 

for infrastructure projects such as debris clean up and road and bridge repairs.  The government spends 

large sums of money on repairing damage caused by many different types of flooding.  Some of the 

most frequent types of flooding are river flooding, flash flooding, and coastal flooding.   As a Caribbean 

island with a large coastline and abundant rivers, Puerto Rico suffers from all three types of flooding.  

During this study, we surveyed many residents that suffered from each type of flooding. 

 River flooding is the most widespread type of flood. This occurs when the volume of water 

exceeds the river’s banks and flows onto bordering land called floodplains (Wright, 2008, p. 3). 

Depending on the elevation of the land, the speed of the water varies.  In flatter areas, the waters are 

typically shallow and move slowly, but the area can remain under water for long periods of time. 

Mountainous regions, on the other hand, experience fast moving, deep water floods that typically last 

for shorter periods of time.  Communities lying close to rivers and streams are most affected by river 

floods.  Puerto Rico experiences many river floods during the rainy season of May through December in 

both the mountainous regions of El Yunque and the flatter regions near the coastline (Palm & Hodgson, 

1993, p. 5).  

Flash flooding can be one of the most devastating types of floods.  Flash floods are distinguished by 

rapid water velocity, sudden rise in water levels, and substantial amounts of debris (Wright, 2008, p. 5).  

These typically occur after long, intense amounts of rainfall in steeper areas.  In a typical flash flood, the 
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water velocity is about nine feet per second, which is strong enough to move objects weighing around 

100 pounds and is equivalent to the damage caused by 270 mph winds.  Flash floods have the capability 

to destroy houses and roads, and kill people who may be in their paths, causing great destruction in the 

area.  In January 1992, Puerto Rico experienced two days of heavy rain that deposited approximately 

200-300 mm of rainfall on the island (Laing, 2004).  Such heavy rainfall caused severe flash floods and 

was responsible for 23 deaths as well as $88 million in damages. 

Coastal flooding causes severe damage along coasts, which is a result of storm surges and wave 

actions (Wright, 2008, p. 17).  A storm surge occurs when water levels exceed normal tide levels due to 

low barometric pressure and strong winds, pushing water onto the coast. Storm surges can produce up 

to 30-foot swells.  They cause the most damage in areas that have shallow, sloping shorelines and are 

highly populated with few natural buffers such as coastal vegetation.  Wave actions further coastal 

flooding because they break down natural and man-made structures put in place to prevent flooding.  

Waves carry water and sand particles upward onto the shores, which causes erosion and damage to 

structures preventing the surges from reaching further inland (p. 19). This type of flooding affects 

coastal areas worldwide and is usually a result of hurricanes and large tropical storms.  Hurricanes and 

associated storm surges are a major cause of flooding in Puerto Rico (Palm & Hodgson, 1993, p. 5). 

2.3 Hurricanes 

Hurricanes are a common source of devastation, especially in tropical areas. Hurricanes vary in 

size, but all have certain features (University of Rhode Island Graduate School of Oceanography, 2010, 

Hurricane Structure). They are circular in shape and contain a center area, called the eye, which has light 

winds and little if any rain.  A ring of clouds that surrounds the eye is called the eyewall, in which the 

strongest winds, rain, and turbulence exist.  There is also an outer ring that is a transition from lighter 

rain and winds to the eyewall area.  Winds spin about the eye of the hurricane in a counterclockwise 

direction. This rotation causes the right side of the storm to have stronger winds and heavier rain. 

Although hurricanes have similar structure, they vary in magnitude causing them to be categorized by 

their features.  

The term “hurricane” is used when these types of storms are in the Atlantic, Central Pacific, or 

Eastern Pacific regions and have a wind speed above 74 mph (University of Rhode Island Graduate 

School of Oceanography, 2010, Hurricane Life Cycle). There are five categories of hurricanes based on 

wind speed and the estimated damage that will be produced. These categories are showed below in 
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Table 1.  Hurricanes cause wind damage to forests and houses, flooding of river ways, landslides due to 

heavy rains, and saltwater deposits in fresh water (Boose et al., 2004, p. 3). 

Table 1: Hurricane Categories (University of Rhode Island Graduate School of Oceanography, 2010, Hurricane Life Cycle) 

Category Wind Speed (mph) Expected Damage 

1 74-95 Damage to weaker structures, flying debris could 

injure people or animals, power outages lasting a few 

days 

2 96-110 Extremely dangerous winds, causing extensive 

damage, more risk of people losing lives from flying 

debris, power loss is expected and could last several 

weeks, potable water is scarce 

3 111-130 Structural damage to buildings expected, trees 

uprooted, power loss for weeks to months 

4 131-155 Catastrophic damage, most structures destroyed, 

power lost for months, area is uninhabitable for weeks 

to months 

5 155 + Larger scale destruction than Category 4 

 

As previously mentioned, hurricanes create storm surges, which in coastal areas cause more 

damage beyond that of high wind speeds. The eye of the hurricane is a region of low pressure creating 

suction that generates a mound of water to form near the center of the storm (Wright, 2008, pp.2-16). 

The strong winds in the eyewall then push the mound outward toward the shore. The mound causes the 

sea level to rise, and the high winds create large waves that surge onto land and flood the coastal area.   

Flooding and hurricanes are two major concerns in Puerto Rico that threaten the island every 

year. While hurricanes do not hit Puerto Rico as often as storms and floods, the strong winds and rain 

cause devastating damage.  One of the most famous hurricanes to hit Puerto Rico was Hurricane Hugo in 

September of 1989.  Hurricane Hugo took five lives and caused about $1 billion worth of damage within 

the Commonwealth (National Hurricane Center, 2011, sec. Hurricane Hugo).  Since 1990, Puerto Rico 

has been hit by three hurricanes, several harsh storms, and had eight incidents of severe flooding 

(FEMA, 2004, para. 1).  The government had to spend large sums of money to rebuild areas after these 
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storms, which severely affects the economy. The damages suffered from each storm require a large 

amount of clean-up by the residents and the government.  By making floodplain population estimates, 

we will determine which flood areas are most populated to aid the government in improving hazard 

management and better allocating resources to help residents cope with flood damage. 

2.4 Hazard Management 

The heavy financial burden caused by natural disasters has made hazard management an 

important government responsibility in the past 50 years.  Government assistance following natural 

disasters began with the Congressional Act of 1803, which allocated funds on a case by case basis 

following natural disasters (FEMA, 2010a, para. 1).  Following the Congressional Act of 1803, the U.S. 

government assistance has increased, both through financial distributions and the passing of 

appropriate legislation.   Currently, the Department of Homeland Security (2011) manages the United 

States’ emergency preparedness systems.  Current disaster resources such as Citizen Corps provide 

education to communities on disaster preparation, while other resources such as the Emergency 

Management and Response-Information Sharing and Analysis Center gather information on 

infrastructure protection.  These organizations and others have been developed as government 

initiatives to make the nation and territories such as Puerto Rico, more prepared and ready to expedite 

recovery from inevitable natural disasters.   Throughout this project, several hazard management 

agencies supplied information on past flooding, current methods of mitigation and hazard warning 

systems.  

2.4.1 FEMA 

While there are many different organizations centered on preparation, relief and recovery 

within the U.S., the most prominent among them is the Federal Emergency Management Agency (FEMA, 

2010a, para. 5).  The continued rise of disasters and national support for government involvement 

spawned the creation of the FEMA.  FEMA was developed by President Carter in 1979 and became the 

major agency to deal with disaster relief and preparedness.  Currently, FEMA provides relief and 

recovery for every major U.S. natural disaster through emergency response personnel, funds and 

temporary housing.  

Much of the work FEMA (1999) does is due to hurricanes and their resulting flooding.  FEMA has 

played a large role in Puerto Rico’s long-term recovery from hurricanes, notably Hurricane George in 

1998.  The recovery priorities included repairing homes, mitigation, rebuilding the economy, and 
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restoring energy and transportation (para. 3).   FEMA worked with the Puerto Rican government to 

ensure the Commonwealth’s revitalization, even to the point of extending the period of federal aid 

three times (para. 6).  

2.4.2 National Flood Insurance Program 

As the instances of natural disasters, particularly those related to hurricanes and flooding, 

increased, so did government involvement in the United States. Notable among the pieces of legislation 

passed to deal with flooding was the National Flood Insurance Act of 1968 (Kentucky Energy and 

Environment Cabinet, 2011, para. 4).  This act was passed after a series of devastating hurricanes hit the 

country and it resulted in the creation of the National Flood Insurance Program (NFIP).  An insufficient 

number of homes and businesses had flood insurance, which placed a large burden on the government 

to provide recovery funding.  To decrease governmental strain caused by natural disasters and 

encourage more people to invest in flood insurance, the act encouraged the purchase of flood insurance 

for people and businesses located in floodplains.  

The NFIP did not gain much support until 1973 when insurance was made compulsory in 

designated floodplains (Kentucky Energy and Environment Cabinet, 2011, para. 4).  In high risk areas, 

those that have a 1% or greater chance of flooding each year, homeowners and businesses were 

required to purchase insurance (National Flood Insurance Program, 2010).   According to the 

Commonwealth of Kentucky, Department for Environmental Protection, in 1972 only 95,000 

homeowners in the 1,200 communities within the NFIP impacted by Hurricane Agnes had insurance.  

The payouts for insurance claims were only $5 million out of the $4 billion in damages, a little over  1%.  

However, after making insurance mandatory for high risk areas, Hurricane Isabel struck in 2003 and 

$421 million was given out in insurance claims out of $3.6 billion in total damages, an increase of about 

11% (para. 6).   

Increasing the number of people with flood insurance is extremely important to coastal areas, 

Puerto Rico included, but it is not always a viable option.  The municipality of San Juan has a population 

density of approximately 9,000 people/mile2, and over 40% of that population is below the poverty line 

(Rivera, 2010).  Many of these poorer people live in fragile homes or in government housing projects 

built in designated floodplains because the cost of living is generally lower under the NFIP regulations.  

People living in these areas are required to have insurance; however, most cannot afford insurance.  

While the NFIP regulations have brought about some measure of progress, the Puerto Rican 

government and FEMA still bear most of the financial burden caused by hurricanes and floods on the 
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island.  In one aspect of our project, we determined the floodplain residents’ flooding experiences.  This 

information will aid the government in educating the public on flood prevention measures and flood 

insurance to decrease the government’s financial burden. 

2.4.3 La Junta de Planificación (Planning Board) 

As previously stated, flooding in Puerto Rico is the major source of economic and property 

damage.  Whether by hurricanes or rainfall, floods occur frequently in Puerto Rico, and the government 

designated La Junta de Planificación to be responsible for flood management.  As part of the Planning 

Board’s flood management techniques, Puerto Rico became part of the NFIP (National Flood Insurance 

Program).  The NFIP provides benefits such as insurance through specific carriers and federal financial 

assistance following flooding, but the benefits are only available to groups that follow the required 

regulations (Beckmann & Simpson, 2006, p. 410).    

In order to ensure Puerto Rico’s continued compliance, the Planning Board put into effect the 

“Special Flood Hazard Areas Regulation” to provide more stringent measures on building within 

designated flood zones.  The regulations state that, effective January 7, 2010, no new structures or 

developments may be built on floodways unless there are no other viable options (California Emergency 

Management Agency, 2009, para. 6).  Furthermore, the government sanction provides specific 

regulations for the different flood zones to ensure as little loss as possible in future flood or hurricane 

hazards (para. 7).  By adopting this new regulation, the Planning Board is helping to ensure Puerto Rico 

will be eligible for continued financial support from FEMA and the NFIP, and is also reducing future 

losses within high risk areas.   

While the steps to reduce future risk are important, there is much infrastructure currently 

located in floodplains that can still suffer damage from flooding.  As the likelihood of flooding and 

hurricanes increases due to climate change, improving on current prevention strategies and loss 

estimation tools has become more important, particularly for areas with large floodplain regions.  Our 

research involving floodplain population estimates will help the Planning Board to increase hazard 

mitigation and awareness among residents in the floodplains. 

2.4.4 Flood Insurance Rate Maps 

Currently, the Commonwealth of Puerto Rico estimates the chances of flooding in a particular 

area by using Flood Insurance Rate Maps (FIRMs) (Kentucky Energy and Environment Cabinet, 2011, 

para. 1). These maps are designed to estimate the appropriate amount of insurance required in high risk 
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areas based on the likelihood of flooding in a particular region.  The maps utilize Geographic Information 

System (GIS) technology by layering historical flood data and hydrological data to map floodplains 

according to specific risk designations. 

There are several different risk designations associated with FIRMs:  Moderate to Low Risk 

Areas, High Risk Areas, High Risk Coastal Areas and Undetermined Risk Areas.  To further differentiate 

the risk levels, subcategories were created.  The major differentiation for flood zones is generated using 

the frequency of flooding.  100-year flood zones are likely to have one flood in 100 years (1% annual 

chance of flooding), or a 26% chance of flooding during a thirty-year mortgage.  500-year flood zones 

are likely to have a flood only once every 500 years.   Below are tables showing the different levels and 

subcategories.   

Table 2: Low to Moderate Risk Flood Zone Designations (FEMA Map Service Center, 2011) 

Zone Description 

B 
Moderate flood hazard, usually between 100-year and 500 year floods.  Area protected 

from 100 year floods by levees.  0.2% flooding chance 

C Minimal flood risk, less than 500-year flood zone 

X Outside 500-year flood area and protected by 100 year flood zone by levee 
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Table 3: High Risk Flood Zone Designations (FEMA Map Service Center, 2011) 

ZONE DESCRIPTION 

A  100-year flood zones  

AE  The base floodplain where base flood elevations are provided.  

AH  

Areas with a 1% annual chance of shallow flooding, usually in the form of a pond, with an 

average depth ranging from 1 to 3 feet.  Base flood elevations derived from detailed analyses 

are shown at selected intervals within these zones.  

AO  

River or stream flood hazard areas and areas with a 1% or greater chance of shallow flooding 

each year, usually in the form of sheet flow, with an average depth ranging from 1 to 3 feet.  

Average flood depths derived from detailed analyses are shown within these zones.  

AR  
Areas with a temporarily increased flood risk due to the building or restoration of a flood 

control system (such as a levee or a dam).  

A99  

Areas with a 1% annual chance of flooding that will be protected by a federal flood control 

system where construction has reached specified legal requirements. No depths or base 

flood elevations are shown within these zones.  

 

Table 4: High Risk Coastal Flood Zone Designations (FEMA Map Service Center, 2011) 

ZONE  DESCRIPTION  

V  Coastal areas with a 1% or greater chance of flooding and an additional hazard associated 

with storm waves. These areas have a 26% chance of flooding over the life of a 30-year 

mortgage. No base flood elevations are shown within these zones.  

VE, V1-

30  

Coastal areas with a 1% or greater chance of flooding and an additional hazard associated 

with storm waves. Base flood elevations derived from detailed analyses are shown at 

selected intervals within these zones.  

 

2.5 Municipalities of Interest 

Puerto Rico frequently experiences flooding, but some municipalities have a higher likelihood of 

flooding than others.  This project will focus on three specific municipalities west of San Juan: Cataño, 

Bayamón, and Guaynabo, selected for us by Professor Cruz.  Cataño and Guaynabo both have coastal 
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regions and each of the three municipalities have rivers within their boundaries, meaning each region is 

susceptible to flooding.  The figure below indicates the relative position of each of the municipalities 

studied in this project.  

 

 

 

 

 

 

 

 

 

Figure 1: Puerto Rico Municipalities with Cataño, Bayamón and Guaynabo Highlighted 

2.5.1 Bayamón 

Bayamón is located in the Northern Coastal Valley, south of Cataño and West of Guaynabo 

(Rivera, 2010).  It is 43.5 square miles and has a population of around 224,000 people.  It contains 

slightly less than 80,000 housing units and the rivers Bayamón, Hondo, Minillas, Bucarabones, and 

Cuesta Arriba.  While Bayamón has no direct coastline, river flooding is possible in the area due to 

severe rainfall or storms.   

2.5.2 Cataño 

The municipality of Cataño is located directly across the bay from San Juan, Puerto Rico’s capital 

(Rivera, 2010).  Cataño is 5 square miles, making it the smallest municipality within the island.  The 

population is approximately 35,000 people housed in slightly more than 10,000 housing units.  The 

northern border of Cataño reaches the Atlantic Ocean and the Bayamón and El Caño de Cataño rivers 

run through the municipality, making it highly susceptible to flooding due to both storm surges and river 

flooding.  



13 

2.5.3 Guaynabo 

The municipality of Guaynabo is located on the northern coast of Puerto Rico, south of Cataño 

and east of Bayamón (Rivera, 2010).  It is 27 square miles and has a population of just under 108,000 

people.  Guaynabo includes around 37,000 housing units as well as the Bayamón River, the Guaynabo 

River, and many smaller streams.  Guaynabo has a coastal zone on the very northern tip of the 

municipality and can experience coastal flooding from storm surges as well as river flooding.   

Figure 2: Cataño, Bayamón and Guaynabo Municipalities with Rivers Generated in GIS 

2.5.4 Flood Zone Designations 

Within the three municipalities of interest, there are only five different flood zone designations.  

The majority of the flood zones in Bayamón and Guaynabo are in the low risk zones and have either an X 

level or B level (500-year flood zone) designation.  Near the rivers in both these municipalities, however, 

there is a greater chance of flooding and the flood designation increases to high risk A and AE zones.  

Cataño has a large coastal zone and as a result has a much higher likelihood of flooding.  The majority of 

the region has a high risk of flooding and is designated an AE flood zone.  The areas along the coastline 

have an even greater chance of flooding and are considered a VE region.  This can be seen in the figure 

below which shows the three municipalities of interest and their associated flood zone designations.  
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2.6 U.S. Census 

The U.S. Department of Commerce, one of the 15 Cabinets under the Presidency, oversees the 

Census Bureau.  The U.S. Census Bureau is the government agency responsible for collecting data about 

the nation’s people and economy (U.S. Census Bureau, 2010).  To carry out this mission, the Census 

Bureau collects several censuses at varying intervals.  The census most commonly associated with the 

U.S. Census Bureau is the Population and Housing Census which is conducted every 10 years.  The 2010 

Population and Housing Census data, at the Census block level, were used in this project.    

Figure 3: Flood Insurance Rate Map for Cataño, Bayamón and Guaynabo Generated in GIS 
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2.6.1 Population and Housing Census 

The Population and Housing Census is mandated by the United States Constitution and is used 

to determine both Population Density and Apportionment (U.S. Census Bureau, 2010).  Apportionment 

is the method by which seats in the House of Representatives are divided among the states to ensure 

each region has the appropriate representation.  The results of the Census are also used to divide 

federal funding among communities, making it vital that each individual complete a survey.  This Census 

also includes demographic information such as sex, age, ethnicity, and race.  The Bureau records their 

findings and makes the data available to the public in both reports and ArcGIS maps.  Our project 

utilized the Census blocks in the ArcGIS maps provided by the U.S. Census Bureau from the Census 

completed in 2010.  

2.7 Disaster Mitigation Act of 2000 

In an effort to increase hazard mitigation in the United States, the Disaster Mitigation Act (DMA) 

was passed in 2000.  This Act was passed as a modification to the Robert T. Stafford Disaster Relief and 

Emergency Assistance Act and stresses the necessity of state and local disaster mitigation efforts 

(California Emergency Management Agency, 2006, para. 1).  In order for states to receive disaster 

assistance, they must have certain baseline natural disaster mitigation strategies in place.  This act 

emphasizes the importance of exceeding the bare minimum by financially rewarding the states that 

establish enhanced mitigation planning. The first four steps of the DMA 2000 are shown in Table 5.  
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Table 5: Steps Required by the Disaster Mitigation Act of 2000 in Order to Receive Federal Funding (Beckmann & Simpson, 
2006, p. 410) 

 

 

The above table shows some of the requirements states must comply with in order to receive 

funding from the DMA.  Local governments can use GIS to help fulfill requirements 1 and 2 of the DMA 

2000 by making the connection between hazards in specific areas and the populations they affect 

(Hernández-Santos, et al., 2008, p. 7).   Maps can be generated that provide a visual of the potential 

hazards in an area, which can effectively be linked to population and demographic information using GIS 

software.  This project will focus on generating these maps to begin the fulfillment of the first two 

requirements of the DMA.  To further fulfill the requirements, more specifically to develop better 

mitigation strategies, other programs can be used in combination with GIS.  Catastrophe modeling 

software, such as HAZUS-MH will fulfill the Disaster Mitigation Act’s demands for more stringent 

mitigation measures that prepare communities for future hazards (Beckmann & Simpson, 2006, p. 410).  

In order to ensure Puerto Rico will continue to receive the same level of support from FEMA, the 

Planning Board will need to determine proper methods, such as catastrophe modeling, to comply with 

each of these required steps, specifically steps 3 and 4.  

1) Document the planning process 

2) Conduct risk assessment 

a) Overview of hazards 

b) Overview of analysis of vulnerability 

c) Overview and analysis of potential losses 

3) Develop mitigation strategy 

a) State goals 

b) State mitigation programs 

c) Analysis 

d) Funding 

4) Coordination of local mitigation planning 

a) Funding 

b) Timeframe 

c) Prioritization 
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2.8 Geographic Information Systems 

Geographical Information Systems (GIS) are used as risk assessment tools (Lavakare, 2011, para. 

1). Tasks such as mapping, manipulations, and data analysis can be performed using GIS.  Risk 

assessment involves first defining the hazard and then determining a specific vulnerability (para. 2).  In 

Puerto Rico, the common hazards being addressed are floods and hurricanes.  Vulnerability measures 

the damage that the hazard can cause to the environment and man-made structures.  GIS are used to 

determine the hazards for a specific location and chart the results in maps.  From these maps, hazard 

areas such as flood zones can be designated.  In this project, we used GIS as a risk assessment tool to 

determine Puerto Rico’s vulnerability to flooding by estimating populations within the designated flood 

zones. 

 Information used for hurricane risk assessments such as terrain, land use and cover, and 

amount and depth of coastline are stored in GIS databases (Lavakare, 2011, para. 6).  Information used 

for flood risk and storm surge assessments include similar data such as topology and hydrology data.  

GIS can generate multiple layers of information at a time to review the full damage that could be caused 

by a hazard (Gall et al., 2007, p. 2).  Inventory data such as building stock and utilities can be stored in 

GIS and are useful in catastrophe modeling systems to estimate potential monetary losses due to 

hazards.  Catastrophe modeling systems are used in addition to GIS to further determine the 

vulnerability and potential losses due to hazards. Overall, GIS are used to store and catalog data and 

integrate spatial data to make more accurate maps, which increase the accuracy of risk assessment and 

catastrophe modeling results.   

ArcGIS is a type of GIS software that was created by Environmental Systems Research Institute 

(ESRI) (Schneider & Schauer, 2006, p. 42).  It is the GIS most commonly used in hazard management and 

is also required to run the catastrophe modeling program, HAZUS-MH.  Within ArcGIS, ArcView is used 

to map the earthquake, wind and flood models in HAZUS-MH. In order to run HAZUS-MH for flood 

modeling, ArcGIS must be used with the Spatial Analyst Extension.   This extension deals with raster data 

required to model flooding.  In this project, ArcGIS 10.0 was used to create a geodatabase containing all 

the floodplain maps and to estimate the floodplain populations.  Many data layers were put into ArcGIS 

to create the population and population density maps.  In the future, these data layers, along with 

additional infrastructure and economic data, can be put into ArcGIS to run a HAZUS-MH catastrophe 

model. 
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2.9 Catastrophe Modeling 

In the past few decades, government and private agencies began advancing hazard mitigation 

by developing software that can model catastrophes such as hurricanes and flooding (Wilkinson, 2010, 

para. 2).  Catastrophe modeling is used to further risk assessment and hazard mitigation.  It can be 

useful before a disaster as well as after a disaster has occurred.   First, the modeling system must have 

historical and/or current data, such as aerial photography or digital FIRMs, of the region being assessed 

(para. 6).  Then, the program can use this information and assess damage from past or current hazards 

or predict damage that is likely to be caused by an imminent hazard.  These assessments are used to 

determine how much aid the region needs to cope with the damage caused by a specific disaster.   

Many catastrophe modeling programs exist, and each one carries out the estimation process in a 

different way.  Our research focuses on the catastrophe modeling system HAZUS-MH for 

implementation in Puerto Rico. 

2.9.1 HAZUS-MH 

HAZUS-MH is a software program that uses data stored in ArcGIS to estimate losses due to 

natural disasters. HAZUS was developed in the early 1990s by FEMA and the National Institute of 

Building Sciences (NIBS) (Schneider & Schauer, 2006, p. 40).  It began as a software program for 

modeling earthquakes and developed into a modeling program for other types of catastrophes.  In 2004, 

HAZUS-MH (Hazards U.S. MultiHazard) was released by FEMA for the modeling of earthquakes, 

hurricanes and floods.  Its risk assessment includes estimation of physical, economic and social damage.  

HAZUS-MH begins with a level I analysis using default data provided by FEMA and national 

databases.  Default data include “the Census, transportation system, lifeline utility systems, hazardous 

facilities and critical and building infrastructure” (Beckmann & Simpson, 2006, p. 411).  Local data such 

as floodplain maps, aerial photography, and structural information from technical experts are required 

to improve the accuracy of the estimations.  These data are considered to be in Level II and Level III 

analyses (p. 412).  HAZUS-MH uses algorithms to determine the estimated losses in a given natural 

disaster scenario.  Its output includes a report containing maps and charts that show the location and 

extent of damages to be expected. 

In level II and III analyses, HAZUS-MH contains data input tools such as the Inventory Collection 

Tool (InCast), the Building Inventory Tool (BIT) and the Flood Information Tool (FIT) (Beckmann & 

Simpson, 2006, p. 413).  The InCast tool is used to store local building data.  The BIT also holds building 
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data; however, this tool additionally includes information such as tax assessor records.  The FIT was 

created for the flood model to allow users to manipulate the default flood data used in HAZUS-MH level 

I into the HAZUS-MH level II format. 

HAZUS–MH reports three different types of losses: physical, economic and social.  Physical 

losses include damages to buildings and infrastructure.  In the flood model, physical damage is 

estimated using flood depth and depth-damage functions (Scawthorn et al., 2006, p. 60).  Depth-

damage functions are created from historical data and component-based modeling.  They are functions 

that estimate the amount of damage based on the depth and area of the flood.  This estimation requires 

information on elevation of the first floor of the building and the type of occupancy found in the building 

(p. 73).  The program also highlights estimated damages to essential facilities such as hospitals and 

schools (p. 74).  It can take into account flood prevention methods used in the construction of buildings 

by revising the depth-damage functions to the degree of protection within the building.  Damage to 

vehicles can be predicted with input about the location of the vehicles and of the critical components in 

the different types of vehicles.  Crop loss estimations are made from information about the season and 

length of time the flood takes place as well as the size of the area (p. 75).  HAZUS-MH also calculates the 

amount of expected debris from flooding based on flood-depth (p. 76).  In the hurricane model, physical 

losses are determined by gathering information on building materials, structure and the estimation of 

wind load.  Physical damages in the hurricane model include roof cover, sheathing damage and window 

damages.  The hurricane model also computes expected debris (Vickery et al., 2006, p. 98).   

Both the flood and hurricane models focus on direct economic loss estimates.  Direct losses 

include building repair, replacement, content, and inventory as well as loss of use (Scawthorn et al., 

2006, p. 77).  Relocation expenses, income losses, and rental income losses are calculated in addition to 

employment losses.  These losses are determined from estimates including the length of time needed to 

restore business operations and buildings as well as the time it takes to clean up and have buildings 

inspected.  HAZUS-MH has the potential to greatly improve the damage estimations used by the 

Planning Board following floods.  Direct losses would be determined more quickly, which in turn would 

provide aid to those areas most affected and begin making repairs more quickly.  

Social loss estimates focus mainly on shelter needs.  Many people living in homes impacted by 

flooding or hurricanes require short-term shelter (Scawthorn et al., 2006, p. 77).  This includes 

individuals who have flooded or demolished houses, cannot access roadways to houses due to flooding 

or debris, and individuals who have evacuated following a flood or hurricane warning. The flood model 
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calculates this by estimating the number of displaced individuals and factoring in estimates for age and 

income of families, both of which impact their decision to relocate to a temporary shelter.  This is the 

only social loss estimate the program is capable of conducting.  Similarly to direct losses, by 

implementing this system, the Puerto Rican government would have the ability to better prepare and 

more rapidly respond to shelter and housing requirements following natural disasters.   

The physical, economic, and social loss estimates from HAZUS-MH can then be used by local 

government officials, such as the Planning Board, to determine what steps must be taken to minimize 

damages and prepare for a hazard (Beckmann & Simpson, 2006, p. 410).  Such decisions can include 

issuing warnings to the public and prepping temporary shelters for evacuated individuals.  The output 

from HAZUS-MH is also used to follow the federal requirements of the DMA 2000 and to apply for 

certain types of post-disaster aid from the federal government to cope with local economic losses.   

While this project did not use or implement HAZUS-MH directly, the implementation of HAZUS-

MH could be extremely beneficial to Puerto Rico, as it is threatened routinely by floods and periodically 

by hurricanes.  The ability of HAZUS-MH to quickly estimate losses from natural hazards would allow the 

government to increase its preparedness and equip responders following hazards.   The early warning 

system of HAZUS-MH would also be an excellent tool for Puerto Rico’s government planners in the 

event of severe rains or a hurricane.  For a modeling system to be effective in providing warnings, the 

public must trust the system generating the warnings.  Throughout this project we surveyed the public 

to understand their attitude as they relate to natural hazard warnings, particularly computer-generated 

warnings.  This information will aid the Planning Board in their decision to implement HAZUS-MH in the 

near future.  

2.10 SPSS 

Statistical Package for the Social Sciences (SPSS) is a software system that uses raw data to 

generate statistical information that can be more readily analyzed (IBM, 2010, para. 1).  This program 

was developed in 1968 by two Stanford doctoral candidates and a recent graduate who needed a 

program to more rapidly analyze social science data.  The program began as an institutional tool for 

universities to manage and analyze social science data but it was soon used by various industries (para. 

8).   Companies such as Proctor and Gamble found the program useful for analyzing market research and 

predicting the market to optimize the company.  Other industrial uses of the program include the 
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National Forest Service which used the program to record injuries and locations of bear attacks.  The 

potential wide-spread application of SPSS made it a market leader in data analysis.   

The program can be successfully used for many different purposes because it has the capacity to 

analyze various types of data and is comprehensive (Griffith, 2009, para. 1).  When using the program a 

series of variables to be analyzed are defined.  There are two types of variables that can be input into 

SPSS, scale variables or categorical variables (para. 3).  Scale variables are numeric measurements such 

as population, while categorical variables have values that define a category.  Numbers are assigned to 

designate data from one specific category, for example gender where males would have a value of 1 and 

females, 2.  Once the data have defined values, an analysis can be run based on the data selected.  The 

analysis produced by the program can be used to generate a graph or plot to more clearly show trends 

(para. 6).   

Within the scope of this project, SPSS was used to analyze the information collected from the 

public survey.  Information about demographics, flooding, flood insurance and catastrophe modeling in 

the three municipalities we focused on was input into SPSS and analyzed to determine trends on 

flooding information within each municipality.  This will be useful to the Planning Board to determine 

public awareness of flooding and catastrophe modeling systems.    

2.11 Summary 

This chapter discussed natural disasters and their effects on the economy.  We also explored 

different organizations and the actions they are taking to help prevent hazard damages, specifically 

within Puerto Rico.  Finally, we reviewed catastrophe models and other software, including HAZUS-MH 

and GIS as methods of disaster mitigation and loss estimation.  GIS was used to generate better 

population estimates of the floodplains which, along with surveys assessing the public perception of 

flooding and flood warnings, will aid the Planning Board in their preparations for natural disasters such 

as hurricanes and flooding.   With the help of our liaison Professor Angel David Cruz Báez, our team 

estimated the floodplain populations, improved the methodology for future use and analyzed the public 

understanding of flooding and attitude towards computer-generated hazard warnings.  
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Chapter 3:  Objectives 

The overall goal of this project was to provide information to the Planning Board on the number 

of people at risk for flooding as well as their experiences of flooding and flood warnings.  This goal was 

accomplished through data collection and analysis, using both GIS and resident surveys.  To complete 

this project, our group set several objectives as detailed below.  

1) Estimate population in floodplain regions using ArcGIS 

2) Create population density maps with floodplain regions specified 

3) Improve current methodology from previous municipality and make recommendations for 

further improvements to generate the most efficient and accurate predictions possible 

4) Conduct surveys to understand connections between demographics, flood insurance and 

flood zones  

5) Analyze survey results to understand the public perceptions of warning systems and 

evaluate response to having warnings generate by computer models, particularly to make 

connections between each municipality and residents’ receptiveness to the computer 

generated warnings 
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Chapter 4: Methodology 

The main goal of this project was to determine the quantity of people affected by flooding and 

also the severity of the impact of flooding for the floodplain regions of Bayamón, Cataño, and Guaynabo.  

This was split into two main focuses.  The first area of focus was technical and involved using maps to 

visualize how the floodplain regions are populated.  The first objective to accomplish this goal was to 

estimate the populations living in floodplain regions for each of the three municipalities. To achieve this, 

we followed the methodology of the previous WPI team, using their Population Estimation Tutorial 

(Cucinotta et al, 2010).  We used ArcGIS to create a geodatabase with layers of information including 

flood zones and Census blocks.  Population maps for the floodplain regions were then created.  The 

second objective was to determine the population density in the floodplains and generate a population 

density map for each municipality.  The second area of focus of our project was the personal impacts of 

flooding.  The objectives for this aspect of research were to determine and analyze the public’s 

experiences with flooding and perception of flood warning systems.  This was accomplished using a 

survey to conduct a small quota sampling.  To meet these objectives we developed the following 

methodology for estimating population and determining public perception of flooding and flood 

warnings.  Information was gathered through research, the geodatabase data, and surveying the 

population living in the floodplains.  The following sections explain each step of our methodology, the 

purposes behind each step, and how the collected data was analyzed and used to accomplish our goals. 

4.1 Determining Population Densities Living in Floodplains 

 Mapping the floodplain populations required three steps.  The first step was to gather all the 

important data into one system and create a geodatabase for Cataño, Bayamón and Guaynabo.  Next, 

we determined which houses fell within the flood zones and the approximate number of people living in 

those regions.  From there, the population and population density maps were created. 

4.1.1 Creating the Geodatabase 

In order to estimate the populations living in the floodplains of the three municipalities, it was 

necessary to compile several different types of data into a geodatabase.  The geodatabase, which 

contained various maps and associated data, was produced using ArcGIS.  Several types of data were 

collected for this.  The base map of Puerto Rico and its municipalities, road and river layers, 2006-2007 

aerial photographs of Puerto Rico, FIRMs, and 2010 Census shapefiles with population and housing data 

were all provided to us by Dr. Cruz.  Each of the layers, with the exception of the aerial photographs, 

was clipped using the Clip tool.  The Clip tool is found in the ArcToolBox under Analysis tools.  The 
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window prompt is shown below.

 

Figure 4: ArcToolbox Clip Window 

Under Input Features, the layer to be clipped was selected.  Under Clip Features, the Three 

Municipalities layer was selected to be the clipping layer.  The Output Feature Class was given a name 

such as Roads_Clip. The map thus far is shown below. 
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Figure 5: Geodatabase Map Layering Aerial Photographs, Census Blocks, FIRMs, Roads, and Rivers 

The figure above shows the entire area to be in a floodplain because the different flood zone 

designations have not yet been opened in GIS.  The legend shows <all other values> to represent all of 

the flood zones in green.   In order to view the different designations, and therefore see what areas 

within the municipalities are prone to flooding, the FIRM layers were opened.  Within the Symbology 

tab, the Categories option and then Unique Values was selected from the left tab.  Under Field Zone, 

FLD_ZONE was selected and then the option to add all values was chosen.  This showed each of the 

flood zone designation in the three municipalities: A, VE, AE, X, 0.2 % annual chance of flood.  The figure 

below shows the layer options within the FIRM data, from which each of the flood zones can be seen.    
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Once the symbology was changed, each of the values within the layer was made hollow in order to see 

through to the other layers. This is shown below in Figure 7. 

 

Figure 6: Layer Properties, Symbology Tab Window 
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Figure 7: Symbol Selector Window 

Each value was double-clicked, producing the window prompt shown above.  10% Simple Hatch was 

selected and the fill and outline color were changed to different colors for each value.   

The symbology and coloring of the Census layer was also changed, following similar steps as for 

the FIRMs.  Under Symbology, Quantities was selected, and the Value Field was changed to POP2010.  

The map was then reorganized by dragging the FIRM layer to the top of the Table of Contents, followed 

by the Census layer, rivers and road layers, leaving the aerial photographs last.  This allowed us to see 

the FIRM layers over the Census data, in order to make population estimates.  

Since the flood zone ‘X’ indicates that an area does not require flood insurance, it was removed 

from the layer by returning to the Symbology tab and selecting the layer.  The Remove button was 

clicked.  Once this was done, the Census data layer was then clipped by the FIRM layer using the Clip 

tool described earlier.  This allowed only the Census blocks within the flood zones to appear in a new 

layer.  The Attribute Table was opened by right clicking on the new Census layer and selecting Open 
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Attribute Table.  The Attribute Table for this new layer contained roughly 1,500 Census blocks, a 

decrease from approximately 5,000 Census blocks total in the three municipalities.  This was done to 

make the population estimation step more efficient.  The previous Census layer, which was clipped by 

the municipalities, was also kept as a reference in the population estimation process. 

The final map is shown below.  The Census data did not perfectly match the aerial photographs.  

There were some lines that cut through houses, dividing them into parts of different Census blocks.  We 

were advised by Professors Cruz and Guilbe, as well as by the Planning Board, that the Census data is not 

accurate in some areas, but that it is the only data currently available to work with and should be 

followed throughout this project. 

  

Figure 8: Final Map for Population Estimation 
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Thus, the final map contained hydrology data, Census data by block and FIRMs, each clipped to fit the 

three municipalities of interest.   The completion of this database provided the framework to allow our 

team to then estimate the populations living in the floodplains.   

4.1.2 Determining Population by Census Block 

In order to create population and population density maps for the three municipalities, the 

Census data must be used to estimate the populations living in the flood zones.  This was conducted by 

using the Attribute Table for the Census layer.  The Block ID, Total Population and Housing Units were 

exported to a new Excel Spreadsheet.   A portion of the spreadsheet is shown below.  Columns were 

created for the number of buildings per Census block included in the flood zone, buildings per Census 

block excluded from the flood zone, percent of buildings included per Census block and the estimated 

population.  Columns were also created to include the type of flood zone the Census block fell under as 

well as any comments we had about discrepancies that were found due to the Census shapefiles and 

data. For example, one issue that occurred is shown in the last row of Table 6 below.  In this case, the 

Census data indicated a population of 3,080 people living in a Census block.  However, there were no 

buildings visible in the shapefile and there were no houses listed in the data.   We decided to include the 

entire population in the Census block, to account for the population listed. While this may result in 

overestimation, we did not have time to visit problematic Census blocks. For more accurate results in 

the future, we recommend inspecting the Census blocks in question to better estimate populations. 

Table 6: Population Estimation Spreadsheet 

BLKIDFP00 POP2010 Housing 

Units 

Included 

Buildings 

Excluded 

Buildings 

Buildings 

Included/  

Total 

Buildings 

Estimated 

Population 

Flood 

Zone 

Comments 

720210301011000 0 0 0 0 0 0 AE/.2   

720210301011001 0 0 0 0 0 0 AE/.2   

720210301011002 1 1 0 0 0 0 AE/.2   

720210301011003 0 0 0 0 0 0 AE/.2   

720210301011004 3080 0 1 0 1 3080 AE/.2 no houses, 

large 

population 
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In order to estimate the population living in the floodplains, the buildings in each block that fell 

within the designated flood zones were counted.   Any blocks in which all buildings fell completely or 

partially within the flood zones did not have to be counted.  The population data for these blocks was 

recorded.  Any blocks that contained some buildings outside the flood zones had to be counted.  In 

these cases, we recorded the flood zone designations, and then turned off the FIRM layer.   The number 

of buildings within the clipped Census layer were counted and recorded as the number of buildings 

within the flood zone.  The buildings were easier to identify without the FIRM layer on top.  Then, the 

number of excluded buildings was determined by subtracting the number included from the total 

number of housing units within the Census block.  However, when there was more than one type of 

flood zone in a Census block, the number of buildings included had to be counted for each flood zone 

type separately, recorded and then totaled for the Census block.  When an individual building was 

located in two flood zones, it was counted under the predominant flood zone.   There were two 

equations to calculate the population estimates.  The first equation was used to determine the 

percentage of buildings in the Census block that fell within the flood zones. 

  (1) 

In some cases, it was not clear how many housing units fell within the flood zones because some Census 

blocks contained apartments.  In Census blocks containing apartments the number of apartments in the 

flood zone was estimated from the percentage of the buildings in the flood zone. 

Then, the second equation was used to estimate the population.  This used the percentage of 

houses in the Census block within the flood zone multiplied by the total population of the Census block. 

    (2) 

This estimates how many people in that block are living inside a flood zone and require flood insurance 

or assistance when flooding occurs.   

4.1.3 Creating Population Maps 

Once we had estimated the populations in the floodplain regions of Bayamón, Cataño, and 

Guaynabo, we were then able to make population maps for each municipality.  These maps were 

produced in ArcGIS.  In order to quickly determine which populations would need the most help during 

flooding, only populations living in the floodplains were included in these maps.  The estimated 

population data was joined to the Census layer using the Join tool.  Before the layer was joined to the 
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Excel data, another column was created in the Population Estimation Spreadsheet.  This column was 

called Rounded Population, and the ROUNDUP command was used to round the estimated populations 

to whole numbers.  Then the table was first indexed, using the Add Attribute Index tool under the 

Indexes section of the Data Management tools.   The Join tool from the ArcToolbox was used to join this 

data to the Census layer.  The Join tool window prompt is show below. 

 

Figure 9: Add Join Window 

The GEOID10 was used as the input and output join fields and the Keep All option was checked. 

Once the join was complete, we right-clicked on the Census layer and selected Open Attribute Table.  

We reviewed each of the columns in the table and established that the join was successful.  

After all the data were in ArcMap, we then created the population maps.  We clipped the 

Census and FIRM layers to each of the municipalities using the Clip tool and Export Data.  A map for each 

municipality was made containing the aerial photographs and the clipped Census and FIRM layers.  The 
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symbology had to be changed in each of these layers again.  The FIRM symbology followed the same 

procedure as earlier.  For the Census layer, we changed the symbology to graduated colors under 

Quantities.  The field was changed to Rounded Population, which was the estimated population rounded 

up to the next whole number.  We then changed the number of classes to 7 and chose manual 

classifications.  The classification tab is shown in the figure below.  Our choices were 0, where there is 

no population in the floodplain, and then gradually increasing ranges for the regions that are most 

populated.   These maps were then ready to be used as tools to determine how many people live in a 

specific flood region.   

4.1.4 Creating Population Estimates 

Population estimates were made for each municipality, broken down by flood zone type and 

then total population in flood zones.  The overall floodplain estimates were done by turning off all of the 

layers in the map, except for the Census layer.   The Select Features tool was used to select the Census 

layer.   Then, the Statistics tool under the Selection tab was used.  The Census block layer was selected 

Figure 10: Tabulating Data Ranges for Population Map Creation 
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with the rounded population field, shown below. 

 

Figure 11: Selection Statistics Window 

The Statistics include the Sum, which is the total number of people living in the designated flood 

zones of the municipality.  These estimates are an overview of the number of people that may incur 

damages or need assistance when a flood occurs.   

To determine the populations per flood zone, the Population Estimation Spreadsheet was 

required.  The previous WPI team used the Select Features and Statistics tools to estimate the 

population per flood zone.  We were not able to use this method however, because some Census blocks 

contained more than one flood zone.  This would have resulted in Census blocks being double counted 

when they fell into two flood zones.  Instead, the Population Estimation Spreadsheet was further broken 

down into one column for each flood zone type.  The SUM command was then used to find the total in 

each column.  This allowed us to determine which flood zones were most populated in each 

municipality. 

4.1.5 Creating Population Density Maps 

Once the population maps were created, we then created population density maps for each of 

the three municipalities.  Population density maps allow the viewer to see the population per unit area 

instead of solely population over a given region.  This is useful to know which areas are most densely 

populated and need more aid during a natural disaster.  To make this map, a new column in the 

spreadsheet had to be made for the area of each of the flood zones within a Census block.  We used the 
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Measure tool to evaluate the area of each polygon of a flood zone within a Census block, in square 

kilometers, as shown below. 

  

Figure 12: Determining Area for Each Block Using the Measure Tool 

These data were added to the spreadsheet and the population density was calculated using the 

Equation 3.  

   (3) 

The calculations were rounded up to the nearest whole number and this information was added to our 

Attribute Table in GIS using the Join tool. From this, we plotted the ranges we found within each 

municipality, using the Classification option in the Symbology tab, to create the population density maps 

as displayed previously in Figure 10.  This was completed in each of the municipalities to generate three 

population density maps. 
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4.2 Field Work Data Collection  

In order to fully understand the experiences of floodplain residents, it was necessary to visit the 

floodplains and survey residents.  Our group was accompanied each day by either our liaison Professor 

Angel David Cruz Báez, Professor Carlos Guilbe, or a University of Puerto Rico student.  The survey was 

conducted in the floodplain regions of each of the three municipalities which provided a wide range of 

socio-economic classes.  The following sections detail our methods of surveying in each municipality as 

well as our analysis methods.  

4.2.1 Surveying Floodplain Residents  

In order to achieve our final objective, we conducted a survey of residents in designated 

floodplain areas of Cataño, Bayamón, and Guaynabo.  The questionnaire is located in Appendices D and 

E in English and Spanish respectively.  It includes questions on demographic information, housing 

information, flooding and flood insurance information, as well as hazard warning information.  Since we 

wanted results that were easily comparable to data collected previously, most of the survey is identical 

to that of the previous year.  There are several additional questions located at the end of the survey, 

designed to provide the Planning Board with a better understanding of the public perception about 

flood and hurricane warnings, particularly when generated from catastrophe modeling programs.  Our 

team set a goal of completing 168 surveys which would result in a confidence interval of 93% according 

to Equation 4.  

   (4) 

In the equation, n is the number of surveys, Z is the standard value used in statistics, p is the chance of a 

certain response and E is the error value.  For our group’s purposes, we desired a 93% confidence rating 

which made the error percentage 7%, p was set to 0.5, and Z was 1.812.  This provided the baseline of 

168 surveys total.  

 To determine the approximate number of surveys to conduct in each municipality, the number 

of floodplain residents in one municipality was divided by the total number of floodplain residents as 

determined by the population maps created by our team.  This can be seen clearly in Equation 5.  

  (5) 
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This was conducted for each municipality and the percentage was multiplied by 168 to determine the 

number of surveys required in each municipality.   

Table 7: Survey Totals per Municipality 

 Floodplain Population Survey Percentage Survey Number 

Cataño  30176 0.44634431 74.9858447 

Bayamón 27544 0.40741343 68.4454568 

Guaynabo 9887 0.14624225 24.5686985 

 

 To administer the survey, the group was separated into small subgroups to expedite surveying.  

Each group member was accompanied by at least one volunteer.  To effectively cover the designated 

area, each small group was given a zone of three blocks to survey.  This ensured complete coverage of 

the specific zone of interest and prevented overlap.  Each group attempted to go door to door with their 

small survey group and find adult residents to answer our questions.  Many residents had bars 

preventing access to the door which made administering the survey difficult; however, this was 

addressed by calling a greeting into the house and waiting for one of the residents to come outside.  If a 

resident was not at home, or was unwilling to take part in the survey, the house was skipped.   We 

informed the residents that the responses to the questionnaire were anonymous and offered the survey 

in their preferred language of either Spanish or English.  The purpose of the survey was to determine 

how much experience the residents had with flooding and flood prevention, if they had flood insurance, 

and if they had received any aid for flood damages.  We also asked about their knowledge of the current 

flood warning system in their area and whether they would take precautions generated by a computer 

system that predicts flooding in their area.  This was asked in order to determine if the public would 

trust, and therefore benefit from, the use of HAZUS-MH as a catastrophe modeling system in Puerto 

Rico.  The English and Spanish surveys are attached in Appendices D and E and the results in Appendices 

G-J. 

It was initially planned to utilize GPS to track where each survey was conducted, but this could 

have presented a potential breach of confidentiality.  For that reason, each area to be surveyed was 

selected from the floodplain regions and designated on a map.  This allowed the survey regions to be 

tracked while still maintaining the complete confidentiality of all participants.   
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4.2.2 Evaluating Survey Results 

Following the completion of our data collection, the surveys were put into Excel and analyzed 

using the Statistical Package for Social Sciences (SPSS) and Excel.  Relationships between survey 

questions were explored.  For example, we looked for a correlation between the number of floods 

people experienced and if they have taken precautions to prevent flood damage.  These correlations 

helped us draw conclusions about the population’s flood experiences. 

4.3 Methodological Improvements for Further Research and Recommendations 

 During this project, we followed the methodology of the Population Estimation Tutorial created 

by an IQP team in 2010.  While using this methodology, we documented any issues that came up and 

areas that require improvement.  Improvements we made include adding the FIRMs to the population 

and population density maps.  These FIRMs can be turned on and off within ArcGIS so that the viewer 

may see the population densities for the floodplains in general or per flood zone.  Another improvement 

that was made was in the creation of the geodatabase.  The Census block layer was clipped not only by 

the municipality but also by the FIRM layer.  First, the non-flood regions, designated by X, were removed 

from the flood layer.  Then the Census block layer was clipped by the FIRM layer.  This allowed only the 

Census blocks within the flood zones to appear, making the population estimation process much more 

efficient because there were less Census blocks to record in our data.  This was not done previously for 

San Juan because the area only had a small amount of X flood zone regions.   

One issue that came up was in the Census block data.  The previous group also experienced this 

issue.  They were using 2000 Census data in which the shapefiles were misaligned with the aerial 

photographs.  Their group visually shifted the Census data to match the aerial photographs.  This may 

have caused error through judgment calls.  Initially, our group was also working with the 2000 

shapefiles.  To fix the misalignment, we found the data from the original locations and downloaded the 

2000 shapefiles off the U.S. Census Tiger Files website and the 2000 Census data off of the American 

FactFinder website.  The data were joined in ArcGIS, and the resulting layer was properly aligned with 

the aerial photographs.  Once 2010 data became available, we updated our project with the more 

recent information.  The 2010 shapefiles were aligned properly and did not require any shifting.  

In addition to some misalignment issues, many Census blocks include not only houses, but also 

apartments within the blocks.  The Census only records the number of housing units within the block.  It 

does not record the number or type of buildings.  Therefore, it was difficult to determine how many 
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housing units were within a building and if any buildings in the block were commercial and not housing 

units.  An improvement we made from last year’s methodology was to take into account blocks that 

clearly contained apartment buildings.  When apartments were involved, the percentage of the 

buildings within flood zones was used to make population estimates.  This method is more accurate than 

the previous methodology, because it reduces underestimation of population by accounting for more 

than one housing unit per apartment, instead of only counting the number of buildings visible within the 

flood zone.  However, we recommend that in future estimations, given enough time, the Census blocks 

containing apartment buildings be visited.  When visiting a Census block area, the number of housing 

units in each specific building can be determined more precisely.  This would make the population 

estimates more accurate. 

The methodology for creating the population density maps was also improved.  In previous 

methodologies, the population density was determined by the population per Census block area.  We 

made our methodology more accurate by only including the area of the flood zones in the Census block.  

Using the Measure tool we were able to select only the area within the flood zones in the Census block, 

instead of the whole Census block.  This made our population density numbers truly reflect only the area 

within the flood zones.  This greatly improved accuracy in blocks in which only a small portion of the 

block was in a flood zone. 

4.4 Summary 

 Overall, ArcGIS was used to create the geodatabase of data used to make population maps, 

estimates and population density maps.  A stratified random sampling of surveys was used to collect 

primary accounts of flooding and flood experiences in the three municipalities.  Using both of these 

methods, we were able to not only determine how many people are affected by floods in these areas, 

but also how often they are affected and how much assistance they have been receiving when a flood 

occurs.  Based on these methods we have made recommendations for future research on the 

population estimation process and drawn conclusions about the populations living in the floodplains. 
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Chapter 5: Results and Discussion 

Our results to the Planning Board were delivered in the form of a DVD.  The DVD contained the 

population estimates, population maps, population density maps, and survey data.  This chapter displays 

and analyzes our results.  The results are broken down by deliverables and then analyzed for each 

municipality. 

5.1 Population Maps (Appendices A, B and C) 

The population maps were the first objective we met.  They display how many people live in a 

floodplain by Census block. The population maps for each region can be found in Appendices A, B and C 

respectively. These maps also include the FIRM layer.  The FIRM layer can be turned off if the viewer 

wishes to review the population in floodplains in general.  If the FIRM layer is turned on in ArcGIS, then 

the viewer may look in more detail at how many people reside in specific flood zones.  When the FIRMs 

are overlaid on the population maps, the different regions are crosshatched, enabling the viewer to see 

both population and the specific floodplain in which they reside.  Our legend for each of these maps 

contains a gradient showing specific ranges of population, as well as areas that do not contain any 

population.  In Bayamón, the floodplain population is located mostly on the outskirts of the rivers and in 

the northern region.  Cataño contains population along the coastline, in the VE flood zone; however, it is 

most populated in the center of the municipality.  Guaynabo is populated mainly on the northernmost 

part by the ocean and in the center, just north of the river. 

5.2 Population Estimates 

From the population maps and Population Estimation Spreadsheet, population estimates were 

made for 2010 and 2000 flood regions and are shown below.  The overall population in Puerto Rico has 

decreased between 2000 and 2010 (U.S. Census Bureau, 2010).   This is reflected in the population 

estimates we determined for the floodplain regions of Bayamón, Cataño, and Guaynabo.  Cataño has 

the largest population located in a flood zone of the three municipalities.  However, it also had the 

largest decrease in floodplain population over the 10 year period.  During surveying, we were informed 

by local residents that the government is buying and demolishing properties in the flood zones of 

Cataño.  This explains the large decrease in population.  Cataño is also the only municipality with 

housing in the coastal VE flood zone.  The AE and 0.2 Percent Chance of Annual Flooding zones contain 

most of the population in each municipality.  The estimates can be seen in full in the tables below.  
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Table 8: 2010 Population Estimation by Municipality and Flood Zone Designation 

Flood Zone Bayamón Cataño Guaynabo 

VE 0 59 0 

A 1,547 0 148 

AE 6,841 15,184 7,595 

0.2 Percent Chance of 

Annual Flooding 

19,156 14,933 2,144 

Total 27,544 30,176 9,887 

 

Table 9: 2000 Population Estimation by Municipality 

Municipality Bayamón Cataño Guaynabo 

Total 29,155 36,249 10,738 

 

Table 10: Difference in Population from 2000 to 2010 

Municipality  Bayamón Cataño Guaynabo 

Difference -1,611 -6,073 -851 

 

5.3 Population Density Maps (Appendices A, B and C) 

Population density maps were created from the rounded population maps.  The population 

density takes in account not only the number of people living in a region, but also the size of the region.   

These maps show the areas that have a high concentration of people and therefore will have more 

people affected by flooding and need more funding.  The population density maps for each municipality 

can be found in Appendices A, B and C.  The density units used in these maps are in the number of 

people per square kilometer.  The legend chosen highlights the areas that have zero population in grey. 

This was done to show these areas will not need funding for housing damages.  To better show the 

potential of flooding occurrences, we layered the FIRM maps to show exactly the density of people 

affected in each flood zone.  Most of Cataño is designated as a floodplain, but only two of the areas are 

densely packed, close to the ocean.  Bayamón floodplains are mainly a result of river runoff and the 
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municipality has dense areas concentrated around the rivers.  Guaynabo has one coastal area and the 

rest of the floodplain is a result of river runoff.  The area of most concern in Guaynabo is the northern 

region which is the coastal region. 

5.4 Survey Results 

Over the course of two weeks, 181 surveys were collected by our group in each of the three 

municipalities.  The surveys were distributed as described in the methodology section.  Residents of 

each of the three municipalities were surveyed, covering a large range of socio-economic backgrounds.  

The area surveyed within Cataño was a low class area, while Bayamón represented a lower to middle 

class area, and most of the surveys from Guaynabo were from a middle to upper class area.  The 

surveyed areas have been outlined in the figure below.  

 

Figure 13: Maps of Areas Surveyed 
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 Surveying various areas provided an important variability within the data to understand flooding and 

flood prevention in different economic classes.   The results of the surveys and discussion drawn from 

them are the focus of the following sections. 

5.4.1 General 

The survey, attached in Appendices D and E, was separated into five different sections 

representing each resident’s demographic and housing information as well as information about 

flooding.  The complete survey results are attached in Appendix G. The first section asked demographic 

information such as age and gender.  The vast majority of those residents surveyed were in the 36 and 

older category (87%) and 55% were female.  The second section of the survey asked residents about 

their housing situation.  Most of the residents we surveyed (68%) had lived in the same house for over 

16 years, a statistic that was not surprising to discover.  The Planning Board regulations preventing the 

construction of more homes in floodplains have prevented many people from moving into floodplains in 

the last two decades.      

 

Figure 14: Duration of Residency 

The housing portion of the questionnaire asked for further information on the construction of 

the homes.  Over 90 percent of residents (96%) had a foundation made of cement and 90% also had 

siding made of cement.   This was an expected result for floodplain residents because cement resists 

water damage much more effectively than wood.  Many of the residents who did not have cement 

foundations lived in the poor areas in Cataño.  Figure 15 below illustrates the breakdown of foundation 

materials for all surveyed residences.  
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Figure 15: Foundation Construction Materials 

Once the baseline of housing and demographic information was established, the survey asked 

residents for information on flooding.  The first question determined if residents were aware that they 

were living in an area designated by FEMA as a floodplain.  The response was split and is shown in the 

following figure.  

 

Figure 16: Flood Zone Awareness of All Surveyed Residents 

To complete the basic flood information section, residents told us what flooding problems 

affected their neighborhood.  Almost half of residents had not experienced any flooding problems, but 
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22% of residents had drainage problems and 27% had flooding associated with heavy rain.  The results 

of this question are shown in Figure 17.  

 

Figure 17: Flooding Problems Affecting Surveyed Residents 

The next section of the survey dealt with flood insurance and damage information.  Residents 

were asked if they had any flood insurance and how many floods had occurred at their residence whist 

they had lived there.  Over half (58%) of all residents surveyed did not have any flood insurance, despite 

NFIP requirements mandating flood insurance for floodplain residents, while 60% had never had a flood.  

The results of these questions can be seen in Figures 18 and 19 respectively.      

 

Figure 18: Percent of Residents with Flood Insurance 
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Figure 19: Flooding Frequency at Place of Residence 

Out of the 181 residents surveyed, only 72 had ever experienced a flood and even fewer had 

experienced any damage as a result of a flood.   Figures 20 and 21 show the height of water and the 

frequency of flood damage for those residents who had experienced flooding.   

 

Figure 20: Highest Water Level in Feet during Flooding 
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Figure 21: Frequency of Flood Damage in Residences that Experienced Floods 

The results of these questions indicate that a majority of residents have not experienced damage as a 

result of floods.  This can be attributed to home construction, measures taken to prevent flooding, or 

the amount of time residents have lived in the area.  As previously indicated, most homes are built from 

cement and are raised up so low water levels do not damage the foundation.  Some residents (28%) 

have taken further measures to prevent flooding as can be seen in Figure 22.   

 

Figure 22: Percentage of Residents Taking Measure to Prevent Flood Damages 

While less than half of all residents surveyed have encountered flooding (40%), an even smaller percent 

have insurance, as shown previously.  As most residents do not have insurance, it is not surprising that 

63% of flood damages are not compensated as is shown in Figure 23.  
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Figure 23:  Flood Damage Compensation for Residents with Floods 

The last question about flooding, seen in Appendix D, was asked to determine the best method 

of providing information about flood damage prevention to residents.  The response indicated that the 

majority of residents would like to receive written information about flooding (41%) but a third did not 

feel the need for information about flood prevention.  The results of this question can be seen below.  
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The results of this particular question were surprising because a large number of residents (30%) 

did not wish to receive any information.  The respondents that did not want information generally 

reported that they did not believe it was likely to flood in their area and they did not see any reason to 

be further educated on flood prevention.  Another reason some residents did not want any information 

is because they do not trust the government or government warnings.  Using SPSS, we performed a 

cross comparison between the type of information people requested and whether or not they would 

trust a computer-generated warning.  The results can be seen in the figure below.     

 

Figure 25: Type of Information Desired vs. Trust in a Computer Generated Warning 

This figure shows that when residents did want information, they were more likely to trust a computer-

generated warning.  The only category with a majority of residents who would not trust a computer-

generated warning was residents who did not want to receive any information regarding flood 

prevention.  This suggests a mistrust of those organizations issuing warnings.   

The final section of the survey involved flood and hurricanes warnings and warning systems.  

This additional section of the survey allowed our group to further investigate the current efficiency of 

the warning system in preparation for the Planning Board to begin HAZUS-MH implementation in the 

future.  The first question of this section asked residents if they currently receive warnings for floods and 

hurricanes.  Most residents responded that they do receive some kind of warning, although many noted 
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that the warnings are only for hurricanes and do not specifically address flooding.  The full results of that 

question and the form of media used to generate those warnings can be seen in Figures 26 and 27.   

 

Figure 26: Flood and Hurricane Warning Reception 

 

Figure 27: Origin of Flood and Hurricane Warnings 
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flooding and hurricanes, which is knowledge that will benefit the Planning Board’s continuing efforts to 

provide better flood protection to floodplain residents.   

The final question in the survey asked residents if they would have confidence in a warning that 

had been generated by a computer modeling program.  This question in particular was included to 

sample the general population’s response to the implementation of a warning system such as HAZUS-

MH.  The results are shown in Figure 28. 

 

Figure 28: Public Trust in a Computer Modeling System to Generate Hazard Warnings 

The results of this question show that although over half of the population surveyed would trust a 

computer-generated warning, many residents would not or were unsure.  The Planning Board would 

need to address this issue before implementing HAZUS-MH.  If the public would not act on a computer 

generated warning, the program would not be effective.   

While the basic results of the survey provide a good sampling of the public’s knowledge and 

experiences of flooding, several correlations between questions needed to be analyzed to further 

interpret the results.   It was important to determine the prevalence of insurance in each municipality to 

identify those most at risk for uncompensated damages.  This analysis will allow the Planning Board to 

determine which areas will need the most funding allocated to them.  The graph below shows the 

number of residents in each municipality with flood insurance.  
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Figure 29: Percentage of Residents Surveyed Who Have Insurance by Municipality 

The graph shows that most people without insurance live in Cataño, which is the most coastal and also 

the poorest of the regions surveyed.  This indicates that more money should be allocated here to aid to 

those without insurance or to help improve flood mitigation.   

 A second cross-tabulation was conducted to see the correlation between socio-economic status 

and trust in a computer-generated warning system.  The results, shown below in Figure 30, show that as 

the socio-economic level increased, so did trust in a computer-generated warning system.  More people 

living in Guaynabo and Bayamón, both middle class areas, would be responsive to a warning from a 

program such as HAZUS-MH than in Cataño.  This information will assist the Planning Board in building 

trust both in government as well as in technology because it will be able to dedicate more efforts to 

lower class areas.   
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Figure 30: Percent of Residents Who Would Trust a Computer-Generated Warning by Municipality 

Further cross-tabulations can be seen in the Appendix F.  

5.4.2 Bayamón 

 The surveys conducted in Bayamón were taken from three different neighborhoods, as was 

shown in Figure 13.  The first was a middle-class gated community with one of the several rivers in the 

municipality running through it.  Sometime in the last 30 years, a large wall was built on either side of 

the river to prevent flood damage, a process called canalization.  The second area was a low to middle 

class community also with a river running through it.  This river has walls built on either side of it as well.  

In both communities, the general consensus was that since the walls were built, the residents had not 

experienced much flooding or damage to their homes.   Below is a photo of the canalled river.  
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Figure 31: Canal in Bayamón 

The majority of people we surveyed in the two Bayamón areas were over the age of 35 (85%) 

and had lived in their residence for over 15 years (64%).  Nearly all of the homes that we surveyed were 

completely made of cement; only 1 home out of the 72 surveys did not report having a cement 

foundation.   Only 31.9% of people surveyed in Bayamón were aware that they live in a floodplain as 

designated by FEMA.  While this is not surprising since 80% had never had a flood during their time at 

that residence, all neighborhoods surveyed were within a three block radius of the river.  A photo of a 

typical cement house in Bayamón as well as more information on flooding experiences can be found 

below in Figures 32, 33, and 34.   
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Figure 32: Typical House in Bayamón 

 

Figure 33: Flooding Problems in Bayamón 
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Figure 34: Flooding Frequency in Bayamón 

The results from Bayamón were similar to the total results in that 76% of people said they do 

receive warnings, but more residents in these neighborhoods would respond to a warning generated 

from a computer program (76%) than in the overall results.  A complete set of data and statistics can be 

found in Appendix H. 

5.4.3 Cataño  

The area that we surveyed in Cataño was a lower-class neighborhood very near the coast, as 

seen in Figure 13.  Most of the people surveyed in Cataño were over 35 and had lived in the same 

residence for more than 16 years.  Specifically, 86.4% of the residents that we surveyed were older than 

35 and 67.9% had lived there for more than 15 years.  More detailed demographic information can be 

found in Appendix I.   

Once basic demographic information was established, more specific information was asked on 

the construction of homes.  Of the homes we surveyed 93.8% had a foundation made of cement and 

83.9% had the siding made either partly or completely of cement, which is slightly lower than the overall 

results.  100% of the homes that were made completely or partly from wood had experienced damage 

from flooding at least once.  The photo below shows a typical house in Cataño made of cement and 

slightly elevated to prevent flooding.   
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Figure 35: Typical House in Cataño 

Next, we asked the residents for information on flood insurance and flood experiences.  87.7% 

of the residents we surveyed were aware that their home is located in a flood zone, as designated by 

FEMA, yet only 16% had flood insurance.   These statistics vary from the other regions because Cataño is 

the poorest of the regions surveyed and most likely to flood.  Of those residents who do take measures 

to prevent flooding, one of the most prevalent responses was that the residents use a sump-pump to 

pump water away from their house to a nearby pond or to the gutter.  These pumps or “bombas’, as 

they are called in Spanish, have prevented several floods for some residents.  The major causes of 

flooding were captured in the survey and are shown in the following figure.  
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Figure 36: Flooding Problems Affecting Surveyed Residences in Cataño 

Many people said they have had drainage problems or flooding associated with heavy rain; 

several residents pointed out that many instances of flooding occur because their “bomba” did not 

work.  According to these residents, they frequently lose electricity during heavy rain and are unable to 

pump water away from their home, thus making them unable to prevent flooding.  Another problem 

that came up often was that storm drains were not cleaned frequently enough.  Below you can see a 

picture of a storm drain in Cataño that did not function properly due to lack of upkeep.

 

Figure 37: Photo of a Drain in Cataño 
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These flooding problems contribute heavily to the large percentage of residents who have 

experienced floods.  Within the surveyed region of Cataño, approximately two-thirds (67.9%) of 

residents had experienced at least one flood, as seen in the figure below.  

 

Figure 38: Flooding Experiences of Residents in Cataño  

In the final part of the survey, we found that 85.2% of residents do receive flood and hurricane 

warnings, particularly from the department of civil defense, television, and the radio.  For those people 

who do not receive warnings, 90% said that they would benefit from a warning.  The final question in 

the survey was included to help determine if residents would have confidence in a warning generated 

from a hazard modeling computer program.  This question generated a split response with 51.9% of the 

surveyed population stating that they would trust a computer modeling system.  This is a lower percent 

than in other areas surveyed and can be seen in the pie chart below. 
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Figure 39: Trust in a Computer Modeling System in Cataño 

5.4.4 Guaynabo 

We surveyed in two very different socio-economic areas of Guaynabo.  The first was in Vietnam, 

an area which the government has been taking control of because of the flooding risks.  The people 

remaining in this floodplain are those people who were there before the government took possession of 

the land. Most of the people in this area are below the poverty level.  The second place was a gated, 

middle to upper class community.  Similar to the other areas, the majority of our surveys were given to 

people over 36 years old.  The full results of the surveys from Guaynabo can be seen in Appendix J; 

however, several interesting results are shown below.  

The responses to whether or not residents knew they lived in a floodplain varied from the 

overall survey results.  Most people did not know they lived in a floodplain.  Many residents of the gated 

community had never experienced a flood and therefore did not realize they lived in a designated 

floodplain.  The people in Vietnam were aware they were located in a floodplain because they had 

experienced numerous floods. This can be seen in the chart below. 
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Figure 40: Flood Zone Awareness in Guaynabo 

Another important question we asked was whether the household had insurance.  Those people 

who have insurance and those who do not have insurance are evenly split.  Many residents who did not 

have insurance did not realize they lived in flood zone and had never experienced any flooding 

problems; thus, they did not believe flood insurance is valuable.  This can be seen in the graph below.  

 

Figure 41: Flood Insurance in Guaynabo 
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meaning, but following this, agreed that they would act upon the computerized warning.  This 

distribution is shown below.  

 

Figure 42: Trust in a Computer Modeling System in Guaynabo 

5.5 Summary 

The population and population density maps identified the areas that are most affected by 

flooding as well as the number of people that could be impacted by a flood.  From our maps, we 

identified valuable areas to survey.  Our survey results provided us with an enhanced insight into the 

experiences of people living in the floodplains.  These results provide a better understanding of the 

areas that will need more government funding after floods.  
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Chapter 6: Conclusions and Recommendations 

The conclusions made in this project will be used by the Planning Board to help with flood 

mitigation efforts.  The population estimates, maps and density maps will allow the Planning Board to 

better allocate aid during a flood.  Our survey data will help the Planning Board determine if it should 

create and distribute an informational guide about preparing for floods and taking precautions to 

minimize flood damages to people living in the flood regions.  Additionally, the survey data will help the 

Planning Board to decide if it would be beneficial to implement HAZUS-MH to model flooding and make 

accurate estimates of flood damages.  The use of HAZUS-MH would help the Planning Board to generate 

more timely estimates and receive additional aid from FEMA by adhering to the DMA 2000.  Our 

conclusions and recommendations are presented in this chapter.  Ultimately, we recommend that the 

Planning Board continue making floodplain population estimates for the remaining municipalities and 

implement HAZUS-MH to enhance its disaster mitigation efforts. 

6.1 Maps 

While the populations living in the floodplains have been decreasing in recent years, there are 

still a large number of people living in affected areas and suffering flood damage.  Aid needs to be 

directed to these populations.  The results of our project work will help the Planning Board determine 

where aid is most needed.  The floodplain population estimates and maps we created for Bayamón, 

Cataño, and Guaynabo can be created for each municipality of Puerto Rico and used to quickly 

determine which flood zone areas contain high populations.  The government can then use these 

estimates to more accurately determine how much aid is required for flooding damage in these regions 

as well as which areas need more effective flood prevention methods.   

We recommend that these estimates be done for each municipality, with a few improvements.  

Areas of the Census which contained discrepancies with the aerial photographs should be visited to 

establish the most accurate population numbers and housing data possible for the areas.  Areas with 

apartments should be visited and the housing units per apartment should be recorded.  These data will 

further improve the accuracy of the population estimation methodology. 

6.2 Surveying 

The results of our surveys, as discussed previously, point to several trends in the residents’ 

perception of flooding.  From these results we made several conclusions and recommendations that will 

be useful for the Planning Board in flood mitigation.    
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6.2.1 Floodplain Knowledge and Flood Preparedness 

The first of these conclusions is that there is a lack of knowledge on the part of residents about 

the potential danger associated with living in a floodplain.  Although a majority of residents have never 

experienced a flood, too many are unaware that they live in a floodplain and do not think they will ever 

experience a flood at their residence.  A second conclusion made from the data deals with flood 

prevention.  Most residents have not taken measures to prevent flooding, creating a gap in knowledge 

regarding the implementation of the proper damage prevention techniques.  The lack of knowledge 

about both these topics could be addressed through educational programs sponsored by the 

government.  During our data collection, many residents noted that they did not fully trust the 

government and this trust could be fostered by actively engaging the community in these educational 

programs or by increasing governmental visibility.  Many residents stated that they would like to receive 

information about floods through written information.  The Planning Board or a future WPI IQP group 

could attempt to further educate residents about floodplain designations and flood prevention by 

creating educational fliers and pamphlets.  This information also could potentially help increase 

insurance levels.  People who know they live in a floodplain are more likely to buy flood insurance, 

which would relieve the government of some economic strain following floods.  The pamphlets would 

also educate residents on how to prevent damages and what to do in the event of a flood which could 

also lessen the financial burden caused by flood damages.  

6.2.2 Flood Warning System 

A third conclusion was drawn from the collected data regarding flood and hurricane warnings.  

While most residents do receive some sort of warning about potential hazards, these warnings are very 

general and usually deal only with hurricanes.  There are not enough warnings provided to residents 

specifically about flooding, particularly in areas like Cataño where flooding occurs regularly.  It is 

important for residents to be aware of rising water levels in their area.  Thus, we recommend the 

implementation of a water level gauge at various points near the river and more TV and radio warnings 

about regional flooding.  The water level gauge could be as simple as a sign placed near the riverbed 

with different warning levels that would allow residents to check the water height and make 

appropriate preparations based on the water level.  An example can be seen in the photo below taken 

from a riverbed in Colusa, CA, as area prone to flooding due to heavy rains.  The device records the 

water height and provides a base level for monitoring flood levels, which residents can view at any time.  
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Figure 43: Flood Level Monitoring System from Colusa, CA 

6.2.3 Flood Prevention Measures 

 Another conclusion derived from our survey results is that several smaller measures can be 

performed by the Commonwealth government to actively decrease the amount of flooding in floodplain 

regions.  Two such measures our group recommends performing are detailed in this section.  The first of 

these measures is to maintain clear and open drains in all areas prone to heavy rains.  Clogged drains 

frequently lead to floods that could easily be prevented.  Our group recommends that the 

Commonwealth set up a system to regularly check and clean drains, particularly during the rainy season 

when flooding is more likely to occur.  Another measure that can be implemented to prevent floods is to 

canalize rivers.  Walls are built on either side of a river that are higher and sturdier than the previous 

riverbank and decrease the likelihood of flooding.  This was highly successful in areas we surveyed 

within Bayamón and is a prevention method we recommend implementing wherever environmentally 

possible.   

6.2.4 HAZUS-MH Warnings 

The final conclusion was drawn from the information collected about residents’ perception 

about warning systems.  The data in Figure 28 show that the majority of residents would be responsive 
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to a warning system generated by a computer program.  From this we have concluded that it would be 

beneficial to implement HAZUS-MH.   We believe that a portion of the residents who responded that 

they were unsure if they would act on a computer generated warning would, if provided with more 

information about the program, trust such a warning.  As such, the percentage of residents who 

responded favorably to the computer model could increase and become an even larger majority.  Our 

team believes that HAZUS-MH would be worthwhile to implement immediately because the majority of 

the population would already follow warnings and with further explanation of the program by the 

Planning Board, HAZUS-MH generated warnings would be even more effective.   The Planning Board 

could further increase the number of residents that would trust a catastrophe modeling system by 

educating residents about the program through educational talks or advertisements that explain how it 

works and areas in which it has already been successful. 

Through the creation of our maps, we have confidence that the data are available in order to 

use HAZUS-MH for an accurate prediction.  The 2010 Census data, recent aerial photographs and 

hydrology data are all available data we used in our project that would be required in HAZUS-MH.  

Additional data that would have to be obtained before HAZUS-MH can be implemented include 

infrastructure data for the BIT tool and economic data.  These data could be obtained by visiting 

buildings in the municipalities as well as by interviewing a local economist.   

6.3 Summary 
By making changes, such as improving accuracy to floodplain population estimates, developing 

better flood specific warnings and implementing HAZUS-MH, government officials and floodplain 

residents will be better prepared for flooding hazards.  The Planning Board and future WPI researchers 

can begin increasing awareness of flood prevention measures and advancing flood warning systems, 

which will significantly improve the residents’ ability to cope in the event of a flood.  The use of HAZUS-

MH, in addition to floodplain population estimates, will help the government receive more federal aid 

during natural hazards such as flooding.  Beyond increasing the safety of floodplain residents, these 

measures will also decrease the damage to homes and help better allocate the funds needed for 

repairs.  By applying the methodology we have developed for making population estimates and 

implementing our suggested improvements, both public officials and residents will be better equipped 

to deal with the impacts of global climate change, such as flood hazards, and their aftermath.   
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Appendix A: Bayamón Maps 
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Appendix B:  Cataño Maps 
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Appendix C:  Guaynabo Maps 
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Appendix D: English Survey 

                                                                                                         

FLOODING 

This survey is being conducted on behalf of the Puerto Rico Planning Board and the University of Puerto 

Rico.  The information you provide will be used to draw general conclusions about flood insurance, flood 

awareness and demographics in your neighborhood.  All answers will be kept confidential and will not 

be used to identify you.  

DEMOGRAPHIC INFORMATION 

1. What is your age? 
 0-15 
 16-25 
 26-35 
 36 or more 
 
2. What is your gender? 
 Male 
 Female 
 
3. How many people live in this residence? 
______ 

HOUSING INFORMATION 
 
4. How many years have you lived at this 
residence? 
 1-4 
 5-10 
 11-15 
 16 or more 
 
5. Where does the owner of this residence live? 
 I own this residence 
 In this building 
 Nearby 
 In another neighborhood 
 I am unsure 
 
6. What is the foundation made of? 
 Wood 
 Concrete 
 I don’t know 

 
 
7. What is the siding made of? 
 Wood 
 Metal 
 Concrete 
 Other 
 
FLOODING INFORMATION 
 
8. Are you aware your house is in an area 
designated by FEMA as a floodplain? 
 Yes 
 No 
 
9. What flooding problems affect your 
neighborhood? 
 Drainage problems during low-intensity rain 
 Drainage problems during high-intensity rain 
 
FLOOD INSURANCE INFORMATION 
 
10. Do you have any flood insurance? 
 Yes 
 No 
 Unsure 
 
11. How many floods have you experienced 
while living in this residence? 
 0 
 1-2 
 3-4 
 5+ 
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11a. If you have ever experienced a flood at this 
residence, what was the highest flood you 
experienced (in feet)? 
 0-2 
 3-5 
 6 or more 
 
11b. How many times have you experienced 
flood damage to this residence? 
 0 
 1-2 
 3-5 
 6+ 
 
12. Have you ever been compensated for 
damage at this residence?  If so, on how many 
occasions? 
 I have never been compensated 
 1 
 2-3 
 4+ 
 
12a. If you have been compensated, what kind 
of aid did you receive? 
 Flood insurance payment 
 Federal assistance 
 Municipal assistance 
 Central Government assistance 
 I do not know 
 
13. Have you taken measures to prevent flood 
damage? 
 Yes 
 No 
 
13a. If so, what have you done? 
______________________________________ 

______________________________________ 

______________________________________ 

 
 
 
 
 

13b. Which of these have been the most 
effective? 
______________________________________ 

______________________________________ 

______________________________________ 

14.  What kind of information would you like to 
receive about flood damage prevention? 
 Written materials 
 Educational talks 
 A visit to go over flood damage prevention 
strategies 
 I would not like any information about flood 
damage prevention 
 Other _______________________________ 
 
WARNING INFORMATION 
 
15. Do you receive warnings on incoming floods 
and hurricanes? 
 Yes 
 No 
 Not sure 
 
15a. If yes, how are those warnings received? 
______________________________________ 

______________________________________ 

______________________________________ 

 
15b. If no, would it be beneficial to receive a 
flood or hurricane warning? 
 Yes 
 No 
 I don’t know 
 
16. Would you act on a flood or hurricane 
warning generated by a computer program? 
 Yes 
 No 
 Maybe 
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Appendix E: Spanish Survey 

                                                                                          

INUNDACIÓN 

Esta encuesta ES UN ESFUERZO CONJUNTO ENTRE LA Worcester Polytechnic Institute, La Universidad de 

Puerto Rico, y la Junta de Planificación de Puerto Rico.  La información que provea en este cuestionario 

se usará para llegar a resultados generales sobre los seguros de inundación, concientización sobre 

inundaciones y las características demográficas de su vecindario.  Todas las contestaciones serán 

confidenciales y no se utilizarán para identificarle.  Gracias por su cooperación.

INFORMACIÓN DEMOGRÁFICA 

1. ¿A qué grupo de edad pertenece? 
 0-15 
 16-25 
 26-35 
 36 o más 
 
2. ¿Cuál es su género? 
 Masculino 
 Femenino 
 
3. ¿Cuántas personas viven en esta residencia? 
______ 

INFORMACIÓN SOBRE LA RESIDENCIA 
 
4. ¿Cuánto tiempo hace que vive en esta 
residencia? 
 1 a 4 años 
 5 a 10 años 
 11 a 15 años 
 16 años o más 
 
5. ¿Dónde vive el dueño de la residencia? 
 Soy el dueño 
 En este edificio 
 Cerca 
 En otro vecindario 
 No sé 
 
6. ¿La fundación de esta residencia es de? 
 De madera 
 De cemento 

 No sé 
7. ¿Las paredes son de? 
 Madera 
 Metal 
 Cemento 
 Otra ________________ 
 
INFORMACIÓN SOBRE INUNDACIONES 
 
8. ¿Está consciente que su hogar está en un 
área inundable según designado por FEMA? 
 Sí 
 No 
 
9. ¿Qué problemas de inundación afectan a su 
vecindario? 
 Problemas de drenaje con lluvias de poca 
intensidad 
 Problemas con lluvias intensivas 
 
INFORMACIÓN SOBRE SEGURO DE 
INUNDACIÓN 
 
10. ¿Tiene seguro por inundación? 
 Sí 
 No 
 No sé 
 
11. ¿Cuántas inundaciones ha experimentado 
desde que vive en esta residencia? 
 0 
 1-2 
 3-4 
 5 o más 
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11a. ¿Si ha experimentado inundaciones en esta 
residencia, cuán alta han sido, en pies? 
 0-2 
 3-5 
 6 o más 
 
11b. ¿Cuántos veces de éstas ha sufrido daños 
por la inundación? 
 0 
 1-2 
 3-5 
 6 o más 
 
12. ¿Ha sido compensado alguna vez por el 
daño a esta residencia? Si acaso, 
 Nunca he sido compensado 
 Una vez 
 2-3 
 Cuatro o más 
 
12a. ¿Si ha sido compensado, qué ayuda 
recibió? 
 Pago por el seguro 
 Ayuda federal 
 Ayuda del gobierno municipal 
 Ayuda por el gobierno central 
 No sé 
 
13. ¿Ha tomado medidas para prevenir la 
pérdida por inundación? 
 Sí 
 No 
 
13a. Si acaso, ¿qué ha hecho? 
______________________________________ 

______________________________________ 

______________________________________ 

 
 
13b. ¿Cuáles de estas medidas han sido más 
efectivas? 
______________________________________ 

______________________________________ 

______________________________________ 

14.  ¿Qué tipo de información le gustaría recibir 
sobre prevención de daños por inundación? 
 Información escrita 
 Charlas educativas 
 Una visita para hablar sobre estrategias para 
prevenir daños 
 No quería información sobre prevención de 
daños por inundación 
 
INFORMACIÓN DE ALERTA 
 
15. ¿Recibe alertas de inundaciones y huracanes 
entrantes? 
 Sí 
 No 
 No sé 
 
15a. Si acaso, ¿cómo recibe estas alertas? 
______________________________________ 

______________________________________ 

______________________________________ 

 
15b. Si no, ¿sería beneficioso recibir una alerta 
de inundaciones o huracán? 
 Sí 
 No 
 No sé 
 
16. ¿Quiere actuar en una advertencia de 
inundación o un huracán generado por un 
modelo hecho por computadora? 
 Sí 
 No 
 No sé 
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Appendix F: Cross Tabulations from Total Survey Results  
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Appendix G:  Complete Survey Results  

 

 

What is your gender? 

 Count Column N % 

  Male 81 44.8% 

Female 99 54.7% 

No Answer 1 .6% 

Total 181 100.0% 

 

  

What is your age? 

 Count Column N % 

  0-15 2 1.1% 

16-25 9 5.0% 

26-35 12 6.6% 

36-older 157 86.7% 

No Answer 1 .6% 

Total 181 100.0% 
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How many people live in this residence? 

 Count Column N % 

  1 17 9.4% 

2 53 29.3% 

3 49 27.1% 

4 32 17.7% 

5 14 7.7% 

6 or more 11 6.1% 

Business 5 2.8% 

Total 181 100.0% 

 

How many years have you lived at this residence? 

 Count Column N % 

  1-4 21 11.6% 

5-10 23 12.7% 

11-15 14 7.7% 

16 or more 123 68.0% 

Total 181 100.0% 
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Where does the owner of this residence live? 

 Count Column N % 

  I am the owner 130 71.8% 

In this building 28 15.5% 

Nearby 7 3.9% 

In another neighborhood 12 6.6% 

I don't know 4 2.2% 

Total 181 100.0% 

 

What is the foundation made of? 

 Count Column N % 

  Wood 2 1.1% 

Cement 174 96.1% 

Wood and Cement 2 1.1% 

I don't know 3 1.7% 

Total 181 100.0% 

 

  



94 

What is the siding made of? 

 Count Column N % 

  Wood 14 7.7% 

Metal 1 .6% 

Cement 162 89.5% 

Wood and Cement 3 1.7% 

Metal and Cement 1 .6% 

Total 181 100.0% 

 

Are you aware your house is in an area 

designated by FEMA as a floodplain? 

 
Count 

Column 

N% 

  Yes 100 55.2% 

No 81 44.8% 

Total 181 100.0% 

 

What flooding problems affect your neighborhood? 

 Count Column N % 

  Drainage with little intensity rain 39 21.5% 

High Intensity Rain 49 27.1% 

Both 13 7.2% 

None 80 44.2% 

Total 181 100.0% 
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Do you have any flood insurance? 

 Count Column N % 

  Yes 44 24.3% 

No 105 58.0% 

I don't know 32 17.7% 

Total 181 100.0% 

 

How many floods have you experienced while living in 

this residence? 

 Count Column N % 

  No Floods 109 60.2% 

1-2 26 14.4% 

3-4 10 5.5% 

5 or more 36 19.9% 

Total 181 100.0% 

 

If you have ever experienced a flood at this residence, 

what was the highest flood you experienced (in feet)? 

 Count Column N % 

  no floods 109 60.2% 

0-2 36 19.9% 

3-5 33 18.2% 

6 or more 3 1.7% 

Total 181 100.0% 
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How many times have you experienced flood damage 

to this residence? 

 Count Column N % 

  No floods 109 60.2% 

Never 26 14.4% 

1-2 32 17.7% 

3-5 5 2.8% 

6 or more 9 5.0% 

Total 181 100.0% 

 

Have you ever been compensated for damage at this 

residence?  If so, on how many occasions? 

 Count Column N % 

  No floods 109 60.2% 

Never 45 24.9% 

Once 23 12.7% 

2-3 times 2 1.1% 

4 or more times 2 1.1% 

Total 181 100.0% 
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If you have been compensated, what kind of aid did you receive? 

 Count Column N % 

  No floods 109 60.2% 

Insurance 3 1.7% 

Federal 22 12.2% 

Municipal 1 .6% 

Central Government 0 .0% 

I don't know 1 .6% 

Not Compensated 45 24.9% 

Total 181 100.0% 

 

Have you taken measures to prevent flood damage? 

 Count Column N % 

  Yes 50 27.6% 

No 126 69.6% 

No Answer 5 2.8% 

Total 181 100.0% 
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What kind of information would you like to receive about 

flood damage prevention? 

 Count Column N % 

  Written 75 41.4% 

Talks 9 5.0% 

Visits 14 7.7% 

All 20 11.0% 

Both 1 and 2 7 3.9% 

Both 2 and 3 2 1.1% 

None 54 29.8% 

Total 181 100.0% 

 

Do you receive warnings on incoming floods and 

hurricanes? 

 Count Column N % 

  Yes 146 80.7% 

No 30 16.6% 

I don't know 5 2.8% 

Total 181 100.0% 
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If yes, how are those warnings received? 

 Count Column N % 

  TV 74 52.9% 

Newspaper 2 1.4% 

Radio 26 18.6% 

Municipal 9 6.4% 

Civil Defense 14 10.0% 

Speakers 6 4.3% 

Other 7 5.0% 

No answer 2 1.4% 

Total 140 100.0% 

 

If no, would it be beneficial to receive a flood or 

hurricane warning? 

 Count Column N % 

  Yes 29 87.9% 

No 2 6.1% 

I don't know 2 6.1% 

Total 33 100.0% 
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Would you act on a flood or hurricane warning 

generated by a computer program? 

 Count Column N % 

  Yes 105 58.0% 

No 49 27.1% 

I don't know 27 14.9% 

No Answer 0 .0% 

Total 181 100.0% 
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Appendix H:  Survey Results from Bayamón 
 

 

 

What is your gender? 

 Count Column N % 

  Male 35 48.6% 

Female 36 50.0% 

No Answer 1 1.4% 

Total 72 100.0% 

 

  

What is your age? 

 Count Column N % 

  0-15 2 2.8% 

16-25 4 5.6% 

26-35 5 6.9% 

36-older 61 84.7% 

No Answer 0 .0% 

Total 72 100.0% 
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How many people live in this residence? 

 Count Column N % 

  1 5 6.9% 

2 25 34.7% 

3 17 23.6% 

4 14 19.4% 

5 5 6.9% 

6 or more 5 6.9% 

Business 0 .0% 

No Answer 1 1.4% 

Total 72 100.0% 

 

How many years have you lived at this residence? 

 Count Column N % 

  1-4 8 11.1% 

5-10 9 12.5% 

11-15 9 12.5% 

16 or more 46 63.9% 

Total 72 100.0% 
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Where does the owner of this residence live? 

 Count Column N % 

  I am the owner 51 70.8% 

In this building 11 15.3% 

Nearby 3 4.2% 

In another neighborhood 6 8.3% 

I don't know 0 .0% 

No Answer 1 1.4% 

Total 72 100.0% 

 

What is the foundation made of? 

 Count Column N % 

  Wood 0 .0% 

Cement 71 98.6% 

No Answer 1 1.4% 

Total 72 100.0% 
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What is the siding made of? 

 Count Column N % 

  Wood 1 1.4% 

Metal 0 .0% 

Cement 71 98.6% 

Other 0 .0% 

Total 72 100.0% 

 

Are you aware your house is in an area 

designated by FEMA as a floodplain? 

 Count Column N % 

  Yes 23 31.9% 

No 49 68.1% 

Total 72 100.0% 

 

What flooding problems affect your neighborhood? 

 Count Column N % 

  Drainage with little intensity rain 10 13.9% 

High Intensity Rain 16 22.2% 

Both 1 1.4% 

None 45 62.5% 

Total 72 100.0% 
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Do you have any flood insurance? 

 Count Column N % 

  Yes 21 29.2% 

No 37 51.4% 

I don't know 14 19.4% 

Total 72 100.0% 

 

How many floods have you experienced while living in 

this residence? 

 Count Column N % 

  No Floods 57 79.2% 

1-2 6 8.3% 

3-4 4 5.6% 

5 or more 5 6.9% 

Total 72 100.0% 
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If you have ever experienced a flood at this residence, 

what was the highest flood you experienced (in feet)? 

 Count Column N % 

  no floods 57 79.2% 

0-2 14 19.4% 

3-5 1 1.4% 

6 or more 0 .0% 

Total 72 100.0% 

 

How many times have you experienced flood damage 

to this residence? 

 Count Column N % 

  No floods 57 79.2% 

Never 11 15.3% 

1-2 4 5.6% 

3-5 0 .0% 

6 or more 0 .0% 

Total 72 100.0% 
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Have you ever been compensated for damage at this 

residence?  If so, on how many occasions? 

 Count Column N % 

  No floods 57 79.2% 

Never 14 19.4% 

Once 1 1.4% 

2-3 times 0 .0% 

4 or more times 0 .0% 

Total 72 100.0% 

 

If you have been compensated, what kind of aid did you receive? 

 Count Column N % 

  No floods 57 79.2% 

Insurance 0 .0% 

Federal 1 1.4% 

Municipal 0 .0% 

Central Government 0 .0% 

I don't know 0 .0% 

Not Compensated 14 19.4% 

Total 72 100.0% 
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Have you taken measures to prevent flood damage? 

 Count Column N % 

  Yes 12 16.7% 

No 57 79.2% 

No Answer 3 4.2% 

Total 72 100.0% 

 

 What kind of information would you like to receive 

about flood damage prevention? 

 Count Column N % 

  Written 30 41.7% 

Talks 3 4.2% 

Visits 3 4.2% 

None 25 34.7% 

All 11 15.3% 

Total 72 100.0% 

 

Do you receive warnings on incoming floods and 

hurricanes? 

 Count Column N % 

  Yes 55 76.4% 

No 15 20.8% 

I don't know 2 2.8% 

Total 72 100.0% 
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If yes, how are those warnings received? 

 Count Column N % 

  No warning 17 23.6% 

TV 43 59.7% 

Newspaper 0 .0% 

Radio 9 12.5% 

Municipal 0 .0% 

Civil Defense 0 .0% 

Speakers 0 .0% 

Other 1 1.4% 

No Answer 2 2.8% 

Total 72 100.0% 

 

If no, would it be beneficial to receive a flood or 

hurricane warning? 

 Count Column N % 

  Yes 16 22.2% 

No 1 1.4% 

I don't know 0 .0% 

No Answer 55 76.4% 

Total 72 100.0% 
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Would you act on a flood or hurricane warning 

generated by a computer program? 

 Count Column N % 

  Yes 43 59.7% 

No 15 20.8% 

I don't know 14 19.4% 

No Answer 0 .0% 

Total 72 100.0% 
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Appendix I:  Survey Results from Cataño 

What is your age? 

 Count Column N % 

  No Answer 1 1.2% 

0-15 0 .0% 

16-25 3 3.7% 

26-35 7 8.6% 

36-older 70 86.4% 

Total 81 100.0% 

 

What is your gender? 

 Count Column N % 

  No Answer 0 .0% 

Male 34 42.0% 

Female 47 58.0% 

Total 81 100.0% 
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How many people live in this residence? 

 Count Column N % 

  1 9 11.1% 

2 25 30.9% 

3 26 32.1% 

4 7 8.6% 

5 5 6.2% 

6 or more 3 3.7% 

Business 6 7.4% 

Total 81 100.0% 

 

How many years have you lived at this residence? 

 Count Column N % 

  1-4 11 13.6% 

5-10 11 13.6% 

11-15 4 4.9% 

16 or more 55 67.9% 

Total 81 100.0% 
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Where does the owner of this residence live? 

 Count Column N % 

  I don't know 4 4.9% 

I am the owner 54 66.7% 

In this building 13 16.0% 

Nearby 4 4.9% 

In another neighborhood 6 7.4% 

Total 81 100.0% 

 

What is the foundation made of? 

 Count Column N % 

  I don't know 2 2.5% 

Wood 1 1.2% 

Cement 76 93.8% 

Wood and Cement 2 2.5% 

Total 81 100.0% 
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What is the siding made of? 

 Count Column N % 

  Other 0 .0% 

Wood 12 14.8% 

Metal 1 1.2% 

Cement 64 79.0% 

Wood and Metal 0 .0% 

Wood and Cement 3 3.7% 

Metal and Cement 1 1.2% 

Total 81 100.0% 

 

Are you aware your house is in an area 

designated by FEMA as a floodplain? 

 Count Column N % 

  Yes 71 87.7% 

No 10 12.3% 

Total 81 100.0% 

 

 

 

 

 

 

 



115 

 Count Column N % 

  Drainage with low intensity rain 29 35.8% 

High Intensity Rain 32 39.5% 

Both 10 12.3% 

None 10 12.3% 

Total 81 100.0% 

 

Do you have any flood insurance? 

 Count Column N % 

  Yes 13 16.0% 

No 57 70.4% 

I don't know 11 13.6% 

Total 81 100.0% 

 

How many floods have you experienced while living in 

this residence? 

 Count Column N % 

  No Floods 26 32.1% 

1-2 18 22.2% 

3-4 6 7.4% 

5 or more 31 38.3% 

Total 81 100.0% 

 

What flooding problems affect your neighborhood? 
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If you have ever experienced a flood at this residence, 

what was the highest flood you experienced (in feet)? 

 Count Column N % 

  no floods 26 32.1% 

0-2 20 24.7% 

3-5 32 39.5% 

6 or more 3 3.7% 

Total 81 100.0% 

 

How many times have you experienced flood damage 

to this residence? 

 Count Column N % 

  No floods 26 32.1% 

Never 13 16.0% 

1-2 28 34.6% 

3-5 5 6.2% 

6 or more 9 11.1% 

Total 81 100.0% 
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Have you ever been compensated for damage at this 

residence?  If so, on how many occasions? 

 Count Column N % 

  No floods 26 32.1% 

Never 29 35.8% 

Once 22 27.2% 

2-3 times 2 2.5% 

4 or more times 2 2.5% 

Total 81 100.0% 

 

If you have been compensated, what kind of aid did you receive? 

 Count Column N % 

  No floods 26 32.1% 

Insurance 3 3.7% 

Federal 21 25.9% 

Municipal 1 1.2% 

Central Government 0 .0% 

I don't know 1 1.2% 

Not Compensated 29 35.8% 

Total 81 100.0% 
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Have you taken measures to prevent flood damage? 

 Count Column N % 

  Yes 32 39.5% 

No 47 58.0% 

No Answer 2 2.5% 

Total 81 100.0% 

 

What kind of information would you like to receive 

about flood damage prevention? 

 Count Column N % 

  Written 25 30.9% 

Talks 6 7.4% 

Visits 11 13.6% 

All 6 7.4% 

Both 1 and 2 7 8.6% 

Both 2 and 3 2 2.5% 

None 24 29.6% 

Total 81 100.0% 
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Do you receive warnings on incoming floods and 

hurricanes? 

 Count Column N % 

  Yes 69 85.2% 

No 11 13.6% 

I don't know 1 1.2% 

Total 81 100.0% 

 

If yes, how are those warnings received? 

 Count Column N % 

  Civil Defense 14 17.3% 

Municipal 6 7.4% 

Newspaper 1 1.2% 

Radio 12 14.8% 

Speakers 6 7.4% 

TV 22 27.2% 

Other 3 3.7% 

No warning 17 21.0% 

Total 81 100.0% 
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If no, would it be beneficial to receive a flood or 

hurricane warning? 

 Count Column N % 

  Yes 9 11.1% 

No 0 .0% 

I don't know 1 1.2% 

No Answer 71 87.7% 

Total 81 100.0% 

 

Would you act on a flood or hurricane warning 

generated by a computer program? 

 Count Column N % 

  Yes 42 51.9% 

No 29 35.8% 

I don't know 10 12.3% 

No Answer 0 .0% 

Total 81 100.0% 
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Appendix J:  Survey Results from Guaynabo 

What is your age? 

 Count Column N % 

  0-15 0 .0% 

16-25 2 7.1% 

26-35 0 .0% 

36-older 26 92.9% 

Total 28 100.0% 

 

What is your gender? 

 Count Column N % 

  Male 12 42.9% 

Female 16 57.1% 

Total 28 100.0% 
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How many people live in this residence? 

 Count Column N % 

  1 3 10.7% 

2 3 10.7% 

3 5 17.9% 

4 11 39.3% 

5 4 14.3% 

6 or more 2 7.1% 

Business 0 .0% 

Total 28 100.0% 

 

How many years have you lived at this residence? 

 Count Column N % 

  1-4 2 7.1% 

5-10 3 10.7% 

11-15 1 3.6% 

16 or more 22 78.6% 

Total 28 100.0% 
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Where does the owner of this residence live? 

 Count Column N % 

  I don't know 0 .0% 

I am the owner 24 85.7% 

In this building 4 14.3% 

Nearby 0 .0% 

In another neighborhood 0 .0% 

Total 28 100.0% 

 

What is the foundation made of? 

 Count Column N % 

  Wood 0 .0% 

Cement 28 100.0% 

I don't know 0 .0% 

Total 28 100.0% 

 

What is the siding made of? 

 Count Column N % 

  Wood 1 3.6% 

Metal 0 .0% 

Cement 27 96.4% 

Other 0 .0% 

Total 28 100.0% 
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Are you aware your house is in an area 

designated by FEMA as a floodplain? 

 Count Column N % 

  Yes 6 21.4% 

No 22 78.6% 

Total 28 100.0% 

 

 

 

Do you have any flood insurance? 

 Count Column N % 

  Yes 10 35.7% 

No 11 39.3% 

I don't know 7 25.0% 

Total 28 100.0% 

 

 

What flooding problems affect your neighborhood? 

 Count Column N % 

  Drainage with little intensity rain 0 .0% 

High Intensity Rain 1 3.6% 

Both 2 7.1% 

None 25 89.3% 

Total 28 100.0% 
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How many floods have you experienced while living in 

this residence? 

 Count Column N % 

  0 26 92.9% 

1-2 2 7.1% 

3-4 0 .0% 

5 or more 0 .0% 

Total 28 100.0% 

 

If you have ever experienced a flood at this residence, 

what was the highest flood you experienced (in feet)? 

 Count Column N % 

  no floods 26 92.9% 

0-2 2 7.1% 

3-5 0 .0% 

6 or more 0 .0% 

Total 28 100.0% 
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If you have ever experienced a flood at this residence, 

what was the highest flood you experienced (in feet)? 

 Count Column N % 

  0-2 2 7.1% 

3-5 0 .0% 

6 or more 0 .0% 

no floods 26 92.9% 

Total 28 100.0% 

 

How many times have you experienced flood damage 

to this residence? 

 Count Column N % 

  Never 2 7.1% 

1-2 0 .0% 

3-5 0 .0% 

6 or more 0 .0% 

No floods 26 92.9% 

Total 28 100.0% 
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Have you ever been compensated for damage at this 

residence?  If so, on how many occasions? 

 Count Column N % 

  Never 2 7.1% 

Once 0 .0% 

2-3 times 0 .0% 

4 or more times 0 .0% 

No floods 26 92.9% 

Total 28 100.0% 

 

If you have been compensated, what kind of aid did you receive? 

 Count Column N % 

  Insurance 0 .0% 

Federal 0 .0% 

Municipal 0 .0% 

Central Government 0 .0% 

No floods 26 92.9% 

Not Compensated 2 7.1% 

Total 28 100.0% 

 

  



128 

Have you taken measures to prevent flood damage? 

 Count Column N % 

  Yes 6 21.4% 

No 22 78.6% 

No Answer 0 .0% 

Total 28 100.0% 

 

What kind of information would you like to receive 

about flood damage prevention? 

 Count Column N % 

  Written 20 71.4% 

Talks 0 .0% 

Visits 0 .0% 

All 3 10.7% 

None 5 17.9% 

Total 28 100.0% 

 

Do you receive warnings on incoming floods and 

hurricanes? 

 Count Column N % 

  Yes 22 78.6% 

No 4 14.3% 

I don't know 2 7.1% 

Total 28 100.0% 
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If no, would it be beneficial to receive a flood or 

hurricane warning? 

 Count Column N % 

  Yes 4 14.3% 

No 1 3.6% 

I don't know 1 3.6% 

No Answer 22 78.6% 

Total 28 100.0% 

 

Would you act on a flood or hurricane warning 

generated by a computer program? 

 Count Column N % 

  Yes 20 71.4% 

No 5 17.9% 

I don't know 3 10.7% 

No Answer 0 .0% 

Total 28 100.0% 

 

 

 

 


