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INTRODUCTION: Season after season tropical storms and hurricanes wreak havoc across the world, 

especially in coastal areas, resulting in reoccurring flooding. Not every flood prone area is directly along the 

coast, but aggressive development associated with coastal urban areas does exacerbate the risk of flooding 

more in these areas than inland. In fact, the population density of coastal shoreline counties is over six times 

greater than inland counties and will substantially increase as people choose to move to large cities (NOAA). 

Presently, about 40% of the world’s population lives in a coastal area which is defined by the United Nations as 

100 kilometers or about an hour drive for reference (CIESIN). According to NOAA, that number also reflects the 

United States coastal dwellers of about 123.3 million as of 2010 but will reach approximately 47% of the 

population by 2020 (NOAA). With an average increase of one million people per year paired with the fact that 

more people are moving to large urban coastal areas, it is expected that half of the nation’s population will live 

along the coast by 2030.  

As people choose to move, new development will increase the amount of impervious, impermeable 

surface cover roads, parking lots, buildings, etc., diminishing the amount of moisture absorbing land needed to 

mitigate the effects of flooding brought on by those storm surges. As people migrate to urban areas and 

population continues to increase, so will the need for powering these cities, thus increasing our dependence on 

fossil fuels which increasingly adds carbon dioxide, or CO2 into the atmosphere. Increased CO2 levels act like a 

greenhouse which captures more solar radiation by acting as a warm blanket to our planet. This results in rising 

air and ocean temperatures which will create more frequent tropical storms and hurricanes as well as sea level 

rise from sea ice melt (NOAA). This is a positive feedback loop in that it exposes more dark ocean surface waters. 

This increases the intensity and frequency of flooding which is paralleled with urban expansion, resulting in 

increased impervious surface cover due to development (Vecchi). This also acts as a positive feedback loop by 

exposing darker surface cover associated with urban areas. Darker surfaces lower albedo which further 

increases temperatures and the cycle continues (CRP).   
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Flooding accounts for nine out of ten of the natural disasters that the US experiences (Coasta). 9.6 

million households are in a 100-year flood plain in US, the problem in coastal areas is that this has and is 

becoming more frequent and more drastic (Grabar). For example, Katrina was called a once in a 500-year flood, 

but Harvey and Irma happened just 12 years later and were called the same thing. This means that there is a one 

in five-hundred, or 0.2% chance that a flood of that magnitude would occur in a year. In fact, twelve of the 

sixteen most devastating hurricanes that have occurred have happened in the 21st century equating to over 

$500 billion dollars in damage, which are at Hurricane Irma’s and Harvey’s lowest estimates (Ramsey). People 

choose to live in coastal areas because of work reasons and higher economic activity, but also because it is a 

luxury to live by the beautiful ocean. They choose to live in areas where flooding may likely occur because they 

have flood insurance, but some just simply do not know that they live in a flood prone area. To some extent, the 

damages associated with flooding is within in our control, but decisions have been made that have put and kept 

people in flood prone areas due to poor land management. 

CONCEPTS: I will begin by introducing a few concepts from the course and how they are related to 

flooding and the urban economy. These include physical infrastructure, social infrastructure, housing markets, 

and land use (from weeks 7, 8, 9, and 10 respectively). Physical infrastructure is related to the topic because 

flooding and intense winds place intense pressures on the construction industry after the storm subsides and 

the rebuilding begins. In addition, without a home, individuals must commute further away for work, lose pay 

and even their jobs for that matter. Even if that job loss might just be temporary, it still places enormous 

pressure on the worker and his family. Think about the intensity of clean up that must occur after a destructive 

event of this magnitude occurs from gutting homes to completely reinstalling powerlines, traffic lights/signage, 

etc. Social infrastructure is relatable in terms of housing inequities, inability to afford basic needs from job or 

wage loss, and impacts on public health from long term stagnant water for weeks at a time in some cases. This 

can make for easier disease spread and externally may result in long term health effects from properties not 

properly dealt with after the flood from exposure to black mold. When an event like this happens, it falls onto 
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local health officials and volunteers to provide health assistance. Along with this, many social inequality issues 

arise from flooding which will be further discussed as many of the homes in flood prone areas are less desirable 

and naturally attract low income residents to congregate there. The housing market is impacted by flooding in 

that people may have to pay higher premiums after it occurs if they are insured and worse, may be completely 

financially devastated if they are not which could set them back decades by having to pull money from loans, 

savings, retirement, 401k, etc. I will discuss the issues with the costs of rebuild later in this report but often, 

housing prices will increase when a home is rebuilt or completely renovated to meet modern codes with 

improved architecture. This can make a house unaffordable in that it may rise above 30% of your income to be 

able to afford the property. Ultimately, this deteriorates the housing stock in the effected area. Lastly, land use 

is related in the way that zoning can result in areas that become single family homes which take the greatest 

impact from flooding and will also be discussed in more detail later. Urban sprawl worsens the problems 

associated with flooding by adding more impervious, impermeable surfaces.  

GOALS: The primary goals are to determine which cities are most susceptible to flooding and most 

vulnerable to the problems associated with it. Upon determining key urban areas of interest, this report will look 

at the Houston metropolitan area and predict the future urban expansion if continued growth occurs with 

limited land use management, ultimately attempting to answer two overarching questions. “What are the 

governing bodies responsibilities on regulating growth in flood-prone areas and how poorly equipped are our 

coastal cities to this issue?”  

POLITICAL CLIMATE: Before getting to the main point highlighting the flawed National Flood Insurance 

Program and describing its negative externalities and wastefulness, I find it important to introduce where our 

current political climate sits in terms of the issues regarding our physical climate. President Donald Trump has 

discounted anthropocentric caused climate change over 155 times on his Twitter feed which he commonly uses. 

On August 15th, president Trump revoked Obama’s executive order 13690 on establishing a federal flood risk 
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management standard and process (Sullivan). This executive order by former President Obama would have 

essentially improved flood mapping (like in the case of Houston’s 75% inaccurate maps) and rejected new 

development in the areas where flooding has and will predictably occur over the coming decades by using 

advanced geospatial technologies (Sullivan). The president will also cut the Federal Emergency Management 

Agency’s budget by 11% equating approximately $1 billion (Sullivan), where 1/5th of that would have gone to 

improving the mapping work alone by hiring geospatial and environmental scientists like myself to help fix the 

issues brought on by previous use of less advanced mapping technologies by incorporating new, emerging ones 

such as LIDAR (Light Detection and Ranging).  

NATIONAL FLOOD INSURANCE PROGRAM: Some have suggested that the National Flood Insurance 

Program is the most unsustainable economic program in our nation by wasting billions of dollars season after 

season. The NFIP is currently $25 billion dollars in debt and the current administrator says that there is no way 

the debt will ever be paid (Nilsen). The program was initially set up in 1968 after recurring floods caused 

widespread damage and the government understood the extreme costs of disaster relief needed to cover this 

phenomenon. It is required if you live in a flood prone area and have a federally backed mortgage (Sullivan). It 

was set up as a temporary fix at very low costs with the hopes that people wouldn’t stay in their homes too long, 

but that is not the nature of how people work. “They presumed that if they told people they were at-risk then 

they would move and that over the life of the program, the discounts wouldn’t need to be continued, but that 

didn’t happen.” -Roy Wright, FEMA Administrator (Nilsen). This program is not like most homeowner’s insurance 

policies in that it is underwritten by the government, meaning that the government pays money to private 

insurance agencies to handle the claims of the flood victims (FEMA). 

There are four main problems associated with this program. The first is one already mentioned in that 

the government pays private insurance companies a fee for every policy they sell, but then government is 

responsible to pay for any loses (Nilsen). Insurance companies essentially take no risk but get all of reward by 
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getting paid for each claim they handle. Therefore, the bigger the disaster, the more they profit while the 

government and tax payers take their losses. Most of the money is repeatedly proven to not go toward the 

properties reconstruction but rather into the insurance company’s pockets. The second problem is that another 

large chunk goes to properties that are repetitively flooded (Nilsen). For example, in Florida a quarter of the 

flood claim money has gone to just 1% of the properties (Nilsen). One home in New Jersey worth $56,000 has 

flooded over 40 times (Nilsen). The NFIP has attributed $438,000 or almost 8 times more than the house is 

worth (Nilsen). Another $90,000 property near the Mississippi River north of St. Louis has flooded 34 times, 

racking up claims of more than $608,000 (Nilsen). Another Houston home has received more than $1 million in 

payouts, nearly 15 times its assessed value of $72,400 (Nilsen). An island off the coast of Alabama has only paid 

$9 million in premiums but has received over $72 million in payments to damaged homes (Nilsen). The third 

problem is that one out of five homes filing claims are secondary vacation homes (Nilsen). These property 

owners take safe guard because this is basically a guarantee on investment for the wealthy knowing that the 

home would be paid off if destroyed. The last and biggest problem is that people are trapped because no one 

wants to buy these “at-risk” properties if they do decide to move so they are essentially trapped (Dennis). These 

people need a buyout but unfortunately, even with a buyout some people will simply refuse to take it and refuse 

to move because they have always lived there, or maybe it is just that their family has owned the property for 

decades. Naturally, "at-risk" homes are less desirable in urban areas and naturally infill with lower income 

families which means these people are less likely able to relocate following a natural disaster. Even if they were, 

I fear that people will not move until they absolutely must. It may be the norm to live with stagnant water 

during the rainy seasons for months at a time in some places. You can't force people to do something, but you 

can incentivize them to or at the very least, enact preventative measures to keep this from being a problem 

after flooding. 

STUDY AREA: A study conducted by Climate Central ranked cities that will be most vulnerable by 2050 to 

coastal flooding and sea-level rise based on population, elevation, percent within FEMAs 100-year floodplain, 
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and climate change predictions (Kulp). In addition, they ranked cities by their “high social vulnerability” which 

was determined using the Social Vulnerability Index developed by the Hazards and Vulnerability Research 

Institute, which incorporates 29 different social economic variables to evaluate the ability of communities to 

prepare and respond to environmental hazards such as floods. New York City, Philadelphia, Houston, Baltimore, 

and Miami were ranked as some of the top cities with the most physically and socially vulnerable populations 

(Kulp). An additional study uses its own set of parameters predicting population growth for America’s MSAs 

(Thomas). One can assume that areas with the highest projected population growth with the most land room to 

grow, will. Whereas a city like New York (which is the most at-risk and 4th highest projected population increase 

compared to all other cities) will focus on higher density development as they are more limited in their outward 

expansion.  

Lastly, the Smart Growth Index ranks cities based on their growth and likelihood of sprawling 

development (SGA). The preliminary analysis indexed the most sprawling urban areas with the fastest growing 

populations that are most vulnerable to the effects of climate change influenced flooding in the United States. 

According to this analysis, the Houston metropolitan area is the most at-risk MSA which may see the greatest 

population growth and sprawling urban development. While many coastal cities will see the direct effects of 

climate change, these are suggested to see the greatest economic devastation stemming from the concepts 

mentioned. These indices resulted in New York City being the second highest priority with the three remaining 

urban areas (Baltimore, Miami, and Philadelphia) “tying” for third. 

Houston was founded in 1836 and incorporated as a US city a year later (Oguz). The city grew slowly, 

increasing population by only about 45,000 people from its beginning to the end of the 19th century when it 

began to see a spike in growth due to the automobile sparking a demand for the region’s most abundant natural 

resource, oil (Oguz). Galveston, located on the Gulf of Mexico and thirty miles south of Houston, was the original 

economic center of Texas as it was a key commercial port for the US until the Galveston Hurricane of 1900 

destroyed most of it and lead to its decline as a commercial center, opening Houston up as the primary target 
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for those seeking refuge. In the early 20th century as the automobile began to take off, new investments on the 

transportation infrastructure began with the railroad and port projects that make the area much of what it is 

today as federal and state intervention in the Houston economy expanded to include the funding of 

petrochemical plants, gas pipelines, refineries and research and development in the petrochemical industry  

(Oguz).  Today, it is one of the fastest growing metropolitan areas and is covered in development. It has a 

population density of 3,800 people/mi2, which means it is very sparse, unlike most densely populated coastal 

urban areas. It is covered in single family homes and has added 25% more pavement in just 15 years. Over 

400,000 new buildings have been built since 2000 in Harris County alone, Houston’s county seat. Again, it was 

ranked as one of the most sprawling cities by the EPA and it also has the most land to grow on unlike cities such 

as New York or San Francisco, which likely means it will use that to its advantage. It is also ranked as being one 

of the most vulnerable in terms of social equity issues stemming from the fact that one out of five people are at 

the poverty line to its large presence of minority families to the fact that one out of three people are either 

below 15 years old or above 65 years old, or not in the working-class age. In addition, it is physically vulnerable 

due to its low elevation, flatness, proximity to the Gulf Coast, and because many homes are in floodplains.   

To top it off, Houston lacks proper zoning and its poor planning has been raised in the news due to this 

fact. Harris County does enforce codes which recommend how areas should be subdivided but lacks proper 

means of limiting development in areas prone to floods. In fact, 7,000 new homes have been built in a 100-year 

floodplain in the county since 2010 (Patterson). Some of these areas experienced four feet of water in their 

homes after Hurricane Harvey and the problem worsened as Houston officials released a dam to relieve it as its 

reservoirs reached capacity. These dams were built in the 1930’s but many new homes were built in the path of 

the release water because no one expected flooding of this magnitude would ever occur (Nace). A third 

reservoir and dam were proposed to be built in the 1970s to meet demand, but new residential neighborhoods 

were built instead, after all, reservoirs don’t earn tax dollars like new residents do. After Harvey, it was 

discovered that about four out of the five homes flooded did not have flood insurance because they were 
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unaware of their flooding risk. In other words, they did not know that they were within an area where flooding 

would occur after a study showed that FEMA’s flood maps were almost entirely inaccurate, at only about 25% 

accuracy rate (Nace). 

LAND CHANGE MODEL: I completed a study to predict how much the Houston MSA will grow over the 

next two decades to attempt to mesh policy with urban growth by suggesting how Houston may look in 20 years 

if they were to continue to grow in the same unsustainable way which it has over the last two decades. This was 

completed by using the Marchov Chain probability model using reclassified land cover images from 1992 and 

2015. Marchov Chain takes the difference between the start year and end year to determine how each initial 

land class changed, for example, combining the two layers could show that forested pixels from the initial year 

were changed to urban pixels based on the remotely sensed classifications during the study period. After 

running the model and combining my six random class layers, about 11,370,271 pixels (10,233km²) resulted as 

urban pixels which was about 43km² off my projected growth from the transition probabilities. The study 

suggested that urban, developed land will increase by approximately 8% taking away from carbon sequestering, 

flood absorbing forested areas and moisture retaining agricultural land, all the while added development will 

likely continue to be built in and around future wetland areas. Wetlands are estimated to increase by about 2% 

over the coming decades as one foot of sea level rise or more could occur as the problems associated with a 

warming globe exponentially worsen. Over the course of the almost half century (from 1992 to 2038) 

approximately 1/5 of the 15,350 mi2 total land spanning across 15 counties has been and will expectedly be 

converted to urban development. With a total projected forest loss of 22% and agricultural land loss of 7% 

equating to almost 1/3 of the natural land being converted to development. This equates to a deforestation rate 

of 191 km2/year or about 0.48% lost per year which is about four times greater than the national average. 

Another study conducted by a Texas A&M PhD student using a more preferred, but time consuming 

cellular automata based approach called a SLEUTH model. Hakan Oguz suggested in his findings that twice the 
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amount of natural land would be lost to development if continued unrestricted growth were to occur than if 

maximum protection of wetlands, forested, and agricultural land were established (Oguz). His study was much 

more intense in that it used data from the 1970’s which included more than just land cover data but also 

topography, transportation infrastructure trends, and exclusionary constraints such as bodies of water where 

urban cells could not “grow” in the computer model. It is important to understand how much Houston may 

grow to understand the future impacts flooding may have and by also implementing policy changing scenarios 

to prove the point. 

CONCLUSION: As a society, which includes our local, state, and federal governing bodies, we can cover 

ourselves by implementing preventative policies and incentives that may limit where expansion occurs and 

reduce the number of homes and businesses that may be at higher risk of flooding in the future. Some other 

suggestions include reforming the NFIP all-together. This was attempted in 2012 but was scaled back 

tremendously after rates sky rocketed and politicians were pressured. Therefore, it is important to try and elect 

officials who will represent the masses and greater good, not ones that will back down when the pressure is on. 

Means testing, or determining if an individual or family is eligible for government assistance based on their 

physical and financial ability to do so, would also help to fix the problem of private insurance agencies cherry 

picking who they help. Eliminating discounts for second homes should also be included on the list as well as 

gradually increasing insurance rates for properties that are at-risk. We need to better predict where flooding will 

most likely occur and avoid rebuilding in those areas at all costs. I will offer the suggestion that there is a dire 

need to update national flood maps and we can start in large coastal areas.  This should be done by 

incorporating LIDAR technology to more accurately assess slope, elevation, and runoff potential using bare earth 

models along with surface models that show human added infrastructure such as curbs, buildings, roads, etc. 

This can more accurately predict how flood waters will move to help planning personnel.  
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It is important to realize that our world will continue to face worsened natural disasters caused by a 

changing climate induced by excessive habitual human consumption. While alternative, renewable energy 

methods are on the horizon, many political roadblocks will slow the process from monopolized corporations and 

a corrupt system built on dollars rather than morals. Over the coming decades we will see this revolution 

continue but we know it will take many generations at the earliest before this problem is fully under control.  

During that time, it is important to plan for the inevitable and restrict sprawling development while protecting 

our wetlands, forests, agricultural land, and the biodiversity within, rather than paving over them creating 

concrete jungles. A more long-term progressive thought would be to build new roads and sidewalks using light 

colored porous pavement to allow permeability and reflectivity. All-the-while, continuing to improve 

autonomous vehicles, eventually eliminating the need for massive impermeable parking lots which should be 

returned to their natural water retaining state. 

In conclusion, the political pendulum will continue to swing, coastal cities will inevitably grow larger, and 

flooding will inevitably occur with the increased effects of climate change. As environmental engineers, 

geospatial scientists, and/or urban planners, we must do our duty going forward as we face the most challenging 

threat ever seen by our global and national economies. 
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