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Abstract 
This study explores how flood zone status and changes to the National Flood Insurance Program 

affect single-family home values. Specifically, I use a repeat sales difference-in-differences 

model to test the effects that the Biggert Waters Reform Act of 2012 (BW12) and the 

Homeowner’s Flood Insurance Affordability Act of 2014 (HFIA) have on property values in 

high-flood risk areas in Florida from 2009-2019. The results indicate that a home located in a 

flood zone had a price discount of 5% compared to non-flood zone homes prior to the reforms. 

There was no significant policy effect due to BW12 whereas HFIA is found to have a significant 

negative impact on flood zone homes raising the flood zone price discount to 9% as homeowners 

adjust to the increased costs of living in a flood zone. This study finds that older homes 

appreciate more than younger homes making them more resilient to the negative effects of the 

flood zones and reforms to the NFIP. Additionally, coastal communities are more sensitive to 

flood zone reforms than non-coastal communities. The results also provide evidence that the type 

of flood insurance subsidy a home receives, as well as the degree of flood risk a home is exposed 

to, impacts both the flood zone response and the effect of flood insurance reforms. The HFIA 

policy resulted in greater depreciation for homes that are exposed to a higher degree of flood risk 

and had an overall negative impact on single-family flood zone homes in Florida.   
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1. Introduction 
Coastal real estate markets offer an interesting paradox for economists to consider. While 

coastal communities are among the most desirable, and therefore expensive, places to live, they 

are also at the greatest risk for environmental hazards and flooding caused by hurricanes, tropical 

storms and surges, rising sea levels, beach erosion, and other hydro-hazards (Below, Beracha, 

and Skiba, 2017). Understanding the tradeoff between the coastal amenities and flood hazard risk 

is even more pressing today as the coastal population and real estate development are increasing 

at the same time that global warming concerns are rising and have led to a higher frequency of 

catastrophic events in coastal communities (Cohen, 2018). Between 1960 to 2008 in the United 

States, the coastal population grew by 84% compared to the non-costal population which grew 

by 64% (Below et al., 2017). The National Oceanic and Atmospheric Administration (NOAA) 

reported that as of 2015, 40% of the total US population lives in a coastal county, while coastal 

counties make up only 10% of the landmass in the United States. These statistics highlight that, 

in addition to rapid population growth, coastal counties are much denser than non-coastal 
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counties. On average, there are 446 people per square mile in coastal regions, compared to the 

average of 87 people per square mile in non-coastal regions throughout the US (NOAA, 2015). 

Given the high-risk nature, increasing population, and high density of these areas, there is a need 

for empirical analysis of how regulations in general, and more specifically flood zone regulations 

in coastal communities, impact the value and safety of homes in these areas to accurately 

evaluate the costs and benefits of such policies. 

The residential real estate market depends heavily on both local and regional features. 

Buyer-preferences, building techniques, and styles vary geographically, making widespread 

comparisons among properties difficult. The supply, demand and macroeconomic characteristics 

depend on both the national economy and the specific market the home is located in, with small 

fluctuations often having large impacts on property values. It can be difficult to place a monetary 

price on the environmental attributes in real estate like water-related amenities and flood risks 

because there are many unobservable variations such as views, proximity to various amenities, 

neighborhood reputations, etc.  Building codes and regulations may also have a contributory 

effect on property values. In addition to regional variations, coastal and non-coastal markets have 

very different characteristics that can influence specific property values.  

The key objective for analysis is to evaluate how a property’s flood zone status impacts 

its value while controlling for the other factors that go into property valuation. Real estate 

regulations, in general, can provide benefits for property owners and the community at large 

through safety standards, environmental protection, and zoning and development regulation. 

However, they can also increase costs attributed to complying with newer or more restrictive 

standards. In the case of coastal flood hazards, flood zone regulations restrict development in 

certain coastal areas, establish minimum elevation requirements for homes in high-risk flood 

zones, require mitigation features to be incorporated into newer construction, and for those 

homes in the highest risk flood zones, there is a mandatory requirement to purchase flood 

insurance. These measures can make living in flood zones more costly than living in equivalent 

non-flood zone communities where homes are subject to less restrictive building codes and 

insurance costs. Although there are clear costs associated with flood zone regulations, there are 

also numerous benefits that include preventative disaster mitigation measures, increased safety, 

and insurance protection against actual flood damages. This study conducts an empirical analysis 

of flood plain regulations to measure if the benefits outweigh the costs. 
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Just as real estate is location-specific, there is reason to believe that the costs and benefits 

of flood zone regulations may vary across geographies. The benefits of flood zone regulations 

for homes in coastal communities may be greater than their costs because of potential coastal 

amenity benefits. Another possible reason why homeowners in coastal flood zones may value 

flood zone regulations more is due to the higher frequency and intensity of storm damages that 

impact these homes, increasing the number of flood claims and insurance benefits that are 

utilized relative to non-coastal areas or areas of lower flood risk (Parson and Wu, 1991). On the 

other hand, coastal flood zones may have more costs associated with flood zone regulations 

because of the increased flood risk relative to non-coastal flood zones. In addition to the 

potentially unique effects of building codes on coastal real estate, coastal communities tend to 

involve a diverse set of property buyers. Most coastal areas have a large transitory population as 

people purchase secondary vacation homes. The effects of regulation intended to increase safety 

and mitigate losses in coastal areas may be different for primary and secondary homebuyers.   

The National Flood Insurance Program (NFIP), which provides federal flood insurance to 

homeowners, is an ideal policy to investigate the effects of flood hazards on home prices because 

it operates at both the federal and the local level. At the federal level, FEMA, the Federal 

Emergency Management Agency, makes laws, provides oversight and conducts flood risk 

studies. At the local level, individual jurisdictional authorities use these studies to implement and 

regulate building standards for specific flood zones and develop flood zone mitigation plans that 

are attuned to local environmental trends (FEMA, 2019). In conducting flood risk assessments, 

FEMA creates Flood Insurance Rate Maps (FIRMs) to designate different flood zone areas that 

reflect the degree of risk that properties within these boundaries are subject to. Within these 

zones, there are different land use and building regulations put in place to protect homes and 

mitigate damage caused by flooding. Coastal properties typically reside within the highest risk 

flood zones as they are subject to the twin effects of increased exposure to flood events and the 

risk of wave surges.  

Prior to the establishment of the NFIP, floods were considered an uninsurable risk. This 

was mainly ascribed to the difficulty in estimating the probability of loss, as well as the 

potentially catastrophic nature of flood risks (Browne, Dehring, Eckles, and Lastrapes 2018; 

National Association of Insurance Commissioners, 2019). Because the private insurance market 

proved unwilling to underwrite flood risk, the NFIP was founded with the goal to provide 
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affordable flood insurance. To do this, many properties pay for insurance at highly subsidized 

rates that do not reflect the true flood risk of the property. While subsidies incentivize 

participation and are beneficial to homeowners, the increasing number of severe floods and 

claims being made over recent years have brought the fiscal solvency of the program into 

jeopardy (FEMA, 2019). With the hopes to correct these issues and ensure the sustainability of 

the NFIP, Congress enacted two related reforms in 2012 and 2014 that revised the insurance 

premium structure of the program (FEMA, 2019). Many people voiced concerns about these acts 

saying they would deteriorate property values and hurt a home’s ability to sell as well as make it 

too costly for current owners to live in these locations (Wall Street Journal, 2013). These claims 

beg the question, to what extent is the federal government incentivizing people to build homes 

and live in high-risk flood zones that would otherwise be unoccupied. This study will measure 

the sensitivity of property values to premium increases and help policymakers understand the 

economic impact these reforms have on home values as well as how effective they are in 

correcting the key issue of fiscal solvency.  

This study uses data on homes sold within Florida between 2009 and 2019 to conduct the 

empirical analysis. Florida is one of the states with the highest hurricane exposure and flood risk, 

making up about 55% of the annual flood costs paid out by the NFIP (Amadeo, 2019). There are 

67 counties within Florida, 35 of which border the coast, with Monroe County, Palm Beach 

County, and Miami-Dade County in the top US coastal counties most frequently hit by 

hurricanes (Wilson and Fischetti, 2010). The Insurance Information Institute recently reported 

that Florida has the highest storm surge risk in the country based on both the number of single-

family homes that are at risk (i.e. in high-risk flood zones) and the reconstruction costs for 

single-family homes as a result of hurricanes.1 From 1960 to 2008, Florida’s coastline population 

has grown 262% and coastal housing units have grown by 381%, both of which are greater than 

in any other coastal state (Wilson and Fischetti, 2010). The majority of properties in Florida are 

subject to high flood risks, with 75% of the state’s population living in coastal counties. The state 

has the highest participation in the NFIP with almost 2 million active policies as of 2018 

(Kousky 2017) (Insurance Information Institute, 2019). The high participation rates in tandem 

with the frequency of hurricane events that impact the state may mean that Florida residents are 

 
1 Additionally, Miami, FL had the highest storm surge risk among US metropolitan areas (Insurance Information 
Institute, 2019). 
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more aware of flood risks than residents in other areas of the United States. Additionally, Florida 

provides a unique setting in which inland and coastal counties are subject to flood risk, not only 

because of ocean-related catastrophic events but also because the flat terrain and the large 

number of wetlands lead to drainage issues statewide (Holdeman, 2017). Every year, Florida 

property owners prepare for the upcoming hurricane season, stocking up on supplies, installing 

extra storm protection measures for their homes, and making sure their flood insurance is 

renewed. The changes in the way insurance rates and premiums are structured following BW12 

and HFIA, compounded with the number and intensity of hurricanes over the study period have 

had profound impacts on single-family homeowners in Florida. 

To evaluate flood hazard risks and recent changes to the NFIP, this study uses a repeat 

sales model to estimate the effect that the Biggert Waters Flood Insurance Reform Act of 2012 

and Homeowner’s Flood Insurance Affordability Act of 2014 had on home sales in Florida from 

2009 to 2019. I use a difference-in-differences specification to estimate how price differentials 

between flood zone and non-flood zone properties change after these policies are enacted. I also 

investigate the effect of coastal proximity by observing the differences between high-risk flood 

zone homes in coastal and non-coastal counties to better understand the tradeoff between the 

benefits of living near the coast and the increased risk of environmental hazards such as flooding, 

while controlling for the age of each home. In a secondary model, I estimate how changes to the 

NFIP differ for primary and secondary residences to highlight how the transitory nature of 

coastal real estate markets plays a role in risk valuation and the reform specific policy 

implications for these two groups. Subsequent models investigate the impact on subsidized flood 

zone properties directly, as well as how the degree of flood risk within flood zones impacts a 

home’s response to the reforms.  

 I find that there is a significant negative flood zone price discount of 5% before the 

reforms. There is a negative policy effect due to the HFIA reform, while BW12 did not have 

significant impacts on the value of flood zone homes. HFIA resulted in resulting in 6-12% 

depreciation in the value of a flood zone home compared to a non-flood zone home across the 

sample tested. There is a positive age appreciation effect for older flood zone homes. As a result, 

older flood zone homes are able to outweigh the negative effect of a flood zone status and reform 

measures better than younger flood zone homes. There are differential impacts of flood status 

and the reforms in coastal and non-coastal counties with the flood zone homes in non-coastal 



9 
 

counties experiencing delayed reform effects. Additionally, there is no evidence of a coastal 

amenity benefit. Other factors that influence the impact the flood zone effect and reform effects 

on a flood zone homes are the type of ownership, the type of subsidy a home is eligible for prior 

to the reforms, and the level of flood risk a home is exposed to. Older flood zone homes, 

secondary flood zone homes, Pre-FIRM properties, and homes at lower flood risks are less 

responsive to flood zone costs in general and the reforms. This study demonstrates the unique 

effects that reforms to the NFIP have on different types of flood zone property values and allows 

lawmakers to make informed decisions going forward, as well as highlighting the intricacies of 

coastal housing markets.  

2. The National Flood Insurance Program 
The National Flood Insurance Program (NFIP) was enacted by Congress in 1968, 

primarily in response to a series of devastating hurricane events in 1963-64 that required the 

federal government to provide a large amount of disaster relief assistance to communities that 

were impacted by these storms (Ahmandiani, Ferreira, and Landry, 2019). The primary goal of 

the program today, as stated by FEMA, is to “reduce the impact of flooding on private and public 

structures” by offering affordable flood insurance and providing incentives to communities who 

adopt flood hazard mitigation procedures and programming (FEMA, 2019). At its core, the NFIP 

is a prescriptive policy that sets forth rules and methods for mitigating flood damages and 

increasing safety standards (Dehring, 2006).  

Communities choose to participate in the NFIP by adopting floodplain management 

plans, setting land use policies to reduce flood losses, and having FEMA conduct flood plain 

studies in which they create FIRMs that designate different flood zones based on the risk of flood 

hazard within the community (Anderson, 1974). FIRMs implement minimum building standards 

for properties located within each flood zone such as minimum elevation requirements. Once the 

management plans and the FIRMs have been drawn up, individuals within participating 

communities can purchase federal flood insurance (FEMA, 2019). Flood insurance rates are 

determined based on the size and structure of the house, its flood zone designation, and the 

elevation of the property, with discounts available for additional mitigation projects undertaken 

by homeowners (FEMA, 2019).  

Special Flood Hazard Areas (SFHA), also known as 100-year flood zones, are the areas 

that “will be inundated by the flood event having a 1% annual chance of being equaled or 
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exceeded” (FEMA, 2019). SFHAs are among the highest risk food zones and can be broken 

down into two main categories. V-Zones designate the coastal areas in 100-year flood zones that 

are at the highest risk of damage due to both flood events by themselves and the additional wave 

surges that are a result of their proximity to the ocean. For these reasons, V-Zones are subject to 

the strictest regulation and the highest insurance premiums. A-Zones designate non-coastal 

communities that are in 100-year flood zones but are not at risk of wave surge damage (Atreya 

and Czajkowski, 2019). While the NFIP is primarily a voluntary program, Congress introduced a 

mandatory purchase requirement (MPR) in 1973 to increase participation for those with 

properties in high-risk areas (FEMA, 2019). It required that properties in SFHAs have flood 

insurance in order to receive federally backed or regulated mortgages (FEMA, 2019).  

There are coverage limits under the NFIP of $250,000 for the physical structure and 

$100,000 for personal items (FEMA, 2019). 2 To receive total coverage above $350,000, 

individuals must supplement federal insurance with private flood insurance coverage (FEMA, 

2019).  In 2018, the average amount of flood coverage was $257,000 and the average yearly 

premium was $642 (Insurance Information Institute, 2019). The average flood claim in 2018 was 

$42,580 (Insurance Information Institute, 2019). Additionally, 69% of all flood insurance 

policies are held by occupants of single-family homes (FEMA, 2019). 

Properties that were built before the community FIRM was put in place are called Pre-

FIRM. Because they were not required to meet minimum building standards required by their 

current flood zone designation when they were constructed, they are provided flood insurance at 

subsidized rates (FEMA, 2019). 3 Changing environmental conditions and the availability of new 

information and technology forces FEMA to update community FIRMs every few years. 

Properties that were built under an older FIRM are “grandfathered” into receiving insurance at 

their previous rates despite any flood zone changes under the new FIRM that may have increased 

the home’s risk level (FEMA, 2019). Since both of these subsidies depend on when the home 

was built in relation to the FIRM implementation date or FIRM update date, older homes 

typically have more opportunities to pay lower premiums.   

 
2 These limits are for “family dwellings”. Other residential buildings have a building limit of $500,000 and a 
personal item limit of $100,000. Business properties face limits up to $500,000 for both building and personal items 
(FEMA, 2019). Special consideration is paid to the role that flood insurance coverage limits play in the reform 
effects in a subsequent robustness model.  
3 It is estimated that Pre-Firm properties pay premiums that are 40-45% of their actual flood risk (Cackley, 2014) 
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2.1 The Biggert Waters Reform Act of 2012 and The Homeowner’s Flood Insurance 
Affordability Act of 2014 
 

The NFIP has been plagued with low participation rates since its inception which 

multiple reforms, such as the MPR, have attempted to correct (Cackley, 2017). In addition to low 

participation, heavily subsidized rates for Pre-FIRM and grandfathered properties have led to 

fiscal solvency issues for the NFIP (Atreya and Czajkowski, 2019). Miller, Dixon, and Clancy 

(2018) highlight the fundamental issue of the NFIP that stems from the “conflicting goals of 

shifting the burden of flood risk from taxpayers to those who live in high-risk flood areas while 

still providing affordable rates” (Miller et al., 2018, 1180). Following Hurricane Katrina and the 

increasing number of catastrophic storms that have hit the United States over the past 2 decades, 

the NFIP has had to borrow more than $25 billion from the United States Treasury (Cackley, 

2017). 4 In addition, the US Government Accountability Office (US GAO) released a report in 

2014 that estimated that there were $16-25 billion in forgone premiums due to subsidies 

(Cackley, 2014). To increase revenues and ensure the longevity of the program, Congress passed 

the Biggert-Waters Flood Insurance Reform Act (BW12) in July of 2012 (Indaco et al., 2019).  

BW12 revised the insurance premium rate structure to phase out all subsidized rates so 

that rates reflect the true flood risk (FEMA, 2019) (Inadco et al., 2019). Subsidized rates for non-

primary residences, businesses in SFHAs, and properties that experienced “severe and repeated 

flooding” were to be increased 25% annually until their insurance rates reflected the true flood 

risk (FEMA, 2019).5 Primary residences could continue to be insured at subsidized rates until 

their property was sold, the policy lapsed, or the property suffered severe, repeated flood losses 

(FEMA, 2019). In addition to the phasing out of subsidized and Pre-FIRM rates, BW12 also had 

a provision to phase out grandfathering by increasing the rates of grandfathered properties by 

20% annually (FEMA, 2019).  

While the rate increases only applied to 20% of all policies held, there was an immediate 

public backlash against the reform. Many claimed that the rate increases were hurting their 

 
4FEMA’s is limited to borrowing $30.425 billion from the US Treasury in service of the NFIP. This limit was raised 
from $20.775 billion following the 2005 hurricane season in which Hurricane Katrina occurred and again in 2012 
following Hurricane Sandy to bring the borrowing limit to the current $30.425 billion. (Horn and Webel, 2019) 
5 Severe repeated loss properties are those that made 4 + claims that exceeded $5,000, or two claims that exceeded 
the property value (Horn and Webel, 2019) 
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home’s sale value and making it so that existing homeowners could no longer afford to live in 

high-risk areas (Atreya and Czajkowski, 2019). BW12 was quickly revised with the enactment of 

the Homeowner’s Flood Insurance Affordability Act in 2014 (HFIA) which was designed to 

“protect policyholders from significant and unanticipated increases in flood insurance costs that 

could impact their property sale” by repealing some of the provisions of BW12 and slowing 

premium increases (FEMA, 2019).  The policy was enacted in March of 2014 and involved 

issuing refunds to certain policyholders who paid increased premiums under BW12 (FEMA, 

2019). It reinstated the grandfathering provision and allowed new homeowners to retain Pre-

FIRM subsidies while new programs were being implemented. All policies were additionally 

subject to a surcharge (FEMA, 2019).6 It also formed a map updating program that initiated 

several new FIRMs to be implemented in communities to reflect updated flood risks (FEMA, 

2019). Figure 10 in the Appendix contains a table describing the premium increases under each 

reform. Both BW12 and HFIA significantly impacted single-family homes located in coastal, 

high flood risk areas, with different implications for primary and secondary homeowners. 

3. Literature Review 
 

Several studies have estimated the impact on flood zone designations on property values. 

Almost all of these studies focus on individual localities producing mixed results. Among this 

group of studies, several find that a flood zone designation negatively impacts property values. 

Bin, Kruse, and Landry (2008) find an overall price discount for properties located within a 100-

year flood zone in Carteret County, NC and that on average, the price discount is roughly equal 

to the flood insurance premium, meaning a property’s flood zone status is capitalized in the price 

of insurance (Bin et al., 2008). However, the amount of capitalization varies across the price 

distribution of homes where the price discount for higher-priced homes located in a flood zone is 

greater than the insurance premiums paid, and it is less for lower-priced homes, suggesting that 

homeowners perceive a level of non-insurable flood risk such as the sentimental value of losing 

one’s home, the discomfort and cost of being physically displaced and even the potential for 

injury and death, in the extreme scenario (Bin et al., 2008).  In a study conducted on a non-

coastal community, Zhang and Leonard (2019) use a difference-in-differences method to observe 

 
6 The surcharge for primary residents is $25 and for all other policies it is $250 (FEMA, 2019).  
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how flood hazards affect home sales in the Fargo-Moorhead MSA. They find that after a major 

flood, the price discount increases by 13%, which they attribute to the fact that recent flood 

events are a tool to convey information about the true flood risk that most homeowners tend to 

ignore (Zhang and Leonard, 2019). Below, Beracha and Skiba (2017) also find a price discount 

in the sales price of coastal, flood zone properties in Dare, County, NC. Their results conclude 

that the price discounts are greatest for non-waterfront properties and local buyers compared to 

out of state buyers (Below et al. 2017). A similar research method that targets the nature of 

transitory real estate markets will be used in this study to observe if local home-buyers value the 

NFIP differently than non-local buyers for whom disaster events do not cause damages to their 

primary residences. 

Other studies in the literature concerning flood zone designations find that flood zone 

status has a positive effect on property values. Atreya and Czajkowski (2019) determine that 

there is a significant price premium for high-risk flood zone homes in the coastal community of 

Galveston County, TX. However, this price premium decreases as the distance from the coast 

increases, with higher risk properties losing their price premium at a quicker rate than lower-risk 

properties (Atreya and Czajkowski, 2019). Their results indicate that the positive coastal amenity 

effect on home prices is greater than the negative flood risk effect, but is highly elastic. While 

their study did not empirically test the effect of BW12, they conclude that the “depressed 

property value assertion” made by interested parties such as realtors, builders, and lenders, is not 

a unanimous effect but depends more specifically on how close the property is to the water 

(Atreya and Czajkowski 2019). McKenzie and Levendis (2018) also found a price premium for 

properties in high-risk flood zones in New Orleans of 1.4% compared to non-flood zone 

properties. The flood zone price premium rose to 4.6% after Hurricane Katrina, however, this 

study did not cover a period in which reforms were enacted.  Augmenting these analyses, this 

study will directly examine the effects of the 2012 and 2014 reforms, along with the coastal 

amenity effect over a broader geographical area by isolating the differences between coastal and 

non-coastal counties. 

The inconsistency among studies as to whether there is a price discount or a price 

premium associated with flood zone designations may be attributed to the difference in sample 

areas between coastal and non-coastal communities. This may suggest that flood zone price 

effects differ based on the geographic location. To highlight these differences, this study uses 
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Florida as the sample area to encompass both coastal and non-coastal counties subject to high 

flood risk. Overall, more empirical research and replicable results are necessary, which this study 

will contribute to.  

Given the weakness of the NFIP program highlighted previously, relatively few studies 

have considered the effect of reforms that attempt to correct these issues. Harrison, Smersh, and 

Schwartz (2001) empirically analyze the National Flood Insurance Reform Act of 1994 (NFIR), 

which was designed to increase program participation. The study focuses on owner-occupied 

property sales in Alachua County, Florida from 1980 to 1997. The results from their hedonic 

price model show a stronger negative valuation of properties in flood zones after the NFIR was 

enacted in 1994 (Harrison et al., 2001). While this is an older study of a previous reform, the 

results show that homeowners are responsive to NFIP reforms.  

To my knowledge, only two studies estimate the impact of BW12 and HFIA on property 

values. Indaco, Ortega, and Taspinar (2019) empirically test the effect of the BW12 and HFIA 

reforms on home sales in the coastal areas of Virginia Beach and Miami, FL. Using a repeat 

sales method, they find no statistically significant results that the insurance premium increases 

under BW12 and HFIA impacted home sale prices across flood zones in either Miami or 

Virginia (Indaco et al., 2019). Zou and Mendelsohn (2018) also utilize a repeat sales difference-

in-difference method to empirically measure the impact of BW12 and HFIA on property values 

in the Houston metropolitan area from 1991 to 2017, while controlling for the amount of flood 

insurance coverage each home has. The study finds that home values in flood zones decline on 

average from 4-6% following BW12 and HFIA with a greater proportion of the decline attributed 

to BW12 (Zou and Mendelsohn, 2018). I use a similar repeat sales method to contribute to the 

findings of Indaco et al. (2019) and Zou and Mendelsohn (2018) using an updated data set and 

geographically diverse sample area consisting of both coastal and non-coastal communities to 

empirically analyze the 2012 and 2014 NFIP reforms in Florida. I control for coastal proximity, 

the age of the properties, residence types, and the differential impact the reforms have on 

properties receiving grandfathered and Pre-FIRM subsidies prior to the reforms, which to my 

knowledge no other study has done in this way. I also consider how the level of risk exposure 

that varies within flood zones impacts a home’s response to each reform. I investigate if certain 

homes are more or less responsive to these policy changes to provide an updated empirical 
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analysis and contribute to the understanding of flood zones and the economics of coastal housing 

markets.  

4. Data 
 

Home sale transaction data for this study was obtained from the Florida Department of 

Revenue (FDOR) Property Assessment Rolls. The FDOR requires each county in Florida to 

submit their tax assessment rolls to the state which is then made available to the public in 

October of each year. The assessment roll files contain structural, transactional, and locational 

data, along with land use information and tax codes for every parcel in the state. The 

transactional information includes the sales price for each property, the transaction date, and 

buyer information.  

For this study, only qualified arm’s length single-family home sales were used to capture 

the true market value of each home.7 Properties with only one sale over the study period, 

properties with missing sales price values or with a sale price less than $5,000 were omitted. 

Additionally, properties without a full address were omitted because they cannot be geocoded 

without a proper location indicator. After cleaning the data, I transformed it into to panel data set 

to create a repeat sales index for properties with multiple transactions over the study period. The 

first sale of the home is considered the “Purchase” and the second sale of the home is considered 

the “Sale”. I control for outliers in the data set by omitting observations whose repeat sales 

values are more than 3 standard deviations from the mean.  

The flood zone data for the study was obtained directly from Flood Insurance Rate Maps 

(FIRMs) produced by FEMA. FIRMs are accessible as county-level shapefiles that designate the 

flood zone boundaries in each county. ArcGIS was used to geocode and merge the transaction 

data set with the flood zone maps and assign flood zone designations to each property.  8 9 I used 

2019 TIGER Feature Shapefiles from the US Census Bureau to create an address locator for each 

county and then was able to geocoded properties and plot them onto each county’s FIRM. The 

 
7 This excluded properties that were foreclosed, were transfers among family members, or were REO sales (Severn 
and Plantinga, 2018) 
8 ArcGIS is a geographic information system (GIS) software that handles map and geographic data. Access was 
obtained through Haverford College’s ArcDesktop platform as well as through the generous efforts of Caulfield & 
Wheeler who allowed me to use their subscription to complete this thesis. Special thanks to Dave Linley and Tom 
Pancoast.  
9 Geocoding is the process of converting typical address information into longitude and latitude coordinates and 
plotting observations as points on a coordinate map. (ESRI) 
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match rate for geocoding ranged from 80-95% for each county. 10 11 Four counties were excluded 

from the final data set because the transaction datasets were missing a significant portion of 

address data and therefore their match rates were below 30%.12 Following the method for 

identifying flood zone properties implemented by Bin, Kruse, and Landry (2008), I used ArcGIS 

to identify homes whose centroid resided within, or on, the boundary of a 100-year flood zone. 

Properties were excluded if they were located in an area where a Letter of Map Revision 

(LOMR) was issued. A LOMR indicates that there was a change in the FIRM at some point over 

the study period (FEMA, 2019). Given the scope of the sample area, this study does not control 

for changes to flood maps and therefore any properties that were subject to a revision in their 

flood zone designation were excluded from the sample. The final dataset is a repeated cross-

section of 406,966 repeat-sales for single-family homes in the state of Florida from January 2009 

to October 2019.  

In addition to the transaction and flood zone data, a home value index was created using 

the Zillow Home Value Index (ZHVI) for single-family homes. The ZHVI is a seasonally-

adjusted time series data set that tracks the value of a typical home across different geographical 

regions (Zillow). It provides monthly data on the median Zestimate for different areas at the zip-

code, county, and state levels. 13 I created a yearly level home value indicator by averaging 

across the monthly ZHVI and then collapsed the data set on the year. I calculated the percentage 

change in the average home value between each year to create a market trend appreciation index. 

This variable is called HVI and is a measure of the general market trends across different 

geographies and time. The HVI was then merged with my final data set in a waterfall fashion. 

Each property was first assigned an HVI at the zip code level and then, if the HIV for a particular 

zip code was missing, it was assigned the county-level HVI. The mean HVI in the data set is 

6.48% indicating that across all geographies and the 10 years of the data set, the typical home 

experienced 6.48% appreciation per year  

 
10 The TIGER Shapefiles contain the geographic boundary information for each county. They are comprised of the 
point, line and polygon features in the TIGER database for each county (i.e. Roads, driveways, property 
boundaries). (US Census Bureau) 
11 The geocoding match rate is the percentage of properties that were able to be plotted on the map. Some properties 
are un-matched due to typos in the addresses or missing address information.  
12 The excluded counties include Hillsborough County, Lafayette County, Sumter County and Wakulla County. 
13 Zestimates are Zillow’s estimate of a home’s market value using historical sales data, public and user submitted 
data, and accounts for home characteristics, location and market conditions (Zillow) 
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Using the flood zone designation from the FIRMs, a dummy variable, FZ, was created 

that is equal to 1 if the property is within an SFHA flood zone. Table 1 shows that roughly 17% 

of the homes in the data set reside within a flood zone. While the number of homes in the data 

set that are in a flood zone is much lower than the number of homes outside of a flood zone, the 

average sales price of a flood zone home is $480,349.10 whereas a non-flood zone home has an 

average sales price of $271,749.90 (Table 2). Figures 1 and 2 depict this graphically. In addition 

to the flood zone dummy, the FIRM data set contained information on the base flood elevation 

(BFE) requirements for properties in an SFHA. BFE is the estimated elevation that floods will 

rise to during a 100-year flood event.14 Homes in an SFHA are required to be elevated at or 

above the BFE, depending on the flood plain regulation in place for the particular flood zone and 

community. If a property is not in an SFHA, the BFE is equal to 0. The BFE varies across 

SFHAs and therefore provides a measure of the degree of flood risk within high-risk flood zones 

(FEMA, 2019).  While BFEs were not reported for all FIRMs in the sample, out of the homes 

with measures of BFE, the average elevation requirement is 1.14 feet. The range of the BFE 

measurements initially was quite large. In models where BFE is used in the specifications, 

observations whose BFE was more than 3 standard deviations from the mean were considered 

outliers and were omitted from those samples. The descriptive statics for the BFE variable with 

the outliers omitted are reported in Table 1. 

Figure 1: Number of Flood Zone vs. Non-Flood Zone Homes  

 
Source: Figure compiled using data from FDOR and FEMA FIRMs. Notes: The number of sales occurring each year 
for Flood Zone and Non-Flood Zone properties in the sample. 

 
14 A 100- year flood event is a flood that “has a one percent chance of being equaled or exceeded during any given 
year” (FEMA) 
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Figure 2: Average Sales Price for Flood Zone vs. Non-Flood Zone Homes 

 
Source: Figure compiled using data from FDOR and FEMA FIRMs. Notes: I collapsed the average Sale Price for 
Flood Zone and Non-Flood Zone homes by year to produce this figure. 

 
Structural variables include Living, the square footage of the living space of each home, 

Land, the square footage of the lot size of each home, Age, and Year Built. The average home in 

the data set resides on 13,630 square feet of property and has 2,261 square feet of living area. 

The average age of a home sold is 24 years old (Table 1).  

A series of dummy variables were created using the location and tax information 

available from the FDOR data. A homestead criterion was used to control for primary versus 

secondary residences. The State of Florida offers a Homestead Tax Exemption that lowers a 

property’s taxable value up to $50,000 if it is a permanent residence (FDOR). The dataset 

contained tax code information for if a home was homestead exempt or not. Using this as a 

reasonable proxy for primary residence status, a dummy variable, Primary, was created that is 

equal to 1 if the property has a homestead exemption. A second dummy variable, Secondary, was 

created that is the inverse of Primary, equal to 1 if the property is a secondary residence, 

indicated by no homestead exemption. 48% of the homes in the data set are primary residences. 

The remaining 52% of the homes in the data set are secondary residences (Table 1).  

One of the main goals of this study is to illustrate the differences between coastal and 

non-coastal communities. A dummy variable, Coastal, was generated that is equal to 1 if the 

home resides in a coastal county and equal to 0 if the home resides in a non-coastal county. 67% 
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of the homes in the data set are located in a coastal county (Table 1). Dummy variables were also 

created to indicate if a property is a Pre-FIRM property or if it is grandfathered into an older 

FIRM. If the property was built before the year the FIRM for that particular county went into 

effect, it is given Pre-FIRM status.15 Grandfathered status was determined based on if the home 

was built before the most recent FIRM update. Information on initial FIRM dates and current 

map update dates were obtained from FEMA’s Community Status Book for Florida which 

reports the status of every active community in the NFIP (FEMA, 2019). Only 5% of the 

properties in the data set are Pre-FIRM and 15% of the properties in the data set are 

grandfathered. This is in line with the national estimates that only 20% of homes with flood 

insurance received subsidized rates at the time that BW12 and HFIA were implemented (FEMA, 

2012).  

Transaction variables include price and date variables. As mentioned previously the first 

sale for each home is considered the Purchase and the second sale for each home is considered 

the Sale. The average Purchase Price is $240,765 and the average Sale Price is $307,176. Both 

Purchase and Sale Prices have very large ranges from a minimum of $5,000, which was 

designated as the arbitrary cutoff for the dataset, to the maximum Sale Price of $49,000,000. The 

dependent variable in this study is Repeat Sales, which is calculated by taking the log of the ratio 

between the Sales Price and the Purchase Price for each home.  

𝑅𝑒𝑝𝑒𝑎𝑡 𝑆𝑎𝑙𝑒𝑠 = log (
 ,

 ,
)                                                    

Repeat Sales measures the appreciation for each property between its purchase and its sale. Table 

1 shows that on average, a home appreciated 27% between the time it was bought and sold. 

There are also a series of sale date variables that are used as time controls for market variations. 

Year Purchase indicates the year the home was purchased and Year Sale indicates the year the 

home was sold.  

 A variable called, Coverage, was created to account for the limits on the amount of flood 

insurance a policyholder can receive from the NFIP. Insurance coverage on the building’s 

structure is capped at $250,000. Although exact coverage data for each property in the data set is 

 
15 The initial effective date is the date that the first FIRM went into effect for a given region and demarks a 
community’s participation in the NFIP. According to FEMA, a building is pre-FIRM if it was built before the initial 
FIRM or before 1974. The earliest FIRM in Florida was implemented in 1978 and therefore the initial FIRM date 
was used as the indicator for pre-FIRM status (FEMA, 2019).  
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not available, the variable Coverage is used as an approximate measure of the relationship 

between the home’s value and the amount of flood insurance coverage, equal to the minimum of 

$250,000/Sale Price, or 1. Coverage is equal to 1 if the home’s value is below, or exactly equal, 

to $250,000, implying that if the owner desired, the full value of their property could be covered 

by federal flood insurance. If the home’s value is above $250,000, Coverage is equal to the ratio 

of the insurance cap, $250,000, to the total property value as denoted by the Sale Price. 40% of 

the homes in the data set have a Sale’s Price above $250,000, and therefore cannot be fully 

insured under the NFIP. In total, the average value of Coverage is 12.94% (Table 1).  

 The key independent variables include a series of six dummy variables marking when the 

sale and purchase of the home occurred in relation to the reforms in 2012 and 2014. These 

dummy variables are constructed using the enactment dates as the start of the reform.  𝑆 𝑃  

indicates properties that were both bought and sold before July 2012 when BW12 was enacted. 

This variable denotes the control period because these homes were not subject to any reforms. 

𝑆 𝑃  indicates properties that were purchased before BW12 and sold after, but before HFIA 

went into effect in March of 2014. These homes straddle the reform period meaning these 

homeowners experienced the policy change during their ownership of the home. 𝑆 𝑃  

indicates homes that were both bought and sold after BW12, but before HFIA. These 

homeowners were subject to the higher insurance premiums from the beginning of their 

ownership of the home. 𝑆 𝑃  indicates properties that were purchased before BW12 and 

sold after HFIA. These homeowners experienced both the BW12 and HFIA reform changes. 

𝑆 𝑃  is the period that straddles the change from BW12 to HFIA denoting homes that were 

bought after BW12 but before HFIA and sold after HFIA. Lastly, 𝑆 𝑃  indicates those 

properties that were bought and sold after HFIA and therefore were completely subject to new 

reform measures and insurance premium structures. Figure 3.1 provides a visual diagram 

defining these reform periods.16 Tables 1 and 2 summarize the descriptive statistics for the key 

variables in the study.   

Table 1. Summary Statistics  

Variable  Description Mean  St. Dev.  Min  Max  
Sale Price Sales Price ($) for the second sale for a given 

home  
$307,176  $524,225  $5,000  $49,000,000  

 
16 Figure 3.2 shows alternative reform period specifications that encompass only the BW12 reform in order to isolate 
effect of BW12 in isolation from HFIA.  
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Purchase Price Sales Price ($) for the first sale for a given home  $240,765  $379,449  $5,000  $41,500,000  
Repeat Sales Log(Sale_Price/Purchase_Price)  0.27 0.41 -1.52 2.06 

HVI % Change in the Zillow Home Value Index 
(calculated based on a waterfall of Zip, County, 
State) 

6.48 7.11 -36.1 33.23 

BFE Base Flood Elevation for homes located in A or 
VE Zones 

1.14 3.037 0 18 

FZ 1 if in a SFHA Flood Zone, 0 otherwise  0.169 0.375 0 1 

S P  1 if Sold and Purchased before BW12, 0 
otherwise (used as the omitted category for 
analysis) 

0.074 0.262 0 1 

S P  1 if Purchased before BW12 and Sold after 
BW12 but before HFIA, 0 otherwise 

0.067 0.249 0 1 

S P  1 if Purchased and Sold after BW12 but before 
HFIA, 0 otherwise 

0.037 0.188 0 1 

S P  1 if Purchased before BW12 and Sold after 
HFIA, 0 otherwise  

0.269 0.444 0 1 

S P  1 if Purchased after BW12 but before HFIA and 
Sold after HFIA, 0 otherwise  

0.164 0.371 0 1 

S P  1 if Purchased and Sold after HFIA, 0 otherwise 0.388 0.487 0 1 

Age Age of the house at the time of the second sale 24.11 20.923 0 156 
Grandfather 1 if Year Built is before most recent map update, 

0 otherwise  
0.155 0.363 0 1 

PreFIRM 1 if Year Built is before initial FIRM was 
implemented in the county, 0 otherwise  

0.054 0.226 0 1 

Secondary 1 if the home is a secondary residence (no 
homestead exemptions), 0 otherwise  

0.516 0.5 0 1 

Coastal 1 if the county the home is located in is a coastal 
county, 0 otherwise 

0.674 0.469 0 1 

Coverage The amount of flood insurance coverage for each 
home as a ratio of the insurance cap to the Sale 
Price  

=min {$250,000/Sale Price, 1} 

12.94% 0.31 0 100% 

Land Land square footage of homesite  13,629.59 47,852.28 0 11,900,000 

Living Total square footage of living space of a home  2,261.08 1,082.19 0 55,472 
Year Built Year the property was built  1991 20.7 1860 2018 

County County Number that corresponds to what county 
the home resides in based on FDOR numbering 
system (11-77) 

  
11 77 

Total 
Observations 

  406,966       

Source: Summary statistics calculated using data from FDOR, FEMA FIRMs, and Zillow. Notes: Variables used in 
repeat sales models to test the effect of NFIP Reforms on Home Price Appreciation. 
 

Table 2.  Dummy Variable Summary Statistics 

Variable Mean Sales 
Price 

Mean Repeat 
Sales 

# of 
Sales 

% of 
Sales 

Non- Flood Zone $271,749.90  $217,034.20  337,852 83% 
Flood Zone $480,349.10  $356,768.30  69,114 17% 
Grandfather $464,734.70  $346,222.20  63,704 16% 
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PreFIRM $479,014.80  $324,804.90  21,972 5% 
Secondary $300,839.60  $240,336.30  196,933 48% 
Primary $313,116.80  $241,166.80  210,033 52% 
Coastal  $342,743.90  $262,565.90  274,260 67% 
𝐒𝐩𝐫𝐞𝐏𝐩𝐫𝐞 $214,593.30  $195,467.80  30,216 7% 
𝐒𝐁𝐖𝐏𝐩𝐫𝐞 $283,069.10  $239,976.40  27,159 7% 
𝐒𝐁𝐖𝐏𝐁𝐖 $222,624.30  $194,878.80  14,933 4% 
𝐒𝐇𝐅𝐈𝐀𝐏𝐩𝐫𝐞 $322,891.90  $226,914.80  109,821 27% 
𝐒𝐇𝐅𝐈𝐀𝐏𝐁𝐖 $355,238.50  $259,678.50  66,939 16% 
𝐒𝐇𝐅𝐈𝐀𝐏𝐇𝐅𝐈𝐀 $305,728.90  $255,523.00  157,899 39% 

Source: Summary statistics for the key Dummy Variables calculated using data from FDOR and FEMA FIRMs. 
Notes: This table shows the average home values and the proportion of homes that fall into each of the key variable 
categories used in the repeated sales models in this study. 

 

Figure 3.1 Definition of Reform Periods (Combined Effects) 

 
Notes: This figure depicts how the reform periods for the Combined Effects Models are defined in this study. The 
reform periods are defined based on the date in which the home was bought and sold to indicate the period in which 
a single homeowner took ownership of the property. The dummy variables that correspond to each reform period are 
depicted in each box.  
 

Figure 3.2 Definition of BW12 Reform Periods  

 
Notes: This figure depicts how the reform periods for the BW12 Only Models are defined in this study. The reform 
periods are defined based on the date in which the home was bought and sold to indicate the period in which a single 
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homeowner took ownership of the property. The dummy variables that correspond to each reform period are 
depicted in each box. 

5. Methods 
 

When it comes to valuing real estate in economic research, the main challenge is 

controlling for quality differences among properties (Bailey, Muth, Nourse, 1963). There are 

many fundamental differences in houses such as their structural features, location and 

neighborhood attributes, environmental characteristics, additional amenities, and market 

variations (Bin, Kruse and Landry, 2008). There are two main methods used in the literature on 

real estate economics to quantify home valuations. One is a single sale hedonic method. Rosen 

(1974) pioneered the widespread use of hedonic pricing models for valuing non-market goods. In 

real estate, the standard hedonic model decomposes the components of the home into its specific 

attributes to isolate the marginal value homebuyers place on each feature as seen through the 

total sales price they are willing to pay (Bin et al. 2008). Bin, Kruse, and Landry (2008) propose 

a general formula for a hedonic price function;  

log (𝑆𝑎𝑙𝑒𝑠 𝑃𝑟𝑖𝑐𝑒 ) =  𝑓(𝑠 , 𝑛 , 𝑒 , 𝑟 )                            

In this specification, the log of the sales price of the home is a function of its structural 

characteristics, s, neighborhood characteristics, n, environmental characteristics, e, and some 

degree of risk, r (Bin et al. 2008). When Equation 1 is used in regression analysis, the 

coefficients on the specific attributes denote the implicit price of the feature (Case and Shiller, 

1983).  

While this model is rather intuitive and accounts for changes in homes between sales, it 

does have its limitations. The biggest limitation is that it requires a large amount of information 

on specific house characteristics, making it a data-intensive approach. It can be very hard to 

control for all aspects of a home that may account for its sale price and can lead to potential 

omitted variable bias in the results. The property tax assessor’s data used in this study does not 

provide information on the number of beds, baths, garages, the quality of the home, and other 

structural attributes that are necessary for a thorough hedonic specification. A second limitation 

is that the hedonic approach can only control for observable variations (Fisher, Lambie-Hanson, 

Willen, 2015). Lastly, the standard hedonic model assumes that the coefficients on the control 

variables, which represent the relationship between the price of the home and a specific feature, 

are stable over time and place, which may not always hold (Fisher et al., 2015).  
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 Given these drawbacks, this study will use a repeat-sales method. The repeat-sales 

method requires properties to have been sold more than once over the sample period. It uses the 

ratio between the Sale Price and the Purchase Price of the home as the measure of home value, 

effectively tracking the home price appreciation between sales for a specific property. This 

model has many advantages and has been widely used in the literature.17 Bailey, Muth, Nourse 

(1963) first introduced the idea of a repeat-sale model in the constructing real estate indexes 

which Case and Shiller (1987) built upon, creating a weighted repeat-sales model used in 

housing indexes today.  

 The repeat-sales model is a simple model that only requires information on 2 property 

sales for the home (OECD, 2013). Because the model compares the home to itself through the 

ratio of the sales and purchase prices, it controls for property-specific characteristics that do not 

change between sales (Case and Shiller, 1987). There is no need for the home characteristic 

control variables that are required for an accurate valuation in the hedonic model. It also controls 

for locational variations among properties because homes are spatially fixed and therefore 

location does not change between sales (Fisher et al., 2015).  

 The repeat sales model holds two key assumptions. The first is the constant quality 

assumption, which assumes the home characteristics do not change significantly between sales 

(Case and Shiller, 1987). In other words, it assumes there are no major renovations or 

demolitions between when the property is purchased and when it sold. The second assumption is 

that price is a reasonable proxy for hedonic characteristics. As previously stated, the repeat-sales 

model is assumed to control for the things that do not change between sales such as the size of 

the home or the number of bedrooms and bathrooms. This is the key underlying assumption that 

allows this model to remove the hedonic controls from the specification and therefore lends itself 

to the property assessor data used in this study.  

  

5.1 Empirical Model 
 

A difference-in-differences regression is used to estimate the effect that reforms have on 

single-family homes where flood zone homes are the treatment group.  Specifically, using the 

repeat sales method, I estimate the price appreciation on properties within a flood zone compared 

 
17 Bailey, Muth, Nourse, 1963; Case and Shiller, 1987; Fisher, Lambie-Hanson, Willen, 2015; Indaco, Ortego, 
Taspinar, 2019; Zou and Mendelsohn, 2018; Francke, 2010 
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to those that are purchased and sold within the same reform periods outside of a flood zone. 

Aside from the flood zone group, there are multiple reform treatment groups due to the nature of 

the repeat sales model where I must account for both the time of the purchase and the time of the 

sale and the fact that there are two reforms under investigation. Properties that were bought and 

sold before any reforms (before July 2012) are the control group. There are five reform treatment 

periods which are defined in Figure 3.1.  

The main assumption of a difference-in-differences model is the parallel trend 

assumption, which requires that the treatment and control groups move in parallel before the 

treatment period for deviations between the groups to be attributed to the treatment, which in this 

study is the two reforms, BW12 and HFIA. (Card and Kruger, 1994). Figure 4 shows the average 

repeat sales for flood zone and non-flood zone properties over the study period, with markers for 

the enactment dates of BW12 and HFIA.  

Figure 4. Parallel Trends Graph  

 
Source: The figure is compiled using data from the FDOR and FEMA FIRMs. Notes: I collapsed the average repeat 
sales for flood zone and non-flood zone properties by the year and quarter to produce quarterly average repeat sales 
appreciation over the study period. BW12 is equal to July 2012 and HFIA is equal to March 2014.  

 
There are clear parallel trends in these two groups with the average price appreciation between 

sales higher for the flood zone group than the non-flood zone control group. While there do not 

seem to be major deviations in these trends with the enactment of BW12 and HFIA, immediately 

following BW12, the gap between the two groups decreases. In between the reforms, this gap 

grows again and then decreases once more with the passage of HFIA. This implies that the two 

groups are inherently different and move separately, although something about these two reforms 

-.
1

0
.1

.2
.3

.4
A

ve
ra

g
e

 R
e

p
e

at
 S

a
le

s 
A

p
p

re
ci

a
tio

n

20
09

-Q
3

20
12

-Q
1

20
14

-Q
3

20
17

-Q
1

20
19

-Q
3

BW
12

HFIA

Quarter

Flood Zone Homes

Non-Flood Zone Homes

By Flood Zone

Home Price Appreication



26 
 

is shrinking the gap in average appreciation between the two groups. Specifically, in the case of 

HFIA, the average price appreciation for flood zone homes decrease sharply while there is a 

more gradual decline in the non-flood zone group. This may imply that the reforms had a larger 

negative impact on flood zone homes than non-flood zone homes.  

Each model used in this study utilizes county fixed effects as well as fixed effects of the 

interaction between the year the property is purchased and the year the property is sold. The 

county fixed effects control for the locational variation of the data set. The year interacted fixed 

effects controls for market variations across time as well as controlling for the difference in the 

number of years between the purchase and sale of each home.  

The general specification for the repeat sales difference-in-differences model in this study 

is given by Equation 2.  

log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , )+𝛽 𝐹Z ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝑂𝑡ℎ𝑒𝑟𝐹𝑎𝑐𝑡𝑜𝑟𝑠 , , + 𝜀 , ,                                               (2) 

The dependent variable is the log of the ratio between the Sale Price of home i at time t+𝛿 and 

the Purchase Price of home i at time t, where t is the time of the first sale and 𝛿 is the number of 

years between the first and second sale.  HVI indicates the home value index for the location of 

home i, controlling for market variations across time and geographies. The key independent 

variables are a series of interaction terms between the flood zone dummy variable, FZ, and the 

reform period dummy variables specified in Figure 3.1 and 3.2. The coefficient on the interaction 

terms shows the differential home price appreciation between flood zone and non-flood zone 

properties bought and sold in the same reform period. The “Other Factors” of interest in this 

study include the Age of the home, the residency status (Primary vs. Secondary), and whether or 

not the property has the potential to receive PreFIRM or Grandfathered subsidies.  

A second model is run that replaces the flood zone dummy, FZ, as the flood zone 

indicator, with the continuous variable BFE, which is a measure of the base flood elevation 

requirements for each home. Base flood elevation measures represent the varying level of flood 

risk within flood zones. The higher the BFE, the greater the flood risk for the home. If a home is 

not within a flood zone, the BFE is equal to 0. Using this variable, rather than the more general 

flood zone dummy, provides a robust analysis of the impact of the reforms on homes that 

experience different levels of flood risk.   
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log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 BFE ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , +𝛽 BFE ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝑂𝑡ℎ𝑒𝑟𝐹𝑎𝑐𝑡𝑜𝑟𝑠 , , +𝜀 , ,                                                     (3) 

The coefficients, 𝛽 , on these interaction terms demonstrate how an additional foot in the BFE 

for a home changes the appreciation of the home, given the particular type of property and 

reform period.  

All models are difference-in-difference repeat sales models using county and time fixed 

effects. First, models are using BW12 only reform periods specified in Figure 3.2 with the 

enactment date of July 2012 as the start of the treatment period.18 The BW12 reform periods are 

investigated in isolation from the HFIA reform because it was the initial act that caused 

unexpected insurance premium increases for homeowners and had more drastic measures. 

Additionally, Zou and Mendelsohn (2018) find that BW12 caused a greater decline in home 

values than HFIA did. The BW12 only specification model will also confirm the credibility of 

the claims made by many that BW12 hurt resale values and increased the cost of living in high 

flood risk areas. 

Models are then run using the Combined Effects reform periods specified in Figure 3.1.19 

HFIA amends BW12, instilling a softer premium increase schedule to reduce uncertainty, 

stabilize expectations of flood insurance costs, and alleviate some of the unintended 

consequences of BW12 while still lowering the number of homes that receive subsidies to 

increase NFIP revenue (FEMA, 2014). The Combined Effects Models incorporate both BW12 

and HFIA to show how they jointly impact flood zone properties. This model is preferred to the 

BW12 model because of the inter-related nature of the two reforms (Zou and Mendelsohn, 

2018). As in the BW12 Only specification, the treatment dates for each reform are their 

enactment dates - July 2012 for BW12 and March 2014 for HFIA. Using the enactment date is in 

line with conventional economic theory that rational decision-makers anticipate future changes at 

the time of the policy’s initial announcement and therefore, price changes due to each reform can 

be observed at the time it was first put into place (Zou and Mendelsohn, 2018; Dehring 2006). 

  Models are run using the full sample, the coastal county sample, and the non-coastal 

county sample to highlight geographical differences in how properties react to the NFIP reforms.  

 
18 The reform periods in this model include 𝑆 𝑃 , 𝑆 𝑃 , 𝑆 𝑃 .  
19 The reform periods in this model include 𝑆 𝑃 , 𝑆 𝑃  𝑆 𝑃 , 𝑆 𝑃 , 𝑆 𝑃  , 𝑆 𝑃 . 
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The remainder of this section will discuss the main specifications for each model along with my 

hypotheses, followed by a discussion of potential limitations.  

5.1.1. Model 1: Age Specification 
 
 Model 1 uses the specification of Equation 2 while paying particular attention to the age 

of flood zone homes. As noted previously, older houses are more likely to receive subsidized 

premiums and therefore may have a different reaction to the reforms than newer homes. They 

may also be built to the standards of older flood zone regulations and therefore not up to date 

with current building requirements. On the other hand, older homes, especially in densely packed 

coastal locations, such as Florida where the coastal land supply is extremely limited, may run at a 

premium due to preferable locations, more lax building standards, and lower flood insurance 

premiums. 

Figure 5. Age Parallel Trends Graphs                  

       
Source: The figure is compiled using data from the FDOR and FEMA. Notes: I collapsed the average repeat sales 
for flood zone and non-flood zone properties by the year and quarter, for both the “Below Median Age” and “Above 
Median Age” groups to produce quarterly average repeat sales appreciation over the study period. The figure on the 
left depicts the trend patterns for flood zone and non-flood zone homes that are below the median age. The figure on 
the right depicts the trend patterns for flood zone and non-flood zone homes that are above the median age. BW12 is 
equal to July 2012 and HFIA is equal to March 2014.  

 
 Figure 5 tests if the Age specification satisfies the parallel trends assumption of the 

difference-in-differences method. Homes in the sample were divided into groups based on 

whether or not they are below or above the median age of 18 for a home in the data set. Both 

graphs show evidence of parallel trends between flood zone and non-flood zone homes before 

the reforms. Until just before the reforms went into place, the flood zone and non-flood zone 

homes trended practically together. Once the reforms are enacted, there is a deviation from those 
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trends as the two groups appreciate independently. These two graphs provide a strong 

counterfactual that differences in the flood zone and non-flood zone groups, dependent on the 

home’s age, are influenced by the reforms. That being said it is interesting to note that the largest 

deviations occur in the Below Median Age sample, which could be an indication that younger 

homes have a greater differential effect between flood zone and non-flood zone homes as a result 

of the reforms. The deviation in the Above Median Homes sample does not occur until after a 

year into BW12. The deviation in this group also seems to level out after the reforms as the flood 

zone and non-flood zone groups return to similar appreciation patterns.  Figure 5 indicates that 

both groups satisfy the parallel trends assumption, however, the differential effect on flood zone 

and non-flood zone homes caused by the reforms seems to be greater for younger homes. 

Model 1 is run using both the BW12 Only reform periods and the Combined Effects 

reform periods for the full, coastal, and non-coastal samples.  

log
   , ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , )+𝛽 (𝐹Z ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝐴𝑔𝑒 , , +𝜀 , ,                                                    (4) 

The coefficient, 𝛽  , on the interaction between the flood zone dummies and the reform period 

dummies indicates the difference in the price appreciation of a flood zone home bought and sold 

in the particular reform period compared to a similar home located outside of a flood zone 

bought and sold in the same period. A positive coefficient means that flood zone homes 

experience more appreciation in a particular period than non-flood zone homes do in the same 

period. A positive result would indicate that there is a price premium for flood zone homes and 

that the benefits of being located in a flood zone are greater than the increased costs and risks. 

On the other hand, if the sign of 𝛽  is negative, it means that homes in flood zones depreciate in 

a given reform period relative to non-flood zone homes, indicating there is a price discount for 

flood zone homes. Consistent with much of the literature, I hypothesize that the sign on the 

coefficients for the flood zone reform period interactions will be negative for all periods, 

implying there is a price discount for flood zone homes.20  However, I anticipate that the 

coefficient will be more negative for the reform periods compared to the pre-reform period, 

 
20 Bin, Kruse, Landry (2008), Dehring (2006), Harrison, Smersh, Schwartz (2001), Indaco, Ortega, and Taşpınar 
(2019) find price discounts attributed to a property’s flood zone status. 
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𝑆 𝑃 . These results would suggest that the reforms negatively impact flood zone homes 

compared to non-flood zone homes, increasing the price discount.  

Specifically, I expect that the negative coefficient will increase in each subsequent reform 

period as the premiums were scheduled to raise annually and more homes are subject to premium 

increases in later periods. In the Combined Effects Model, the effects on each reform period are 

distributed across more periods and therefore may be more diluted. I expect that the coefficients 

for the BW12 reforms will be more negative than the HFIA reform periods due to the softer 

premium increases, refunds issued, and reinstallation of the grandfathering provision in the later 

reform. The HFIA reform periods are expected to have a price discount for flood zone homes 

that is more negative than the pre-reform period discount, but less negative than in the BW12 

reform periods. It is anticipated that the price discount will gradually stabilize in each subsequent 

HFIA period indicating a shift to a new base level flood zone discount as homeowner 

expectations adjust to a new premium structure.  

 The coefficient, 𝛽 , on the triple interaction terms, 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒, show 

how the age of the home at the time of the sale influences the effect of the reforms on flood zone 

homes compared to non-flood zone homes. The net effect of the reforms on flood zone home’s 

age compared to an equivalently aged non-flood zone property is the sum of the coefficients 

𝛽 +𝛽  for the given reform period. To contextualize the interpretation of these coefficients it is 

helpful to consider the following equation;  

𝑁𝑒𝑡 𝐸𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝐹𝑙𝑜𝑜𝑑 𝑍𝑜𝑛𝑒 𝐻𝑜𝑚𝑒 = (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠) + (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒) ∗

(𝐴𝑔𝑒)                            (5) 

The net effect will show how much appreciation or depreciation a flood zone home of a 

particular age and reform period can expect to realize compared to a non-flood zone home of the 

equivalent age and reform period. I hypothesize that net effect in the control period, 𝑆 𝑃 , 

will be negative due to the anticipated flood zone price discount. Model 1 is run across the full 

sample, as well as for the coastal and non-coastal subsamples to see if there is a differential 

impact of the reforms depending on the general proximity to the coast. These subsample 

regressions will highlight if there is a coastal amenity effect for flood zone properties.   
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5.1.2. Model 2: Secondary Residence Model  
 
 A key question in this study is how flood zones and reforms to the NFIP differentially 

impact primary and secondary residences. Primary residences may be more sensitive to flood 

risk than secondary residences. Flood damage to a primary residence disrupts the homeowner’s 

lifestyle and may make their homes inhabitable, forcing them to temporary or permanently seek 

alternative shelter. Secondary residences do not face the flood risks of their properties quite as 

personally, as these homes are typically secondary investment opportunities, rental properties, or 

vacation homes.  

Figure 6. Residence Type Parallel Trends Graphs 

      
Source: The figure is compiled using data from the FDOR and FEMA FIRMs. Notes: I collapsed the average repeat 
sales for flood zone and non-flood zone properties by the year and quarter, for both the “Primary Resident” and 
“Secondary Resident” groups to produce quarterly average repeat sales appreciation over the study period. The 
figure on the left depicts the trend patterns for flood zone and non-flood zone homes that are Primary Residences. 
The figure on the right depicts the trend patterns for flood zone and non-flood zone homes that are Secondary 
Residences. BW12 is equal to July 2012 and HFIA is equal to March 2014.  
 
 Figure 6 is an analogous graph to Figures 4 and 5 that is used to show whether the 

parallel trends assumption for primary and secondary flood zone and non-flood zone homes 

holds. Both primary and secondary homes show some evidence of parallel trends between the 

flood zone and non-flood zone groups before the treatment period. There are clear deviations 

between flood zone and non-flood zone homes in both graphs indicating that the reforms have a 

differential impact on the two types of homes in both the primary and secondary categories. The 

flood-zone homes in the Secondary Resident sample on the right deviate more noticeably than 

the Primary Resident sample on the left. Both graphs show a renewed deviation in the two 

groups following HFIA. Interestingly, the differential effects among flood zone and non-flood 

zone homes in both the primary and secondary samples level out over time and eventually fall in 
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line with one another, as they were in the pre-reform period. This may indicate that the effects of 

the reforms on primary and secondary flood zone homes compared to non-flood zone homes are 

only temporary.  

Model 2 explicitly highlights these differences between primary and secondary flood 

zone homes. Model 2 is a modification of Model 1 specified by Equation 4 below; 

log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , )+𝛽 (𝐹Z ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 )+𝜀 , ,                           (6) 

 Model 2 replaces the triple interaction between 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒  in Model 

1 with the triple interaction 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦. Model 2 is run for both the 

BW12 reform periods and the Combined Effects reform periods. The net effect of the reforms on 

secondary residences in a flood zone is the sum of the coefficients 𝛽 +𝛽 . A negative sum 

indicates that secondary flood zone homes depreciate due to the reforms relative to secondary 

non-flood zone homes. Conversely, a positive coefficient implies that secondary flood zone 

homes appreciate relative to secondary non-flood zone homes and therefore realize a net benefit 

due to the reforms.  

 I expect that the net effect of the reforms on secondary residences in the  𝑆 𝑃  reform 

period will be negative implying that these homeowners experienced a greater burden of the 

reforms. A key provision of BW12 stated that a primary homeowner during this period would 

not be subject to any premium increases unless their policy lapsed during this time, their property 

experienced multiple destructive flooding events, or the property sold, whereas secondary 

residences were subject to immediate premium increases. For this reason, the price differential 

between equivalent secondary and primary flood zone homes during the first reform period is 

expected to be quite high. In the next reform period, 𝑆 𝑃 , all homeowners, secondary and 

primary, are subject to premium increases if they previously received subsidized rates. 

Therefore, the price differential between the two groups is expected to decrease, bringing them 

more in line with one another.  

5.1.3. Model 3: Grandfather and Pre-FIRM Models  
 
 This model enhances Model 1, which tests if the effect of the reforms on flood zone 

homes compared to non-flood zone homes depends on the age of the home. The potential age 
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effect may be partially due to the increased likelihood that an older home qualifies for a 

subsidized premium, by directly identify Grandfathered and Pre-FIRM properties.  

 In keeping with Models 1 and 2, Model 3 uses both BW12 Only reform periods and the 

Combined Effects reform periods.  

log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 (𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , )+𝛽 (𝐹Z ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝐺𝑟𝑎𝑛𝑑𝑓𝑎𝑡ℎ𝑒𝑟 )+𝛽 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝑃𝑟𝑒𝐹𝐼𝑅𝑀 +

𝜀 , ,                                                                                  
(7) 
 
 The results on the coefficient 𝛽  , are expected to remain in line with the predictions draw 

in Models 1 and 2. The triple interaction terms, 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐺𝑟𝑎𝑛𝑑𝑓𝑎𝑡ℎ𝑒𝑟 and 

𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑃𝑟𝑒𝐹𝐼𝑅𝑀 isolate the effect the reforms have on the properties that 

were receiving subsidized rates before the reforms. It is anticipated that these properties will 

experience more of the effects of the reforms because they were previously paying much lower 

rates and therefore their premium increases as a result of the reforms will be quite large. The net 

effect of the reforms on Grandfathered properties is the sum of the coefficients 𝛽 +𝛽  for a 

given reform period. Similarly, the net effect of the reforms on Pre-FIRM homes is the sum of 

the coefficients 𝛽 +𝛽 .  

As was the case with the net effect on Age and Secondary in Models 1 and 2, I predict 

that the net effect in the control period, 𝑆 𝑃 , will be negative due to the anticipated base-line 

flood zone price discount. I expect the price discount for Grandfathered and PreFIRM flood zone 

homes in the pre-reform period to be less than for the flood zone properties as a whole because 

these two types of properties receive subsidized rates during this time. Therefore the cost of 

living in a flood zone for Grandfathered and Pre-Firm properties is less than for flood zone 

properties that do not receive insurance premium subsidies. In terms of the coefficients, this 

would mean that 𝛽 < 𝛽 +𝛽   and 𝛽 < 𝛽 +𝛽 .  

In the post-reform periods the net effect price discount is expected to increase for 

previously subsidized flood zone homes, and to be greater in absolute value than the price 

discount for all flood zone properties. In other words, I except 𝛽 > 𝛽 +𝛽   and 𝛽 > 𝛽 +𝛽 . 

This result would indicate that the reform had a greater negative impact on subsidized flood zone 

properties than non-subsidized flood zone properties. I expect the price differential between 
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flood zone and non-flood zone properties to be greater in BW12 periods than the HFIA periods 

due to the more punitive measures of the initial reform placed on subsidized properties.  

Model 3 is run using the BW12 Only and the Combined Effects reform dummies. Given 

the way that Grandfathered properties are classified in this study, there are some concerns that 

the Grandfathered category may be capturing properties that are not eligible for subsidized rates. 

There are a handful of counties whose FIRMs were updated in 2018 and 2019 which would place 

almost all of the homes built before 2018 in those counties into the Grandfathered category. To 

account for this possibility, Model 3 is run on a sample that excluded the 19 counties whose 

FIRMs were updated in 2018 and 2019.21 Additionally, to understand if there are differences 

between the subsidized groups, Grandfather and PreFIRM, Model 3 is run using only the 𝐹Z ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑃𝑟𝑒𝐹𝐼𝑅𝑀 interaction term to isolate the effect of the reforms on PreFIRM 

properties only. PreFIRM designations are more strictly defined and therefore may be a more 

reliable measure of properties that were receiving subsidies before the reforms. 

5.1.4. Model 4: Base Flood Elevation Model  
 

Model 4 uses the specification in Equation 3 with Base Flood Elevation, BFE, levels as 

the measure of a home’s flood risk. This method provides a closer analysis of the effects of 

reforms concerning flood risk variation within flood zones. Due to the mixed results in the 

existing literature concerning the effect of flood status on home values, the BFE method is 

implemented with the hopes to better represent how homes in high flood risk areas reacted to 

BW12 and HFIA. All specifications of Model 4 use the following regression equation;  

 

log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 BFE ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , +𝛽 BFE ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗ 𝐴𝑔𝑒 , +𝜀 , ,                  (8) 
 

Model 4 is run for the full sample using both the BW12 Only and Combined Effects reform 

periods. To isolate the within flood zone risk variations, Model 4 was run using the full samples 

as well as Flood Zone only samples. Observations with BFE values that were more than 3 standard 

 
21 Excluded counties include, Alachua, Bradford, Columbia, Dixie, Duval, Flagler, Gilchrist, Glades, Hamilton, 
Hendry, Lee, Levy, Martin, Orange, Saint Johns, Saint Lucie, Suwannee, Taylor, and Union 
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deviations from the mean BFE were considered outliers and were not used in the samples for 

Model 4.22 

The coefficient, 𝛽 , on the interaction terms, BFE ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠, is the main 

independent variable that demonstrates how much a home will appreciate or depreciate if the 

BFE requirement for the home increased by 1 foot for a given reform period. The net effect of 

the reforms on the age of the home is the sum of 𝛽 +𝛽 , which indicates the effect that one 

additional BFE for a particular aged home has on a home’s appreciation during a given reform 

period, however, in this model, BFE ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒, is mainly used as a control 

term.  I anticipate that the sign on all these coefficients will be negative indicating that the 

greater the flood risk a home is subject to, the greater the price discount on the home. I expect 

these negative valuations on properties to be greater in the post-reform periods. In general, the 

higher the BFE – and therefore the higher the flood risk – the higher the insurance premiums for 

the home, which could increase the cost of living in high-risk areas, and thus make the price 

discount greater.  

Model 4 is also run on the subsample of homes in Monroe County. Monroe County offers 

a unique setting to evaluate flood zone effects more closely as it encompasses the Florida Keys 

which is an area that is severely impacted by hurricanes. There are a total of 2,116 repeat home 

sale observations in Monroe County with 87% of the homes located in a flood zone. Monroe 

County is subject to strict building regulations due in part to flood zone policies and other 

environmental regulations and building codes. Accessibility to the Keys is limited making it 

expensive to develop the land and build new homes. As a result, there is relatively no new home 

construction occurring in Monroe County. This means that most of the homes in the county are 

older homes, Pre-FIRM properties, or Grandfathered properties. The average age of a home in 

Monroe County is 35. The average BFE for a home in the county is 7.14 feet and ranges from 0- 

15 feet indicating the flood risk varies by a lot. Only 572, or 26%, homes in the Monroe County 

sample are primary residences meaning that the majority of the homes in this subsample are 

secondary homes that faced immediate premium increases if they were previously receiving 

subsidized rates. Because homes in Monroe County are at a high risk of flood hazards and the 

unique distribution of home types in the county, it is a prime sample for a closer analysis of the 

 
22 There are 62,045 observations whose BFE levels were greater than 3 standard deviations from the mean and 
therefore were not used to generate the results of Model 4.  
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effect the reforms have on flood zone properties. Table 3 highlights the key summary statistics 

for the Monroe County sample. Because of the smaller geographic range of the Monroe County 

sample, zip code fixed effects were used in place of county fixed effects, in addition to the time 

fixed effects used in all previous models.  

Table 3. Monroe County Summary Statistics  

Variable  Description Mean  St. Dev.  Min  Max  
Sale Price Sales Price ($) for the second sale for a given 

home  
 $784,712.60   $671,650.10    $80,000   $7,175,000  

Purchase 
Price 

Sales Price ($) for the first sale for a given 
home  

 $574,578.30   $511,635.20   $32,500   $5,750,000  

Repeat Sales Log(Sale_Price/Purchase_Price)  0.33 0.33 -1.37 2.03 

HVI % Change in the Zillow Home Value Index 
(calculated based on a waterfall of Zip, County, 
State) 

4.97 5.19 -21.32 14.93 

BFE Base Flood Elevation for homes located in A 
or VE Zones 

7.14 3.06 0 15 

FZ 1 if in a SFHA Flood Zone, 0 otherwise  0.87 0.34 0 1 

S P  1 if Sold and Purchased before BW12, 0 
otherwise (used as the omitted category for 
analysis) 

0.05 0.21 0 1 

S P  1 if Purchased before BW12 and Sold after 
BW12 but before HFIA, 0 otherwise 

0.08 0.27 0 1 

S P  1 if Purchased and Sold after BW12 but before 
HFIA, 0 otherwise 

0.01 0.11 0 1 

S P  1 if Purchased before BW12 and Sold after 
HFIA, 0 otherwise  

0.40 0.49 0 1 

S P  1 if Purchased after BW12 but before HFIA 
and Sold after HFIA, 0 otherwise  

0.18 0.39 0 1 

S P  1 if Purchased and Sold after HFIA, 0 
otherwise 

0.28 0.45 0 1 

Age Age of the house at the time of the second sale 34.85 23.75 0 145 

Grandfather 1 if Year Built is before most recent map 
update, 0 otherwise  

0.76 0.43 0 1 

PreFIRM 1 if Year Built is before initial FIRM was 
implemented in the county, 0 otherwise  

0.23 0.42 0 1 

Secondary 1 if the home is a secondary residence (no 
homestead exemptions), 0 otherwise  

0.73 0.44 0 1 

Coverage The amount of flood insurance coverage for 
each home as a proportion of the insurance 
caps 
                = min {$250,000/Sale Price, 1} 

40.50% 26.58% 0% 100% 

Total 
Observations 

          
2,116.00  

      

Source: Summary statistics calculated using data from FDOR, FEMA FIRMs, and Zillow. Notes: The key summary 
statistics for the Monroe County sample are used in a specification of Model 4.  
 

5.2 Limitations  
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The repeat sales model employed in this study does have some limitations. The repeat 

sales method requires a home to have sold at least two times over the study period and therefore 

may exclude a large set of available data that comprise homes that have sold only once (Case and 

Shiller 1987). This requirement also means that the method biases the data set towards older 

homes and misses the subsection of new home sales that have not sold for a second time during 

the study period (Zou and Mendelsohn, 2018). In the case of flood zone regulations, this could 

mean that homes built under stricter building codes and with advanced technology that could 

mitigate flood risk are not represented in the sample. That being said, the two reforms under 

investigation in this study are targeted towards older, subsidized homes and therefore they may 

not have a large effect on new home sales.23 The loss of observations does not seem to pose a 

large issue to this study because of the large amount of data initially available and the length of 

the study period. When the data set is restricted to only repeat sales there are still a large number 

of observations.  

 The second limitation of the repeat sales method is that it does not account for major 

changes to the home that may impact its value such as renovations, additions, or demolition (Zou 

and Mendelsohn, 2018). The repeat sales method does a good job of controlling for those 

features of a home that do not change between sales, however, without appropriate controls for 

quality changes, renovations, or demolitions, there is a concern that the constant quality 

assumption may be violated without our knowledge. 

In all empirical analyses of real estate data, there is a concern of spatial autocorrelation 

between properties in neighboring areas (Bin et al., 2008). Spatial autocorrelation is the idea that 

there may be a correlation between the distance between homes and their prices (OECD, 2013). 

There is a certain degree of information conveyed in one home’s sale price that could affect the 

sales price of its neighbor but does not have anything to do with the property itself. Properties in 

a similar neighborhood tend to appreciate or depreciate along the same lines due to similar 

locational attributes and neighborhood reputations (Bin et al., 2008). With reforms in general, 

and particularly flood zone policies, there is the potential that a specific reform one home is 

subject can cause a price change in neighboring properties (Severn and Plantinga, 2018). This is 

sometimes referred to as a spillover effect and could lead to a non-flood zone home that is close 

 
23 Models were run using only new home sales in the data set to account for this limitation. The results did were not 
significant. Results available upon request.  
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in proximity to a flood zone home to realize some of the reform effects, even if it is not subject 

to any policy changes (Severn and Plantinga, 2018; Zou and Mendelsohn, 2018). The direction 

in which autocorrelated properties move with one another depends on if they are substitutes or 

complements (Zou and Mendelsohn, 2018). This study controlled for this issue by using county 

fixed effects and the HVI control, however, zip code fixed effects may provide a stronger 

control. 

 Another way to control for this limitation would be to utilize the methods proposed by 

Severn and Plantinga (2018). They conduct a study using a spatial difference-in-differences 

method to estimate the effect of coastal building regulations in Southern California. This method 

first requires the identification of properties that reside on either side of a regulatory boundary. 

Once these spatial indicators are created, a difference-in-differences regression, similar to the 

ones used in this study, are run, however, the differences between regulated and unregulated 

observations are spatially bound to one another, providing a very strong counterfactual that the 

differences among the groups are in fact due to the regulation (Severn and Plantinga, 2018). My 

data set is limited in that it only allows for a broad identification of flood zone and non-flood 

zone properties. One area for further development of this study is to run these models using a 

data set where border flood zone properties that reside just within and just outside of a flood 

zone can be identified. The BFE models were developed to overcome this potential drawback by 

using the most granular measures of flood risk available in this study’s data set.   

As with any empirical analysis, there is the potential for omitted variable bias. This study 

could be enhanced by additional home characteristic controls that are not available through the 

property appraiser data set. One key variable that would help isolate the coastal amenity effect is 

a waterfront variable or a measure of a property’s distance from the coast. This is another area 

for further research. Demographic controls and other distance measures to various attributes such 

as airports and business districts have also been included as controls in other studies (Atreya and 

Czajkowski 2019) (Bin et al., 2008).  

6. Results  
Models 1-3 are difference-in-differences regressions using the Repeat Sales variable as 

the dependent variable. The key independent variables are HVI, the 𝐹Z ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 

interactions, and a series of triple interactions that specify how different types of properties in 

flood zones react to the reforms. Model 4 also conducts a difference-in-differences regression 
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with the Repeat Sales variable as the dependent variable. The key independent variables in this 

model are HVI, the 𝐵𝐹𝐸 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 interactions, and analogous triple interaction 

terms to Model 1. As mentioned previously, all models are regressed with county and time fixed 

effects. The results of the four models are discussed below followed by a description of the 

robustness checks performed and their results. 

 

6.1 Model 1: Main Results  
  
 Table 4 displays the main results from Model 1 for the full, coastal, and non-coastal 

samples using both the BW12 Only and the Combined Effects reform periods. In the full and 

coastal samples, the coefficients on the flood zone reform period interactions are negative and 

significant in all periods. The non-coastal sample results are less significant and produce mixed 

results on the reform period coefficients. Over the full sample, there is a significant price 

discount for flood zone homes compared to non-flood zone homes. 

  

Table 4. Model 1 Results 
Dependent Variable: Repeat Sales 

  BW12 Only  Combined Effects 

 
Full 
Sample 

Coastal 
Counties 

Non-
Coastal 
Counties 

Full 
Sample 

Coastal 
Counties 

Non-Coastal 
Counties 

HVI 0.0124*** 0.0131*** 0.0119*** 0.0124*** 0.0131*** 0.0119*** 

 (82.76) (74.07) (38.60) (82.69) (73.92) (38.68) 
FZ ∗ S P  -0.0541*** -0.0574*** 0.0191 -0.0546*** -0.0575*** 0.0190 

 (-6.35) (-6.25) (0.83) (-6.41) (-6.26) (0.82) 
FZ ∗ S P  -0.0686*** -0.0937*** 0.0404** -0.0758*** -0.0791*** -0.0415 

 (-17.06) (-22.09) (3.21) (-8.83) (-8.81) (-1.47) 
FZ ∗ S P  -0.103*** -0.100*** -0.120*** -0.0547*** -0.0358* -0.182*** 

 (-29.98) (-27.79) (-10.66) (-3.86) (-2.37) (-4.24) 
FZ ∗ S P      -0.0662*** -0.0974*** 0.0600*** 

     (-14.69) (-20.46) (4.28) 
FZ ∗ S P      -0.123*** -0.128*** -0.150*** 

     (-21.37) (-21.41) (-7.39) 
FZ ∗ S P      -0.0967*** -0.0905*** -0.0989*** 

     (-22.25) (-19.75) (-6.96) 
Age ∗ FZ ∗ S P  0.000859** 0.00118*** -0.000700 0.000851** 0.00117*** -0.000703 

 (3.20) (4.24) (-0.62) (3.17) (4.22) (-0.63) 
Age ∗ FZ ∗ S P  0.00322*** 0.00339*** 0.00104* 0.00250*** 0.00250*** 0.00512*** 

 (26.80) (27.50) (2.05) (9.27) (9.09) (3.95) 
Age ∗ FZ ∗ S P  0.00239*** 0.00232*** 0.00469*** 0.000714 0.000348 0.00632*** 

 (27.11) (25.81) (12.10) (1.84) (0.87) (3.45) 
Age ∗ FZ ∗ S P      0.00338*** 0.00360*** 0.000228 



40 
 

     (25.20) (26.21) (0.41) 
Age ∗ FZ ∗ S P      0.00358*** 0.00346*** 0.00623*** 

     (22.61) (21.48) (8.21) 
Age ∗ FZ ∗ S P      0.00200*** 0.00195*** 0.00394*** 

     (18.26) (17.39) (8.39) 
_cons 0.226*** 0.341*** 0.267*** 0.226*** 0.340*** 0.268*** 
  (13.83) (33.45) (13.55) (13.83) (33.36) (13.58) 
N 405636 274260 131376 405636 274260 131376 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. N = number of observations in each model. BW12 Only Models use 
the reform periods as defined in Figure 3.2. Combined Effects Models use the reform periods as defined in Figure 
3.1. All models used County Fixed effects and YearSold*YearPurchased Fixed Effects.  
 

 In the pre-reform period 𝑆 𝑃 , the price discount is 5.5% in the full sample and 5.7% 

in the coastal sample, which is consistent across the BW12 Only and Combined Effects Models. 

This means that before any reforms, a flood zone home, on average, experienced 5.5% 

depreciation compared to a home located outside of a flood zone in the full sample, and 5.7% 

deprecation in the coastal sample. The coefficients on 𝐹𝑍 ∗ 𝑆 𝑃  in the BW12 Only and 

Combined Effects models for the non-coastal sample are not significant. This implies that before 

any reforms are enacted, there are no meaningful differences between flood zone and non-flood 

zone homes in non-coastal counties, as there are in coastal counties.  

 In the BW12 Only model, the price discount for the full and coastal samples increased in 

each subsequent reform period. Two-sided t-tests are conducted to see if the coefficient on the 

pre-reform interaction term is statistically different from the post-reform interaction terms. 

Rejecting the null hypothesis that the two coefficients are equal allows the change in the price 

discount for a particular reform period to be attributed to the impact of the reform, rather than the 

general flood zone discount. The price discount is only statistically different from the pre-reform 

price discount in the later BW12 reform period, 𝑆 𝑃 , for the full sample. The negative effect 

of BW12 is more pronounced in the coastal sample, where the higher flood zone price discounts 

are statistically different from the pre-reform period for both BW12 reform periods, indicating 

that there is a negative policy effect for the BW12 reform on the coastal sample. In the final 

BW12 reform period, 𝑆 𝑃 , the flood zone homes in the two sample groups resulted in 

equivalent price discounts of 10% due to the BW12 relative to non-flood zone homes. These 

results are in line with what was expected and confirm that BW12 ultimately had a significant 

negative impact on flood zone homes using this model. 
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Flood zone homes in the non-coastal sample in the first BW12 reform period, 

experienced a price appreciation of 4% relative to non-flood zone homes. While the coefficient 

on 𝑆 𝑃 , shows that flood zone homes in non-coastal counties that were bought and sold after 

BW12 experienced 12% depreciation compared to non-flood zone homes bought and sold after 

BW12, it is not statistically different from the pre-reform discount, and therefore cannot be 

attributed to the policy change itself. These results indicate that BW12 did not negatively impact 

flood zone homes in non-coastal counties, and may have even benefited them in the initial stages 

of the reform.   

 In the Combined Effects models, BW12 no longer has an impact on the flood zone price 

discount in the full and coastal samples. The increased flood zone price discounts across all 

samples in the final two reform periods can be attributed to HFIA policy changes. Additionally, 

HFIA has an immediate negative impact on flood zone homes in the coastal sample beginning in 

the first HFIA reform period, 𝑆 𝑃 . Compared to a non-flood zone home, a flood zone home 

in a coastal county bought before any reform and sold after HFIA, a flood zone home 

experiences a 9.7% depreciation between sales. HFIA negatively affects the value of flood zone 

homes, with coastal flood zone homes experiencing these effects over the longest period. There 

is some evidence of differences in the way that the reforms impact flood zone property values in 

coastal and non-coastal counties. As was initially hypothesized, the HFIA policy reform effects 

on flood zone homes level out in the final reform period, 𝑆 𝑃 , resulting in roughly 9-10% 

depreciation for a flood zone home compared to a non-flood zone home in all three samples. As 

a whole, the results from Model 1 show that there is an overall price discount for flood zone 

properties. The results of the Combined Effects model implies that the BW12 Only model was 

probably capturing the HFIA effect rather than any policy effects attributed to BW12. While the 

changes in the flood zone price discount in the initial reform periods cannot be attributed to the 

BW12 policy changes, the HFIA reform did cause significant increases in the price discount for 

flood zone homes resulting in greater levels of depreciation than in the pre-reform period. The 

effects of HFIA on the coastal sample were more immediate, with non-coastal communities 

experiencing a delayed reaction to the reforms.  

The coefficients on 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒 are positive and significant in all 

reform periods for the full and coastal samples. They are also positive and significant in the non-
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coastal sample for all post-reform periods.24 The positive coefficients indicate that older homes 

appreciate more than younger homes. Equation 5 helps contextualize the results of this model in 

a meaningful way. Because the flood zone reform coefficients are negative and the age 

interaction coefficients are positive, the net effect depends on which coefficient has a larger 

absolute value.  

Two-sided t-tests are performed to determine whether the net effects of reforms for flood 

zone properties with respect to the home’s age are significantly different from 0 for each reform 

period. The null and alternative hypotheses are shown in Equation 9;  

Hypothesis Test for Net Age Effects:  

𝐻 : 𝛽 +𝛽 = 0                                                                              (9) 

                  𝐻 : 𝛽 +𝛽 ≠ 0                                                                                                 

The net age effects in all reform periods are statistically different from 0 at the 5% significance 

level for the full and coastal samples.  

 In the BW12 Only models, the net effects between the flood zone and age interaction 

terms are negative in all periods for the full and coastal samples. These results indicate that the 

flood zone price discount is greater than the positive appreciation associated with older homes. 

To give context, a 10-year home in a flood zone is expected to depreciate 4.6% compared to a 

10-year-old home outside of a flood zone in the pre-reform period for both the full and coastal 

samples. These results hold in the Combined Effects model as well. As was the case with the 

𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠, the changes to the net effect flood zone price differential between the 

pre-reform and post-reform period are mainly attributed to the HFIA policy rather than the 

BW12 policy. The net effects of HFIA on a 10-year-old flood zone home in the full and coastal 

samples range from 7-9% depreciation compared to a 10-year old non-flood zone home in the 

later HFIA periods for the costal sample. The negative net effects of HFIA on a flood zone home 

in the non-coastal sample are less than in the coastal sample, with price depreciation ranging 

from 5-8% in 𝑆 𝑃  and 𝑆 𝑃 .  

 Since the net effects in the full and coastal samples are negative across all reform 

periods, there is a particular age of a home at which the positive home price appreciation 

associated with older homes overwhelms the negative flood zone effect. The age at which this 

 
24 The coefficient on 𝐹𝑍 ∗ 𝑆 𝑃  is not significant in the non-coastal sample. 
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occurs can be determined for each reform period by setting the net effect in Equation 5 equal to 0 

and solving for Age, as shown below;  

0 < (𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠) + (𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒) ∗ 𝐴𝑔𝑒               (10) 

The greater the age of the home required for the negative effect to be overwhelmed implies that 

the flood zone price discount has more influence over the age appreciation effect. Using 

Equation 10, it can be calculated that the age of a flood zone home in the pre-reform period 

where the flood zone price discount becomes positive is 64 years in the full sample and is 50 

years in the coastal sample, while results are not significant in the non-coastal sample. 

The question can then be asked, by how much do the reforms increase the flood zone 

effect and thus make it harder for the age benefits to result in net apperception? In other words, 

does the age at which the flood zone effect is overwhelmed by the age appreciation effect change 

between reform periods? There is a good deal of variation in the age threshold required to turn 

the net effect of the reform positive. Across all three samples, the reform period that requires the 

greatest age to overwhelm the negative net effect of the reforms for flood zone homes is in the 

𝑆 𝑃  period. A flood zone home bought and sold after BW12 must be 77 years old, 103 years 

old and 29 years old in the full, coastal, and non-coastal samples respectively, for the net effect 

to become positive, however price discounts in this period are not caused by the BW12 reform so 

it may be an indication of other factors at play during this period.  In the final reform period, 

𝑆 𝑃 , the ages at which the age effect overwhelms the flood zone effect levels out to 48 

years, 46 years, and 25 years in the full, coastal, and non-coastal samples – all of which are lower 

than the pre-reform period age thresholds.  

 Across all reform periods, the age of a flood zone home in a non-coastal county needed to 

overwhelm the flood zone price discount is much lower than in the full and coastal samples. This 

is consistent with the results of the net age effects for the two groups which indicate that non-

coastal flood zone homes experienced less depreciation as a result of HFIA than did coastal flood 

zone homes.  This assertion is amplified by the fact that certain periods produce positive net 

effects indicating there is a price premium for flood zone homes compared to non-flood zone 

homes, regardless of the age of the home. 

 

6.2 Model 2: Secondary Residence Model Results 
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The results of Model 2 confirm the evidence of an overall price discount for flood zone 

properties compared to similar non-flood zone properties that are found in Model 1.   

Model 2 is run on the full sample for both the BW12 Only and the Combined Effects reform 

periods.  Table 5 shows the results for Model 2. The coefficients on 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 

terms establish a similar price discount of 5% for flood zone homes compared to non-flood zone 

homes as in Model1. While there are fluctuations in the price discount in the intermediary reform 

periods, in the final HFIA reform period, the price discount returns to the pre-reform level. 

Model 2 does not provide evidence that the reforms had a significant impact on the value of 

flood zone homes.  

Table 5. Model 2 Results  

Secondary Residence Model  

Dependent Variable: Repeat Sales 

  BW12 Combined Effects 
HVI 0.0126*** 0.0126*** 

 (84.19) (84.31) 
FZ ∗ S P  -0.0517*** -0.0553*** 

 (-5.80) (-6.20) 
FZ ∗ S P  -0.00649 -0.0319*** 

 (-1.73) (-3.77) 

FZ ∗ S P  -0.0498*** -0.0468*** 

 (-16.32) (-3.29) 
FZ ∗ S P    0.00104 

   (0.26) 

FZ ∗ S P    -0.0487*** 

   (-9.37) 

FZ ∗ S P    -0.0518*** 

   (-13.81) 
Secondary ∗ FZ ∗ S P  0.0296** 0.0339*** 

 (2.88) (3.29) 
Secondary ∗ FZ ∗ S P  0.0349*** 0.0279** 

 (7.44) (2.61) 

Secondary ∗ FZ ∗ S P  0.0338*** 0.0181 

 (8.97) (1.08) 
Secondary ∗ FZ ∗ S P    0.0363*** 

   (6.96) 

Secondary ∗ FZ ∗ S P    0.0476*** 

   (7.08) 

Secondary ∗ FZ ∗ S P    0.0325*** 

   (6.89) 

_cons 0.232*** 0.233*** 

  (14.18) (14.23) 
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N 405636 405636 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. BW12 Only Models use the reform periods as defined in Figure 3.2. 
Combined Effects Models use the reform periods as defined in Figure 3.1. All models are run on the full sample 
containing 405,636 observations and used County Fixed effects and YearSold*YearPurchased Fixed Effects.  
 

The coefficients on the triple interaction terms, 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 

are positive and significant for all periods in the BW12 Only and all periods, except  𝑆 𝑃 , in 

the Combined Effects models. Secondary flood zone homes experience a price premium relative 

to primary residents causing price appreciation that can act as a buffer against the flood zone 

price discount. Because these coefficients are positive while the coefficients on the 𝐹𝑍 ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 are negative, the net effect depends on which coefficient is greater. For most 

periods, the flood zone effect outweighs the secondary resident effect making the net effect 

negative. However, there is little evidence of a policy effect in this model, meaning that changes 

in the net effect of the flood zone price discount for secondary homes are not being caused by the 

reforms. 

As was the case in Model 1, two-sided t-tests are performed for all reform periods to 

determine whether the net effect of the reforms on secondary flood zone homes is significant. 

Equation 10 shows the null and alternative hypothesis;  

Hypothesis Test for Secondary Residences:  

𝐻 : 𝛽 +𝛽 = 0                                                                              (10) 

                              𝐻 : 𝛽 +𝛽 ≠ 0                                                                                                 

In the BW12 Only model, all net effects are significantly different from 0 at the 5% 

significance level. In the pre-reform period, secondary flood zone homes have a 2.21% price 

discount. The secondary flood zone price premium outweighs the flood zone price discount in 

the first BW12 reform period, 𝑆 𝑃 , resulting in net appreciation for secondary flood zone 

homes of 2.8%, although there is no evidence that this is due to the BW12. In the Combined 

Effects model, the net effect of a flood zone status on secondary flood zone homes are significant 

in all periods except, 𝑆 𝑃  and 𝑆 𝑃 . There is a net price discount in all periods except 

in 𝑆 𝑃  where a secondary flood zone home experiences a 3.7% appreciation. The 

differences between periods as to whether secondary flood zone homes generate a price premium 

or a price discount are not fully understood, however, the reforms do not have a significant 

impact on the property values of non-primary flood zone homes.  
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 In general, the positive coefficients on 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 indicate 

that there is a price premium for secondary homes located in a flood zone relative to primary 

residences located in a flood zone. That is to say that the benefits of non-primary ownership of a 

flood zone home are greater than the flood risk. While the net effects on secondary flood zone 

homes indicate there is a price discount for secondary flood zone homes relative to non-flood 

zone homes in most periods, there are certain times where the secondary resident benefit 

provides a positive buffer against the flood zone price discount and resulting in a price premium 

for secondary homes located in a flood zone. This could be because non-primary homeowners 

may not be present for flood events, or because flood damage does not displace or disrupt 

secondary homeowners from their homes as it does primary homeowners. Despite the reforms 

placing higher premiums on non-primary residences before primary residences, secondary flood 

zone homes are not significantly impacted by the reforms. Secondary homeowners may not be 

sensitive to reforms potentially because they are wealthier than primary residents. The average 

sales price for secondary residences in a flood zone is higher than the average sales price for 

primary resident flood zone homes ($508,071.90 and $442,088.30 respectively). If the higher 

sales price that secondary homeowners can afford is taken as evidence of greater overall wealth, 

and the fact that, as a secondary residence, it is assumed these owners can afford more than one 

home, the premium increases generated by the reforms may not affect them as much as primary 

residents because these costs are a relatively small percentage of their total wealth. There may 

also be amenity benefits inherent in secondary homes that are not in primary homes such as 

water frontage, luxury features, and locations closer to beaches, golf courses, and vacation 

attractions, that outweigh the flood risk and the increased costs of the two reforms.  

 

6.3. Model 3: Grandfather and PreFIRM Model Results 
 

Table 6 displays the main results for the Grandfather and PreFIRM models using the 

BW12 Only and Combined Effects Models. This model is motivated by the results of Model 1 

which indicates that there are differential effects of the reforms on flood zone homes that depend 

on their age. This could be due in part to the fact that Grandfather and PreFIRM subsidies are 

typically available for older homes. Model 3 uses the full sample, as well as a limited sample of 

counties whose FIRMs were updated before 2018. It is also run using a PreFIRM only 

specification for the full sample. 
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Table 6. Model 3 Results 
Grandfather and PreFIRM Models 

Dependent Variable: Repeat Sales  
 BW12 Combined Effects 

 Full Sample Full Sample  Limited Grandfather Pre-FIRM Only  

HVI 0.0124*** 0.0125*** 0.0116*** 0.0125*** 

 (82.91) (83.01) (68.11) (83.10) 
FZ ∗ S P  0.149*** 0.148*** 0.153*** -0.0517*** 

 (5.56) (5.54) (5.86) (-7.71) 
FZ ∗ S P  -0.0805*** 0.0115 0.0124 -0.0400*** 

 (-7.79) (0.47) (0.52) (-6.06) 
FZ ∗ S P  -0.0905*** -0.0275 -0.0300 -0.0542*** 

 (-14.86) (-0.72) (-0.80) (-5.06) 
FZ ∗ S P   -0.0991*** -0.0793*** -0.0123*** 

  (-8.74) (-7.16) (-3.69) 
FZ ∗ S P   -0.107*** -0.111*** -0.0623*** 

  (-9.70) (-10.25) (-14.59) 
FZ ∗ S P   -0.0851*** -0.100*** -0.0632*** 

  (-11.67) (-13.88) (-19.88) 
Grandfather ∗ FZ ∗ S P  -0.211*** -0.212*** -0.201***  

 (-7.68) (-7.73) (-7.44)  
Grandfather ∗ FZ ∗ S P  0.0662*** -0.0556* -0.0418  

 (6.24) (-2.22) (-1.69)  
Grandfather ∗ FZ ∗ S P  0.0318*** -0.0290 -0.0245  

 (4.92) (-0.73) (-0.63)  
Grandfather ∗ FZ ∗ S P   0.0933*** 0.104***  

  (7.99) (9.00)  
Grandfather ∗ FZ ∗ S P   0.0514*** 0.0710***  

  (4.38) (6.08)  
Grandfather ∗ FZ ∗ S P   0.0259*** 0.0458***  

  (3.30) (5.80)  
PreFIRM ∗ FZ ∗ S P  0.0621*** 0.0648*** 0.0503*** 0.0531*** 

 (5.69) (5.93) (4.28) (4.91) 
PreFIRM ∗ FZ ∗ S P  0.108*** 0.0861*** 0.0778*** 0.0822*** 

 (20.37) (7.29) (5.79) (7.03) 
PreFIRM ∗ FZ ∗ S P  0.0886*** 0.0516** 0.0460** 0.0495** 

 (21.81) (3.13) (2.70) (3.05) 
PreFIRM ∗ FZ ∗ S P   0.113*** 0.116*** 0.119*** 

  (19.01) (16.78) (20.34) 
PreFIRM ∗ FZ ∗ S P   0.126*** 0.122*** 0.132*** 

  (16.68) (14.59) (17.93) 
PreFIRM ∗ FZ ∗ S P   0.0761*** 0.0743*** 0.0802*** 

  (15.07) (13.53) (16.43) 
_cons 0.2268399 0.227*** 0.155** 0.227*** 
  -13.87 (13.87) (2.95) (13.89) 
N 405636 405636 311328 405636 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. BW12 Only Models use the reform periods as defined in Figure 3.2. 
Combined Effects Models use the reform periods as defined in Figure 3.1. Columns1, 2, and 4 are run on the full 
sample containing 405,636 observations and used County Fixed effects and YearSold*YearPurchased Fixed Effects. 
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Column 3 excludes observations in counties where the FIRM was updated after 2018 and includes 311,328 
observations.  
 

Contrary to the findings of Models 1 and 2, there is a significant price premium for flood 

zone homes in the pre-reform period for the full sample and limited Grandfather sample. The 

BW12 reform period interaction terms are only significant in the BW12 Only model and are in 

line with the findings of Model 1. In the Combined Effects Model for the full and limited 

Grandfather samples, the flood zone interaction coefficients are not significant for the BW12 

reform periods, confirming that BW12 did not have an impact on flood zone homes. In the HFIA 

reform periods, the coefficients are all negative and significant, with price discounts averaging 8-

10% in the final periods. As was the case in Model 1, the increased price discounts in the HFIA 

reform periods are a result of the policy changes put in place by HFIA. While it is unclear why 

this model shows a price premium in the pre-reform period for flood zone homes, it provides 

further evidence that HFIA policy changes negatively impacted flood zone home values. The 

𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 for the PreFIRM Only specification are all negative and significant and 

showing a similar flood zone price discount to Model 1, however, changes to the price 

differentials among flood zone and non-flood zone homes cannot be attributed to either reform in 

this model.  

Once again, two-sided t-tests were performed to determine whether the net effect of 

reforms for Pre-FIRM and Grandfathered properties were significantly different from 0 for each 

reform period. The null and alternative hypotheses are shown in equations 11 and 12;  

Hypothesis Test for Grandfathered Properties:  

𝐻 : 𝛽 +𝛽 = 0                                                                              (11) 

                 𝐻 : 𝛽 +𝛽 ≠ 0                                                                                                 

Hypothesis Test for Pre-FIRM Properties:  

                 𝐻 : 𝛽 +𝛽 = 0                                                                              (12) 

                 𝐻 : 𝛽 +𝛽 ≠ 0 

 The interaction terms 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐺𝑟𝑎𝑛𝑑𝑓𝑎𝑡ℎ𝑒𝑟 and 𝐹𝑍 ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝑃𝑟𝑒𝐹𝐼𝑅𝑀 are significant in all models. The coefficients on the PreFIRM 

interaction terms are positive in all models indicting that a PreFIRM flood zone property 

generates a positive benefit relative to a Post-FIRM property that does not receive any subsidies. 

The net flood zone effect on PreFIRM properties has mixed significance across reform periods, 
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however, the general trend results in a net price premium implying that the PreFIRM benefit is 

greater than the flood zone price discount. PreFIRM flood zone properties appreciate better than 

Post-FIRM properties and therefore may not realize the potential adverse effects of the reforms. 

The PreFIRM Only specification produces the most significant net effects for flood zone 

PreFIRM properties with experiencing as much as 10% appreciation compared to non-flood zone 

properties. While this may mainly be due to the subsidized insurance premiums, the positive 

PreFIRM benefit could also be caused by the age appreciation effect found in Model 1. PreFIRM 

properties are typically older than Post-FIRM properties and therefore the age appreciation effect 

on these properties may be greater than the flood zone depreciation effect associated with the 

reforms.  

 The results on the 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐺𝑟𝑎𝑛𝑑𝑓𝑎𝑡ℎ𝑒𝑟 interaction terms are less 

straightforward. In the BW12 Only model, there is a significant negative coefficient on the pre-

reform interaction term, while the sign of the coefficients on 𝑆 𝑃  and 𝑆 𝑃  are positive 

and significant. The net effects across all three reform periods are negative and significant 

implying that the flood zone reform effect outweighs any potential benefit generated by a 

grandfathered flood zone property. Unlike PreFIRM flood zone properties, flood zone homes 

that were eligible for grandfathered premiums are more sensitive to flood zone price discounts. 

In the Combined Effects Models using both the full and limited Grandfather sample, the net 

flood zone effect on grandfathered flood zone properties are negative and significant in all 

periods except 𝑆 𝑃 . Additionally, the differences in the net effect between reform periods 

can be attributed to both BW12 and HFIA. The negative net effect is in line with what was 

originally predicted and shows that a grandfathered flood zone home depreciated as a result of 

the reforms compared to a non-flood zone home. In the full sample, the price discounts for 

grandfathered flood zone homes range from 1-4% in the BW12 reform periods and 4-8% in the 

HFIA periods. These results indicate that HFIA had a more negative impact on grandfathered 

flood zone properties than did BW12, however, unlike previous models, BW12 does have a 

negative effect on flood zone properties and grandfathered properties in particular.  The results 

on the limited sample of grandfathered properties follow the same trends as the full sample.  

 The results of Model 3 indicate that flood zone properties that are eligible for insurance 

subsidies react differently to the reforms depending on the type of subsidized. PreFIRM flood 

zone properties experience a price premium that outweighs the flood zone price discount. 
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PreFIRM properties were not significantly impacted by either BW12 or HFIA. Grandfathered 

flood zone properties, on the other hand, were negatively impacted by both BW12 and HFIA, 

with HFIA hurting the value of a grandfathered home more than BW12. While these results 

highlight that the type of subsidy a property receives plays an important role in the impact of the 

reform on the home’s value, they may be more indicative of the overall age effect highlighted in 

Model 1. The average age for Grandfathered flood zone properties in the data set is 30 whereas 

the average age for PreFIRM flood zone properties in the data set is 52. The age of a flood zone 

home required for the age appreciation benefit to outweigh the flood zone reform costs range 

from 20-48 years old. This means that PreFIRM properties are generally above the age required 

for the positive home appreciation effect to outweigh the flood zone price discount, regardless of 

the reform period. Since Grandfathered properties are on average younger than PreFIRM 

properties, the age effect is less consistent for this group and may contribute to the difference in 

results.  

6.4 Model 4: Base Flood Elevation Model Results 
 
 In Model 4, base flood elevations (BFE) are used as the measure of flood risk instead of 

the flood zone dummy variable. Model 4 is run using the full sample and the Monroe County 

sample. The full sample results are found using BW12 Only reform periods and Combined 

Effects reform periods. The Combined Effects reform periods are also run using a sub-sample of 

flood zone only homes. The Monroe County Sample is run using BW12 Only reform periods as 

well as the Combined Effects reform periods with zip code fixed effects instead of county fixed 

effects in addition to the time interacted fixed effects from the previous models. The results are 

shown in Table 7.  

 
Table 7. Model 4 Results  
Dependent Variable: Repeat Sales 
BFE Models    

Dependent Variable: Repeat Sales   

                                                      Full Sample Results FZ Only Results Monroe County Results 

 
BW12 Combined 

Effects 
Combined 

Effects 
BW12 Combined 

Effects 
HVI 0.0135*** 0.0135*** 0.0117*** -0.00160 -0.00168 

 (80.67) (80.52) (31.10) (-0.22) (-0.23) 
BFE ∗ S P  -0.00931*** -0.00933*** -0.00248 -0.0242** -0.0248** 

 (-6.76) (-6.77) (-1.60) (-2.72) (-2.72) 
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BFE ∗ S P  -0.00962*** -0.00766*** -0.00569*** -0.0203*** -0.00523 

 (-16.94) (-6.11) (-4.17) (-6.22) (-0.77) 

BFE ∗ S P  -0.0108*** -0.00490* 0.00233 -0.0118*** -0.0156 

 (-21.10) (-2.07) (0.99) (-3.84) (-1.22) 

BFE ∗ S P   -0.0101*** -0.0101***  -0.0240*** 

  (-15.91) (-13.36)  (-6.74) 

BFE ∗ S P   -0.0117*** -0.00708***  -0.0111** 

  (-13.78) (-7.67)  (-2.59) 

BFE ∗ S P   -0.0111*** -0.00588***  -0.0117** 

  (-16.83) (-7.46)  (-2.79) 

Age ∗ BFE ∗ S P  0.000139*** 0.000138*** 0.0000901* 0.000543* 0.000539* 

 (3.48) (3.46) (2.42) (2.39) (2.39) 

Age ∗ BFE ∗ S P  0.000370*** 0.000238*** 0.000243*** 0.000343*** -0.000269 

 (22.81) (6.45) (7.11) (5.38) (-1.72) 

Age ∗ BFE ∗ S P  0.000229*** 0.0000206 0.0000413 0.0000154 -0.00128*** 

 (18.09) (0.34) (0.73) (0.25) (-3.79) 

Age ∗ BFE ∗ S P   0.000400*** 0.000404***  0.000468*** 

  (22.20) (24.10)  (6.75) 

Age ∗ BFE ∗ S P   0.000338*** 0.000351***  0.0000912 

  (15.09) (16.89)  (0.93) 
Age ∗ BFE
∗ S P   0.000198*** 0.000217***  0.0000262 

  (12.54) (14.54)  (0.33) 

_cons 0.272*** 0.272*** 0.121 -0.580* -0.579* 

  (15.16) (15.16) (1.42) (-2.22) (-2.23) 

N 344921 344921 60758 2116 2116 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. BW12 Only Models use the reform periods as defined in Figure 3.2. 
Combined Effects Models use the reform periods as defined in Figure 3.1. Columns 1 and 2 are run on the full 
sample and used County Fixed effects and YearSold*YearPurchased Fixed Effects. Column 3 is run using a sub-
sample of flood zone only properties. Columns 4 and 5 are fun on the Monroe County Sample and uses Zip Code 
Fixed Effects and YearSold*YearPurchased Fixed Effects. 
 
 In the full sample, the coefficients on 𝐵𝐹𝐸 ∗  𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 are all negative and 

significant for both the BW12 and Combined Effects reform periods. In the pre-reform period, a 

1 standard deviation increase in the BFE for a flood zone home results in a 2.8% depreciation in 

the home’s value.25 Generally speaking, an increase in a home’s BFE causes a depreciation in the 

value of the home. BFE is a signal of the degree of flood risk a property is subject to and 

therefore the greater the flood risks a home is exposed to, the more the home will depreciate 

between sales. The level of depreciation increases in each reform period, however in the BW12 

and Combined Effects models using the full sample, the negative flood zone effect is not 

 
25 The magnitude of these results from Model 4 are calculated by multiplying the standard deviation of BFE by the 
coefficient; (𝑠. 𝑑. 𝐵𝐹𝐸) ∗ (𝛽 ). For example, -0.028= 3.067 * -0.00933.  
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statistically different in the reform periods than the pre-reform period meaning that there is no 

evidence of a negative policy effect. The 𝐵𝐹𝐸 ∗  𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒 coefficients are 

positive and significant in each reform period using the full sample which is in line with the 

findings of Model 1, demonstrating that older homes appreciate more than younger homes. 

 In the flood zone only sample, the higher price discounts in the HFIA periods are a result 

of the HFIA policy changes. BW12 did not have a significant impact on the BFE depreciation 

rates, which is a general pattern across most models. Price depreciation caused by a 1 standard 

deviation increase in BFE range from 1.7-3% in each of the HFIA reform periods with 𝑆 𝑃  

realizing the largest negative impact of a higher BFE.26 The negative impact of HFIA decreases 

in each subsequent HFIA reform period for the flood zone sample which is anticipated given the 

nature of the policy that gradually implemented higher premiums. The flood zone only model 

compares flood zone homes to similar flood zone homes illustrating that, within flood zones, 

homes of a higher flood risk level are more negatively impacted than homes subject to lower 

flood risks.  

 The results of the Monroe County sample are in line with the full sample for the BW12 

only reform periods. The coefficients on 𝐵𝐹𝐸 ∗  𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 are all significant and 

negative in all three reform periods. In the pre-reform period for both the BW12 Only and 

Combined Effects reform periods, an increase in the BFE of a home by 1 standard deviation 

results in a home price depreciation of 7.5%. Neither BW12 or HFIA has a significant impact on 

the price discount changes among periods for the Monroe County sample. The 𝐵𝐹𝐸 ∗

 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 ∗ 𝐴𝑔𝑒 results are similar to the full sample models. While the Monroe 

County sample does not provide evidence of a policy effect, the BFE models, in general, 

highlight that the flood zone price discount depends in part on the level of flood risk a home 

faces. Within the flood zone only group, HFIA did have a significant negative impact on homes 

of higher flood risk.  

 

 

 

 
26 The coefficients on 𝐵𝐹𝐸 ∗  𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 are only significant in the 𝑆 𝑃 , 𝑆 𝑃 , 𝑆 𝑃 , and 
𝑆 𝑃  periods. 
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6.4 Robustness Checks  
 

To ensure the credibility of the results discussed above, three robustness checks were 

run.27 Section 6.4.1 runs Model 1 including the repeat sales outliers that were removed in the 

main models. Section 6.4.2 conducts robustness checks on the price of the home using a sample 

of homes whose sales prices range from $50,000-$2,000,000. Section 6.4.3 describes a 

robustness model that replaces the FZ dummy in Model 1 with the Coverage variable to observe 

if there are differences in the way that flood zone homes react with regards to the amount of 

flood insurance coverage received and the premiums policyholders must pay as a result.  

6.4.1. Outliers  
 

To observe if the outliers that were removed in the main models have a substantial impact 

on the results of the study, Model 1 is re-run using the full sample with the repeat sales outliers 

included The results with the outliers do not change from the main models indicating that these 

observations do not carry significant influence over the sample as a whole. Observations whose 

repeat sales values are greater than 3 standard deviations from the mean are considered outliers 

in this study. The log specification of the Repeat Sales variable helps to standardize the sample 

and control for outliers which is the main reason that there are no large differences in the results 

between Model 1 and the Outliers Model. Results from Model 1 that include outlier observations 

are reported in Table 8 in the Appendix. Results for Models 2-4 including outliers are available 

upon request.  

6.4.2. Price Robustness Models  
 
 To test for robustness surrounding the Sale Price of the homes in the sample, a subsample 

of properties whose Sale Price ranges from $50,000 to $2,000,000 is created. Bounding the price 

of the home within a smaller range than the full sample allows me to identify if the reforms 

impact homes differently based on their property value. More expensive homes may be less 

sensitive to the reforms than less expensive homes whose premiums make up a greater 

percentage of the total value. There may also be socioeconomic effects in the upper and lower 

ranges of home values (Zou and Mendelsohn). The results for this sample are in line with the 

 
27A Hedonic Model and an Alternative Reform Date Model was run. Results were not significant and are available 
upon request. The alternative reform dates delayed the start of each reform by a 1 year, 2 years, as well as tested the 
models using the implementation date when the first premium increases went into place.  
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results from Model 1 for the full, coastal, and non-coastal samples and are displayed in Table 9. 

The sign and significance of the coefficients are the same as in Model 1, however, the absolute 

values of the coefficients are slightly larger in each reform period than in the results found using 

the full range of sales prices. While there are no significant deviations from the main results, this 

model may provide evidence that homes with Sales Prices in either the lower or higher brackets 

are less impacted by the reforms.  

6.4.3. Flood Insurance Coverage Caps  

 Flood insurance coverage from the NFIP is capped at $250,000 for the structure of a 

residential building. There is a concern that the effect of the flood zone reforms may depend on 

the amount of coverage available to various properties, and in turn the relative amount of 

premiums paid on each policy. Many factors determine the insurance premium for each policy 

including but not limited to, a home’s coverage, deductible, flood zone designation, elevation 

requirements, structural characteristics such as the presence of a basement, residency status 

(primary or non-primary), the type of home (single-family, condo, etc.) and a home’s eligibility 

to receive subsidies (FEMA, 2019).28 However, because of the insurance coverage cap, insurance 

premiums face a cap as well. Although it differs for each property, it is mainly dependent on the 

amount of coverage purchased. Given this understanding of flood insurance coverage and rates, 

the insurance premiums for more expensive homes make up a much smaller percentage of the 

home’s total value than they do for cheaper homes, and therefore premium increases due to the 

reforms should have differential impacts based on the property’s value. 

 To quantify the impact that flood insurance coverage and premium caps have on the 

differential home value responses in flood zone homes, the variable Coverage is interacted with 

the 𝐹𝑍 ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠. This specification shows how additional flood insurance coverage, 

and therefore higher premiums relative to the home’s total value, impact the overall effect of the 

reforms on the home’s value. In theory, a home whose value exceeds the flood insurance cap of 

$250,000 will be less sensitive to the reforms because the premiums they are paying are a 

smaller percentage of the home’s total value (Zou and Mendelsohn, 2018). While this model 

accounts for the amount of federal flood insurance coverage available to homes of different 

 
28 Sample flood insurance rate charts produced by FEMA for Pre-FIRM and Post-FIRM structures as well as 
primary and secondary residences are displayed in Figure 11 in the Appendix. 
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values, it may also demonstrate the socioeconomic factors found in the price robustness model. 

The specification of the Coverage Model is shown in Equation 13.  

log
   ,

 ,
= 𝛽 + 𝛽 𝐻𝑉𝐼 +𝛽 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 , ∗ FZ ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , +𝛽 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 , ∗ FZ ∗ 𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 , ∗

𝐴𝑔𝑒 , +𝜀 ,                       (13) 
 

 The results of the Coverage Model are given in Table 10 in the Appendix. The coefficient 

𝛽  highlights the price appreciation or depreciation caused by the reforms for a flood zone home 

that goes from 0 coverage to full coverage. The coefficients on the 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 ∗ 𝐹𝑍 ∗

𝑅𝑒𝑓𝑜𝑟𝑚 𝐷𝑢𝑚𝑚𝑖𝑒𝑠 are negative and significant in all reform periods for the full and coastal 

samples. The results indicate that flood zone homes with full coverage experience depreciation in 

the home’s value. The depreciation in a flood zone home for whom the full value of their home 

can be covered by federal flood insurance, increases in each of the reform periods with the 

greatest negative coefficients occurring in the later HFIA periods. As was the case in the main 

models, the price discount increases can only be attributed to negative policy effects as a result 

of the HFIA. These results show that the more coverage a home is eligible for, as measured by 

the percentage that the coverage limit makes up of the total property value, the greater the 

negative impact of the HFIA on a flood zone home. For example, a flood zone home with full 

coverage that was bought and sold after HFIA is expected to depreciate 12.9%. Because of the 

coverage limits, these results may imply that lower-valued homes experience a larger burden of 

the HFIA policy than more expensive homes. There is a positive age effect in the Coverage 

model that is consistent with the results in the main models, indicating that older homes are less 

sensitive to the flood zone price discount than younger homes and therefore more resilient to the 

negative impacts of the reforms. 

7. Conclusion 
 
 The results of this study indicate that there is a price discount for flood zone homes of 

approximately 5% prior to any reforms. Policy effects are mixed, however, in general, it seems 

that HFIA hurt the value of flood zone homes by causing greater depreciation relative to non-

flood zone homes than was present before any reforms, while BW12 had little to no impact on 

flood zone homes. The flood zone price discounts incurred by flood zone homes as a result of 
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HFIA range from 6-12%. Although there were fluctuations in the price discounts for flood zone 

homes throughout the reform periods, across all samples tested, the price discount for a flood 

zone home in the final HFIA reform period ultimately leveled out to 9-10% as homes adjusted to 

a new base flood zone price discount that accounts for higher insurance premiums. While most 

models confirm the presence of a negative flood zone effect on home values, only HFIA shows 

evidence of HFIA a significant policy effect   

Models 1-3 imply that the effect of the flood zone price discount mainly depends on the 

location of the home, type of flood zone property, the characteristics of the home itself, such as 

age, and the type of subsidy a property receives. Flood zone homes in coastal and non-coastal 

counties experienced different impacts of the reforms. Non-coastal flood zone homes may have 

experienced delayed effects of the reforms compared to coastal flood zone homes. Significant 

price discounts for the non-coastal group can only be attributed to later HFIA reform periods 

whereas the increased policy effects of HFIA were felt immediately by the coastal group when 

the policy was enacted. There does not seem to be a coastal amenity benefit for flood zone 

homes in the coastal group as was originally proposed, as the costs associated with flood risks 

are greater than the benefits of living in a coastal county, although a closer analysis of locational 

proximity to the coast would strengthen this assertion. The results indicate that the response to 

the reforms for flood zone properties is different in coastal and non-coastal counties with flood 

zone homes in coastal counties potentially more reactive to flood risk and policy changes that 

increase the cost of insurance, at least in the initial phases.  

 There is an age appreciation effect for flood zone homes that indicates that older homes 

appreciate more than younger homes. This means there is an age threshold where the age-

appreciation impact on a flood zone home outweighs the flood zone price depreciation effect 

caused by both a general flood zone delineation and the increased devaluation due to HFIA. The 

age threshold also experiences variation among the coastal and non-coastal flood zone groups. 

The age of a flood zone home where the net effect of the reforms becomes positive is much 

lower in the non-coastal group than the coastal group. This implies that the age appreciation 

effect in the non-coastal group carries more influence over the home’s value than the flood zone 

price discount. Flood zone homes in coastal counties may be more sensitive to flood zone status 

than non-coastal counties as seen by the significance of the results, the reaction to the reforms, 

and the age threshold for the coastal group relative to the non-coastal group. 
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 Although both reforms place more punitive measures on non-primary residences than 

primary residences, secondary flood zone homes, in general, have a positive premium over 

primary flood zone homes, and were not significantly impacted by either reform. Secondary 

flood zone homes generate a price premium that gives them a larger buffer to mitigate the 

negative flood zone impacts compared to primary flood zone homes. Secondary homeowners of 

flood zone properties may be less sensitive to the reforms than primary homeowners because 

they are wealthier, or because their homes are located in vacation areas or close to amenities that 

outweigh the flood risk and the increased cost of insurance premiums due to the reforms.  

 The two types of subsidized properties also react differently to flood risk and the reforms. 

Grandfathered flood zone properties are negatively impacted by the policy changes with price 

discounts ranging from 4-8%. Grandfathered flood zone properties did experience policy effects 

due to both BW12 and HFIA with greater price discounts as a result of the HFIA reform than the 

BW12 reform. Pre-FIRM properties experience a benefit over Post-FIRM properties that 

outweighs the flood zone price discount. Additionally, Pre-FIRM properties did not experience 

the negative policy effects that Grandfathered properties did. The differential reactions among 

the two types of subsidized flood zone properties illustrate that the benefits associated with Pre-

FIRM flood zone homes are much greater than the benefits associated with Grandfathered flood 

zone homes. While this may be due to unobservable attributes of flood zone homes such as 

amenities and prime real estate locations, the age appreciation effect may also be playing a key 

role in the distinction between grandfathered and Pre-FIRM properties. On average, Pre-FIRM 

properties are much older than Grandfathered properties and are above the age threshold 

necessary to generate a positive net flood zone premium. Pre-FIRM properties realize benefits 

that are greater than the flood zone costs potentially because they are older homes. 

Understanding the specific mechanisms behind PreFIRM and Grandfathered properties is an area 

for future research. However, the type of subsidy a property receives before any reforms are 

enacted seems to affect the way the home value responds.  

 The results of the BFE models indicate that high-risk flood zone homes are more 

negatively impacted by the reforms than low-risk flood zone homes. The flood zone price 

discount varies within flood zones depending on the level of flood risk for a home. The BFE 

results may be influenced by the fact that BFE is a component that determines the insurance 

premium for the home and therefore the model may be capturing some of the premium level 
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effects found in the Flood Insurance Coverage model in addition to the level of flood risk. This 

model confirms the main findings that properties only realized a negative policy effect as a result 

of HFIA.  

7.1 Policy Implications 
 
 The results of this study can assist policymakers in implementing reforms to protect the 

financial stability of the NFIP without negatively impacting homeowners. BW12 implemented 

immediate and sudden premium increases for a large number of homes. HFIA repealed some of 

the stricter measures of BW12 and gradually adjusted the premium structure. Although HFIA 

was intended to mediate the costs and uncertainty generated by BW12, the policy ultimately had 

significant adverse effects on flood zone homes as levels of depreciation for flood zone homes 

reached as high as 12%. Flood zone homes took a while to adjust to the higher premiums and 

costs associated with the HFIA, although the price discounts seem to stabilize in the final HFIA 

period. Over time, flood zone homes adjusted to a new base price discount level of 9% compared 

to equivalent non-flood zone homes. While this is higher than the pre-reform discount and the, 

given the nature of the reform that increased premiums, implemented a surcharge on all policies, 

and re-evaluated flood risk, a 4% increase in the price differential between flood zone and non-

flood zone homes from the pre-reform level is not entirely unanticipated.  

The results of this study provide empirical evidence that HFIA made it costlier to live in 

flood zones and hurt home sales for flood zone homes, while BW12 did not have an impact The 

purpose of the reforms was to increase insurance premiums to generate higher revenue for the 

NFIP while limiting the costs for homeowners to the minimum amount necessary. However, the 

reversal in policies and uncertainty it generated may have made the costs, both tangible and 

intangible, greater than necessary for homeowners. The GAO reports that even after BW12 and 

HFIA eliminated a significant number of subsidies, there is still an estimated $11-14 billion in 

forgone premiums (Cackley, 2014). There is a need to implement changes to the NFIP to ensure 

its sustainability over the long term, especially with the increasing number of severe flood 

disaster events and the higher costs of flood damages due to global warming and climate change. 

This study finds that older homes, non-primary residences, Pre-FIRM properties, and non-coastal 

counties are less sensitive impacted by the reforms, and may have even realized a net benefit in 

some cases. Future changes may want to target these policyholders before increasing rates for 

more responsive groups, allowing the NFIP to collect more premiums without drastically 
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devaluing flood zone homes. The findings of this study argue for policies to consider how 

reforms differentially impact policyholders based on the age of the home, type of subsidy they 

receive, and their residency status. There is also evidence that there are geographical variations 

in the level of responsiveness to flood insurance reforms and therefore rate increases may need to 

be implemented at the local level rather than the federal level. 

Appendix 
 
Table 8. Outliers Robustness Model Results 

Outliers Robustness Model  

Dependent Variable: Repeat Sales 

 Full Sample w/ Outliers Coastal w/ Outliers Non-Costal w/ Outliers 
HVI 0.0135*** 0.0154*** 0.0107*** 

 (59.28) (56.97) (22.92) 
FZ ∗ S P  -0.0652*** -0.0760*** 0.0146 

 (-5.11) (-5.52) (0.43) 
FZ ∗ S P  -0.0785*** -0.0898*** -0.0125 

 (-6.03) (-6.59) (-0.29) 
FZ ∗ S P  -0.0712*** -0.0735** -0.0689 

 (-3.38) (-3.27) (-1.08) 
FZ ∗ S P  -0.0809*** -0.108*** 0.0594** 

 (-11.72) (-14.81) (2.75) 
FZ ∗ S P  -0.141*** -0.148*** -0.110*** 

 (-16.02) (-16.11) (-3.57) 
FZ ∗ S P  -0.0970*** -0.105*** 0.00386 

 (-14.88) (-15.24) (0.18) 
Age ∗ FZ ∗ S P  0.00224*** 0.00263*** -0.000146 

 (5.53) (6.26) (-0.09) 
Age ∗ FZ ∗ S P  0.00304*** 0.00307*** 0.00561** 

 (7.38) (7.32) (2.81) 
Age ∗ FZ ∗ S P  0.00191** 0.00187** 0.00454 

 (3.26) (3.12) (1.64) 
Age ∗ FZ ∗ S P  0.00392*** 0.00419*** 0.000376 

 (19.09) (19.88) (0.44) 
Age ∗ FZ ∗ S P  0.00406*** 0.00402*** 0.00577*** 

 (16.77) (16.34) (4.98) 
Age ∗ FZ ∗ S P  0.00227*** 0.00239*** 0.00146* 

 (13.71) (14.11) (2.05) 
_cons 0.15807*** 0.368*** 0.107*** 
  (0.025) (23.85) (3.57) 
N 416686 281289 135397 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. This model uses the Combined Effects reform periods defined in 
Figure 3.1. Columns 1 uses the full sample of observations with outliers, Column 2 uses the Coastal County sample 
with outliers and Column 3 uses the Non-Coastal sample with outliers.  All specifications used County Fixed effects 
and YearSold*YearPurchased Fixed Effects.  
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Table 9. Price Robustness Model Results  

Sales Price $50,000-$2,000,000 

Dependent Variable: Repeat Sales     

 Full Sample  Coastal Sample  Non-Coastal Sample  

HVI 0.0131*** 0.0138*** 0.0129*** 

 (87.06) (77.65) (41.18) 
FZ ∗ S P  -0.0617*** -0.0635*** 0.00310 

 (-7.23) (-6.95) (0.13) 
FZ ∗ S P  -0.0840*** -0.0883*** -0.0538 

 (-9.81) (-9.87) (-1.90) 

FZ ∗ S P  -0.0679*** -0.0481** -0.198*** 

 (-4.75) (-3.16) (-4.58) 
FZ ∗ S P  -0.0718*** -0.103*** 0.0464*** 

 (-15.95) (-21.67) (3.33) 

FZ ∗ S P  -0.135*** -0.142*** -0.163*** 

 (-23.46) (-23.55) (-8.08) 

FZ ∗ S P  -0.105*** -0.0996*** -0.106*** 

 (-24.19) (-21.86) (-7.45) 
Age ∗ FZ ∗ S P  0.00121*** 0.00146*** 0.00122 

 (4.36) (5.15) (0.87) 
Age ∗ FZ ∗ S P  0.00281*** 0.00280*** 0.00659*** 

 (10.18) (10.00) (4.65) 

Age ∗ FZ ∗ S P  0.00106** 0.000646 0.00648*** 

 (2.58) (1.54) (3.42) 
Age ∗ FZ ∗ S P  0.00358*** 0.00377*** 0.00119* 

 (26.27) (27.06) (2.07) 

Age ∗ FZ ∗ S P  0.00391*** 0.00377*** 0.00714*** 

 (24.12) (22.95) (9.28) 

Age ∗ FZ ∗ S P  0.00224*** 0.00220*** 0.00436*** 

 (20.29) (19.55) (9.06) 

_cons 0.281*** 0.397*** 0.328*** 

 (17.32) (38.73) (16.46) 

N 392117 264792 127325 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. This model uses the Combined Effects reform periods defined in 
Figure 3.1. All models use the sample of repeat sales observations whose Sale’s Prices are bound between $50,000 
and $2,000,000. Column 1 uses all counties in the sample, Column 2 uses the only coastal counties, and Column 3 
uses the only non-coastal counties.  All specifications used County Fixed effects and YearSold*YearPurchased 
Fixed Effects.  
 
Table 10. Flood Insurance Coverage Model Results 

Flood Insurance Coverage Model 

Dependent Variable: Repeat Sales     

 Full Sample  Coastal Sample  Non-Coastal Sample  
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HVI 0.0124*** 0.0132*** 0.0119*** 

 (82.84) (74.16) (38.67) 
Coverage ∗  FZ ∗ S P  -0.0744*** -0.0830*** 0.00856 

 (-7.88) (-8.05) (0.36) 
Coverage ∗  FZ ∗ S P  -0.0962*** -0.104*** -0.0442 

 (-9.46) (-9.61) (-1.51) 
Coverage ∗  FZ ∗ S P  -0.113*** -0.0970*** -0.211*** 

 (-6.99) (-5.57) (-4.71) 
Coverage ∗  FZ ∗ S P  -0.0510*** -0.0886*** 0.0745*** 

 (-9.01) (-14.50) (4.98) 
Coverage ∗  FZ ∗ S P  -0.168*** -0.178*** -0.166*** 

 (-21.91) (-21.79) (-7.26) 
Coverage ∗  FZ ∗ S P  -0.129*** -0.127*** -0.113*** 

 (-23.25) (-21.19) (-7.22) 
Age ∗ Coverage ∗  FZ ∗ S P  0.00140*** 0.00186*** -0.000282 

 (4.71) (5.96) (-0.25) 
Age ∗ Coverage ∗  FZ ∗ S P  0.00316*** 0.00321*** 0.00530*** 

 (9.56) (9.42) (4.02) 
Age ∗ Coverage ∗  FZ ∗ S P  0.00213*** 0.00179*** 0.00723*** 

 (4.79) (3.87) (3.85) 
Age ∗ Coverage ∗  FZ ∗ S P  0.00363*** 0.00400*** 0.0000139 

 (20.89) (22.04) (0.02) 
Age ∗ Coverage ∗  FZ ∗ S P  0.00518*** 0.00509*** 0.00696*** 

 (24.07) (22.89) (8.40) 
Age ∗ Coverage ∗  FZ

∗ S P  0.00276*** 0.00275*** 0.00432*** 

 (19.84) (18.98) (8.53) 
_cons 0.227*** 0.342*** 0.268*** 

 (13.91) (33.60) (13.59) 

N 405636 274260 131376 

Source: Regression results used data compiled by the author from the FDOR, FEMA, and Zillow. Notes: t-statistics 
in parentheses. * p<0.05 **p<0.01 ***p<.001. This model uses the Combined Effects reform periods defined in 
Figure 3.1. Column 1 uses the full sample, Column 2 uses the only coastal counties, and Column 3 uses the only 
non-coastal counties. All specifications used County Fixed effects and YearSold*YearPurchased Fixed Effects.  
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Figure 7. Flood Zone Definitions  
 

 
Source: The figure is provided by CoreLogic. It was published in a guidebook produced by CoreLogic Flood 
Services in 2010. https://www.corelogic.com/images/forms-guidelines-downloads/asset_upload_file963_80668.pdf 
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Figure 8. Biggert Waters Reform Fact Sheet 

 
Source: This image comes from a Biggert Waters Quick Reference Pamphlet produced by FEMA highlighting the 
major policy changes for Subsidized Pre-FIRM structures. It was last updated in 2014. 
https://www.fema.gov/media-library-
data/41ecfedd3b889396440c30d34b9b91ea/Agent_Quick_RefGuide_September_2013.pdf 
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Figure 9: Homeowner’s Flood Insurance Affordability Act Fact Sheet 

 
Source: Image is produced by FEMA and appeared in a publication entitled Changes to the NFIP- What to Expect, 
which outlines the specifics of HFIA. It was last updated in 2014. https://www.fema.gov/media-library-
data/1402589850648-b39ea7ae38c86378e4c3e977d25cf942/HFIAA-Fact_Sheet_061114.pdf 
 
Figure 10: BW12 and HFIA Subsidy Phaseout Schedule 
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Source: The figure is procured from a Congressional Research Service Publication Introduction to the National 
Flood Insurance Program, authored by Horn and Webel (2019). https://fas.org/sgp/crs/homesec/R44593.pdf 
 
Figure 11. Flood Insurance Rate Charts  
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Source: Rate tables are produced by FEMA in the October 2019 Flood Insurance Manual. Rates are shown for Post-
FIRM homes of various BFE requirements, PreFIRM Primary Homes, and PreFIRM non-primary homes.  
https://www.fema.gov/media-library-data/1569523612531-8c1d47a539c8e21b3b8f80cf7b108fae/app-
j_rate_tables_oct2019.pdf 
 

Data Appendix 
 
 To create the data set for this study, property transaction data and flood zone data had to 

be compiled. Home sale transaction files were procured from the Florida Department of 

Revenue’s Property Tax Oversight Data Portal.29 To acquire property tax assessment rolls for the 

entire state of Florida from 2009 to 2019, I had to contact the Department who provided me with 

limited access to property tax files for each county for the requested years. Tax assessment data 

comes in three forms. NAL files are Name-Address-Legal files that contain information on real 

property. SDF files are Sale Data Files that provide transaction data. NAP files, Name-Address-

Property, are tangible personal property rolls. For this study, I only used NAL and SDF files.  

 NAL files contained specific information about each home such as its location, year built, 

the size of the home, tax and land use information and owner information. SDF files contained 

 
29 FDOR Property Tax Oversight. 
https://floridarevenue.com/property/Pages/DataPortal_RequestAssessmentRollGISData.aspx 
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the key information regarding property sales such as the sale price, the time of the transaction, 

and the type of sale. Property tax files are compiled at the county level for each year.  

After downloading both the NAL and SDF files for all 67 counties in the state of Florida 

from 2009 to 2019 I had to convert the excel (.xlsx) files to Stata files (.dta). After doing this I 

appended the yearly NAL and SDF files for each county. This resulted in one NAL and one SDF 

file for each county that comprised all data from 2009 to 2019. I then merged the NAL and SDF 

files for each county using the unique state parcel id number assigned to each property in the 

state by the FDOR. Once I had one file for each county, I appended all counties to create a single 

raw transaction data file. This file contained roughly 20,000,000 observations.  

To clean the raw data, I dropped all unnecessary variables and variables with no 

meaningful data. The FDOR produces a User’s Guide for the Department Property Tax Data 

Files, which acts as a codebook for the NAL, SDF, and NAP files. Using this as a reference, I 

sorted observations and dropped certain variables to limit the size of the data set. While the 

FDOR requires county property appraisers to submit property tax roles in a certain format, some 

fields are optional. I dropped all optional fields to ensure each variable was thoroughly populated 

for all counties. Using the land use codes in the User’s Guide, I kept observations whose “use 

code” was equal to 1, indicating it is a single-family home. To limit the sample to only qualified 

arm’s length transfers, I dropped all observations whose “sale qualification code” was above 6, 

indicating it was not a qualified transfer as determined by the FDOR.  

I dropped all observations whose sale price was missing or below $5,000. To prepare the 

data set for geocoding, I removed all observations for whom zip code information was missing. I 

also generated a variable called State and Country equal to FL and USA. The zip, state, and 

country are the key variables necessary to geocode the address information. To accommodate the 

data processing limitations of the geocoding software, ArcGIS, I had to convert the data set to a 

text file (.txt). I separated the files by county, converting and exporting based on the County 

Code number provided by the FDOR. I now had 67 cleaned county-level transaction data files in 

.txt format.  

Before beginning the Geocoding process, I had to procure the flood zone data. I 

downloaded county-level FIRMs for each county in Florida through FEMA’s National Flood 
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Hazard Layer (NFHL) Viewer.30 To do this, I had to search each county, click on a specific 

FIRM panel within the county, and then select the option to download the county GIS file 

containing various FIRM files. FIRMs are available in shapefile formats (.shp). The file that 

contains the flood zone information is called S_FLD_HAZ_AR.shp. For counties where the file 

was available, I also used S_LOMR.shp. The LOMR files contain data about areas that were 

issued a “Letter of Map Revision”, indicating there was some change to the flood zone in that 

area. This file was used to control for properties that were subject to flood map changes over the 

study period.  

 I used ArcGIS to conduct the GIS analysis and merge the flood zone maps with the 

transaction data. To begin the geocoding process, I had to create an address locator for each 

county using ArcGIS. I downloaded from the US Census Bureau the 2019 TIGER Feature 

Shapefiles for each county, which contains information on the geographic boundaries and street 

information needed to create an address locator.31 Using ArcGIS, I uploaded the TIGER 

shapefiles and created an address locator for each county in Florida. I then opened the county 

FIRM, and LOMR, when available. Next, I imported the county transaction text file. I used the 

Geocode tool in ArcGIS to geocode the transaction data set. This plotted each home in the data 

set on the FIRM. Match rates were generally very high ranging from 80-99%. Information on 

specific geocoding match rates is available upon request. Once the homes were plotted on the 

FIRM, if a LOMR was available I removed properties whose centroid resided in or on a LOMR 

polygon. In theory, this allowed me to control for properties that experienced flood map 

revisions during the study period. I then conducted a “Spatial Join”. This allowed me to merge 

data from one shapefile to another layer based on the spatial location. In other words, I created a 

new shapefile layer that merged the property transaction data with the flood zone data, assigning 

each geocoded property to a specific flood zone based on its location on the FIRM. I then 

converted the merged shapefile to a text file, exported it, and converted it back to a Stata file 

(.dta). This process was repeated for each county.  

 The next step was to clean the merged flood and transaction data set. I dropped all 

observations that were unmatched as this meant there was no flood zone status assigned to the 

 
30 FEMA NHFL Viewer. https://hazards-
fema.maps.arcgis.com/apps/webappviewer/index.html?id=8b0adb51996444d4879338b5529aa9cd&extent=-
80.13088046832301,26.120527554075718,-80.11259853167702,26.130160255919147 
31 US Census Bureau. https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html 
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property. I dropped the flood zone variables that would not be used in the analysis. I created the 

series of dummy variables described in the Data section above. Of note, the variable sfha_tf is 

the FIRM variable that indicated a property’s flood zone status. Using this variable, I created the 

dummy variable FZ that is equal to 1 if sfha_tf was equal to “T”, and 0 otherwise.32  

 I then created the repeat sales index necessary for the analysis conducted in this study. 

First, I created a variable sale_date that showed the year and month the sale occurred. I identified 

properties with multiple observations by creating a “homeid” variable based on the home’s State 

Parcel ID. I dropped observations with the same homeid and sale date, as this indicated a 

duplicate observation that is the product of the reporting methods used by some property 

assessors. I kept only the two most recent sales observations for a particular home. The repeat 

sales index method used in this study only homes that sold only twice during the study period. 

After I had cleaned the data to include only two home sales per property, I converted the data set 

into a panel with homeid as the cross-sectional variable and an indicator variable called 

totalnumber that identified the observation number for each home in the data set. Once the panel 

data set was established, I created variables for the previous transaction for each home using 1 

lag. Variables included Purchase Price, Purchase Year, and purchase date. This provided me with 

two transaction prices for each home. Using the Sale Price and the Purchase Price, I created the 

repeat sale variable equal to the log (Sale Price/Purchase Price). This became my analysis data 

set.  

 I then created the House Price Index variable using the Zillow Home Value Index Data 

sets (ZHVI).33 I downloaded the zip and county level ZHVI files for single-family homes from 

the Zillow Housing Data website. The data sets contained data from 1996 for all geographies 

across the United States. I first imported the zip code file (.xlx) into state and limited the file to 

only Florida observations. I also limited the data to observations from 2008 to 2019. I had to 

reshape the data set from wide to long, assigning the Home Value level for each year to each zip 

code. Once the data was in the proper format, I converted it to a panel data set and created a 

variable called HVI that was equal to the annual percentage change of the Home Value Index for 

a particular zip code. I repeated this process for the county level ZHVI file. I then merged the 

Home Value Index files with my analysis data set based on the zip code. This assigned an HVI to 

 
32 Sfha_tf is a string variable equal to “T” if the property is in a SFHA flood zone and equal to “F” if it is not.  
33 Zillow. https://www.zillow.com/research/data/ 
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each property based on the zip code. If the HVI for a particular zip code was missing from the 

Home Value Index files, I then merged the county Home Value Files and assigned the property 

the county level HVI.  

 My final data set is a repeated cross-sectional data set containing 416,68 observations 

before outliers are removed.  
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