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Abstract

An important but less well-known feature of census tract geography is the role boundaries play in de-
termining low-income, government-subsidized neighborhoods. Every ten years, in preparation for the
Decennial Census, these boundaries are updated to accommodate population changes, and little is known
to what extent these boundary changes affect the racial composition of neighborhoods. This paper in-
vestigates short- and long-run implications of neighborhoods that “split”, exploiting Decennial Censuses
from 1980 to 2010. Using difference-in-differences and event study designs, I find that “split” census
tracts increase in their proportion of Black residents and these effects persist decades. Common trends
analysis suggests these effects cannot be explained by observable differences prior to each Decennial
Census. Instead, I find evidence that the Low-Income Housing Tax Credit program may play a role in
concentrating residents in areas with greater census tract delineation. My results suggest that census
tract delineation may play an important role in shaping neighborhood dynamics.
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1 Introduction

In a majority of social science research, the census tract has long been the unit of analysis when studying

“neighborhoods” because of their relatively stable geographic structure. For instance, economists often use

census tracts to study neighborhood characteristics (Card et al., 2008; Farrell and Lee, 2011; Galiani et al.,

2015; Bayer et al., 2016; Sharkey, 2016), create levels of racial separation (Cutler and Glaeser, 1997; Collins

and Margo, 2000; Cutler et al., 2008; Ananat, 2011; Bayer and McMillan, 2012; Owens, 2016), or to measure

the causal impacts of neighborhoods on various economic outcomes (Sharkey, 2016; Chetty et al., 2016;

Chetty and Hendren, 2018; Chetty et al., 2020). While the most common usage of census tracts may be to

distinguish geographically-stable neighborhoods, census tract boundaries also function through important

public policy channels.

The largest and longest-running federal program to encourage the creation of affordable housing, the Low-

Income Housing Tax Credit (LIHTC), uses census tract data in order to determine low-income, qualifying

neighborhoods (Office of Policy Development and Research, 2013). Historically, census tract boundaries have

also been used to establish election districts, precincts, and wards, which state and local governments create

for administering elections (U.S. Census Bureau, 1994). Because of the potential implications census tract

boundaries may have throughout cities, incentives to delineate strategically may arise. In preparation for the

Decennial Census, these boundaries are updated to accommodate population changes, and little is known to

what extent these boundary changes impact neighborhood racial dynamics and economic opportunity.

In this paper, I exploit variation in census tract boundaries using two distinct data sets to describe how

neighborhood dynamics, in terms of racial composition, have changed over both short- and long-run time

horizons as neighborhoods continue to urbanize. To evaluate short-run impacts on neighborhood composition,

I use annual data within the context of a difference-in-differences (DID) empirical design surrounding the 2010

Decennial Census. Specifically, I examine the annual racial composition of census tracts that split relative

to those that don’t, before and after the 2010 Decennial Census holding census tract boundaries fixed to

their 2000 Decennial Census “envelopes”. Similarly, long-run estimations use an event study approach with

Decennial Census data from 1980 to 2010 to evaluate how census tract envelope racial composition changes

each decade upon further delineation. I conclude by examining a potential mechanism through which census

tract delineation may impact the racial composition of the neighborhood – the Low-Income Housing Tax

Credit.

Central to the analysis is the configuration and conditions under which census tract boundaries change.

When originally introduced and widely implemented for the 1980 Decennial Census, a typical census tract

would split prior to the Census if the population surpassed 8,000 residents, and merge if residential population
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fell below 1,200 (U.S. Census Bureau, 1994).1 Original census tracts of the 1970 and 1980 Decennial Censuses

were intended to be relatively permanent statistical subdivisions that delineated the entirety of the United

States, while future delineations were expected to fall predominantly within initial boundaries (U.S. Census

Bureau, 2008).2 These delineations often reflect geographical boundaries, and were historically used to aid

census enumerators in visually depicting boundaries which enclosed their respective areas of data collection.3

The key identifying assumption in estimating causal impacts of census tract delineation is that trends in

neighborhood racial composition would have evolved in the same way in neighborhoods that received addi-

tional census tract splits as they would at non-split neighborhoods within the same city, absent census tract

boundary updating. Within this context, I provide evidence that there are no observable racial differences

between neighborhoods that split and those that don’t prior to each Decennial Census. While my results

lack evidence of differential neighborhood racial compositions prior to boundary updates, or parallel pre-

trends, like all DID designs, I cannot directly tests for differences in pre-trends in unobserved determinants

of neighborhood racial composition.

The first key finding of the analysis is that relative to census tract envelopes that don’t receive further

delineation, “split” census tract envelopes have higher proportions of black residents after the resulting

Decennial Census boundary updates, and these effects persist decades. In terms of short-run effects, I find

that 2000 Decennial Census census tract envelopes that split in the 2010 Census increased in their proportion

of Black residents by 0.26 percentage points relative to census tracts that did not split. At the same time,

I find evidence that census tract envelopes that were split reduced the proportion of white residents in

the neighborhood by 0.16 percentage points immediately following the 2010 Decennial Census. Long-run

estimates suggest these effects amplify over time: twenty years beyond further census tract delineation results

in the neighborhood proportion of Black residents increasing by 5.03 percentage points, while the proportion

of white residents decreased 1.65 percentage points.

In exploring the LIHTC Qualified Census Tract mechanism, I find evidence of a concentration effect.

My results suggest that low-income, qualifying census tracts are 1.6 percentage points more likely to receive

multiple LIHTC-funded housing projects if the census tract envelope received further delineation in the 2010

Decennial Census, relative to similar low-income, qualifying census tracts that did not split. Investigating

heterogeneous impacts suggests that the probability of multiple LIHTC-funded projects within a neighbor-

hood increases by 0.6 percentage points for each additional split within the census tract envelope. Lastly, I
1These thresholds have not been updated since their introduction and continue to serve as a general guideline.
2This was intended to simplify and enhance the tracking process of data at the census tract-level over time. Henceforth, I

refer to census tracts originating in 1970 and 1980 as the census tract envelope.
3There are cases of “special” census tracts where these guidelines are abandoned and populations are much larger. For

example, some census tracts that contain large college campuses can be considered a special census tract due to the large
populations within the neighborhood.
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find evidence that splits within low-income, qualifying neighborhoods temporarily increases housing values

while at the same time reduces neighborhood rental rates – features that are likely explained by improvements

to the neighborhood housing stock and the designation of LIHTC income-restricted rental units, respectively.

The most innovative feature of this paper is the application of census tract boundaries beyond their use

of geographically stable neighborhoods. Rather than only using census tracts as the neighborhood unit of

analysis (e.g., Card et al. (2008); Chetty and Hendren (2018); Chetty et al. (2020)), my empirical approach

moves us forward in evaluating how further delineation of these boundaries impacts outcomes of interest.

The program developed by Logan et al. (2014) allows me to combine and distribute census tract boundaries

and characteristics to various points in time. Thus, I am able to create a consistent shell, or “envelope”, for

studying the economics of census tracts.

More broadly this paper contributes to a relatively new strand of literature studying the economics of

maps. Nagaraj and Stern (2020) provide a detailed discussion of the significance of map making in directing

and developing economic activity dating back to the Middle Ages. Jubara et al. (2021) work with not-

yet-released National Historical Geographic Information System (NHGIS) census block data dating back

to 1980 boundaries to explore the history of racial segregation and integration of the Black population in

metropolitan Minnesota. They find that overlaying historical racial covenants and Home Owners’ Loan

Corporation (HOLC) zones with census block data continues to leave persistently low or high proportions

of Black residents in targeted neighborhoods. In a forthcoming paper, Aaronson et al. (Forthcoming) study

the effects of the 1930s HOLC “redlining” maps on the long-run trajectories of urban neighborhoods. The

authors find that the HOLC maps of the early 20th century had meaningful and lasting effects on the racial

development of urban neighborhoods through housing availability and neighborhood disinvestment.

More narrowly defined this paper contributes to understanding the link between census tract configuration

and affordable housing options. To the extent that public policy, such as the LIHTC Qualified Census Tracts

program, rely on the delineation of census tracts for determining qualified neighborhoods, several researchers

discuss that little to no work exists in evaluating the consequences of such policy (e.g., Hollar and Usowski

(2007); Dawkins (2013); Tax Policy Center (2017); Scally et al. (2018); Reid (2019)). This work serves to lay

the foundation in establishing the role census tracts play in determining neighborhood racial composition

through the LIHTC. I study whether further census tract boundary delineation influences the probability that

low-income, qualifying neighborhoods receive LIHTC funds, as well as other housing market characteristics

also likely to be influenced by the development of LIHTC housing.

The rest of this paper is organized as follows: Section 2 provides background into census tract formation,

who determines boundaries, and public policy channels; Section 3 describes the data sources and their

implementations; Section 4 presents the empirical analysis of studying census tract delineation; Section 5
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investigates whether the LIHTC program is related to census tract delineation; Section 6 concludes.

2 History and Implementation of the Census Tract

In this section I develop the history and intuition for evaluating census tract formation and boundary

updates. I begin by formally discussing the historical timeline of census tracts in the U.S. Next, I describe

how census tracts evolve in preparation for each Decennial Census, and provide a visual depiction of census

tract boundary updates. I conclude with a discussion of who maintains and determines boundary delineation

and potential channels through which the delineation process may create separation.

2.1 History of the Census Tract

As written in the U.S. Const. art. I, § 2.:

“Representatives and direct Taxes shall be apportioned among the several States which may be

included within this Union, according to their respective Numbers [...] The actual Enumeration

shall be made within three Years after the first Meeting of the Congress of the United States, and

within every subsequent Term of ten Years, in such Manner as they shall by Law direct.”

Accordingly, the first census was carried out by U.S. marshals in 1790, consisted of six questions, and collected

data on approximately 3.9 million people (U.S. Census Bureau, 2002). One hundred years later, Dr. Walter

Laidlaw, the Executive Secretary of the New York City Census Committee, proposed that in order to study

neighborhoods meaningfully it was necessary to have population data smaller than the borough or ward

(U.S. Census Bureau, 2013). He argued these data collection areas should remain unchanged from census to

census, and first referred to the established areas in New York City as “sanitary districts” in 1906; however

beyond this, little progress would be made on the development of district-level data over the following 20

years.4

In preparation for the 1940 Decennial Census, several other large cities adopted the census tract as an

official geographic unit for which data would be published. Census tracts covered large urban environments

and block number areas (BNAs) covered several other suburban cities. In 1970 the number of BNAs increased

and criteria of BNAs were updated to match those of the census tract (U.S. Census Bureau, 2013). By the

1990 Decennial Census, the entirety of the U.S. was delineated in census tract and block number areas, and
4Decennial Census committee members were skeptical of the use of the more detailed level data relative to the level of

preparation necessary for delineation and collection of smaller geographic districts. For instance, in the 1930 Decennial Census,
some cities developed additional committees to aid in processing census tract-level data, but were unable to raise the necessary
funds for publication of the final tables.
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in 2000 the BNA concept was retired in exchange for consistent census tract terminology. 2010 marked the

100th anniversary of the delineation of the first census tract boundaries in the United States.

2.2 Definition of the Census Tract

Original census tracts of the 1970 and 1980 Decennial Censuses were intended to be relatively permanent

statistical subdivisions that delineated the entirety of the United States (U.S. Census Bureau, 1994). As

neighborhoods urbanized, and populations grew, boundaries needed to adjust for accurate, timely, and suf-

ficiently small geographic detail in the data collection process by census enumerators. Rather than newly

configuring census tracts every Decennial Census, they instead split from the pre-existing census tract en-

velopes of earlier Decennial Censuses (U.S. Census Bureau, 2008). While small adjustments may be made

to already existing boundaries, this feature enhances the tracking of census tract geography over time.5

Standard census tracts are usually split beyond a residential population of 8,000 residents, and merged if

resident population falls below 1,200.6 Figure 1 illustrates the evolution of census tract boundaries since

their featured adoption for the 1970 Decennial Census. These population thresholds have not been adjusted

since their widespread implementation of the 1970 and 1980 Decennial Censuses. So, while neighborhoods

have become more crowded over the last 50 years, boundary delineations are usually accepted as long as

they fall within the specified range.

2.3 Who Determines the Boundaries of Census Tracts?

The Participant Statistical Areas Program (PSAP) through the U.S. Department of Commerce allows eligi-

ble participants to review, update, and delineate new census tracts prior to the upcoming Decennial Census.

Participants may consist of any interested regional or local government entities, private organizations, and

individuals familiar with the area. U.S. Census Bureau (2008) encourages participation for three primary

reasons: (1) familiarity of local population changes and settlement patterns, (2) familiarity with unincorpo-

rated and emerging communities, and (3) resulting data to meet the needs of their communities. Because of

the familiarity local participants have in determining census delineated places, the Census Bureau is able to

meet many of the statistical and spatial needs required of the agency. U.S. Census Bureau (2008) discusses

how data tabulated to these boundaries are used by local, state, and federal agencies and organizations for

planning and funding purposes, as well as the private sector, academia, and the public.

Primary participants begin by agreeing to work with all interested parties so that the resulting plan
5These updates and small boundary corrections are allowed during intercensal population estimates.
6Special census tracts may be created for large special land use areas without housing or population (e.g., large public parks,

forests, etc.) (U.S. Census Bureau, 2008)
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Figure 1: Census Tract Boundary Changes

Source: U.S. Census Bureau (2013) This figure shows the evolution of census tract envelope
1130 of Salt Lake County, Utah, and illustrates how census tracts are split over time as the
census tract becomes increasingly populated.
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accommodates the needs and interests of governments, organizations, and individuals in the area.7 Partici-

pants choose which counties they are interested in covering, and agree to review and update all Participant

Statistical Areas within the specified county(ies). A final plan for each county is submitted to the Census

Bureau where acceptable population criteria are verified8. Beyond approval from the Census Bureau, delin-

eation files are inserted into the Topologically Integrated Geographic Encoding and Referencing (TIGER)

Database.

2.4 Census Tracts in Public Policy

While U.S. Census Bureau (2008) describes that state and local governments may also use census tract

geography in determining funding, the largest federal program to do so is the Low-Income Housing Tax

Credit (LIHTC) Qualified Census Tracts program. Hollar and Usowski (2007) document the legislative

history and methodology for designating and awarding LIHTC funds in qualified neighborhoods. The Tax

Relief Act of 1986 created the LIHTC program, and the Omnibus Budget Reconciliation Act of 1989 amended

the program to include additional incentives for rehabilitation and replacement of substandard rental housing

in low-income areas, known as Qualified Census Tracts (QCTs).

Standard QCTs consist of tracts that have 50 percent of households with incomes below 60 percent

of the Area Median Gross Income (AMGI), or have a poverty rate of 25 percent or more (Office of Policy

Development and Research, 2013).9 LIHTC funds for these neighborhoods are awarded on a state population

basis from the Department of the Treasury, and distributed to housing developers through state housing

finance agencies. There is no federal oversight beyond initial distribution, and housing agencies have a wide

discretion in determining projects to award credits. Tax credits that are not purposed within the state are

returned and redistributed for use in other areas. While changes in census tract boundaries should have no

effect on the allocation of tax credits each state receives, boundary manipulation could enhance the number

of LIHTC-funded affordable housing units available within low-income or high-poverty areas, or both.

Census tracts are first ranked in terms of lowest-income and highest poverty neighborhoods and second

by their combined rank. The combined ranking determines the level of priority in awarding LIHTC funds.

Thus, QCT envelopes potentially receive excessive funds through additional boundary delineation while

concentrating affordable housing in the lowest-income or highest poverty areas. Several researchers suggest

the use of census tracts in determining who receives LIHTC funds provides incentives for concentrating

affordable housing in low-income or high-poverty areas (eg., Dawkins (2013); Tax Policy Center (2017);
7U.S. Census Bureau (2008) strongly encourages soliciting input from non-governmental organizations, academics, and

interested individuals.
8Census tracts that fall outside of standard census tract guidelines must have appropriate documentation for the decision.
9Ellen and Horn (2018) discuss varying features of individual state Qualified Allocation Plans, in addition to QCTs, that

further encourage the development and rehabilitation of neighborhoods that meet specified criteria.
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Fischer (2018); Scally et al. (2018)). In fact Kennedy (2015), found that Texas was in violation of locating

LIHTC-funded affordable housing units in neighborhoods of predominantly Black inner-city areas, and too

few in predominantly white suburban neighborhoods.

While this work is primarily interested in how census tracts function within neighborhoods, historically

census tract boundaries have also been used in determining voting districts. The boundaries of election

districts after the 1970 Decennial Census were often drawn independent of Census Bureau geography, and

relied on Census population counts. Because of the lengthy, and sometimes impossible, process in matching

the features of state-provided election maps to features of Census Bureau geography, timely population

counts were absent in updating districts (U.S. Census Bureau, 1994). Thus, the Census Bureau created the

Election Precinct Program for the 1980 Decennial Census whereby state officials were instructed to delineate

voting districts to coincide with sufficiently large Census Bureau geography – census tracts.10 This ensured

that the Census Bureau would be able to deliver accurate and timely population data by the end of the first

quarter of the following year. As a result, incentives arise to potentially delineate boundaries strategically

such that the resulting districts reflect the goals of a legislator, rather than a representative community.

3 Data Background and Usage

The data sets used in the analysis include census tract data from the Longitudinal Tract Data Base (LTDB)

and National Historical Geographic Information System (NHGIS), as well as Low-Income Housing Tax Credit

census tract data from the Department of Housing and Urban Development (HUD). In this section I describe

each data set and individual sampling criteria in further detail and place them into context of the analysis.

3.1 Longitudinal Tract Data Base

Long-run census tract-level data come from the Longitudinal Tract Data Base (LTDB) (Logan et al., 2014),

and allow researchers to construct a variety of data that stem from full count and sample data in the 1980-2000

Decennial Censuses and the 2008-2012 ACS 5-year data file. These census tract-level data include variables

on population, race, income, education, and workforce characteristics. The key advantage in using the LTDB

lies in its choice of census tract boundaries. Data sets are available to reflect either longitudinally consistent

boundaries fixed to a single point in time, or the use of temporally-dependent census tract boundaries.

Additionally, because the data are provided as raw population counts I am able to construct the characteristic
10At the end of the process, the Census Bureau returned all State-submitted maps to the States for their use in the redistricting

process. Because the Census Bureau produced the election precinct tabulations as a special computer subfile, the data were
not in any published report. Also of note, the Census Bureau kept no copies of these maps and did not show the boundaries of
precincts on any 1980 census maps available to the public.(U.S. Census Bureau, 1994)
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of interest through aggregation of count data, rather than weighting proportions to fit within larger levels of

aggregation.11 Using the Historical Delineation Files available from U.S. Census Bureau (2011), I aggregate

the detailed raw census tract data up to the MSA in order to construct city-level estimates of population

counts.12 I restrict my analysis to urban MSAs defined as having a resident population of at least 100,000

individuals. This results in 303 unique MSAs in 2010, the most recent period used in the analysis.

I also make use of another feature of the LTDB when implementing the main DID empirical strategy.

Logan et al. (2014) construct a program through the LTDB that matches 2010 Decennial Census census

tract boundaries within their 2000 Decennial Census envelopes. This allows me to examine the racial

composition of 2000 Decennial Census envelopes that split relative to those that don’t, before and after the

2010 Decennial Census. The program contains information on how many splits occurred within the 2000

census tract boundaries and appropriately weights mean, median, and proportion variables by their base.13

3.2 National Historical Geographic Information System (NHGIS)

Additional short-run census tract-level population data come from the NHGIS available through IPUMS

(Manson et al., 2019). The NHGIS provides access to summary statistics and Geographic Information

System (GIS) files for the Decennial Censuses and other nationwide surveys at varying levels of geography.

I make use of the ACS 5-year data files from 2005 to 2018 aggregated to the census tract level in my DID

empirical analysis of census tract splits surrounding the 2010 Decennial Census. Each 5-year file provides

estimates of the average characteristics over the relevant period, and I use these characteristics to reflect the

midpoint in each ACS 5-year sample. For instance, the 2005-2009 ACS 5-year file characteristics reflect the

midpoint, 2007, in my analysis. Thus, my DID analysis uses data from midpoints 2007 to 2016 reflecting

ACS 5-year data files from 2005-2009 to 2014-2018. Variables of interest include the total population, white

alone, and Black alone populations, as well as median rent and housing prices.

I apply the LTDB conversion program discussed above to the NHGIS population data in order to convert

all data back to their 2000 Decennial Census envelopes, and calculate proportions white, Black, median rent,

and median housing value using 2000 census tract envelope boundaries. Thus, I have data centered at the

midpoints of ACS 5-year data files from 2007 to 2016, aggregated to match exact 2000 Decennial Census

boundaries. The resulting sample consists of 456,926 envelope-year observations within the MSAs of interest.
11For example, I am able to construct census tract-level proportions using the raw census tract data. I can also aggregate

the raw data to higher levels of geography, such as the MSA-level, without having to weight census tract proportions by their
population, for instance.

12Census tracts are designed to fall entirely within counties, and counties fall entirely within MSA boundaries. Thus, census
tracts aggregate nicely within MSAs.

13For example, the base variable for median household income would be the total number of households.
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3.3 Department of Housing and Urban Development (HUD)

HUD’s LIHTC database contains information on over 48,000 projects placed in service between 1987 and

2019. Variables used in the analysis include whether there exists multiple LIHTC-funded projects, the

number of low-income restricted housing units, and whether units are new construction or rehabilitated.

Data are available at the project level and aggregated to current census tract boundaries. I further apply

the boundary conversion program developed by Logan et al. (2014) to adjust these characteristics to 2000

Decennial Census Boundaries. These data are merged with NHGIS data from 2007-2016 to analyze the

impact of census tract delineation on the LIHTC characteristics of interest.

4 Empirical Analysis: the Effect of Census Tract Delineation

I begin my empirical analysis by studying the impact that additional boundaries have on the racial com-

position of census tract envelopes. The first section consists of a dynamic difference-in-differences (DID)

empirical design estimating short-run impacts surrounding the 2010 Decennial Census. Then I present the

main DID results empirically establishing significant effects after the 2010 Census, as well as heterogeneous

impacts. I conclude by corroborating the results found in my short-run analysis with an alternate data set

investigating long-run impacts.

4.1 Dynamic Difference-in-Differences

In order to characterize the impact that census tract delineation has on the racial composition of neighbor-

hoods, I present a dynamic difference-in-differences analysis using the 2010 Decennial Census. Specifically, I

examine the racial composition of 2000 Decennial Census census tract envelopes that split relative to those

that don’t, before and after the 2010 Decennial Census, from 2007 to 2016. My estimating equation of

interest is:

yict = α0 + δtreatmenti +

2016∑
t=2007

γt +

2016∑
t=2007

δttreatmenti + x′itθ + εict (1)

where the dependent variable yict is either the percent white or Black in census tract envelope i in city

c at time t. The independent variable treatment equals 1 if the census tract envelope receives further

delineation in the 2010 Decennial Census. The base year of analysis is 2009, the year before census tracts

split. Additional controls in xit include a quadratic function in population and city fixed effects. Standard

errors are robust and clustered at the 2000 census tract envelope level.

The coefficient of interest in Equation 1 is δt and indicates the percentage point effect on the neighborhood

racial composition in year t. The key assumption for identification is that trends in neighborhood racial
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Figure 2: Effect of Census Tract Splits on Neighborhood Composition
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The unit of analysis is the 2000 census tract envelope (N=456,926). Coefficients are estimated from the
regression specified in equation 1, and have been multiplied by 100 for ease of interpretation. Additional
controls include a quadratic function in neighborhood population, city and year fixed effects. Standard errors
are robust and clustered to the census tract envelope level. Estimation is restricted to 2000 census tract
envelopes that have a neighborhood population of at least 2,000 residents and a city population of at least
100,000. This captures 88.7 percent of neighborhoods covering 303 unique MSAs.

composition would have evolved in the same way in neighborhoods that received additional census tract splits

as they would at non-split neighborhoods within the same city, absent census tract boundary updating. An

F-test of the null hypothesis that the pre-period coefficients found in Figure 2 are jointly equal to zero fails to

reject the null in both panels (panel (a): F (2, 47, 187) = 1.46, p = 0.23; panel (b): F (2, 47, 187) = 2.10, p =

0.12). While Figure 2 lacks evidence of differential neighborhood racial compositions prior to boundary

updates, or parallel pre-trends, like all DID designs, I cannot directly test for differences in pre-trends in

unobserved determinants of neighborhood racial composition.

The evidence provided in Figure 2 suggests that census tract delineation impacts the racial composition

of neighborhoods immediately following the 2010 Census. Relative to census tract envelopes that don’t split

in the 2010 Decennial Census, 2000 Decennial Census envelopes that split increase in their proportion Black

by 0.09 percentage points immediately following the 2010 delineation process. The effect on the envelope

percent Black persists, and increases to 0.38 percentage points by 2016. At the same time, relative to census

tract envelopes that don’t split, 2000 Census envelopes that split decrease in their proportion white by 0.09

percentage points immediately after 2010 boundary updates and continue to decrease to 0.11 percentage

points by 2016. While this effect remains persistently negative over time, standard errors are quite large

beyond this first year. The traditional two period DID analysis can be found in Table A.1.

To study heterogeneous impacts of census tract splits, I examine whether the number of resulting census

tracts within a 2000 Decennial Census census tract envelope differentially affect the racial composition of

the neighborhood. As the number of resulting tracts increases within a given census tract envelope, there

may exist additional opportunities to concentrate subsidized housing. For instance, three nested tracts
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resulting from the 2010 Decennial Census, within a 2000 Census envelope, suggests there could be three

distinct neighborhoods eligible, instead of a single neighborhood in the case of a tract that doesn’t split. To

study the reduced-form impact of additional splits on neighborhood racial composition, I estimate an altered

specification of the DID analysis found above:

yict = γ0 + γ1postt + γ2number of splitsi + γ3(postt × number of splitsi) + x′itθ + εict (2)

where the dependent variable yict is either the percent white or Black in census tract envelope i in city c

at time t, postt indicates whether y is measured after the 2010 Decennial Census, and number of splitsi

indicates the number of resulting census tracts in the 2010 Decennial Census nested within 2000 Decennial

Census envelope i. Additional controls in xit include a quadratic function in population, city fixed effects,

and a linear time trend. Standard errors are robust and clustered at the 2000 census tract envelope level.

Table 1: Heterogeneous Effects of Census Tract Splits on Neighborhood Composition
(1) (2)

% Black % White

Number of Splits -1.128*** 1.882***
(0.068) (0.080)

Post × Number of Splits 0.042** -0.036
(0.017) (0.023)

R2 0.228 0.261
N 456922 456922

The unit of analysis is the 2000 census tract envelope
(N=456,922). Coefficients are estimated from the regression
specified in equation 2, and have been multiplied by 100 for
ease of interpretation. Additional controls include a quadratic
function in neighborhood population, city fixed effects, and a lin-
ear time trend. Standard errors are robust and clustered to the
census tract level. Estimation is restricted to 2000 census tract
envelopes that have a neighborhood population of at least 2,000
residents and a city population of at least 100,000. This captures
88.7 percent of neighborhoods covering 303 unique MSAs.

Table 1 presents the effects of the number of splits within a 2000 census tract envelope on the racial

composition of the neighborhood. Relative to census tract envelopes that do not split in the 2010 Decennial

Census, an additional census tract within the 2000 Census envelope results in the neighborhood Black resi-

dency increasing by 0.042 percentage points. Conditional on an 2000 Census envelope splitting, the average

number of resulting 2010 census tracts nested within are 2.58 (std. dev.=1). Again, while insignificant, the

coefficient of interest differs in sign when comparing proportions Black and white in census tract envelopes.
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4.2 Event Study Approach

Similar to the analysis above, this section estimates the long-run impact of boundary updates using the

census tract envelope approach with envelopes now fixed to their original boundaries. Using decadal data

from the Longitudinal Tract Data Base (LTDB) and an event study design, I corroborate the evidence found

in Section 4.1.

If available, census tract envelopes are based upon the original configuration, when a majority of census

tracts were delineated for urban areas.14 Otherwise, the envelope is defined as the first time a new census

tract appears, and is not encompassed within an envelope already.15 Additionally, the event study exercise

accounts for multiple splits of the same census tract envelope.16 In event time, this exercise captures 30

years prior to 30 years after a census tract splits. For instance, a census tract envelope that existed in 1980,

but did not split until 2010 would be reflected in the relative year -30. Alternatively, a census tract envelope

that was split in 1980, and observed in 2010 would be reflected as 30 years after the event. Because census

tracts that were first split in the 1980 Decennial Census appear more frequently in the data while those that

were split in later Censuses appear less, the final sample consists of an unbalanced panel of 38,242 census

tract envelopes within the MSAs of interest.

I adopt a two-way fixed-effects (TWFE) specification to estimate the long-run impacts of boundary

delineation. My estimating equation of interest is:

yict = αi + αt +

−20∑
k=−30

γktreatmentit +

30∑
k=0

γktreatmentit + x′itθ + εict (3)

where the dependent variable yict is either the percent white or Black in census tract envelope i in city c at

time t, and αi and αt are census tract envelope and time fixed effects respectively. The independent variable

treatment equals 1 if census tract envelope i receives further delineation in year t. The base year of analysis

is k = −10, the observed period before the census tract is split, and is thus omitted. Additional controls

in xit include a quadratic function in neighborhood population and city fixed effects. Standard errors are

robust and clustered at the census tract envelope level.

The coefficient of interest is γk and indicates the percentage point effect on the neighborhood racial

composition in relative year k. Similar to the DID analysis above, the key identifying assumption is that

census tracts would have continued to evolve in the same way if they had not received further boundary
14New census tracts falling within the original envelope are tagged with the number of the original envelope and appended

with a decimal. To aggregate data to their original envelopes, I drop decimal points and collapse data to the original census
tract envelope number.

15For example, as cities expanded, the Census Bureau had to further delineate this growth. This occurred up to the 1980
Decennial Census, where the Census Bureau expanded census tracts to cover the entire U.S.

16This occurs in the most dense areas of cities.
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Figure 3: Long-Term Effect of Census Tract Splits on Neighborhood Composition
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The unit of analysis is the original census tract envelope (N=38,242). Coefficients are estimated from
the regression specified in equation 3. Additional controls include a quadratic function in neighborhood
population and city fixed effects. Standard errors are robust and clustered to the census tract envelope level.
Estimation is restricted to census tract envelopes that have a neighborhood population of at least 1,200
residents.

delineation in the following Decennial Censuses. While I cannot test this assumption directly, an F-test of

the null hypothesis that the pre-period coefficients are jointly equal to zero fails to reject the null in both

panels (panel (a): F (2, 2, 758) = 0.01, p = 0.99; panel (b): F (2, 2, 758) = 1.16, p = 0.31). Figure 3 presents

the results of the event study analysis.

The evidence found in Figure 3 supports the results found in the short-run analysis of Figure 2. Results

suggest that census tract boundary delineation significantly impacts the racial composition of neighborhoods,

and effects not only persist decades but amplify over time. Panel (a) finds that ten years after a neighborhood

receives further delineation, the proportion of Black residents increases 3.20 percentage points, and further

increases to 5.03 percentage points twenty years after the census tract envelope is “split”, off a sample mean

of 9.29 percent. Alternatively, ten years after the neighborhood is “split” the proportion of white residents

decreases by 1.09 percentage points, and continues to decline thirty years after delineation. Summarized

results of this exercise can be found in Table A.2

5 Mechanism Analysis: Investigating the LIHTC

The goal of this section is to consider whether federally subsidized low-income, affordable housing plays a

significant role in contributing to neighborhood racial inequality through census tract delineation. While

census tract boundaries are used by varying state, local, and private agencies to direct public policy, the

largest federal program to do so is the Low-Income Housing Tax Credit (LIHTC) Qualified Census Tracts

program. To explore this mechanism, I merge tract-aggregated LIHTC data available through the Depart-

ment of Housing and Urban Development (HUD) with census tract data used earlier in the analysis to study
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whether census tract “splits” affect the probability of neighborhoods receiving LIHTC projects, and their as-

sociated housing characteristics. Specific outcomes of interest include heterogeneous impacts of census tract

“splits”, designated low-income restricted housing units, whether units are more likely to be rehabilitated or

newly constructed, and neighborhood rents and housing prices.

I begin by examining whether low-income, qualified neighborhoods that receive further delineation are

more or less likely to receive LIHTC-funded housing projects and how the number of resulting tracts impacts

this probability. I estimate a variant of Equation 1 where the dependent variable is replaced with an indicator

if the 2000 census tract envelope received an LIHTC-funded project. Next, I examine the probability of the

census tract envelope receiving LIHTC funds by the number of splits within the tract envelope. To study

these heterogeneous impacts, I adopt the following econometric framework:

yict = γ0 + γ1postt +

6∑
l=2

γlnumber of splitsi + (postt ×
6∑

s=2

γsnumber of splitsi) + x′itθ + εict (4)

where y is an indicator if census tract envelope i received LIHTC funds, post indicates that time t is after the

2010 Decennial Census, and number of splits indicates the number of times census tract envelope i received

additional boundaries. Additional controls in xit include a quadratic function in neighborhood population

and city fixed effects. Standard errors are robust and clustered at the 2000 census tract envelope level. This

specification allows me to test whether there exists differential impacts for census tract envelopes that are

split once relative to envelopes with multiple divisions.17 Thus, the coefficient of interest is γs and indicates

the percentage point effect on the probability that a low-income, qualified neighborhood receives multiple

LIHTC-funded projects.

The results in Figure 4 suggest that census tract delineation impacts the probability that neighborhoods

receive multiple LIHTC-funded projects. Relative to census tract envelopes that don’t split, 2000 qualified

census tract envelopes that receive further delineation are more likely to receive multiple LIHTC-funded

projects. Five years after the 2010 Decennial Census, the probability of multiple LIHTC projects within a

qualified census tract envelope increases by almost 3 percentage points, off a sample mean of 64.32 percent.

Panel (b) presents the heterogeneous impacts of census tract splits estimated from Equation 4, and suggests

that increasing the number of resulting tracts within a 2000 qualified census tract envelope increases the

probability of multiple LIHTC-funded projects. A 2000 tract envelope that is further delineated into six or

more resulting census tracts after the 2010 Decennial Census increases the probability of multiple LIHTC-
17My sample consists of census tract envelopes that consist of up to 12 nested census tracts after the 2010 Decennial Census,

but I limit the presentation of results in this exercise to envelopes that have 6 or fewer nested 2010 census tracts due to small
sample sizes. Those with 6 splits or less make up over 99 percent of the analysis sample.
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Figure 4: Evidence of the LIHTC in Census Tract Delineation
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(a) Probability of multiple LIHTC-funded projects
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The unit of analysis is the 2000 census tract envelope and is conditional on the envelope being a low-income,
qualified neighborhood from 2007 to 2016 (N=71,708). Coefficients are estimated from regressions specified in
Equations 1 (Panel (a)) and 4 (Panel (b)). Additional controls include a quadratic function in neighborhood
population, city fixed effects, and a linear time trend. The dependent variable of interest in each panel is an
indicator that equals 1 if the census tract envelope received more than 1 LIHTC-funded project. Standard
errors are robust and clustered to the census tract level.

funded projects by more than 5 percentage points. Summarized results of Figure 4 can be found in Table

A.3.

Next I turn my attention to more detailed characteristics of LIHTC-funded projects, as well as associated

housing market characteristics including rent and housing prices. I use a similar econometric framework as in

Equation 1 where the dependent variable is replaced with the LIHTC outcome of interest and the analysis is

restricted to low-income qualifying neighborhoods. The work of Dillman et al. (2017) suggests that LIHTC-

funded properties within low-income neighborhoods may improve the surrounding the property values by

removing blight and vacant lots in exchange for affordable housing options within distressed neighborhoods.

The results found in Figure 5 support their findings.

Figure 5 suggests that census tract delineation is also related to characteristics associated with LIHTC-

funded projects. While not significant at conventional levels, low-income census tract envelopes receiving

further delineation are more likely to contain housing classified as low-income restricted units, and further

housing market evidence supports this finding – neighborhoods that receive further delineation experience

modest rent declines relative to tract envelopes that remain intact. Additionally, while further delineated

neighborhoods are more likely to experience the rehabilitation of existing housing units, these improvements

appear to also temporarily improve local housing values in low-income neighborhoods.
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Figure 5: Census Tract Delineation and LIHTC-Funded Projects

-6

-4

-2

0

2

4

6

C
oe

ffi
ci

en
t

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Year

(b) Low-income restricted housing units
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(c) Rehabilitation of existing units

-.02

-.015

-.01

-.005

0

.005

.01

C
oe

ffi
ci

en
t

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Year

(c) ln(Rent)

-.02

-.015

-.01

-.005

0

.005

.01

.015

.02

C
oe

ffi
ci

en
t

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Year

(d) ln(Home value)

The unit of analysis is the 2000 census tract envelope and is conditional on the envelope being a low-income, qualified neighbor-
hood from 2007 to 2016 (N=71,708). Coefficients are estimated from the regression specified in Equation 1. Additional controls
include a quadratic function in neighborhood population, city fixed effects, and a linear time trend. Low-income restricted
housing units refer to units designated as separate living quarters and restricted to individuals below an income threshold
determined by the state Housing Finance Agency (HFA). Rehabilitation is an indicator that equals 1 if the tract envelope
received LIHTC-funded work to rehabilitate existing housing units rather than to build new structures. Median rent and home
value are in 2010 dollars. Standard errors are robust and clustered to the census tract level.
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6 Conclusion

Census tracts are most often applied in research to construct geographically stable neighborhoods, but a

lesser known feature of census tract geography is their role in public policy. The largest and longest-running

federal program to encourage the creation of affordable housing, the LIHTC, uses census tract data in

order to determine low-income, qualifying neighborhoods. Because of the potential implications census tract

boundaries may have throughout cities on affordable housing options, incentives to delineate strategically

may arise.

In this paper, I exploit variation in census tract boundaries to describe how neighborhood dynamics,

in terms of racial composition, have changed over both short- and long-run time horizons. To evaluate

short-run impacts, I use a difference-in-differences empirical design surrounding the 2010 Decennial Census.

Specifically, I compare the annual racial composition of census tracts that split relative to those that don’t,

before and after the 2010 Decennial Census holding census tract boundaries fixed to their 2000 Decennial

Census “envelopes”. I further corroborate my results within the short-run analysis using an alternative

data set spanning 1980 to 2010 to capture long-run impacts. Lastly, I provide evidence that census tract

delineation may yield such results through the Low-Income Housing Tax Credit by concentrating affordable

housing in disadvantaged neighborhoods.

My first key result suggests that census tract boundaries are delineated in ways that concentrate Black

residents in neighborhoods with additional census tract splits. Common trends analysis suggests this can not

be explained by observable differences prior to the 2010 Decennial Census. Further analysis using long-run

data, I find that these effects persist decades and amplify over time – twenty years beyond census tract

delineation results in the neighborhood proportion of Black residents increasing 5.03 percentage points, off

a pre-treatment sample mean of 9.29 percent. I further provide evidence that the LIHTC may play a role

in concentrating Black residents in neighborhoods with more tract boundaries. Conditional on low-income,

qualifying neighborhoods, 2000 census tract envelopes are 1.6 percentage points more likely to receive multiple

projects relative to neighborhoods that did not receive further delineation.

To my knowledge, this is the first paper to consider the impacts that census tract delineation may have

on the development and dynamics of urbanizing neighborhoods. A significant literature has documented the

disparities and inequalities that result from unequal access to opportunity across neighborhoods, and this

paper explores a new channel that may contribute to increasing neighborhood inequality. To the extent that

public policy, such as the LIHTC program, relies on the delineation of census tracts in determining qualified

neighborhoods, little work exists in evaluating the consequences of such criteria. Future work should continue

to explore avenues in which neighborhood boundaries may influence the composition and direction of public
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policy.
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Appendix A

Table A.1: DID Effects of Census Tract Splits on Neighborhood Composition

(1) (2)
% Black % White

Treatment -2.644*** 4.164***
(0.206) (0.234)

Post × Treatment 0.262*** -0.164**
(0.050) (0.067)

Mean of dep. variable 14.21% 70.94%
R2 0.228 0.259
N 456926 456926

The unit of analysis is the 2000 census tract envelope
(N=456,926). Coefficients are estimated from the following re-
gression: yict = β0 + β1postt + β2treatmenti + β3(postt ×
treatmenti) + x′itθ + εict, and have been multiplied by 100 for
ease of interpretation. The variable postt indicates whether y
is measured after the 2010 Decennial Census, and treatmenti

indicates whether census tract envelope i receives further de-
lineation in the 2010 Census. Additional controls include a
quadratic function in neighborhood population, city fixed ef-
fects, and a linear time trend. Standard errors are robust and
clustered to the census tract level. Estimation is restricted to
2000 census tract envelopes that have a neighborhood popula-
tion of at least 2,000 residents and a city population of at least
100,000. This captures 88.7 percent of neighborhoods covering
303 unique MSAs.
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Table A.2: Long-Run Impacts of Census Tract Splits on Neighborhood Composition
(1) (2)

% Black % White

Treatment 1.818*** -0.326
(0.344) (0.444)

Mean of dep. variable 9.29% 75.92%
R2 0.457 0.642
N 38,242 38,242

The unit of analysis is the original census tract envelope
(N=38,242). Coefficients are estimated from the regres-
sion specified in equation 3. Treatment is an indicator
that equals 1 if the unit is observed in the relative year
0 ≤ k ≤ 30, and thus reflects the average percentage
point effect over this period. Additional controls include
a quadratic function in neighborhood population and city
fixed effects. Standard errors are robust and clustered to
the census tract envelope level. Estimation is restricted
to census tract envelopes that have a neighborhood pop-
ulation of at least 1,200 residents.

Table A.3: Evidence of the LIHTC in Census Tract Delineation
(1) (2)

Multiple LIHTC-Funded Projects Multiple LIHTC-Funded Projects

Treatment -0.069***
(0.004)

Post × Treatment 0.016***
(0.005)

Number of splits -0.024***
(0.001)

Post × Number of splits 0.006***
(0.001)

Mean of dep. var. 64.32% 64.32%
R2 0.021 0.022
N 71708 71708

The unit of analysis is the 2000 census tract envelope and is conditional on the envelope ever
receiving an LIHTC-funded project from 2007 to 2016 (N=71,708). Coefficients are estimated
from regressions specified in equations X and Y. Additional controls include a quadratic function
in neighborhood population, city fixed effects, and a linear time trend. The dependent variable
of interest in each column is an indicator that equals 1 if the census tract envelope received
more than 1 LIHTC-funded project. Standard errors are robust and clustered to the census
tract level.
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