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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:
SFHA

[Date]

[Name]
[Street Address]
[Cty, State, Zip Code]

RE: [Parcel Number]
Dear Property Owner

Flooding is the most frequent and costly disaster in [community name]. The risk for flooding changes over time, due to
factors like erosion, land use, and weather events. These factors affect the likelinood of iniand, [and] riverine [and
coastal] flooding. The fisk for flooding can vary from neighborhood to neighborhood and even property to property.
However, it exists throughout the area. [Include flood fact that supports the need to re-map. For example: As the

county's flooding last spring llustrated, flooding does not anly occur in high-risk areas. It also happens in moderate- and
low-isk areas. In fact, more than XX% of flooded properties were in areas designated as having a moderate of low flood
risk ] Knowing your flood risk is the first step to reducing your flood risk

{Community name] has not had a detailed flood study performed in [#] years. Thanks to investments by [communty
name], [Cooperating Technical Partner name], and FEMA, a new study has just been completed. The new maps -
known as Flood Insurance Rate Maps (FIRMs) - reflect the more current flood risk. Residents throughout
[county/communty) now have up-to-date, reliable information about their flood risk which is Intemet-accessible. (Please
note that the current FIRM is a preliminary version.)

How will these changes affect you?

The purpose of this letter is to inform youthat the parcel identified at the top of this letter is no longer shown to be ina
highvrisk zone. On the new preliminary flood map, it is in Zone X, an area with a lower risk. If you have a mortgage from
2 federally regulated or insured lender, you will no longer be required by federal law to maintain flood instrance. That
will apply as soon as the flood maps become effective. Note that lenders stil have the right to require flood insurance if
they feel itis necessary.

While flood insurance becomes optional, maintaining coverage is strongly recommended. The flood fisk has been
reduced, but not removed. AboLit 40% of all flood losses come from these lower risk zones. " [use a localistate statistc if
available and more meaningful] For more information on flood insurance, contact your insurance agent or visit

The new maps help promote public safety.

This updated flood map will be an important tool. It il inform actions that protect lives and properties in [community

name]. Flood maps show which areas of the [county/community] and individual properties are at risk for flooding. This
helps business owners and residents make more informed decisions about personal safety and reducing the financial

*FEMA 2022

Source:

Official FEMA template for properties mapped outside the

impact of future flooding. Flood maps also help your community (local planners, engineers, builders, etc) make better
decisions about where and how to allow new structures to be bt

When do the maps become effective?

The maps that were just released are stil preliminary. A 90-day appeal period will be held 1o allow peopie in
[county/community] to appeal the maps, based on technical or scientfic data. Once FEMA feviews all appeals and
comments and makes any needed changes, the final steps begin. FEMA will send [community name) a letter stating that
the maps are final and will become effective in six months. In those six months, [community name] must update its
ordinance and land development reguiations to adopt the new maps. Ata minimurm, this new information will be used to
manage development in high-risk areas, [However, we will begin to use these flood hazard maps immediately to
manage requirements for construction and development ] The maps and any new flood insurance requirements will
become effective & months later.

Here’s where to go for more information

[Use parts of the following paragraph that are applicable] Local officials wil hold public meetings throughout the
[county/community] in [dates/months). Local government staff also will be available to assist residents one-on-one and
provide information at (location(s)) throughout [month]. To stay up-to-date and view this parcel on the new map, please
visit [enter community website URL or w). For general information about the flood map update project,
contact [name of local call center o contact person/department] at [hone #]. It is open [hours of operation]

[The brochure enclosed with this letter has more information aboLt this project and how it will affect our community.]

Sincerely,

(Enclosure)

https://www.fema.gov/sites/default/files/documents/fema r6

guidebook 1.8 _Tetter_to_property owner_mapped _out of stha.docx


https://www.fema.gov/sites/default/files/documents/fema_r6_guidebook_1.8_letter_to_property_owner_mapped_out_of_sfha.docx
https://www.fema.gov/sites/default/files/documents/fema_r6_guidebook_1.8_letter_to_property_owner_mapped_out_of_sfha.docx

Figure A.2: DC letter to residents for

GOVERNMENT OF THE DISTRICT OF COLUMBIA
District Department of the Environment

* * *
e )

Office of the Director

Subject Properties at Risk for Flooding

Date: September 28, 2009

Dear Property Owner,

Flooding is the most common, most predictable, and costly of all natural disasters in the United States.
The risk for flooding changes over time due to erosion, land use, weather events and other factors. The
likelihood of inland, riverine and coastal flooding has changed along with these factors. The risk for
flooding can vary within the same neighborhood and even property to property. But it exists throughout
the area. Knowing your flood risk is the first step to flood protection.

Ever since Hurricane Katrina in 2005, the Federal Emergency Management Agency (FEMA) and the
United States Army Corps of Engineers (Corps) have been working to inspect and re-certify levees and
issue revised flood maps for most of the United States. The product of their work is a revised Flood
Insurance Rate Map (FIRM). Flood risk information presented on FIRMs is based on historic,
meteorological, hydrologic, and hydraulic data, as well as open-space conditions, flood control works, as
well as residential and commercial development. To prepare FIRMs that illustrate the extent of flood
hazard in a flood prone community, FEMA conducts engineering studies and then delineates Special
Flood Hazard Areas (SFHAs) on FIRMSs. SFHAS are those areas subject to inundation by a flood that has.
a one percent or greater chance of being equaled or exceeded during any given year, also known as the
100-year flood.

A multi-year project to re-examine the District's flood zones and develop detailed, digital flood hazard
maps has almost been completed. The new maps - also known as Flood Insurance Rate Maps (FIRMs)
- reflect current flood risks, replacing maps that are 24 years old. As a result, you and other property
owners throughout the District of Columbia will have up-to-date, reliable, Internet-accessible information
about your flood risk, on a property-by-property basis.

How will these changes affect you?

The purpose of this letter s to inform you that your property has been mapped into a higher risk zone,
known as a Special Flood Hazard Area (SFHA) on the preliminary FIRM. If you have a mortgage from a
federally-regulated lender and the building(s) on your parcel are within the SFHA, then by federal law,
your lender must require you to carry flood insurance when these flood maps become effective. Flood
insurance is available through the National Flood Insurance Program (NFIP), a federally underwritten
program provided by nearly 100 insurance companies and witten through licensed insurance agents.
Contact your insurance agent to learn about lower-cost “grandfathering” options offered by the NFIP for
properties being mapped into higher-risk areas for the first time.

If you do not have a mortgage, it is still recommended that you purchase flood insurance. If you are the
manager of an apartment complex, please share the information in this letter with the residents of your
complex. Over the life of a 30-year loan, there is about a three times greater chance of having a flood in
your home than having a fire.* Most homeowner's insurance policies do not provide coverage for damage
due to flooding. For more information on flood insurance and flood insurance agents, visit the National
Flood Insurance Program’s website, hitp://www.floodsmart.qov.

*FEMA — 2005 Statistic

51N Street, N.E., 6th Floor, Washington, D.C. 20002 Telephone: (202) $35-2600 Facsimile: (202) 535-2881

properties mapped inside the SFHA

The new maps help promote public safety.

These flood hazard maps or FIRMs are important tools used in the effort to protect lives and properties in
the District of Columbia. By showing the extent to which areas of the District and individual properties are
at risk for flooding, the flood maps help business owners and residents make more informed decisions
about personal safety and financially protecting their property. These maps also allow community
planners, local officials, engineers, builders and others to make determinations about where and how new
structures and developments should be built

When do the maps become effective?

We expect that revised preliminary flood hazard maps in digital format will be reissued in December, 2009
once any needed map changes are incorporated. Then, FEMA will issue a Letter of Final Determination
(LFD). Six months later, an ordinance (i.e. Flood Hazard Rules) approving the new Digital Flood
Insurance Rate Map (DFIRM) will be adopted. The maps will then become effective, as will any new flood
insurance requirements. However, please be aware that starting immediately these flood hazard maps
will be used for planning purposes in helping to determine requirements for construction and
development.

Here's where to go for more information.

As the District NFIP coordination agency, DDOE Watershed Protection Division, Technical Services
Branch can provide floodplain management information such as flood zone determination, map
amendments and revisions, and floodplain development permit process. You may also stay up-to-date
and look up your parcel on the new map by visiting hitp:/ddoe.dc.qov/floodplainmap. For general
information about flood maps, you also can contact the Watershed Protection Division, Technical
Services Branch at (202) 535-2240 from 8:15 am ~ 4:45 pm, Monday - Friday. For general information
about flood insurance and licensed flood insurance agents, you can contact the District of Columbia
Department of Insurance, Securities and Banking (DISB) at (202) 727-8000.

This remapping s the culmination of hard work completed by a partnership of agencies, including the
agencies of the District of Columbia, the Federal Emergency Management Agency (FEMA), and the
United States Army Corps of Engineers. The District and our partners remain committed to providing our
residents with the highest level of flood protection possible.

Finally, we wish to thank you. As a District of Columbia resident, your partnership with the District and our
state, federal and local partners is essential. We look forward to working with you on issues related to
flood risks and how to better protect our community from flooding.

Sincerely,

George S. Hawkins, Esq.
Director, District Department of the Environment

51N Street, N.E., 6th Floor, Washington, D.C. 20002 Telephone: (202) 4425955 Facsimile: (202) 5352881

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, | 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. | intersect the census-tract
polygons with the DFIRM e ective-date polygons and record the e ective
date indicated at the census-tract centroid. | 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), | 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, |
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. This platform maintains a collection of
PDF les depicting historical mapping products.

To investigate the evolution of oodplain boundaries throughout the map
update process, | 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, 202) (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

https://msc.fema.gov/portal/advanceSearch



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 buer 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-tragbopulation 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. |1 do so in three di erent ways.

First, |1 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.



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; (i) it is consistent with the other
variables that | 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, | was able to geolocalize
only 95 million residential properties from ZTRAX { | discuss the ZTRAX
data below). | intersect these residential properties with the Q3 ood maps,
the 2012 DFIRMs, and the 2019 DFIRMs. | 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, | 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. | 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.



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, | use the 2010 dasymetric allocation
of population provided by the Environmental Protection Agency's EnviroAt-
las3 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, | 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-

3| 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.



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, | use Zillow's ZTRAX assessment data (Zillow, 2019),
obtained through a data agreement in 2019. These data contain a large
number of variables on individual structures, including their construction
date. | 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

| use records on insurance policies obtained from FEMA through Freedom
of Information Act requests for the period from 1983 through 2019 (FEMA,
202@).°> After quality checks, | 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 | excluded records from these states from the analysis.

Because the smallest geographical unit reported in the NFIP data is the
census tract, | 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.



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 ¢ months; | 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, | 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, |
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.



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://
mapl.msc.fema.gov/firm?id=2252030095E

10






	Data preparation
	Map change letters to residents
	Timing and content of the flood map updates
	Note on intersecting floodplains and census-tract polygons
	Tract-level population and property count changes within different flood zones
	ZTRAX construction-year robustness check
	Panel of insurance policies at the census-tract level
	Additional data sources

	Comparing flood risk models with claims data
	Comparison framework
	Testing Mk in the simple case of frequent events
	Testing with few claims observations
	Accounting for incomplete take-up

	Comparison of claims occurrence predictions
	Comparison of flood damage predictions

	Polygon complexity table
	Additional descriptive statistics and robustness checks
	Rezoning at the tract level
	Removed and ignored properties: additional results
	Selection into treatment and event studies
	Selection into treatment timing and implementation

	Additional event-study estimates
	Event-study by cohort and rezoning
	Event-study robustness
	Spillover effects
	Event-study heterogeneity

	Synthetic controls and distributional impacts
	Estimating census-tract-specific synthetic controls
	Synthetic control results

	Welfare estimates
	Details on model calibration


