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A Data preparation

A.1 Map change letters to residents

A.2 Timing and content of the flood map updates

The flood insurance rate maps are provided at the community level. The
community is usually a county, but can also be a city, a town, a borough or
a parish. Previous research on flood maps relied on the “Community Status
Book” (FEMA, 2020a) maintained by FEMA, which records the effective
dates of the communities’ first FIRM (paper-based flood map) and current
FIRM or DFIRM (where the “D” stands for “Digital,” i.e., following map
updates). However, because the Community Status Book records only the
date of the first FIRM and current (D)FIRM, it cannot be used to identify
transitions from a FIRM to a DFIRM, and from a DFIRM to a more recent
DFIRM, unless the community only ever received one DFIRM – and these
communities are not identified in the Community Status Book. In addition,
although most census tracts can be easily assigned to an NFIP community (in
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Figure A.1: Official FEMA template for properties mapped outside the
SFHA

Source: https://www.fema.gov/sites/default/files/documents/fema_r6_

guidebook_1.8_letter_to_property_owner_mapped_out_of_sfha.docx
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Figure A.2: DC letter to residents for properties mapped inside the SFHA

Source: https://doee.dc.gov/sites/default/files/dc/sites/ddoe/publication/

attachments/Letter_to_Property_Owners.pdf
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particular, when the community is a county that received a unique county-
wide map), several census tracts are instead covered by a community-speci�c
DFIRM and cannot be directly assigned a map update date.

To circumvent these issues, I use new data on digital yearly snapshots of
the National Flood Hazard Layer since 2012 to assign DFIRM e�ective dates
at the census-tract level. Finding, assembling, and cleaning these �les was a
substantial undertaking: most �les were not maintained by FEMA and were
retrieved from the Geographical Information System archives of contractors
who worked with FEMA to produce these maps. I intersect the census-tract
polygons with the DFIRM e�ective-date polygons and record the e�ective
date indicated at the census-tract centroid. I then compare the intersected
DFIRM identi�cation code with the census-tract FIPS code: if the DFIRM
was issued for an entire county, then the DFIRM ID and the �rst �ve-digits of
the census-tract FIPS code must match. For communities that are not entire
counties (for instance, independent Virginian cities), I match on only the
state FIPS code and con�rm the e�ective dates obtained with the Community
Status Book. This procedure induces some measurement error on treatment
timing for census tracts that are not entirely included in an NFIP community,
since the e�ective date at the centroid of the census tract might di�er from
the date at which other parts of the census tract received their DFIRM.
However, this measurement error a�ects only a minority of census tracts in
sparsely populated communities, which themselves account for a minority of
NFIP insurance purchases. Omitting these census tracts from the analysis
does not noticeably a�ect the model estimates. Finally, for census tracts
covered by a digital 
ood map in the 2012 National Flood Hazard Layer, I
manually check that this was indeed the community's �rst digital 
ood map
by comparing the digitization date with information provided by FEMA's
Map Service Center repository.1 This platform maintains a collection of
PDF �les depicting historical mapping products.

To investigate the evolution of 
oodplain boundaries throughout the map
update process, I use the Q3 data product, which depicts the 
oodplain
boundaries of the paper-based 
ood map in 2005. The Q3 data come from
three di�erent sources: FOIA requests to FEMA (FEMA, 2024), records from
the Caliper Corporation (FEMA, 2020b) (in particular, the list of counties
with existing Q3 data), and the Princeton University Library (FEMA, 2021).
As described in the main text, the Q3 maps were designed to aid 
oodplain

1https://msc.fema.gov/portal/advanceSearch .
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managers and city o�cials with disaster response activities but were not
widely available to the public. They, however, provided a digital version of

oodplain boundaries as shown on the historical (paper-based) 
ood maps.

A.3 Note on intersecting 
oodplains and census-tract
polygons

Intersecting the di�erent 
ood zones within each census tract involves the
pair-wise intersection of hundreds of thousands of polygons. This process is
computationally expensive, but performance can be dramatically improved
by �rst cropping the 
ood zone polygons at the county level and then paral-
lelizing the intersections between the cropped polygons and census tracts.

Unless a su�cient bu�er is used, 
ood zones that barely \touch" the
boundary of a census tract will induce additional intersections that are com-
putationally costly. On the 
ip side, using a large bu�er will induce measure-
ment error in the computed areas. Using a minimal bu�er and postprocessing
the intersected polygons resulted in the best performance overall. On a vir-
tual machine with 48 vCPUs and 512 GB of RAM, all intersections can be
run within two days.

A.4 Tract-level population and property count changes
within di�erent 
ood zones

Each census tract covers between 1,200 and 8,000 inhabitants. In very
densely populated areas the spatial extent of a census tract is typically small,
and the (spatial) share of the census tract in di�erent 
ood zones is a good
approximation of the share of the census-tractpopulation that lives within
each 
ood zone. This is not necessarily true in medium-sized or large census
tracts, where population can often be located completely outside any 
ood-
plains. To properly estimate population exposure to 
ood risk, it is therefore
crucial to account for the spatial distribution of population within census
tracts. I do so in three di�erent ways.

First, I use the entire repository of 132 million geolocalized residential
properties maintained by First Street Foundation and downloaded from its
API in April 2021.2 This measure of population distribution presents three

2Due to the rate limitations of the API, the full download took about three weeks of
uninterrupted running time.
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Figure A.3: Share of properties located in the 100-year 
oodplain

A : Census tract share of residential properties located in the 100-year 
oodplain based
on the Q3 product. B : Census tract share of residential properties located in the 100-year

oodplain 2019.

advantages: (i) it captures residential properties only, which makes it a suit-
able measure of 
ood risk exposure to study how 
ood zone changes impact
the demand forresidential 
ood insurance; (ii) it is consistent with the other
variables that I use from First Street to estimate 
ood risk exposure and
expected annual average losses; and (iii) its coverage is more comprehensive
than the often-used ZTRAX data (for comparison, I was able to geolocalize
only 95 million residential properties from ZTRAX { I discuss the ZTRAX
data below). I intersect these residential properties with the Q3 
ood maps,
the 2012 DFIRMs, and the 2019 DFIRMs. I then aggregate the relevant
changes in property counts at the census-tract level, based on the e�ective
date of the �rst DFIRM: for instance, for a tract in Broward County (FL)
that received its �rst (and unique) digital 
ood map in 2014, I compute the
tract-level number of properties in each 
ood zone in the Q3 data, as well
as in the NFHL 2019 data, and take their di�erence to get thechangein
the number of properties located within this 
ood zone. I consider three
di�erent 
ood zones: the 100-year 
oodplain (or SFHA), which comprises all
A and V 
ood zones; the 500-year 
ood zone (part of the X zones); and the
levee-protected 
ood zone.
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Figure A.4: FSF vs dasymetric de�nition of rezoning

Comparison of the relative change in the number of properties in the 100-year 
oodplain
using the FSF residential properties and the dasymetric population layer.

Because the First Street Foundation residential properties data are ob-
tained from local tax assessors' o�ces, coverage in some speci�c areas can
be limited. When the number of residential FSF-properties in a given census
tract is too low to be representative, I use the 2010 dasymetric allocation
of population provided by the Environmental Protection Agency's EnviroAt-
las.3 This product employs land use cover and terrain slopes to reallocate
the 2010 census-tract population within census tracts at the 30m-pixel level.
The dasymetric layer covers the entire contiguous U.S., but does not dif-
ferentiate well between residential properties and businesses. To transform
the dasymetric-population count in a 
ood zone into a property count, I di-
vide the population count by 2.5 (the average number of people living in an
American household).

Figure A.4 plots the changes in the number of FSF residential properties
zoned in the 100-year 
oodplain (relative to the census-tract number of prop-

3I do not use the FSF data to compute 
ood risk exposure changes in census tracts
where the number of FSF-properties is less than 40 and where the American Community
Survey estimate of the population is greater than four times the number of properties. In
practice, this concerns less than 1,500 census tracts out of 73,745.
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erties) against the changes in the population in the 100-year zone using the
dasymetric allocation, showing a large correlation between the two measures.

A.5 ZTRAX construction-year robustness check

To ensure that my measures of changes in the number of properties inside
and outside the 100-year 
oodplain are not driven by new properties being
built in rezoned areas, I use Zillow's ZTRAX assessment data (Zillow, 2019),
obtained through a data agreement in 2019.4 These data contain a large
number of variables on individual structures, including their construction
date. I restrict the data to geolocalized single-family residential properties
that have a nonmissing construction year variable. As shown in Table A.1
in the \Unconditional" panel, the number of residential properties that sat-
isfy these criteria is only 67 million, almost half the number of geolocalized
residential properties in the FSF dataset. While necessarily smaller than
when using the more complete FSF properties registry, counts obtained with
the ZTRAX data in Table A.1 show a similar decrease in the number of
properties located inside the 100-year 
oodplain following the map updates.
Importantly, the decline remains when restricting the counts to properties
built before 2005 (third panel).

A.6 Panel of insurance policies at the census-tract level

I use records on insurance policies obtained from FEMA through Freedom
of Information Act requests for the period from 1983 through 2019 (FEMA,
2020c).5 After quality checks, I found that records before 2008 were missing
a wide number of insurance policies { given the implausibility of the missing-
at-random assumption in this context, my analysis focuses on the 2008-19
period. Insurance records in California and Minnesota contained substantial
errors, and I excluded records from these states from the analysis.

Because the smallest geographical unit reported in the NFIP data is the
census tract, I use this level as the panel cross-sectional unit. The choice of
temporal unit, however, implies an important trade-o� between granularity
and e�ective variation. Policies can be started and terminated at any time
during the year, but the distribution of starting dates is not uniform within

4The ZTRAX program has now ended, and ZTRAX data are no longer available.
5In contrast, the website OpenFEMA provides publicly-available data for the 10 most

recent years.
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Table A.1: Property counts inside and outside the 100-year 
oodplain using
Zillow's ZTRAX

Floodzone Q3 NFHL19

Unconditional :
Inside 100-year 
oodplain 4,245,336 3,451,306
Outside 100-year 
oodplain 45,810,889 58,517,091
Not mapped 17,838,958 5,926,786

Conditional on Q3 and NFHL19 :
Inside 100-year 
oodplain 3,714,777 2,828,047
Outside 100-year 
oodplain 43,815,922 44,702,652

Conditional on Q3 and NFHL19, built prior to 2005 :
Inside 100-year 
oodplain 3,305,053 2,505,524
Outside 100-year 
oodplain 39,345,106 40,144,635

The sample is restricted to the single-family ZTRAX Assessment tables that can be
geocoded and have a non-missing \building construction year" variable. The conditional
counts include only properties in census tracts that are mapped in both the Q3 and
NFHL19 data products.

a year, as policies tend to start during the summer. As a result, keeping
track of only the year in which a policy was started would induce substantial
measurement error. However, most policies are active for exactly 12 months,
as owners typically decide whether or not to renew their policy every 365
days. As a result, creating a panel at the daily level would generate large
autocorrelation between observations. Finally, 
ood map updates occur on
speci�c months; I therefore choose this level as the temporal unit of the panel.

The distribution of the starting dates of insurance policies is not perfectly
uniform within a month: more insurance policies tend to start on exactly the
1st, the 15th or 16th, or on the very last day of the month. To account for
these variations, I specify the �rst month of activity of a policy either as the
month in which it becomes e�ectiveif the policy became e�ective before the
15th, or as the next month if the policy became e�ective after the 16th. For
policies that become e�ective exactly on the 15th or 16th of the month, I
assign their �rst month of activity based on the results of Bernoulli draws.
In practice, these data cleaning steps do not a�ect the sign or magnitude
of the main estimates but help reduce variations that arise purely out of
measurement error.
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Figure A.5: Section of New Orleans' (LA) FIRM e�ective in 1984

FIRM section of Orleans Parish from FEMA's Map Service Center, source: https://
map1.msc.fema.gov/firm?id=2252030095E
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