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Abstract 
 
Flood risk is increasing in the United States, but how property markets respond to this hazard is 

unclear. Focusing on Houston, Texas, we analyze changes in flood risk capitalization in property 

prices after three major Gulf Coast hurricanes. We compare two measures of flood risk–

floodplain designations from the Federal Emergency Management Agency (FEMA), and a 

hydrologically-imputed, continuous measure, Height Above the Nearest Drainage (HAND). 

HAND affects property prices after a storm in intuitive ways, while we observe counterintuitive 

post-storm price premiums within FEMA floodplains. Plausibly exogenous measures like HAND 

may be useful tools for characterizing flood risk in economic analyses. 

 
 
 
1. Introduction  
 

Since 1980, damages from U.S. floods and tropical storms have exceeded $1 billion on 106 

occasions; damages in 2022, alone, exceeded $165 billion (NOAA 2024). Due to continued sea-

level rise, changes in storm surge and the intensity and frequency of coastal storms, increases in 

the frequency and intensity of extreme precipitation, and increases in coastal development, the 

future will likely bring increased flood damages in the United States (Dottori et al. 2018, 

Corringham et al. 2022, Wing et al. 2022). In Houston, Texas, despite the devastation of 

Hurricane Harvey in 2017, development has continued in flood-prone areas, where estimates 

show that as many as one in eight permits issued for new residential construction since the storm 

are in areas of high flood risk (Schuetz and Kanik 2022).    
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Efficient adaptation to changing flood risk requires that property prices capitalize risk. That is, 

without price signals indicating relative risk, home buyers may be unlikely to react by retreating 

from flood-prone areas, insuring properties against damages, or investing in fortification (e.g. 

elevating structures). Indeed, the literature suggests that individuals in the United States 

systematically underestimate flood risk (Bakkensen and Barrage 2022, Wagner 2022), and that 

U.S. property markets do not fully capitalize this risk (Hino and Burke 2021).i Recent work 

estimates that U.S. residential properties at risk of flooding are overvalued by $121-$237 billion 

(Gourevitch et al. 2023).  

 

Flooding can affect residential property markets in many ways. Floodwaters inundate specific 

homes affecting both flooded properties and those nearby (McCoy and Zhao 2018). Local 

infrastructure like streets and bridges may be damaged, affecting the reliability of neighborhood 

access and creating other nuisances (Motakhari et al. 2018).  Such flood-related disamenities 

should exert downward pressure on property prices, all else equal. 

 

How should flood risk be characterized in empirical work seeking to test this hypothesis? The 

Federal Emergency Management Agency (FEMA) defines and maps the Special Flood Hazard 

Area (SFHA) in the United States – high-risk zones in which the annual chance of inundation is 

1 percent or higher (the “100-year floodplain”), as well as moderate-risk areas outside the SFHA 

with an annual risk of 0.2 percent (the “500-year floodplain”). These discrete risk categories are 

frequently used in the literature on flooding and property markets, and they are designed to 

approximate underlying flood risk, but they present multiple challenges for empirical work. First, 

FEMA floodplain boundaries are a coarse approximation to a spatially-continuous flood hazard, 
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so that, for example, the 100-year floodplain includes properties facing annual inundation risk as 

small as 1 percent and as large as 100 percent (Wing et al. 2018). Second, FEMA risk categories 

are also connected to other impacts that mediate the relationship between flood risk, exposure 

and property prices. Insurance uptake, practices surrounding rebuilding post-exposure, 

community and individual awareness and mitigation strategies, and other factors correlated with 

FEMA floodplain designation may affect prices in ways that confound  econometric estimates of 

the impacts of flood risk. For example, in the case of Hurricane Sandy in the Northeast United 

States, observed price premiums in the 100-year floodplain may have been due to a higher 

likelihood of repair to damaged homes, which had much higher insurance uptake compared to 

their non-floodplain-designated neighbors (Le 2024). Changes in designated floodplain 

boundaries have also been shown to affect flood insurance uptake, even when map updates 

conflict with objective modeling of flood risk (Weill 2025), and higher insurance rates (as well 

as the mandate to purchase flood insurance to obtain a mortgage) can also affect property prices. 

SFHA designations are also political processes subject to lobbying by homeowners, developers 

and communities because of the costs they impose (Pralle 2019, Adams 2025), and thus capture 

many phenomena other than flood risk. For these reasons, new measures of flood risk that are 

both spatially continuous and uncorrelated with the politics and economics of federal floodplain 

designation may be very useful for empirical work. 

 

Hedonic property models (Rosen 1974) have been used to estimate the marginal implicit prices 

of environmental amenities and disamenities including air quality, water quality and hazardous 

waste sites (Smith and Huang 1993, Boyle and Kiel 2001, Greenstone and Gallagher 2008, 

Gamper-Rabindran and Timmins 2013, Muehlenbachs et al. 2015, Keiser and Shapiro 2019, 

by
 g

ue
st

 o
n 

A
ug

us
t 1

5,
 2

02
6.

 C
op

yr
ig

ht
 2

02
6

D
ow

nl
oa

de
d 

fr
om

 



 5 
 

Kuwayama et al. 2022). Repeat-sales hedonics (like the models we estimate) have been used to 

estimate the value of wind power facilities, air pollution, water pollution, views, land use change, 

and other amenities and disamenities on property values (Heintzelman and Tuttle 2012, Bajari et 

al. 2012, Walls et al. 2015, Cohen et al. 2016, Kuwayama et al. 2022) as well as to evaluate flood 

risk (Hino and Burke 2021).  

 

Flood risk effects estimated in the hedonics literature vary substantially. Most estimates suggest 

a discount of 4 to 12 percent for homes located in 100-year floodplains (Bin and Landry 2013), 

but one meta-analysis reveals estimates ranging from a flood-risk discount of more than 75 

percent to a counterintuitive premium of more than 60 percent (Beltrán et al. 2018). Failure to 

control comprehensively for property characteristics correlated with flood risk (e.g., water views 

and access, tree canopy cover) may explain some of these counterintuitive results (Netusil et al. 

2018). It may also be the case that property owners do not fully understand flood risk due to the 

limited information in current flood disclosures and their timing (Chivers and Flores 2002), or 

that households with optimistic flood risk or climate change beliefs may sort into high-risk areas 

(Baldauf et al. 2020, Bakkensen and Barrage 2022). In a nationwide analysis of the impact of 

federal flood map updates, Hino and Burke (2021) find that where buyers and sellers are well 

informed, property markets are more likely to intuitively capitalize risk.  

 

In this paper, we empirically test the hypothesis that a fine-scale spatial measure of flood risk can 

more clearly capture the influence of that risk on property prices when compared to FEMA 

floodplain designations, which measure risk discretely and less precisely, and may also have 

endogenous boundaries. Focusing on four counties in the Houston Metropolitan Statistical Area 
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(MSA) from 2000-2021, we conduct a hedonic analysis of the impact of flood risk on property 

prices in the aftermath of major storms. We construct multiple measures of flood risk – two 

based on the FEMA floodplains (100-year and 500-year) used in the prior literature, and an 

alternative, unbiased measure that captures risk continuously and at a finer spatial scale. Our 

alternative measure, height above the nearest drainage (HAND), was developed in the hydrology 

literature (Nobre et al. 2011, Zheng et al. 2018) where it is used frequently (Aristizabal et al. 

2023). To our knowledge, HAND has been used only once in the economics literature, to 

estimate the general equilibrium effects of levee investments under the 1936 Flood Control Act 

on property prices, population density and racial demographics (Ouazad and Kahn, 2025). We 

use property fixed effects in the hedonic models to control for time-invariant unobserved 

property characteristics and employ a difference-in-differences (DiD) estimator to recover the 

impact of the FEMA floodplain measures and HAND on prices after three major storm events. In 

this way, we examine whether and how storm exposure in the Houston MSA drives changes in 

the capitalization of flood risk and exposure. Estimating separate models using the standard, 

discrete FEMA measures and comparing those to models using HAND allows us to contrast the 

two approaches for each storm event.  

 

We make three main contributions. First, we pilot the use of HAND in residential flood-risk 

hedonics. Second, we compare HAND as a measure of flood risk to the FEMA floodplains 

commonly used in the literature, highlighting the challenges of these discrete risk maps and 

providing support for a new, exogenous and widely-available alternative. Third, our analysis 

covers three discrete hurricane events – two direct hits and one widely publicized near miss – in 

the nation’s fourth-largest city and one of its most flood-vulnerable major metropolitan areas.   
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Our results suggest that HAND affects property prices in intuitive and economically sensible 

ways even where traditional FEMA floodplain designations in Houston are associated with 

counterintuitive price premiums or null effects for homes that sell after large hurricane events. 

The effects of FEMA floodplain location interacted with storm exposure are not consistently 

capitalized and likely reflect the net effect of positive and negative pressures (for example, 

including post-storm repairs and improvements, as well as the expected likelihood of future flood 

losses), and potentially endogenous floodplain boundaries. Taken together, our findings suggest 

that improved spatial definitions of flood risk and flood exposure do contribute new information 

when generating econometric estimates of the impacts of these disamenities on property prices, 

and may help to isolate their specific channels of influence in ways that traditional floodplain 

mapping cannot.    

 
2. Data 
 
Study Area and Property Transaction Data 
 
We study four counties out of the nine in the Houston MSA: Harris, Montgomery, Fort Bend and 

Galveston (Figure 1). We map single-family residential parcels that sell multiple times between 

2000 and 2022 for the 4-county area (Figure 1, panel A). Approximately 6 percent and 10 

percent of repeat-sales parcels are located within FEMA’s 100- and 500-year floodplains, 

respectively, consistent with the full sample of single-family residential properties that do not 

experience repeat sales, but slightly lower than in the full housing stock (see summary statistics 

in Table 1).      

<<Table 1 about here>> 

<<Figure 1 about here>> 

by
 g

ue
st

 o
n 

A
ug

us
t 1

5,
 2

02
6.

 C
op

yr
ig

ht
 2

02
6

D
ow

nl
oa

de
d 

fr
om

 



 8 
 

As the largest city on the hurricane-prone Gulf Coast (U.S. Census 2020), Houston is a good 

candidate to examine the impact of flood risk and exposure on property prices. Based on storm 

data from 1900 to 2006, Houston can expect to experience a major hurricane, on average, once 

every 15 years (Davlasheridze et al. 2018). The city also experiences regular pluvial flooding 

(NOAA 2023), has the highest number of fatalities caused by floods in the United States over the 

past 50 years, and has a high prevalence of repetitive-loss properties in the National Flood 

Insurance Program (Highfield et al. 2013).ii 

 

We obtain Houston property transaction prices, transaction dates and home characteristics from 

Cotality (formerly CoreLogic, Inc.) over the period 2000-2022. In all models, we reduce our 

samples to those properties sold at least once within 3 years on either side of each storm. We 

further restrict the sample to plausibly arm’s length transactions that occurred more than 6 

months apart and remove the top and bottom 5 percent by inflation-adjusted sale price, consistent 

with guidance in the literature (Nolte et al. 2024). These are the most likely residential properties 

to be owner-occupied, are representative of the majority of the market, and support our property-

level fixed effects strategy. Transaction prices are converted to $2022, and the log of transaction 

price is normally distributed (Appendix A, Fig. A1).   

 

Flood Risk Measurement and Exposure Definition – Hurricanes and Spatial Variation 

Because major coastal storms often create significant flooding and are also likely to be salient 

shocks for local property markets, we examine how flood risk impacts property prices 

differentially for homes at high vs. low risk in the aftermath of three hurricanes over the study 

period: two direct hits (Hurricane Ike in 2008 and Hurricane Harvey in 2017), and one near and 
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well-publicized miss (Hurricane Katrina in 2005). Ike and Harvey, both category 4 storms, made 

landfall in Houston. Category-5 Katrina’s possible path included Houston as it rounded Florida 

in the Atlantic, but it eventually hit further east on the Gulf Coast in Louisiana; the literature 

suggests that near misses like this can affect property prices (Hallstrom and Smith 2005). The 

data used in each scenario are restricted to three years before and after each storm event, 

consistent with the suggestion that capitalization effects fade around the three-year mark after a 

storm (Beltrán et al. 2018), and even where they last a bit longer, the most significant effects 

occur within this window (Atreya et al. 2013).  

 

As is typical in the literature, we use these exogenous storm events as boundaries between pre- 

and post-flood exposure periods in the Houston housing market, interacting binary storm 

indicators with our different measures of flood risk at the property level to assign treatment to 

property sales. Treated property transactions are those that happened within three years after a 

storm and meet the various standards we establish in our econometric models for flood risk.  We 

treat all four counties in our study as having been affected in the same way by each of these 

storms – a “hit” from Harvey and Ike with associated flooding, and a “near miss” from Katrina, 

given very similar reports for all four counties in both the NOAA Storm Events Database 

(NOAA 2024) and FEMA’s Disaster Declarations Database (FEMA 2024). Thus, the pre/post-

storm indicators vary only over time within our sample, and not across properties. 

 

The first two of three variables characterizing flood risk are created from boundaries of the 100-

year and 500-year FEMA floodplains for Houston. FEMA floodplain maps are infrequently 

updated (Kousky et al. 2020) and do not offer a continuous estimate of risk. However, they are 
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publicly available and, in some states, (including Texas) floodplain location must be disclosed to 

homebuyers (FEMA 2022), which make them a potentially important measure of perceived flood 

risk in property markets.  We employ a static floodplain map across our study period. For the 

most part, Houston’s FEMA floodplain maps in place during our study period were created in 

2007, based on rainfall data from the mid-1990s. For our models examining Hurricane Katrina 

(2005), property prices may reflect a mix of the 2007 maps and those that preceded them, dated 

1996 or 1999. The 2007 revision, which incorporated many additional areas into the SFHA, was 

driven by concerns after Tropical Storm Allison in 2001. This re-mapping was well underway in 

2005 (proposed maps were available to the public in 2003).iii Historical FEMA floodplain maps 

are difficult to recover and code, and we were not able to do so for this analysis, though recent 

work benefits from the variation in boundaries over time that such historical data capture (Hino 

and Burke 2021, Weill 2025). Any measurement error associated with unobserved map changes, 

or with earlier maps for the Hurricane Katrina analysis, is an additional caveat to interpreting the 

FEMA floodplain results. 

 

Our third and novel measure of flood risk is height above the nearest drainage (HAND), in which 

we hydrologically interpolate spatially-continuous flood risk (Nobre et al. 2011, Zheng et al. 

2018).  We compute HAND from a 10-meter digital elevation model (DEM) informed by the 

National Hydrography Dataset Plus (NHDPlus), assigning each parcel a vertical distance to its 

nearest drainage channel within its local catchment (USGS 2019). Catchments are derived 

directly from the DEM, and those in our data typically range from 1 to 5 km² (250 to 1,200 

acres). HAND provides a localized measure of flood exposure that captures fine-scale variation 

in terrain and proximity to drainage relative to other available spatial units, such as HUC-12 sub-
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watersheds, which average roughly 10,000 acres. Figure 2 is a simple diagram showing how 

HAND is computed for four representative properties. Note that HAND differs from elevation, 

which is measured as the absolute height of a property relative to a reference, typically sea level. 

In contrast, HAND measures position relative to water. To a first approximation, any flood 

waters would have to reach at least a property’s HAND in order to flood it. While HAND is not 

the most sophisticated hydrological model in the flood-risk mapping space (Cea 2022), it offers a 

significant step forward in continuous measurement and can be calculated anywhere in the 

United States with minimal resources. HAND does not vary over time in our analysis, as the 

underlying DEM does not change. 

<<Figure 2 about here>> 

Figure 1B provides an illustration of how HAND is distributed over space in a small area around 

the Buffalo Bayou, a river that runs through Central Houston and eventually into Galveston Bay. 

Darker colors represent lower HAND (greater hydrological flood risk), repeat-sales properties 

are colored in black, and FEMA’s 100-year floodplain (the SFHA) is outlined in black. Note that 

FEMA’s discrete SFHA boundaries cut through areas of continuously-changing, elevation-based 

risk, and miss entirely some areas of high risk while including some lower-risk areas. This is 

consistent with prior work documenting the exclusion of high-risk areas from FEMA’s SFHA in 

the Houston area (Flores et al. 2023). 

 

Figure 3 graphs the distribution of HAND among sample properties in our study area, with 

separate distributions for FEMA’s 100-year SFHA, FEMA’s 500-year floodplain, and areas 

located outside of either of these. HAND and the floodplain indicators are clearly correlated; the 

lowest values of HAND are observed more frequently in the 100-year floodplain than in the 500-
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year floodplain, and more frequently in both of those areas than in non-floodplain areas. 

Kolmogorov-Smirnov tests for differences in distributions (reported at bottom right in Figure 3) 

indicate that the HAND distribution differs between areas outside of floodplains altogether, and 

those in either the 100-year SFHA or the 500-year floodplain.  There is no statistical difference, 

however, in the distribution of HAND between the region’s 100-year and 500-year floodplains. 

 

The hurricane events we use as exposure indicators are plausibly exogenous, as is HAND. As 

noted earlier, however, this case is harder to make for the FEMA floodplain designations. The 

potential for selection into (and perhaps more likely, out of) the floodplain is possible as 

individual property owners, developers and communities can and do request map revisions 

(Pralle 2019, Barrios et al. 2020, Adams 2025). SFHA maps may also induce development just 

outside their designated boundaries (Sanchez et al. 2024).  

<<Figure 3 about here>> 

In contrast to the FEMA floodplains, HAND does not change unless the underlying digital 

elevation model changes. Given our property fixed effects, characteristics such as view, tree 

cover and other price determinants correlated with elevation are differenced out and will not bias 

our estimates of the impacts of HAND on property prices post-storm. Individual property owners 

can invest in elevating their home and other structures on their property to mitigate flood risk, a 

potential source of difference between HAND as we measure it and a home’s actual elevation 

over time. Uptake of federal and state assistance for property elevation even in the aftermath of 

Hurricane Harvey has been slow, with publicly-available information suggesting that fewer than 

200 homes were targeted for receipt of this assistance between 2018 and 2023, and no such 

projects were successfully completed by 2024.iv (Media coverage also suggests that elevating a 
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home often costs more than the home’s total value.) In contrast, reporting by the Houston 

Chronicle suggests that about 57,000 new residential properties have been constructed within the 

100- and 500-year floodplains in the Houston metro area since Hurricane Harvey.v Private 

investment in home elevation may be more common than publicly-funded projects, but private 

investments would need to be inferred from residential floodplain development permit 

applications for each county, an approach we leave for future research. Given the small number 

of properties likely to be affected by elevation investments during the study period, in 

comparison to the very large number of properties in areas at high risk of flooding, we do not 

view this as a significant potential confounder in our HAND models.    

    

3. Methods and Identification Strategy  

We employ a difference-in-differences (DiD) strategy to recover estimates of the capitalization 

effects of flood risk after major storms. The models include property fixed effects, so that homes 

are compared to themselves over time, and also county-by-panel-month effects to absorb time-

varying factors affecting property prices at larger spatial scale. For example, the Great Recession 

and the associated financial and housing crises, obvious in Appendix A, Fig. A1 (right panel), 

are important phenomena that occur during our study period and are accounted for in this 

manner. Standard errors are clustered at the catchment basin. We examine pre-trends in 

Appendix B, finding that pre-treatment prices follow the same pattern for both treated and 

untreated properties in nearly all models. 
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Econometric Models  

We estimate a series of models analyzing the relationship between flood risk and exposure and 

property prices, comparing three flood risk proxies (FEMA 100- and 500-year floodplain 

designations, and HAND) over multiple hurricane events in the direct hits of Harvey (2017) and 

Ike (2008) and the near miss of Katrina (2005). Our basic DiD approach is represented below, 

with FEMA floodplain models represented in Equation (1) and HAND models in Equation (2).  

 

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖) = 𝛽𝛽1�𝐹𝐹𝐹𝐹𝐹𝐹𝐴𝐴100𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡� + 𝛽𝛽2�𝐹𝐹𝐹𝐹𝐹𝐹𝐴𝐴500𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡� + 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝑡𝑡𝑡𝑡+𝜀𝜀𝑖𝑖𝑖𝑖 [1] 

𝑙𝑙𝑙𝑙(𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖) = 𝛽𝛽3(𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡) + 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝑡𝑡𝑡𝑡+𝜀𝜀𝑖𝑖𝑖𝑖                            [2] 

 

In both equations, ln(Pict) is the natural log of the observed transaction price for property i in 

county c at time t. We capture the flood risk variable (100-year floodplain, 500-year floodplain, 

or HAND) at the property level i, Post Eventt is a dummy variable indicating that the property 

sale occurred at time t after the storm shock considered in each model. We include a property 

fixed effect 𝛼𝛼𝑖𝑖, a panel-month × county effect 𝛾𝛾𝑡𝑡𝑡𝑡, and an idiosyncratic error term, 𝜀𝜀𝑖𝑖𝑖𝑖. We 

interpret 𝛽𝛽1, 𝛽𝛽2, and  𝛽𝛽3 as the DiD – the capitalization effect of either location in a FEMA-

designated floodplain or a change in HAND on the property price post-storm.  

 

Given that we do not suspect that the sampling method or the treatment assignment was done at a 

higher level of aggregation, it is unlikely that heterogeneous treatment effects exist across 

clusters via a variable that we have measured (Abadie et al. 2022). There are potential reasons to 
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suspect that the variance of the error terms is not constant across values of our outcome, thus we 

employ robust standard errors, via the Eicker–Huber–White correction, in all models.  

 

Interpretation of Marginal Effects from Hedonic Models 

Following Kuminoff and Pope (2014) and Banzhaf (2021), we interpret our hedonic estimates as 

capitalization effects, rather than marginal willingness to pay. The latter interpretation would 

require that the hedonic price function remain stable in the Houston market during our ±3 year 

event windows around each storm. Note that we are not estimating the capitalization of flood risk 

into housing values, but rather how prices capitalize risk after a hurricane—reflecting both 

updated risk beliefs and direct damage (and possibly repair) effects. Our identification strategy 

relies on the assumption that the price function does not shift for reasons unrelated to the storm 

event itself. We address this possibility in Appendix C by examining whether relationships 

between property prices and non-flood-related attributes shift systematically around each 

hurricane. Finding no evidence of such shifts supports our identification assumption. 

Nonetheless, to be conservative and because we cannot test this assumption directly, we interpret 

our estimates as capitalization effects, rather than marginal willingness-to-pay to avoid flood risk 

(or marginal willingness to accept compensation for elevation).   

 

4. Results  
 
Tables 2 and 3 present results from estimating Equations 1 and 2, where we vary the flood-risk 

definition in our interacted exposure measure.vi Table 2 reports the coefficients for the FEMA 

discrete flood risk indicators, where parcels are designated as in the 100- or 500-year floodplain 

(or outside of both). For all three hurricane events examined, the coefficient on location in the 
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FEMA floodplain interacted with a post-storm indicator is positive and significant, as is the 

coefficient for location in the 500-year floodplain interacted with the post-storm indicator for all 

but Hurricane Ike. For Katrina, Ike and Harvey, a property’s location within the 100-year 

floodplain is associated with a 1.6 percent, 2.4 percent, and 2.0 percent premium for homes that 

sold within three years after each storm, respectively. For Katrina and Harvey, homes in the 500-

year floodplain that sold after each storm are associated with a 0.8 percent (only weakly 

significant) and 1.6 percent premium, respectively. Counterintuitive premiums for location in a 

FEMA floodplain, like those we report in Table 2, are observed elsewhere in the literature 

(Beltrán et al. 2018), highlighting the challenge of using these endogenous measures as 

indicators of flood risk.vii  

<<Table 2 about here>> 

Table 3 reports coefficients and standard errors from estimating Equation 2, in which we 

substitute HAND, our spatially-refined, continuous, and plausibly exogenous measure of flood 

risk for the discrete FEMA floodplain designations. We similarly interact this measure with post-

storm indicators for each of the three hurricanes. A higher HAND value represents a decrease in 

flood risk, so a property price discount in flood-prone areas would be indicated by a positive 

coefficient on the HAND interaction.  

<<Table 3 about here>> 

Unlike in the Table 2 models, we obtain intuitive coefficient estimates for both Hurricanes 

Katrina and Ike. An additional meter above a property’s nearest drainage – a 22-23 percent 

increase over the mean HAND for our sample properties – increases property prices by 0.4 

percent in Houston for both Hurricanes Katrina and Ike. Moving from the 25th to the 75th 
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percentile of HAND would take about a 2-meter shift in the study area, which is well within the 

range of standard home elevation projects (FEMA 2021a).  

 

HAND does not significantly affect prices for properties sold after Hurricane Harvey, in contrast 

to the other two storms. This may be due to the very large spatial extent of flooding from 

Harvey, which was truly unprecedented, with more than 312,000 residential structures in 

Houston’s main watershed experiencing flood losses, and more than ⅓ of those experiencing 

flooding that exceeded the height of the first-floor ceiling (Sebastian et al. 2021). Although 

HAND varies significantly within the four-county study area (Table 1), the flood depths after 

Hurricane Harvey may have muted the effects of HAND we observe after the other two storms. 

 

For all three storms that we examine, HAND coefficients are either positive or zero, implying, if 

anything, the expected flood risk discount. This contrasts directly with the counterintuitive flood 

risk premiums associated with location in FEMA floodplains post-storm seen in Table 2. Earlier 

we provide several reasons why one might expect to encounter upward bias when regressing 

property prices on FEMA floodplain location interacted with a post-storm dummy. For example, 

floodplain boundaries can be challenged and altered via lobbying (which may be more likely or 

more effective for higher-value properties), and mitigation and post-storm renovation 

investments may be higher in these areas. Many of these potentially problematic features cannot 

be observed, but we are able to test one potential mechanism for the counterintuitive FEMA 

floodplain results.  
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Specifically, we run a model for the storm Hurricane Harvey that removes parcels from the 

sample with reported damage to residential structures. Following Hurricane Harvey, FEMA 

conducted a modeling exercise using inundation maps and claims data overlaid with housing 

parcels in the Houston region to predict different levels of damage at the house level (FEMA 

2018). We merged these data with our data on housing sales using tax ID number (parcel APNs), 

and then removed those houses that were classified as destroyed or that had major or minor 

damage or were impacted. This process removes any house that may have been destroyed and 

repaired with updates as a result of the storm, but it is restricted to Harris County, where the 

damage data were available to us, and is only for Harvey.  

 

This is not a comprehensive identification of damaged properties, and any investments in repair 

and renovation for these properties may not have completely restored them. However, we 

remove these (approximately 3,000) properties from the sample, and re-estimate the models in 

Table 2 to test whether doing so reduces an important potential source of upward bias in the 

coefficient estimates of interest. The results for this much smaller sample, reported in Appendix 

D (Table D2), are qualitatively similar to those reported for Hurricane Harvey in Table 2 

(positive and mostly significant). To the degree that dropping properties with reported structural 

damage also drops the properties with the most significant post-storm renovation investments, 

this does not appear to be an important source of upward bias in estimating the effects of FEMA 

floodplain location on post-storm property prices in our study setting. 

 

Finally, in the Appendix, Table D1, we report the results of regressions that include both HAND 

and the FEMA floodplain indicators, interacted with storms, in the same models. The first three 
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results columns include all three risk measures (FEMA 100-year floodplain, FEMA 500-year 

floodplain, and HAND) interacted with the post-storm indicator for Hurricanes Katrina, Ike and 

Harvey. These results are broadly consistent with our findings in Table 2 (significant price 

premiums associated with floodplain location post-storm) and Table 3 (positive and significant 

impacts on prices of increasing HAND post-storm, except after Harvey). The magnitudes of 

these coefficients change little when we introduce the competing risk measures simultaneously. 

 

In columns 4-6, we add triple interactions between the storms, HAND and the two floodplain 

indicators. HAND appears to have no additional marginal effect on prices within the 100-year 

floodplain post-storm (except a weakly significant and counterintuitive negative effect post-

Harvey). Any additional marginal effect of HAND within the 500-year floodplain is also 

negative and inconsistent across storms.  

 

While it is reassuring that the baseline effects of HAND are unchanged in Table D1, compared to 

Table 3, some of the interaction effects in the 500-year floodplain are large enough to suggest 

that the net effect of HAND within these moderate-risk areas could be negative. Given the 

endogeneity challenges associated with the FEMA floodplain boundaries and the counterintuitive 

results in all of our regressions containing these variables, we hesitate to read too much into 

these estimates. If we interpret them with endogeneity bias as a caveat, it would appear that 

HAND has the expected effect outside of FEMA-designated floodplains (and Fig. 2 suggests that 

there are many low-lying HAND values in non-floodplain areas), but not necessarily within 

them. 
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5. Discussion and Conclusions  
 
 
We test an alternative to measuring the impact of flood risk on property prices, comparing effects 

estimated using traditional, discrete measures commonly employed in the literature (100- and 

500-year floodplains designated by FEMA) with those estimated using HAND, a continuous 

measure of a property’s elevation above its nearest drainage. Our results suggest that HAND, 

estimated at the property level, provides information characterizing flood risk in the hedonic 

property framework that traditional SFHA designations may not capture. Properties selling after 

three major Gulf Coast hurricanes that either hit or threatened the Houston metro area obtain 

higher prices in less risky locations using HAND, while models of the same storms using FEMA 

floodplain designations suggest counterintuitive price premiums. Unlike FEMA floodplain 

boundaries, HAND is a high-resolution, spatially continuous, and plausibly exogenous measure 

that allows us to disentangle flood risk from other, correlated mechanisms. We pilot the use of 

HAND in the hedonic property framework in a single region – whether our results generalize at 

greater spatial scale or in less flood-prone regions are important questions for future research. 

 

Our findings also have potential implications for policy settings at different levels. New FEMA 

floodplain maps are expected for the Houston region in 2026; more careful delineation of risk 

and better communication may improve the capacity of such maps to serve as tools for flood risk 

adaptation. Updates at the federal level to the National Flood Insurance Program via FEMA’s 

Risk Rating 2.0 were rolled out in 2023 and include measures of property-specific risk that go 

beyond traditional SFHA maps, as well as modeling advancements (FEMA 2021b), but they 

have been controversial because they create economic hardship for some property owners 

(Amacher 2023). As these changes to the information environment in which policies are 
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formulated and properties are bought and sold continue to evolve, our HAND results suggest that 

localized flood risks may already be capitalized, even where traditional measures are not. As 

local natural hazard risk information becomes available to homeowners via real estate platforms 

and other private and public sources, our findings support the notion that markets and individuals 

do respond to property-specific risk information.      

 

Using plausibly exogenous, hydrologically-based and continuous measures of flood risk may be 

a first step toward improving the way that risk is measured in econometric settings. HAND, in 

particular, can be calculated anywhere that there is reliable elevation data, and more refined 

measures of risk may be available for economic research in the future. Researchers should 

carefully consider the characterization of flood risk in future work, as alternative definitions lead 

to very different conclusions about the impact of risk on property prices.    
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Table 1: Summary Statistics by Specification 
 
 

 Variable N Mean 
Std.  
Dev. Min. Max. 

 Ike +/-   
3 Years       

  Property price 68332 252443 123507 81875 1132290 

  Share in FEMA 100-year FP (FEMA 100) 68332 0.060 0.238 0 1 

  Share in FEMA 500-year FP (FEMA 500) 68332 0.101 0.301 0 1 

  Height above the nearest drainage (HAND) 67980 4.22 3.67 0 33.5 

 Harvey +/- 
3 Years       

  Property price 49683 301433 122162 109687 1385563 

  Share in FEMA 100-year FP (FEMA 100) 49683 0.063 0.243 0 1 

  Share in FEMA 500-year FP (FEMA 500) 49683 0.103 0.304 0 1 

  Height above the nearest drainage (HAND) 49481 4.16 3.70 0 32.412 

 Katrina +/- 
3 Years       

 Property price 88498 257984 114854.9 92947 1245329 

 Share in FEMA 100-year FP (FEMA 100) 88498 0.063 0.243 0 1 

 Share in FEMA 500-year FP (FEMA 500) 88498 0.103 0.304 0 1 

 Height above the nearest drainage (HAND) 87996 4.145 3.59 0 33.5 

Total 
Sample  

   
  

 Property price 1568911 283579 176262 34338 1471479 

 Share in FEMA 100-year FP (FEMA 100) 1568911 0.066 0.249 0 1 

 Share in FEMA 500-year FP (FEMA 500) 1568911 0.107 0.307 0 1 

 Height above the nearest drainage (HAND) 1561024 4.47 3.401 0 33.5 

Notes: Table 1 reports summary statistics for the property sub-samples in our four-county study area used in the 
analysis: those sold at least twice in the six years surrounding Hurricanes Ike, Harvey, and Katrina. The bottom 
panel provides summary statistics for the full sample of all property transactions in our four-county study area from 
2000-2022, for comparison purposes. 
 

 
 

by
 g

ue
st

 o
n 

A
ug

us
t 1

5,
 2

02
6.

 C
op

yr
ig

ht
 2

02
6

D
ow

nl
oa

de
d 

fr
om

 



 
 
 

 
 
 

 

 

 

 

 

 

 

 

Table 3: Single Hurricane HAND  
Katrina 

(1) 
Ike 
(2) 

Harvey 
(3) 

Post Storm x HAND 0.004*** 0.004*** -0.001 

 (0.000) (0.001) (0.000) 

Parcel FE Yes Yes Yes 

County x Month FE Yes Yes Yes 

Adj R2 0.861 0.870 0.871 

N 87,576 67,638 49,262 

Natural log of price in 2022 dollars is the dependent variable in all models. Robust standard errors in 
parentheses. Data restricted to transactions +/- 3 years of storm, arm’s-length single-family-home 
transactions with top and bottom 5 percent trimmed by sale price.  * p < 0.10; ** p < 0.05; *** p <. 01 

  

 

 

Table 2: Single Hurricane FEMA 
Katrina 

(1) 
Ike 
(2) 

Harvey 
(3) 

Post Hurricane x FEMA 100 0.016** 0.024*** 0.020*** 

 (0.005) (0.010) (0.009) 

Post Hurricane x FEMA 500 0.008* 0.004 0.016*** 

 (0.005) (0.006) (0.006) 

Parcel FE Yes Yes Yes 

County x Month FE Yes Yes Yes 

Adj R2 0.861 0.870 0.871 

N 88,072 67,988 49,464 

Natural log of price in 2022 dollars is the dependent variable in all models. Robust standard errors in 
parentheses. Data restricted to transactions +/- 3 years of storm, arm’s-length single-family-home 
transactions with top and bottom 5 percent trimmed by sale price.  * p < 0.10; ** p < 0.05; *** p <. 01 
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Figure 1: Repeat Sales Parcels, FEMA SFHA, and HAND in the Study Area  

 

Notes: Figure 1 panel A shows the location of parcels that sold more than once over the study 
period 2000-2022 in the 4-county Houston, Texas study area: Brazoria, Fort Bend, Harris, and 
Montgomery Counties. Panel B zooms in on a stretch of the Buffalo Bayou in Harris County, 
where parcels overlay FEMA 100-year floodplain boundaries compared against continuously 
measured height above the nearest drainage (HAND). 
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Figure 2. Illustration of the Difference Between HAND and Elevation 
 

 
Notes: Figure 2 shows how height above the nearest drainage (HAND) is calculated as the 
vertical distance a parcel sits above the drainage channel in its local catchment (~1-5km²). 
Homes A and B, with different elevations above sea level, have similar HAND, while homes C 
and D, with similar elevations above sea level, have different HAND (Nobre et al 2011). 
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Figure 3: Heterogeneity in the distribution of HAND by floodplain designation   

 

Notes: Figure 3 graphs the distribution of Height Above the Nearest Drainage (HAND) in the 
four-county study area according to floodplain status (100-year FEMA floodplains, 500-year 
FEMA floodplain areas, and areas outside of either floodplain). Results of Kolmogorov-Smirnov 
tests for differences in these distributions are reported at bottom right. 
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Endnotes 
 

 
i Anecdotally, Hurricane Harvey damaged more than 200,000 homes in Southeast Texas in 2017, 
including 5,000 flooded homes constructed within the Addicks and Barker reservoirs in 
northwest Houston, though few affected homeowners knew they were at risk of flooding (Satija 
et al. 2017, Hunn et al. 2018).  
ii A repetitive-loss property has two or more claims exceeding $1,000 paid by the National Flood 
Insurance Program within any rolling 10-year period since 1978. About one-half of repetitive 
loss claims in Houston between 1978 and 2008 were located outside of the FEMA-designated 
SFHA (Highfield et al. 2013). 
iii See: Zuvanich, Adam. 2024. Houston City Council extends 2016 flood-mitigation grant 
program as hundreds of homes wait to be elevated. Houston Public Media. 2 February. 
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-
council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-
be-
elevated/#:~:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the
%20work%20going.%22  
iv See: Zuvanich, Adam. 2024. Houston City Council extends 2016 flood-mitigation grant 
program as hundreds of homes wait to be elevated. Houston Public Media. 2 February. 
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-
council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-
be-
elevated/#:~:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the
%20work%20going.%22  
v See: Asch, Sarah. 2025. Since Hurricane Harvey, thousands of homes in the Houston area have 
been built in floodplains. Texas Standard. 16 September. 
https://www.texasstandard.org/stories/hurricane-harvey-flooding-homes-built-floodplains-
investigation/  
vi We do not report or discuss a post-storm indicator for any of the models. This indicator, while 
included, is nearly perfectly collinear with panel-month effects, and the only variation that is 
exploited to estimate it comes from properties that sell (on one side of the storm or the other) in 
the very month that each storm hits. 
vii The literature also documents suppression of development within SFHAs, a supply-side effect 
that can counteract any downward pressure on prices from flood risk, itself (Ostriker and Russo 
2025). 
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https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.houstonpublicmedia.org/articles/news/flooding/2024/02/02/476380/houston-city-council-extends-2016-flood-mitigation-grant-program-as-hundreds-many-more-homes-wait-to-be-elevated/#:%7E:text=Participating%20homeowners%20must%20have%20flood,to%20keep%20the%20work%20going.%22
https://www.texasstandard.org/stories/hurricane-harvey-flooding-homes-built-floodplains-investigation/
https://www.texasstandard.org/stories/hurricane-harvey-flooding-homes-built-floodplains-investigation/
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