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a b s t r a c t

This paper identifies geographic areas whose real estate markets were potentially impacted by US flood
insurance reform, and it explores concurrent vulnerabilities—by income and race—in the most impacted
areas. Because of the geographic and demographic significance of the Gulf Coast in terms of flood risk,
flood insurance, and vulnerability, the Houston-Galveston region was selected for analysis. Flood in-
surance reform under the Biggert–Waters Flood Insurance Reform Act of 2012 occurred unabated over a
21-month period from July 2012 to March 2014. This period represents a unique real-world intervention
that can be analyzed using a quasi-experimental design. The period was characterized by numerous
anecdotal reports of spiking flood insurance rates and market uncertainty. Market data were gathered for
two years before and two years after Biggert–Waters in Harris and Galveston Counties. Paired z-tests
were performed to examine before and after market differences. Findings showed 17 zip codes that
experienced significant impacts (po0.01 in 14 zip codes, po0.05 in 3 zip codes). Among the sig-
nificantly impacted zip codes, low-income households were overrepresented by 11% in Harris County and
by 32% in Galveston County; and minorities were overrepresented by 43% in Galveston. These results
support the hypothesis that flood insurance reform can have disproportionate impacts. The paper pro-
vides a straightforward approach for analyzing the real estate market impacts of flood insurance reform
at a community scale. It also provides a basis for recommending that regulatory decisions involving flood
insurance must be informed by an analysis of disproportionate impacts.

& 2015 Elsevier Ltd. All rights reserved.
1 Abbreviations used in this paper: the Biggert–Waters Flood Insurance Reform
1. Introduction

Since Hurricane Katrina, the United States has been engaged in
debates over how to reform its flood policy. Recent reforms to
flood mapping and flood insurance suggest a paradigm shift in the
US position on flood risk, perhaps influenced by the emerging
realities of climate change, increasingly destructive floods, and the
heightened costs of disaster recovery. Not long ago the position
was that subsidized flood insurance should provide “affordable
protection” that reduced taxpayer costs and minimized the eco-
nomic hardship of floods [1]. A stated purpose of the National
Flood Insurance Program (NFIP) was to encourage sound land use
by minimizing exposure of property to flood losses [2]. But today
the National Flood Insurance Program is widely criticized for
having spurred development in high-hazard areas [3], and the
flood maps on which the program depends, until just recently, had
been allowed to lapse for as long as two decades before being
updated [4]. Today's position employs full-risk insurance rates and
risk-based mapping based on state-of-the-art science.
Passing both Houses of Congress with no debate and with no
analysis of its socio-economic impact, the Biggert–Waters Flood
Insurance Reform Act of 2012 [5], or BW121, promised to eliminate
all flood insurance subsidies and to impose full actuarial insurance
rates. Soon after, flood insurance rates for properties in Hawaii,
Georgia, Louisiana, and elsewhere went from as low as $600 per
year to as high as $20,000–$50,000 per year. Properties that had
never flooded or where not considered at risk were now being
mapped into high-risk flood zones and hit with the highest pos-
sible rates, all within a relatively short period of time. After almost
two years of BW12, nationwide protest led to the passage of the
Grimm–Waters Homeowner Affordability Act of 2014 [6], or
GW14, which slowed down the pace of BW12. The period during
which BW12 was fully active—from July 2012 to March 2014—
therefore offers a window for observing the socio-economic im-
pacts of policy reform thought necessary to realize the new US
Act of 2012 is abbreviated “BW12,” the Grimm–Waters Homeowner Insurance
Affordability Act of 2014 is abbreviated “GW14,” and the National Flood Insurance
Program is abbreviated “NFIP.”
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position on flood risk.
There is little or no published analysis of the impacts of BW12

on the most vulnerable communities and population groups.
Moreover, there is not adequate research on the impacts of the
shifting flood paradigm in general. If such a shift is necessary, and
it most likely is, how will it affect people now living in harm's way,
and what options will they have to adapt to the new paradigm?
This paper addresses an understudied and important topic: iden-
tifying geographic areas where national flood insurance reform
potentially affected real estate markets, and exploring the demo-
graphic vulnerabilities of the most impacted areas. The scale of
analysis is the community (e.g., census block, census tract, zip
code, flood zone, subdivision, neighborhood, or super-neighbor-
hood boundaries) rather than the individual property owner. The
research questions are: (1) which real estate markets worsened
during the BW12 period; and (2) were any population groups over-
represented in the most impacted areas? The paper uses the Hous-
ton-Galveston region as a case study; however, the approach de-
veloped in the paper can be replicated anywhere because it is
based on easily accessible data.

1.1. Policy background

According to the National Oceanic and Atmospheric Adminis-
tration (NOAA), states along the Gulf of Mexico have the highest
sustained wetland loss rate in the country [7], and Southeast
Louisiana in particular has the highest rate of relative sea level rise
in the United States [8]. The Gulf Coast from Texas to Florida has
the highest concentration of repetitive flood loss properties in the
US, with hot spots in Houston-Galveston, New Orleans, Mobile,
and Tampa [48]. The combination of land subsidence, rising sea
level, wetlands erosion, and increasing storm activity is in-
tensifying the flood hazard in this particular region. For about a
decade FEMA has been responding to this changing flood risk
profile by updating the nation's flood maps through its Map
Modernization, Risk Map, and Digital Flood Insurance Rate Map
programs. The updated maps reveal a more accurate under-
standing of today's flood risk and sometimes result in redrawn
flood zone boundaries, changes in flood zone, and/or different
base flood elevations in some communities. Flood map changes
can trigger higher flood insurance costs for individual property
owners and can affect the value of property and local real estate
market conditions in general. The increasing risk of flooding is
associated with the increased cost of flood disasters. Since the
Sandy disaster, the National Flood Insurance Program (NFIP) has
faced deepening debt of up to $24 billion as of July 2013 [9]. The
Table 1
Summary of BW12 Reforms.
Source: FEMA [11].

Key reforms specified in the Biggert–Waters Flood Insurance Reform Act of 2012

� Subsidized rate phase-out for all businesses and non-primary residences
(second homes, vacation homes) in flood zones. Insurance premiums must
reflect full actuarial risk within 4 years.

�

� Subsidized rate phase-out for all repetitive loss and severe repetitive loss
properties (within or outside the flood zone). Insurance premiums must re-
flect full actuarial risk within 4 years.

�

� New purchases, new policies, property sales, policy lapses, and repetitive
losses must reflect full actuarial risk immediately.

�

Note: “Flood zone” refers to the Special Hazard Flood Area as defined by FEMA. “Subsidiz
the first flood maps) to purchase lower-cost insurance that did not reflect actual risk. “G
allowing existing properties built in compliance with previous standards to maintain th
loss” and “severe repetitive loss” refer to properties that have flooded multiple times, a
NFIP program has also fallen short in other ways, as long re-
cognized by Burby [10]. In Burby’s analysis as quoted below, the
NFIP suffers from:
�
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Incomplete flood hazard identification and use of flawed
methods;
�
 Failure of mitigation to contain increasing exposure to property
damage from floods and coastal storms;
�
 Failure of mitigation to markedly reduce exposure to loss of
older buildings located in flood hazard areas; and,
�
 Low market penetration of flood insurance in spite of manda-
tory purchase requirements for new construction and the
availability of subsidized insurance rates for older buildings
located in flood-hazard areas.

In an attempt to make flood insurance more financially sound,
the federal government passed the Biggert–Waters Flood In-
surance Reform Act in 2012. This act called for the eradication of
subsidized insurance rates, the elimination of grandfathering, and
other rule changes that affect individual property owners and local
housing markets (see Table 1).

The combination of new flood maps and new insurance rules
represents a paradigm shift in how the US manages flood hazards,
with the new paradigm embracing up-to-date maps that reveal
flood risk more accurately, and actuarial insurance rates that re-
present the actual costs of risk. There is less compromise in the
new paradigm and more reliance on risk as a driver of decisions.
After the passage of BW12, stagnant or falling prices and market
uncertainty signaled the impacts of the paradigm shift. In Louisi-
ana, the St. Charles Parish Tax Assessor implemented an across-
the-board reduction in value for all properties in the parish [12].
The Houston Chronicle [13] described the impacts to the Houston-
Galveston region in the following quote:

Veteran Clear Lake-area realtor Priscilla Ennis said, “It's still a
busy market, but people are reluctant to purchase in areas
where the flood insurance has just gone off the charts.” She
said that was true in two ZIP codes in particular-one of them in
Nassau Bay. One of her clients, Jack Boze, of Kemah, has had his
house on the market for months and says several potential
buyers have been scared away by high flood insurance quotes.

Evidence of nationwide impact is the formation of the 35-state
Coalition for Sustainable Flood Insurance founded by Greater New
Orleans, Inc. in May 2013 [14]. This group lobbied their re-
presentatives for relief and was victorious when Congress and the
President signed the Grimm–Waters Homeowner Flood Insurance
idized rate phase-out for all remaining subsidized policies, including primary
ences, with map updates beginning in 2014.

dfathered/discounted rates phase-out for all grandfathered properties, with
updates over 5 years.

A must continuously update flood maps nationwide. Out-of-date maps no
er allowed.

ates” refer to the past practice of allowing older “pre-FIRM” homes (built before
dfathered rates” (also known as “discounted rates”) refer to the past practice of
revious rates even as map changes reflected increasing flood risks. “Repetitive
fined by FEMA.
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Affordability Act of 2014 (GW14). While GW14 temporarily re-
pealed two of the 50 sections of BW12, it also created new sub-
sidies and retained some of the Biggert–Waters’ reforms. Never-
theless, the overall effect of GW14 was to slow down BW12, not to
stop it outright. The framework of reform, set by BW12, revealed
some of the tactics employed to reach full rate insurance as well as
the inevitable impacts to be experienced along the way.

1.2. Identifying affected communities

There is a conflict between moving to full risk-based pricing
and affordability. The leading policy study on the subject, by
Kousky and Kunreuther [15:2], analyzed the question “How might
the NFIP provide insurance to residents who may require special
treatment, such as low-income homeowners residing in flood-
prone areas, because they cannot afford the higher risk-based
premiums? Affordability in this case is the impact of increased
flood insurance premiums on household income. Kousky and
Kunreuther [15:15] suggest that 5 percent of gross income is an
affordable amount; however, they also state that further research
is needed to establish this percentage more accurately.

Many people lost their homes, businesses, and credit during
the Great Recession, and those who did not may be facing that
threat again with flood insurance reform. Those in the market for
real estate may find flood insurance a major factor in the cost.
Those who rent may find increased insurance costs passed on to
them through rent increases by owners required to pay higher
flood insurance rates. Full-risk rates are not affordable for many
people, which is why the government started subsidizing rates in
the first place. Flood insurance reform may impact some com-
munities more than others.

How can one identify these highly impacted communities?
Insurance rate increases are triggered by the purchase or sale of a
property (i.e., federally-backed mortgages require the purchase of
NFIP flood insurance), by map changes (e.g., new flood zone
boundaries, new base flood elevations, or zone changes within an
existing boundary), or by property category (e.g., new, lapsed, or
subsidized policies; repetitive loss and pre-FIRM properties; sec-
ond homes; and businesses). However, parcel-level information on
lapsed policies, repetitive loss status, second homes, and sub-
sidized policies is not typically available to the public. Property
sale information may be available, but not at the parcel level in
some states. New flood maps are available but usually not old
flood maps for comparison (i.e., FEMA only makes one map
available at a time; in limited areas FEMA Risk Maps are available
that show both old and new maps, but not in the study area). Even
so, flood boundaries themselves may or may not define the areas
of impact because of the potential reach of future map changes.
Some banks and mortgage lenders, who are requiring flood in-
surance as part of their lending criteria, already consider proper-
ties near water and properties within one to two miles of a special
flood hazard area at-risk. The availability of data in any location
will determine the methodology for identifying impacted
communities.

In addition to the data gap, there is a knowledge gap. Public
policies promulgated without analysis of impact and without ac-
cess to the data leave the public uninformed about the individual
and collective impacts. Individual impacts may include increased
flood insurance premiums, mitigation expenses to offset increased
insurance premiums, reduced home values due to higher pre-
miums, increased rents to pay for higher premiums, and aban-
donment of properties. Collective impacts experienced at the
community or neighborhood level may include a stalled real estate
market, reduced property values, increased rent, increased num-
ber of rental properties, reduced commercial activity, increased
blight, and increased out-migration. These policy impacts can
reach properties located within and outside the flood zone. In-
dividual impacts vary significantly depending on ownership con-
ditions (e.g., federally backed mortgage, private mortgage, no
mortgage), property age and elevation, existing subsidies, map
accuracy, and others. It is known that properties below the base
flood elevation (BFE), grandfathered properties, properties build
before the first map (pre-FIRM), currently subsidized properties,
and business properties will see large increases. Ownership con-
ditions are not publicly available, but year built is typically avail-
able. Community impacts generally are easier to investigate be-
cause real estate market data are usually publicly available,
whereas individual parcel and insurance premium data are not.

To address the lack of knowledge about flood policy impacts to
individuals and communities, the National Academy of Science, as
required under GW14, formed a special committee to examine the
issue of affordability and to make policy recommendations to
address it [16]. This paper contributes an additional analysis of
affordability by identifying communities most vulnerable to the
market impacts produced by the policy. Under the new policy
paradigm, insurance rates for properties already in or near high-
risk flood zones, older properties, repetitive loss properties, and
businesses will increase, which could segment these areas into
submarkets. If artificially subsidized flood insurance encouraged
development in the past, then full risk rates could destabilize
development in the future, resulting in depressed real estate
submarkets. The notion of real estate submarkets was examined
by Bourassa, et al. [17,18], who concluded that the use of real es-
tate submarkets was important for optimized predictions of
housing value. It is possible that real estate submarkets triggered
by flood policy impacts will become significantly different from
the general real estate market as flood hazards increase over time
due to climate change, which could result in significantly dis-
proportionate outcomes. Current and future map changes could
continue to engulf more and more properties into the flood zone
and, through mandatory purchase, require a higher proportion of
structures to purchase flood insurance at full actuarial rates. Sub-
sequent market impacts may eventually lead to land use change
over time via increased out-migration of property owners and
businesses, increased rental properties, increased blight, and in-
creased geographic and economic segregation. This worst-case
scenario could end up leaving the most vulnerable population
groups in harm's way.
2. Theory

Research on the association of flood hazard and housing value
has focused on estimating the relative value of properties in flood
zones compared to properties outside of flood zones, and the
impact of subsidized versus nonsubsidized flood insurance on
housing markets. One key theory is the theory of consumer be-
havior under uncertainty as reflected in housing price fluctuations,
which represent changes in consumer willingness to pay. Mac-
Donald et al. [19] found that flood hazard had a measurable in-
fluence on property value differentials. Shilling et al. [20] tested
the impact of subsidized and nonsubsidized flood insurance on
property values and concluded that subsidized insurance re-
presented a transfer of wealth to existing homeowners. Harrison
et al. [21] studied housing values from 1980 to 1997 for nearly
30,000 property transactions in one Florida county and found that
properties in flood zones tend to be assessed too high relative to
non-flood areas. Bin and Polasky's [22] analysis of housing values
before and after Hurricane Floyd found that the negative price
differential for homes located in flood zones increased after the
hurricane. Associated with consumer behavior theory are the no-
tions of market failure that results from imperfect information and
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the lack of markets for environmental goods, which may lead to
increased exposure to flood risk [23]. Troy and Romm [24] ana-
lyzed home prices before and after the passage of a new flood risk
disclosure law in California, which was intended to improve the
information available to consumers. They found that after the
disclosure law, home prices in floodplains decreased 4.2%, whereas
there had not been a price differential prior to the law. The before
and after price differential in Hispanic areas was even higher.

In addition to examining the relationship between un-
subsidized flood insurance and property market values, this paper
is also interested in the spatial and demographic distribution of
the resulting property value differentials. The affordability of these
impacts is currently unknown. The policy brief by Kousky and
Kunreuther [15] directly addressed this issue by proposing to
subsidize mitigation instead of insurance. Their idea was to con-
tinue on the path to full actuarial insurance rates because they give
consumers clear messages about risk, while providing vouchers
and mitigation loans to low-income residents who live in high-risk
areas. The authors stop short of identifying the most vulnerable
areas and they do not review the abysmal performance record of
the mitigation program documented in the literature by Comfort
et al. [25], Frazier et al. [26], and Godschalk et al. [27]. Flood policy
reform represents an environmental and economic shift that
threatens to place further burdens on the most vulnerable com-
munities. Policymakers should tackle affordability issues with
knowledge of the impacts of flood insurance policy on overall
community resilience. The theory of disproportionate impact ap-
plies, which states that a risk-based allocation of resources will
disadvantage vulnerable communities [28]. This paper applies the
theories of consumer behavior under uncertainty, flood policy ef-
fects on property values, and disproportionate impacts. There are
Fig. 1. The Houston-G
three expected findings. First, the passage of risk-based flood in-
surance under BW12 triggered individual property values to drop
for properties targeted by the law. Second, BW12 increased real
estate market uncertainty, partly by imperfect information, which
reduced consumers’ willingness to pay and resulted in market
price stagnation beyond individual properties. Third, the dis-
proportionately impacted areas had pre-existing or concurrent
racial and socioeconomic vulnerabilities.
3. Materials and methods

3.1. The case study area

This study selected Harris and Galveston Counties as case stu-
dies because of their already established status as known areas of
disaster vulnerability in the Gulf of Mexico. These counties re-
present a wide range of land use and land cover conditions (i.e.,
urban, suburban, industrial, rural) and types of flooding (i.e.,
coastal flooding, riverine flooding, flooding from inadequate urban
drainage, and floods resulting from coastal erosion and sub-
sidence). Fig. 1 shows the 13-county Houston-Galveston region
with the main cities of Houston and Galveston highlighted.

Post-recession economic trends in the region were generally
good. Real gross domestic product (inflation-adjusted GDP per
capita) for the Houston Metropolitan Region varied from 3.0 to
6.8 percent per year from 2010 to 2013 [29]. Personal income (in
thousands per capita) for 2013 was higher than state and national
averages: $47.2 in Galveston County and $53.1 in Harris County,
compared to $43.9k in Texas and $44.8k in the United States [30].
Overall growth in total real estate earnings (private, non-farm)
alveston Region.



Fig. 2. High risk flood zones in Galveston County.
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from 2010 to 2013 was positive for Galveston County (22.5%) and
Harris County (38.7%) [31]. However, real estate earnings growth
dropped in Harris County after 2012 (from 27.9% down to 6.8%)
and increased in Galveston County (from 0.9% up to 8.3%) [31].

A visual analysis of Galveston County (see Fig. 2) reveals that
most of the Galveston barrier island is at risk of VE-zone flooding
(coastal surge) because of its location in the Gulf of Mexico. A sea
wall along the northeastern portion of the island protects the
densely developed area from surge and reduces its flood zone
status to AE. Rivers and streams crisscross the mainland of Gal-
veston County, creating many areas of riverine AE-zone flooding
(1% annual chance flood risk). Additional VE-zone risk exists along
the mainland coast, however these areas are somewhat protected
by the barrier island.

Fig. 3 shows pre-FIRM structures constructed prior to 1970 in
Galveston County, before the existence of flood insurance rate
maps. At the beginning of the NFIP program, FEMA automatically
grandfathered-in these older properties and allowed them to pay
subsidized insurance rates in accordance with program rules. Over
the years, FEMA also allowed properties that complied with cur-
rent flood maps to grandfather-in (i.e., discount) their rates, even
as the agency updated its flood maps to show changes in flood
risk. The Biggert–Waters Act targeted the subsidies and discounts
associated with these structures. Data on properties with map
discounts were not available to the public due to privacy con-
siderations; therefore, this study focused on subsidized pre-FIRM
properties. As of 2011, there were approximately 45,219 pre-FIRM
structures in Galveston County [32].

Fig. 4 combines the flood zone and pre-FIRM map layers to
reveal those pre-FIRM structures located in high-risk flood zones.
Despite their location in the most high-risk areas, many property
owners did not mitigate their pre-FIRM structures against flood-
ing. If insured at subsidized rates, these structures represent a
significant cost to the NFIP program. On the other hand, the sea
wall mitigates the dense cluster of pre-FIRM structures on the
barrier island. The structures are still at risk, but the risk is miti-
gated because of the wall.

Fig. 4 overlays land values on top of flood zones and pre-FIRM
structures, revealing that most of the lowest valued land in Gal-
veston County coincides with pre-FIRM structures in high-risk
flood zones. Based on the visual analysis in Fig. 4, the structures
targeted by Section 205 of BW12 are most likely located in areas
belowmedian land value, at least in Galveston County. This finding
suggests the possibility of disproportionate impact to low-income



Fig. 3. Pre-FIRM structures in Galveston County.
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residents in this primarily coastal area. The next section presents
the same visual analysis for Harris County, a primarily riverine
area.

Figs. 5–7 show the same features for Harris County. Like Gal-
veston, Harris County had considerable overlap between Pre-FIRM
parcels, high-risk flood zones, and low land values. However,
Harris County flood risk is more dispersed compared to Galves-
ton's barrier island, and this reflects the characteristics of a river-
ine floodplain rather than a coastal floodplain. As of 2011, there
were approximately 437,599 pre-FIRM structures in Harris County
[32]. Fig. 7 shows that many of the pre-FIRM parcels in Harris
County flood zones are located in areas below median property
value. This visual analysis suggests a possible relationship between
parcels impacted by BW12 and demographic conditions, and it
suggests the hypothesis that low-income residents may be dis-
proportionately impacted.

To summarize the findings of the preceding visual analysis, in
2010 there was considerable overlap between Pre-FIRM parcels,
high-risk flood zones, and low land values in both Harris and
Galveston Counties, which indicates a possible correlation be-
tween parcels targeted by BW12 and demographic conditions.

The next section develops a framework for identifying areas
potentially most impacted by the new flood policy approach based
on how real estate markets reacted to BW12 during the nearly
2-year period of unmitigated implementation.

3.2. Hypotheses, variables, and methods

Potential measures of local real estate market impacts include
changes in sales price, number of sales, appraisal value, assessed
tax value, and list price reductions. Of these, list price reductions
(LPRs) are more comparable from property to property within a
local area, while still reflecting real-time changes in market price.
List price reductions are dynamic indicators of how buyer demand
interacts with price; and as co-incident indicators they change
with market conditions [33–35]. Lagging indicators such as land
value, appraisal value, tax value, number of sales, and sales price
typically change too slowly to capture the very short-term impacts
of interest [33–35]. For the short-term analysis performed in this
study, LPR was the most practical indicator.

The analysis set out to identify statistically verified areas where
BW12 insurance rule changes had negative impacts on the list
price of properties. The study intended to develop a framework of
analysis that was portable and comparable with other regions of
the US using commonly available data at the community scale.
Analyzing market data at the parcel scale would offer a fine-



Fig. 4. Land value of Pre-FIRM structures within 1 mile of high risk flood zones in Galveston County.
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grained analysis but would be impractical in large urban areas
with millions of parcels (Harris County has over 1.7 million par-
cels). Depending on the size of the area and the availability of data,
census block, census tract, zip code, flood zone, subdivision,
neighborhood, or super-neighborhood boundaries could be used
as proxies for community (instead of using parcels). This study
selected zip code because real estate market data and demo-
graphic data were readily available online at the zip code level for
the Houston-Galveston region, covering 16 of the 17 zip codes in
Galveston County and covering 128 of the 132 zip codes in Harris
County. The five inactive zip codes were ignored and two zip codes
with incomplete market data were removed, resulting in a usable
population of 142 zip codes with data.

Table 2 summarizes the hypotheses, variables, and methods
used in the study. The first hypothesis of the study was that BW12
impacts were associated with real estate market changes. The
impact variable for this hypothesis was percent of list price re-
ductions (LPRs) by zip code. List price reductions are the percent of
real estate listings (i.e., properties for sale) with at least one re-
duced sales price, tracked monthly by zip code. In general, a high
LPR indicates a relatively weak (or unstable) real estate market,
and a low LPR indicates a strong (or stable) market. For example,
during the 2007–2009 recession, LPRs typically surpassed 50% in
markets throughout the United States; indicating at least one price
reduction each for more than half of all properties was needed in
order to attract a sale. Real estate research firms and market
economists track the LPR indicator. LPR is a direct measure of real
estate market quality and it varies in real time with market fluc-
tuations (no lag). The LPR is comparable across markets, regions,
and neighborhoods with different price points, making it a better
indicator than sales price for the purposes of this study.

In this study, LPR serves as an interval level variable that
measures the degree of market impact associated with BW12
implementation. The planned elimination of subsidies, the si-
multaneous updating of flood maps, and the resulting non-trivial
increases in insurance premiums are expected to have reduced the
demand for properties impacted or perceived to be impacted by
the law, making them relatively harder to sell and therefore in-
creasing the percent of properties with price reductions (LPRs). A
set of monthly LPR data (N¼6786) was obtained for a four year
period from May 2010 to April 2014, representing approximately
two years before and two years after passage of the Biggert–Wa-
ters Act. The study used publicly available zip code data, including
means and standard deviations, for all available zip codes in Harris
and Galveston Counties throughout the 48-month period of ana-
lysis. Consequently, the study was able to use the population mean



Fig. 5. High risk flood zones in Harris County.
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as the expected mean to test the null hypothesis that there is no
difference between the sample mean and the expected mean.
With the confidence level set to Z95%, the study tested the null
hypothesis for differences between the mean list price reduction
(LPR) for each sample zip code and the mean of the population of
zip codes. In cases where the difference was significant (at
po0.05), then the null hypothesis was rejected and a pretest/
posttest analysis was performed using BW12 as the intervention.

The criterion for the pretest/posttest analysis was that any
significant changes in mean LPR would have to be “causally re-
levant” in a qualitative sense as defined by Berg-Schlosser et al.
(2008:8) [36] and Yin (2013:189) [37], which refers to a combi-
nation of conditions that leads to a relevant outcome, and to causal
sequences that must occur linearly in time. In this case, change in
LPR is an outcome relevant to flood policy reform, and the se-
quence of LPR change is relevant only under one time condition.
Under a pretest/posttest design with BW12 as the intervention,
causally relevant change between the before and after time peri-
ods is only observed when real estate market conditions suddenly
worsen during the entire BW12 period.

Monthly LPR data for approximately two years prior to BW12
established the pretest trend for each zip code. Likewise, monthly
LPR data for approximately two years after BW12 established the
posttest trend. There were four possible conditions relative to
changes in the mean LPR: (1) high before and high after; (2) high
before and low after; (3) low before and high after; and (4) low
before and low after. Only condition ♯3 is causally relevant and
indicates measurable impacts to local real estate markets that took
place during the BW12 period. Conditions ♯1 and ♯4 denote no
change in market state before and after the intervention, and
condition ♯2 indicates improvements during the BW12 period.
Only condition ♯3 reflects movement from stable market condi-
tions before the intervention to worsening market conditions after
the intervention, as measured by significant changes in the LPR.
Therefore, zip codes that were both causally relevant and statis-
tically significant were necessary to reject the null hypothesis. Real
estate markets in these zip codes would have the highest chance
of exhibiting measureable impacts during the BW12 period.

Statistical significance was determined using paired z-tests.
Sample variances were highly unequal, ranging from 27 to 229,
and skewness was substantial, ranging from �2.44 to þ0.99.
Unlike the t-test, the z-test does not require equal variances.
However, to use a z-test (one-tailed) at the range of sample sizes
within each zip code (n¼28–48), the standard error of the po-
pulation mean must be known. This study utilized the entire po-
pulation of zip codes in the Houston-Galveston region (rather than
a random sample), so population level information was indeed
known. The population standard error for the study was sx̅¼0.111
and the population variance was 84.31 (N¼6786). Most, but not
all, of the sample sizes in the study were sufficiently large (n430)
so that lack of a normally distributed population did not invalidate
the test. Normal probability plots (using z scores) revealed non-
normal distributions for 72 of the 142 zip codes (p¼0.05). Further
probability plots of the sample means found that the sample
means were in fact normally distributed (r¼0.9943, p¼0.01), thus
confirming sufficient normality to meet the test conditions. Under
these conditions the z-test was the most appropriate statistical
test.

The second hypothesis of the study is that the distribution of
impacts was disproportionately associated with income. Flood
insurance reform potentially impacts all population groups, in-
cluding wealthy property owners, business owners, middle-class



Fig. 6. Pre-FIRM structures in Harris County.
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homeowners, renters, and low-income residents. Certain proper-
ties were targeted by BW12 (e.g., properties in flood zones, pre-
FIRM and repetitive loss properties, vacation homes, businesses),
but it is not clear that any particular income group is affected
specifically. However, because flood insurance is the responsibility
of property owners, all of the primary impacts of BW12 fall on
property owners as a group, with renters absorbing secondary
impacts as owners transfer higher insurance costs into higher
rents. This study asks if the impacts of BW12 take on a geographic
significance, and in places where they do is there an over- or un-
derrepresentation of certain income groups. This study adopted a
methodology employed by the Environmental Protection Agency
[38] to investigate disproportionate impacts of environmental
regulations on low-income and minority population groups. After
identifying significant zip codes using the previously described
methodology (i.e., zip codes with statistically significant market
impacts), the study compiled demographic data from the US
Census [39] for each significant zip code. The potential for dis-
proportionate impact by income was determined as the ratio of
percent in poverty in the significant zip codes to the percent in
poverty in the county, and in the state. Ratios above 1.0 indicate a
positive potential for disproportionate impact by poverty status.

The third hypothesis of the study is that the distribution of
impacts was disproportionately associated with race. Like income,
it is not clear that BW12 affected any particular racial or ethnic
group specifically. Certainly, property owners as a group are ra-
cially overrepresented, but this study is asking if geographic areas
with measurable real estate impacts during BW12 also have an
over- or underrepresentation of certain races. Hypothesis ♯3 used
the same EPA methodology as previously described [38]. The po-
tential for disproportionate impact by race was determined as the
ratio of percent minority in the significant zip codes to the percent
minority in the county, and in the state. Ratios above 1.0 indicate a
positive potential for disproportionate impact by minority status.

3.3. Limitations of the research methods

The methodology of the research was limited due to a lack of
access to NFIP parcel data and property sales data. However, bal-
ancing this limitation was the fact that other locations may ex-
perience the same lack of data and that a universally applicable
approach was more advantageous. The study intent was to de-
velop a framework for identifying geographic areas with a high
probability of intense impact associated with BW12. Some areas
may have been so affected that selling property was unviable, a
situation that would be difficult to measure using list price re-
duction data. However, complementing this limitation is the si-
multaneous possibility that wealthier property owners could in-
tentionally postpone sales and strategically wait out the period,
something that low-income property owners are less able to do.
Furthermore, list price reduction data does not imply a property
sale. The LPR includes unsold properties with price reductions, so
in cases with few sales LPR would be high, correctly indicting
market instability. The use of LPR as the outcome variable was
therefore advantageous. Finally, focusing the analysis on clusters
of pre-FIRM properties instead of the entire zip code would likely
sharpen the demographic analysis.

An advantage of the research framework is that it is transpor-
table to other locations because the data are open source and the
analysis is relatively straightforward. Also important is that the
framework focused on vulnerable areas and vulnerable population
groups instead of individual property owners, which facilitates



Fig. 7. Market value of pre-FIRM residential structures within 1 mile of high risk flood zones in Harris County.
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public policy discussions on long-term land use planning, hazard
planning, flood risk management, and climate action planning in
addition to insurance rates. While specific findings for the study
area may not generalize to the entire United States, the topic has
national implications. Many counties and metropolitan areas
across the US are expected to have zip codes with co-located flood
vulnerability and social vulnerability whose real estate markets
would be disproportionately impacted by flood insurance reform.
The methodology developed herein could be applied across the
United States as a screening tool to estimate the potential extent of
the problem. It is possible that other, unstudied factors affected
real estate markets both within and outside of the statistically
significant impact areas during the BW12 period. Because of the
limitations in methodology, this study cannot prove the source of
the real estate impacts observed. However, the methodology is
robust enough to identify whether or not flood insurance reform
may have disproportionate impacts on local real estate markets;
thereby establishing the salience of the research question and the
need for additional analysis. Further research would be needed to
Table 2
Hypotheses, variables, and methods used in this study.

Hypotheses Variables

1. BW12 was associated with real estate market impacts. Impact variable¼Perc
reductions

2. The distribution of impacts was associated with income. Correlated variable¼P

3. The distribution of impacts was associated with race or
ethnicity.

Correlated variable¼P
quantify the contribution of flood insurance reform to real estate
markets.
4. Results

Table 3 presents descriptive statistics for LPR market data in
Galveston and Harris Counties. In general, list price reductions
went down after BW12 in both Galveston and Harris Counties,
with Harris County experiencing a greater reduction. Most zip
codes (113 out of 142 total zip codes with data) experienced a
constant or improving real estate market where fewer and fewer
properties needed price reductions in order to sell. Some zip
codes, however, did experience worsening market conditions.

Paired, one-sided z-tests of independence were performed on
LPR data for each zip code (over a 48-month period) to test the null
hypothesis that there was no difference between a zip code mean
LPR and the expected mean LPR of all zip codes. Results exceeding
95% probability (for a right-tailed test at po0.05) were unusually
Methods of Analysis

ent of properties with list price Paired z-tests, and pretest/posttest
analysis

ercent in poverty Ratio of percent in poverty

ercent minority Ratio of percent minority



Table 3
Descriptive Statistics for List Price Reductionsa in Harris and Galveston County, Before and After Enactment of the Biggert-Waters Actb.
Source: Calculated using monthly list price reduction data from Zillow.com, tracked by zip code [40].

Galveston County Harris County

Before BW12 (5/2010–6/
2012)

After BW12 (7/2012–4/
2014)

Before BW12 (5/2010–6/
2012)

After BW12 (7/2012–4/2014)

Number of zip codes with data availablec 15 15 127 127
N
(No. of monthly data points) 390 330 3299 2767
Mean
(% of properties with price reductions, LPR) 34.78% 32.33% 35.82% 28.15%
Median
(% of properties with price reductions, LPR) 35.01% 32.78% 35.78% 27.87%
Standard deviation 7.81 8.24 7.82 9.19
Range 47.09 48.01 58.89 61.68
Variance 61.03 67.89 61.09 84.45

a List price reduction (LPR) is the percent of properties with reductions in list price during a month, within a specific zip code. These data yield one data point per month
per zip code.

b The pre-BW12 period is from May 2010 to June 2012. The post-BW12 period is from July 2012 to April 2014.
c Market data for zip codes 77617 (Galveston) and 77010 (Harris) were incomplete so these zip codes were not included in the analysis.

Table 4
Results of paired z-tests comparing actual versus expected mean LPRs before and
after enactment of the Biggert–Waters Act.a

Zip code z-value Before
BW12

p-value z-value After
BW12

p-value

o0.01 o0.05 o0.01 o0.05

77563 0.07323 – – 0.03767 – ✓

77339 0.07071 – – 0.00276 ✓ –

77520 0.06239 – – 0.00000 ✓ –

77093 1.00000 – – 0.01712 – ✓

77536 0.07228 – – 0.00004 ✓ –

77087 0.22677 – – 0.02219 - ✓

77017 0.73549 – – 0.00766 ✓ –

77586 0.15662 – – 0.00013 ✓ –

77058b 0.02552 – ✓ 0.00000 ✓ –

77061 0.40247 – – 0.00918 ✓ –

77504 0.06926 – – 0.00698 ✓ –

77012 0.99205 – – 0.00366 ✓ –

77587 0.97235 – – 0.00011 ✓ –

77336 0.97651 – – 0.01492 – ✓

77547 1.00000 – – 0.00000 ✓ –

77050 0.97889 – – 0.00567 ✓ –

77046 0.99969 – – 0.00000 ✓ –

a Zip codes that were not significantly different from the expected mean or that
were not causally relevant are not shown.

b Zip code 77058 was significantly high before BW12 (at po0.05), and was
significantly higher still after BW12 (at po0.01), indicating a causally relevant
change.
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and significantly higher than the expected population variance, and
these were the zip codes of interest. Table 4 presents the results of
performing paired z-tests under these constraints, and lists zip
codes that were significantly different than the expected mean and
that were also causally relevant. Causal relevance was determined
by identifying zip codes that met condition ♯3 in the pretest/
posttest trend analysis (i.e., low LPR before, high LPR after). Fig. 8
summarizes the results of the pretest/posttest analysis graphically.
Seventeen zip codes met the conditions for both statistical sig-
nificance and causal relevance. Figs. 9 and 10 map these zip codes.

All but two of the significant zip codes were located near the
following water bodies: Galveston Bay, Marchand Bayou, San Ja-
cinto River, Goose Creek, Spring Gully, Buffalo Bayou, Boggy Bayou,
Armand Bayou, Greens Bayou, Sims Bayou, Braes Bayou, Berry
Bayou, and Luce Bayou. Parts of all of the significant zip codes
were located in flood zones AE, VE, and Coastal A. Figs. 9 and 10
show that most of the significant zip codes contain dense clusters
of pre-FIRM properties. BW12 targeted older properties located in
high-risk flood areas, so impacts to geographic areas with both of
these characteristics were expected.

The findings thus far support the first hypothesis, and support
the possibility that BW12 was associated with measurable real
estate market impacts. The analysis has rigorously identified a
small number of zip codes that experienced statistically significant
market impacts only during the BW12 period and which contained
a large number of properties targeted by BW12 (i.e., pre-FIRM and
high-risk flood status). Of course, BW12 likely impacted additional
areas and individual properties as well, but their impacts were not
widespread enough to meet the strict criteria established for this
analysis, and the analysis itself was not fine-grained enough to
capture every impact.

To address the second and third hypotheses, the study compiled
demographic information for the 17 significant zip codes. De-
scriptive information summarized in Tables 5 and 6 for Galveston
and Harris Counties, respectively, reveals a wide range of socio-
economic status among populations in the significant zip codes.
Unemployment ranges from a low of 0% to a high of 12.3%, and
median household income ranges from a low of $32,222 to a high of
$86,800. The study used data from the US Census American Com-
munity Survey 2008–2012 to determine demographic ratios for
income and race. Higher ratios indicated a potentially dispropor-
tionate impact, the higher the ratio the higher the potential
disproportionality.

As presented in Table 7 for the Harris County significant zip
codes, people in poverty were overrepresented by a factor of 11%
compared to the county, and again overrepresented by 14% com-
pared to the state. These differences were relatively large con-
sidering that the county and state poverty rates were nearly equal.
The significantly impacted zip codes of Harris County contained a
disproportionate percentage of people in poverty. Poverty rates in
10 of the 16 significant zip codes exceeded the county average,
indicating that zip codes with high poverty levels bore the brunt of
the impacts in Harris County. Minorities in the impacted zip codes
were underrepresented compared to the county (by �25%) and
overrepresented compared to the state (by 13%); but given that
Harris County is a minority–majority county that is 50% more
minority than the state, minorities in the Harris zip codes were not
necessarily overrepresented. Percent minority in five of the 16
significant zip codes exceeded the county average. These results
indicate that overrepresentation by poverty status was relatively
more widespread than overrepresentation by minority status in
Harris County.



Fig. 8. Number of zip codes with change in list price reductions before and after enactment of the Biggert-Waters Act in Harris and Galveston Counties from May 2010 to
April 2014. (Note: “Low” indicates a strong market and “High” indicates a weak market. There were a total of 142 zip codes with data available.).

Fig. 9. Significant zip codes in Galveston County.
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Fig. 10. Significant zip codes in Harris County.

Table 5
Demographic information for significant zip codesa in Galveston County.
Sources: Calculated or obtained from 2011 data from City-Data [32], 2012 data from
the US Census American Community Survey 2008–2012 [39], and 2013 FEMA Flood
Maps. All numbers in the table are from 2011 unless otherwise noted.

Galveston County significant zip code (77563) Galveston County (all zip
codes)

Total population 9488 (2012) 300,484 (2012)
Urban/rural areas 91.5%/8.5% 94%/6% (2012)
Pre-FIRM homesb 1455 45,219
Adjacent to water 1 of 1 16 of 16
Within 2 Miles of a flood zone 1 of 1 (2013) 16 of 16 (2013)
Median income $49,017 $56,561 (2009)
Unemployment rate of the civilian
labor force

10% (2012) 8.1% (2012)

Percent of residents who are renters 32% 34%
Residents with income below pov-
erty level

18.6% 15.2% (2009)

White population 56% 59%
Latino population 20% 22%
Black population 24% 14%
Asian population 0.5% 3%

a “Significant” zip codes refer to zip code areas where there was a positive
increase in List Price Reductions after the enactment of BW12, indicating zip codes
that were impacted and therefore geographically significant.

b Pre-firm homes were estimated as the number of homes built before 1970.
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For the Galveston County significant zip code, people in poverty
were overrepresented by a factor of 32% compared to the county,
but when compared to the state the poverty rates were about
equal. Minorities in the impacted zip code were overrepresented
by 43% compared to the county, and again overrepresented by 17%
compared to the state. Given that Galveston County had lower
rates of poverty and a lower percentage of minority residents than
the state, both poor people and minorities in the impacted zip
code were overrepresented. These results indicate that over-
representation by both poverty and minority status was a concern
in Galveston County, although the geographical extent of the im-
pact was contained within a single zip code.
5. Discussion

Despite marked improvement in the percent of post-BW12 list
price reductions in the Houston-Galveston real estate market, 17
zip codes experienced significant (495% probability at p¼0.01
and 0.05) increases in LPRs during the BW12 period (7/2012–3/
2014). This finding is statistically significant and based on large
sample sizes of 330, 390, 2767, and 3299. These findings tenta-
tively support (but do not prove) the hypothesis that BW12



Table 6
Demographic Information for Significant Zip Codesa in Harris County.
Sources: Calculated or obtained from 2011 and 2012 data from City-Data [32], 2012 data from the US Census American Community Survey 2008–2012 [39], and 2013 FEMA
Flood Maps. All numbers in the table are from 2011 unless otherwise noted.

Harris County significant zip codes (77093,77536,77087,77017,77586,77061,77504,77012,
77587,77336,77547,77050,77046,77339,77520,77058)

Harris County (all zip
codes)

Total population 295,753 4,253,700 (2012)
Urban/rural areas 495%/o5% (except 77336 is 56% rural) 99%/1% (2012)
Pre-FIRM homesb 58,142 437,599
Adjacent to water 14 of 16 significant zip codes Most of the 127 zip codes
Within 2 Miles of a flood zone 16 of 16 significant zip codes (2013) 127 of 127 zip codes (2013)
Median income $32,222–$86,800 $49,392
Unemployment rate of civilian labor force 0.0%–12.3% 8.2% (2012)
Percent of residents who are renters 17%–66% 45%
Residents with income below poverty level 7.5%–31.5% 18.5%
White population 28% 33%
Latino population 62% 41%
Black population 8% 18%
Asian population 3% 6%

a “Significant” zip codes refer to zip code areas where there was a positive increase in List Price Reductions after the enactment of BW12, indicating zip codes that were
impacted and therefore geographically significant.

b Pre-firm homes were estimated as the number of homes built before 1970; 97% of the pre-firm homes are clustered in 12 of the 16 significant zip codes.
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impacts were associated with measurable changes in housing
market strength in some communities. In general, most of the
statistically significant zip codes had high densities of pre-FIRM
properties and were located near water or in high-risk flood zones.
However, the case study counties are riddled with flood zones,
water bodies, and pre-FIRM properties, so this finding alone does
not differentiate these areas. What does differentiate the areas of
significant impact is that they tended to be poorer relative to
Harris and Galveston counties, and more minority in the case of
Galveston. These findings support the second and third hy-
potheses that BW12 impacts occur disproportionately in low-in-
come and minority areas. The strength of these findings suggests
this is a fruitful area for continued study. The paper has provided a
straightforward approach for analyzing the real estate market
impacts of flood insurance policy change, and it has provided a
basis for recommending serious consideration of disproportionate
impacts to low-income and minority population groups when
implementing risk-based flood policies.

The methodology developed for this study is transportable to
other communities that were impacted by BW12; in fact, the au-
thor intends to expand the current study to other Gulf Coast cities
to identify areas in which case studies can be performed and to
facilitate cross-state comparisons. It is relatively rare for a single
law to contain so many sweeping changes at once, but in cases
where other hazards are subject to similar legislative change the
methodology developed in this paper could be adapted for use
with other hazards. Adapting the methodology for use in other
countries would simply require access to local level real estate and
Table 7
Percent in poverty and percent minority in the significant zip codes compared to the c
Source: Calculated using data from the US Census American Community Survey Demogra
[38]. For the purposes of this table, the term “minority” refers to all individuals except His
faq.php?id¼5000&faqId¼6849). “Significant” zip codes refer to zip code areas where t
indicating zip codes that were impacted and therefore geographically significant. This ta
zip codes are those significant zip codes whose populations of low-income and/or mino
state in which they are located. For these instances the ratio is greater than one.

Percent of population in
signif. zip codes ( %)

Percent of population
the county (%)

Harris County % Poverty 19.9 17.9
% Minority 27.1 36.0

Galveston
County

% Poverty 16.9 12.8
% Minority 28.1 19.7
demographic data before and after the law change. If these data
were available, within-country studies would be relatively
straightforward. However, such a study would be significantly
more complex if it were comparative, as it would require devel-
oping cross-nationally equivalent measures of impact.

5.1. US policy implications

The expected outcome of flood insurance reform is that the
largest rate increases will occur in areas with the highest risk of
flooding (in the lowlands, near water bodies, and along the coast),
the highest number of pre-FIRM and repetitive loss properties, the
greatest number of businesses, and recently updated maps. In-
deed, anecdotal reports of spiking insurance rates were often as-
sociated with properties with many of these characteristics. This
study has looked beyond individual rate increases to examine
collective impacts, under the presumption that flood insurance
reform has the power to trigger market change at the community
level and leave some communities further economically seg-
mented. Using the unique window of observation provided by the
BW12 implementation period, the research results indicate that
some local real estate markets (i.e., zip codes) that had been stable
before BW12 did significantly worsen after the passage of BW12.
As expected, most of these were located along the coast and near
major bayous and rivers, and most contained clusters of several
thousand pre-FIRM properties. Unexpectedly, these areas were
disproportionately poor in Harris County, and disproportionately
poor and minority in Galveston County. In its attempt to eliminate
ounty and the state.
phic and Housing Estimates 2008-2012 [39]; and using the methodology of the EPA
panic and non-Hispanic whites as defined by the US Census (https://ask.census.gov/
here was a positive increase in List Price Reductions after the enactment of BW12,
ble presents aggregated data for all of the significant zip codes. “Overrepresented”
rity groups exceed the percent low-income and/or minority for the county and/or

in Percent of population in
the state (%)

County to
state ratio

Zip code to
state ratio

Zip code to
county ratio

17.4 1.03 1.14 1.11
24.0 1.50 1.13 0.75

17.4 0.74 0.97 1.32
24.0 0.82 1.17 1.43

https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
https://ask.census.gov/faq.php?id&equal;5000&faqId&equal;6849
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discounted and subsidized insurance policies to improve NFIP's
financial soundness, BW12 may have introduced unintended
consequences in micro real estate markets with pre-existing and
concurrent vulnerabilities.

What do these findings say about the significance of changing
the risk paradigm? The unspoken policy implication of flood in-
surance reform is that, at high enough levels, it acts to change land
use in the name of reducing flood risk. Rather than by local deci-
sion-making, federal imposition of full-cost flood insurance, which
is legally required for all federal-backed mortgages, acts to induce
local land use change. As evidenced by the backlash against the
Biggert–Waters Act and the subsequent semi-repeal of BW12 by
the Grimm–Waters Act, 21 months of full-bore insurance reform
did indeed have significant impacts on real estate markets and
produce fears of potential land use changes, as publicized in a
steady stream of newspaper accounts. If Congress did not intend to
reduce flood risk via land use change by way of BW12, it certainly
may have appeared that way to many people. The problem of
imperfect information triggers market uncertainty [24]. Another
possibility is that the purpose of flood insurance reform, which is
here to stay in whatever form it takes, was to resolve the deep
indebtedness of the NFIP program. Charging higher rates might
allow the NFIP program to repay the US Treasury for money bor-
rowed in the aftermaths of Katrina and Sandy. The Congressional
author of the bill as well as the FEMA Administrator in charge of its
implementation each declared that the immense debt triggered
NFIP reform. Congresswoman Judy Biggert, speaking in 2011 after
unanimous House passage of her bill, declared:

We need to put the National Flood Insurance Program back on
stable financial footing so that it can provide homeowners with
reliable coverage without putting taxpayers on the line for
billions in losses. This legislation will give the program long-
term stability, help draw better flood maps, and initiate ac-
tuarially sound pricing [41].

FEMA Administrator Craig Fugate, in testimony to the Senate
Committee on Banking, Housing, and Urban Affairs one year after
the enactment of BW12, explained:

[The] annual premium shortfall during catastrophic flooding
events, such as Hurricanes Katrina and Sandy, required FEMA to
use its statutory authority to borrow funds from the U.S. De-
partment of Treasury. These funds were used to pay covered
flood damage claims to policyholders. Although payments have
been made to reduce this obligation, $24 billion in debt re-
mains….Congress determined that further reforms were nee-
ded to make sure the NFIP was financially sustainable….To
execute these reform, Congress passed the Biggert-Waters Act
[42].

Still, the utter lack of Congressional debate and public discus-
sion about the passage of BW12 likely contributed to mis-
understandings about its purpose. NFIP reform was necessary to
make the program fiscally sound by eliminating subsidies in about
20% of its policies. The National Research Council concluded that
the “NFIP is constructed using an actuarially sound formulaic ap-
proach for the full-risk class of policies, but is financially unsound
in the aggregate because of constraints (i.e., legislative mandates)
that go beyond actuarial considerations. The Biggert-Waters Flood
Insurance Reform Act “directs adjustment of fiscal practices to
move the NFIP to a more fiscally sound approach” [43:4]. In other
words, the real purpose of flood insurance reform is to purge
subsidies and discounts in order to make the program financially
sound, thereby preventing future increases to the existing debt.

But in purging discounts and subsidies, even on a multi-year
timetable, BW12 unleashed concerns far beyond the discounted
insurance premiums of 20 percent of NFIP policyholders—con-
cerns that involved the compounding impacts of climate change
and rising sea level; expansions of risk, flood zones, and flood
maps over time; and the sustainability of existing urban settle-
ments and economies. Gulf Coast cities that depend on their
coastal locations for port commerce, energy extraction, and/or
tourism (e.g., Houston, Galveston, New Orleans, and Pensacola)
cannot simply move. The country depends on populations living
and working in these cities, a fact that implies a rationale for past
subsidies. While the paradigm has definitely shifted, adopting full-
risk rates is no substitute for regional land use planning that ad-
dresses the fundamental tension between urban development and
hazard risk. If there was a time when urban development was
indirectly encouraged through insurance subsidies, with less
concern for risk, that time no longer exists. We are now in a time
where there is perhaps a willingness to restrain development out
of concern that the risks and the costs are too great. In considering
how to balance urban development and hazard risk, policymakers
should seriously consider not only the affordability of flood in-
surance for individual property owners, but potentially dis-
proportionate impacts to already vulnerable communities.

This study has demonstrated the possibility of reductions in
property values in areas subject to flooding as a direct result of
BW12. Flood insurance reform may also result in fewer people
choosing to purchase flood insurance because of its higher cost.
With fewer people insured and major floods predicted to increase
in frequency and severity, uninsured people who cannot afford to
rebuild would likely be displaced. Flood insurance reforms pro-
posed under BW12 may also result in increased interest in hazard
mitigation activities, such as structure elevation, floodproofing,
levees, and sea walls. This would result in more people being able
to stay in place. BW12 may also cause some people to migrate
away from areas at high risk of flooding. Such voluntary migration
might leave behind a swath of lower cost properties that could
attract lower income people back into the high risk flood areas,
either as renters or owners. The dynamics are complex and are
deserving of further study.

5.2. International implications

Many countries with areas at high flood risk are concerned
about the loss of life and property and the high cost of mitigation.
While the United Kingdom and France use the private insurance
market to provide mandatory insurance against such losses, the
Netherlands (which faces higher flood risk) offers no flood in-
surance at all and Germany offers private insurance only on a
voluntary basis [44]. Recent reforms to the UK's flood insurance
system added a surcharge to all homeowners to cover the high
cost of damage to homes in high-risk areas. The amount of the
surcharge varies with the size of the home to account for lower
income residents [45]. The system in the Netherlands is based on
government-funded structural protection against floods combined
with government relief after a flood. These examples demonstrate
a variety of approaches to insuring against flood losses, as well as
universal concern about increasing costs resulting specifically
from climate change.

Cross-country comparisons between the US and Europe are
flawed because relative poverty rates in Europe are significantly
lower than poverty rates in the US, according to a study by the
Brookings Institute [46]. The study found that the US relative
poverty rate (17.0%) was second only to Mexico's (20.2%). The issue
addressed in this paper was whether flood insurance reforms
undertaken to deal with increasing risk and cost will have dis-
proportionate impacts on the poor. The US simply has a larger
population of poor people, especially in the Gulf Coast, due to
historical demographic conditions and social policies.
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Consequently, flood reform in the US will likely impact more poor
people than equivalent flood reform in European countries, but
comparability remains problematic.

A new flood insurance model is being implemented in Mexico
and Bangladesh in collaborationwith theWorld Bank to insure poor
people who live in high risk coastal areas [47]. Both programs offer
catastrophe bonds to cover immediate payouts after a pre-
determined level of rainfall or flood height. By design, these reforms
are not likely to induce a drop in property values, cause unafford-
able insurance rates, or trigger real estate market instability. These
policy reforms are designed to address poor people's immediate
needs in a disaster by eliminating the delay in distributing relief.

Few if any countries outside the US follow the US model of
government flood insurance. The reforms of BW12 were an at-
tempt to increase insurance coverage and eliminate subsidized
rates, thus (theoretically) bringing US flood insurance closer to the
private model. These reforms were approved without considera-
tion of impact or cost to poor people. An “affordability study” was
tacked on under GW14 which simultaneously added a surcharge
that makes the insurance even more costly to low-income people.
Based on the analysis in this paper, the probability that BW12
reforms were associated with negative market impacts in vulner-
able areas was significantly greater than chance. These findings
offer evidence to justify further study as the reforms continue to
be altered. The international implications of these findings are that
countries with high poverty rates and with highly populated areas
of high flood risk must consider the potentially disproportionate
impacts of their decisions.
6. Conclusions

How can local decision-makers plan for vulnerable commu-
nities, such as the vulnerable communities identified in this study,
under a new risk paradigm that has no place for discounts and
subsidies? This paper developed a simple framework for identi-
fying communities most impacted by the insurance reforms pro-
mulgated under the Biggert–Waters Flood Insurance Reform Act,
using real estate market change as the impact variable and zip
codes as the unit of analysis. The main finding—that low-income
and minority areas were overrepresented in the impacted com-
munities—raises questions about the possibility of dispropor-
tionate impacts from flood insurance reform in particular, and
from the shift to risk-based flood policy in general. One benefit of
statistically identifying the most vulnerable areas is that they can
be included in ongoing policy adjustments as well as long-term
planning efforts to balance flood risk and development. Additional
research using the identified areas as case studies and applying
qualitative or quantitative methods would provide a deeper un-
derstanding of flood risk vulnerability. Possible research projects
include longitudinal trends in land use and migration, and cross-
sectional studies on how different population groups are able to
adapt to policy reform.
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