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Abstract
There is a strikingly negative city-level corretatibetween residential racial segregation
and population outcomes—patrticularly for black desits—but it is widely recognized
that this correlation may not be causal. This papevides a novel test of the causal
relationship between segregation and populatiooomués by exploiting the
arrangements of railroad tracks in thd't@ntury to isolate plausibly exogenous
variation in a city’s susceptibility to segregatidishow that, conditional on miles of
railroad track laid, the extent to which track agafations physically subdivided cities
strongly predicts the level of segregation thauedsafter the Great Migration of
African-Americans to northern and western citiethie 2 century. Prior to the Great
Migration, however, track configurations were unetated with racial concentration,
income, education and population, indicating teaerse causality is unlikely.
Instrumental variables estimates find that segrega¢ads to negative characteristics for
blacks and high-skilled whites, but positive chéastics for low-skilled whites.
Segregation could generate these effects eithaffegting human capital acquisition of
residents of different races and skill groups (tarction’) or by inducing sorting of race
and skill groups into different cities (‘selectipnThe findings are most consistent with
the view that more segregated cities produce betteomes for low-skilled whites and
that more segregated cities are in less demand@buath blacks and whites, implying
that Americans on average value integration.



Intro

Residential segregation by race is one of the wie#ile characteristics of many
American cities. Although African-Americans repasjust over one-tenth of the U.S.
population, the average urban African-Americandiuea neighborhood that is majority
black (Glaeser and Vigdor 2001). Cities vary ie éxtent to which their black
populations live in black neighborhoods, and m@gregated cities on average have
worse characteristics than less segregated amtres)easures ranging from infant
mortality to educational achievement (Massey andt@re1993).

The causal relationship between segregation apdle#racteristics is a long-
standing question in economics, and a number cénsdpave attempted to measure the
effects of segregation on outcomes (cf. MasseyCardon 1993, Wilson 1996, Polednak
1997, Cutler and Glaeser 1997). Skepticism aboahdsit these results, for two reasons:
omitted variable bias and endogenous migrationgfioch discussion, see Cutler and
Glaeser 1997). In the first, some economic, palitior other attribufemay lead some
cities to have more segregation and also more ivegzty characteristics. This will
cause omitted variable bias when estimating tharlate relationship between
segregation and city outcomes. In the secondydfin segregation must affect aggregate
city characteristics through some effect on indnald, there at least two different ways it
can do so. Segregated cities may be less pro@udti@ding to lower accumulation of
capital (human and otherwise) for its citizensteAlatively, people may respond to
segregation itself, and to any effects segregdtason production, by sorting between
cities in ways that alter average city charactesstBoth of these phenomena are of

economic interest, but only the former can be arred a causal effect of segregation on



the outcomes gbeople. The combination of the two, which is easier bserve, must be
considered an effect of segregationpbeces.

Instrumenting for a city’s level of segregation @aidress the problem of omitted
variable bias, thereby allowing the effect of sggteon on macro city-level outcomes to
be estimated. In this paper | address concernst @imoitted variable bias by using a
function of 19 -century railroad configurations, conditional oteldength of railroad, to
instrument for the extent to which cities becangregated as they received inflows of
African-American during the 0century. | formalize the widely observed phenoaren
of the “wrong side of the tracks” by showing thates that were subdivided by railroads
into more defined neighborhoods—which arguably s@w a technology for creating
segregation—became more segregated during the Krg@dtion. This instrumental
variable strategy allows me to identify the cawstdct of segregation gplaces.

| present evidence that there is little posgibdf contamination of this
instrument. Railroad division satisfies the instantal variable validity requirements
outlined in Angrist and Imbens (1994). Unlike &ion used in other work on
segregation (Cutler and Glaeser 1997), it stroagly robustly predicts metropolitan
segregation and does not separately predict codfngmetropolitan outcomes.

The paper proceeds as follows. In section listdss the historical framework,
data and first-stage relationships. In sectionl kixamine the causal relationship
between segregation and urban outcomes and thetnass of the first-stage and two-
stage estimates. In section IV, | compare my tedalapproaches used in other studies,
including those using ordinary least squares, thissgy other sources of variation, and

those that focus on the behavior and outcomesdofidtual people.

! For example, greater political corruption or a enmdustrial economy.



Il. Historical framework, data, and first-stagéatenships

To motivate the empirical work, Table 1 reports 1880 characteristics of cities
with 19"-century railroad division indexes above and befloevmedian. The isolation
index, a standard measure of racial segregatiotigiCGlaeser, and Vigdor 1999), is
twice as high in cities with above-median railraldsion. Moreover, outcomes by race
follow an interesting pattern that is consistertthwhe disparate resources that
segregation could lead to: in cities with greaégiroad division, the white population
appears to have better characteristics in some cadde the black population appears to
have worse characteristics in all cases. Manhefifferences are statistically
significant, even using this crude approximatiornhaf variation in railroad division.

Next, | argue for the plausibility of railroad dswon as a determinant of segregation.

A. Historical framework
Stylized facts about the history of US segregation

The history of urban American racial segregatiom loa divided into four periods.
In the 19 century, very few African-Americans lived outsioethe South. This changed
rapidly during the Great Migration (roughly 191518®50), when large numbers of
African-Americans migrated into Northern and Westeities from the South. Cities
became highly segregated as their urban black popns grew (Cutler et al. 1999).
This process was unique to African-Americans; degpopular images of “Little Italy”

and the like, for no other stigmatized group was é&iny time true that most of its



members lived in neighborhoods consisting mostlgtbér members of the grodp.
Much of black segregation resulted not from maf&etes but from deliberate
government policies and collective action by whésidents (Massey and Denton 1993).
Government policy towards segregation changed gitpdduring the civil rights era, and
a clear break in housing policy came in 1968 whi Fair Housing Act, which made
discrimination illegal. Since 1968, however, higiels of segregation have continued to
characterize most American cities (Cutler, Glaesed, Vigdor 1999).
Mechanics of the relationship between railroad division and segregation

| am not familiar with any explicit explanation fahy it is that railroads tend to
define neighborhood boundaries, although in matg<it is self-evident that they do.
One likely possibility is that a railroad provideslear demarcation that facilitates
collective agreement on neighborhood boundarieg$igents, real estate agents, police,
and others. When a community is interested in neimg separate from a particular
group, railroads could facilitate collective actionenforcing segregation by reducing
coordination costs.

As the black population of a city grew over the &@mgligration, the physical size
of the city’s ghetto had to increase if segregati@ne going to be maintained. Since
railroads generate neighborhood divisions, citires were subdivided by railroads into

many small insular neighborhoods could expand ghedto one neighborhood at a time

2 “[European ethnic] immigrant enclaves in the easlgritieth century...differed from black ghettos in

three fundamental ways. First, unlike black ghgetimmigrant enclaves were never homogeneous and
always contained a wide variety of nationalitieggreif they were publicly associated with a paftcu
national origin group...A second crucial distinctigrthat most European ethnics did not live in immaig
‘ghettos,’ as ethnically diluted as they were...Tast difference between immigrant enclaves and black
ghettos is that whereas ghettos became a pernizadumte of black residential life, ethnic enclapesved
to be a fleeting, transitory state in the procddmmigrant assimilation.” (Massey and Denton 1988.
32-33)



and still practice “containment,” whereby the blgdpulation remained concentrated
and contiguous. On the other hand, in cities whaiteoads were not configured in such
a way as to define many neighborhoods, expandgigeto meant breaching a main
divide. Once the black population increased endbghspillover was inevitable,
segregation could no longer be as easily maintdiméte open area on the other side.
Figure 1 illustrates this concept. Binghamton, MdMd York, PA, were similar in
total quantity of railroad tracks laid by 1900 (shmwin red, circumscribed by a four
kilometer-radius circle). They also had similaduistrial bases and substantial changes in
African-American population (these characteristios discussed in detail later in the
paper). But York’s railroads were configured stitdt they created many insular
neighborhoods, particularly in the center of thg.cits Census tracts, in the year 2000,
show a black population more concentrated in itsmall, railroad-defined
neighborhoods (tract percent black is represenyathlkness of tract shading). In
Binghamton, on the other hand, railroads are tygtitistered, leaving some areas too
long and narrow to encompass neighborhoods andsatibe wide open to create
meaningful population restrictions. In contrasirk, Binghamton'’s year 2000 Census
tracts show its black population dispersed liglathgl evenly throughout much of the city.
The process of extracting railroad information frarmaity map is illustrated in the
example of Anaheim, CA (Figure 2). For each digymap or maps were used first to
identify its physical size, shape and locatiorhattime its map was made. A Geographic
Information Systems program, ArcGIS, was used ¢ater a convex polygon that was the

smallest such polygon that could contain the enl@esely inhabited urban area. Dense

% In The Strategy of Conflict, Schelling (1963) claimed that an army in retreast find a landmark—a
river, a wall—around which to regroup. An armyreetting on a featureless plane, he predicted sedh



habitation, defined as including any area with lesuand frequent, regular cross-streets,
was identified by visual examination. ArcGIS whsert used to identify the centroid of
this polygon, and this point was defined as theohisal city center. A four-kilometer
radius circle around this point became the leveallsgervation for the measurement of
railroads. This approach meant that differencesitial city area would not distort the
measurement of initial railroads: cities that wextethe time, very small would still be
coded with railroads that affected later developimaiter the population had expanded;
cities that were already large would have only ¢h@slroads in their center cities
included. It should be noted, however, that ali@d of the cities were smaller thanml16
square kilometers when mapped, and many were mmahes, so for most cities this
measure includes railroads that were laid on ungeduand without need to consider
habitation.

Visual examination reveals that the historical ciénter created in this way is
typically quite close to what would be identifieslthe current city center if using a
current map. Within this four-kilometer circle,ey railroad was identified, its length
measured, and the area of the “neighborhoods”exldat its intersections with each
other railroad calculated. Historical railroadegtict the borders of current
neighborhoods as identified by the Census quité (Wgjure 2f). The actual land area
within the circle was also calculated, so that meament could be adjusted for available
observed land when working with maps that truncéteobservations or include

substantial bodies of water.

find that all is lost. Thanks to Glenn Loury fairging this argument to my attention.



From the data generated this way, | create a meadu city’s railroad-induced
potential for segregation. | define a “railroagtigion index,” or RDI, which is a

variation on a Herfindahl index that measures iepatsion of city land into subunits.

ar eatotal

(1) RDI = 1—2(_areaneighborhoodi jz

i
The RDI quantifies the extent to which the citygsd is divided into smaller units by
railroads. If a city were completely undivided flaylroads, so that the area of its single
neighborhood was 100% of the total city area, tbé¢ \WRould equal 0. If a city were
infinitely divided by railroads, so that each ndaghhood had area near zero, the RDI
would equal 1. The more subdivided a city, theerisides” there are to its tracks, and
the more possible boundaries between groups aflalaleato use as barriers enforcing
segregation. In particular, if railroads createmhmnsmall neighborhoods, it would have
been possible during the Great Migration to relipgat-up housing demand by allowing
a ghetto to expand into an adjacent neighborhobde\still maintaining a new railroad
barrier between the ghetto and the rest of the dityis should have facilitated persistent
segregation even as the black population increased.

In contrast with the quasi-random variation inreg@tion technology | am
capturing here, in the ideal case one would tedhi® effects of segregation on city
outcomes using two initially identical cities wiimall open economies. One, the
treatment city, would be assigned perfect residés@gregation, while the control city
would be assigned perfect residential integratidhtime zero, each city would receive
the same total number of blacks and the samenataber of whites, with individuals
assigned randomly to one city or the other. Bjuerof random assignment, each city’s

within-race and overall skill distribution wouldast out equal to that of the other city.



Restricting individuals from moving, one could thapserve, over generations, the
overall and within-race outcomes in each city. éignigration, differences in these
outcomes would refledioth the effect of segregation on individuals and ttfiect on the
population characteristics of places—since poputatvould be fixed, the two effects
would not be conceptually different. Within-raagt@omes would identify whether
segregation was beneficial or harmful for each gravhich city had better aggregate
outcomes would identify whether segregation is nwress efficient than integration for

society as a whole.

B. First-stage relationship

Three assumptions are necessary in order to ptsthka the quasi-experiment
generated by railroad configuration approximatesidieal and that therefore it is a valid
instrument for segregation. First, the railroadgion index must induce meaningful
variation in degree of racial segregation, i.erehmaust exist a strong first stage. In fact,
column 1 of Table 2 shows that, controlling forckger square kilometer in the
historical city center, the neighborhood RDI getetdby the configuration of track
strongly predicts the metropolitan isolation indeX990. An increase of one standard
deviation in the RDI (0.141) predicts an increasesolation of one-third of a standard
deviation (0.067, t-statistic=4.70). Moreoveistitongly predicts three of the other four
aspects of segregation provided in Cutler, Glaes®t,Vigdor (1999).

Second, it must be the case that railroad conftguraffected city outcomes
through segregation and not through some othemgharin particular, railroad-induced

segregation technology should have proved diffemypimportant in cities with high



exogenous inflows of blacks. In cities with lasyegenous changes in African-
American population, which therefore had high dednfam segregation, available
segregation technology would have made more off@réihce in the resultant degree of
separation of blacks and whites. In cities witl iaflows, where segregation did not
become a salient demand (Weaver 1955, Massey am£993), differences in the
technology for producing segregation would havenless relevant to the equilibrium
dispersion of blacks and whites and to city outceme

This has the empirical implications that RDI sholée both a stronger first-
stage relationship with segregation and a stroreghrced-form relationship with
outcomes in cities expected to have larger blaftewrs. To test for these implications, |
use proximity to the South to proxy a city’s exmetblack inflows' Cities in my sample
that are 100 miles closer to the South averagddmdrcentage point higher black
population by 1940 (the t-statistic for the cortieia is 5.26). Controlling for the direct
effect of proximity to the South, the interactiostlween proximity and RDI should
measure the added importance of railroad divistwrdétermining segregation where
black inflows were higher. The results of thig &% shown in the right-hand panel of
Table 2. The interaction does, as hypothesizestligirgreater segregation than does the
RDI alone. Therefore as my main first-stage sjpeatibn | use the proxies for supply
and demand for segregation technology as my compédtof instruments, as shown in

column 6 of Table 2.

* Alternatively | have used a city’s WWII war contta per capita as a predictor of black inflows @3ex
1994), but subsequent literature has raised coscgith the excludability of that measure (CollirG02).
® The F-statistic for the joint significance of ttheee variables is 15.37, well above the StockYango
(2002) threshold for three instruments and a siegliogenous regressor.



In Table 6, discussed in detail below, | provideewnce for the second
implication: that railroads only affect outcomesesh segregation was made salient by
large black inflows. In particular, | find thatelRDI much more strongly predicts
outcomes in cities within 400 miles of the Southrtlin those that are farther away.

The third assumption necessary in order for railrd&ision to be a valid
instrument is that railroads and people were assigo cities orthogonally to one
another. A thorough review of the available evickereveals nothing suggesting that
railroads were configured in any planned way (sppehdix A: The History of U.S.
Railroad Construction). Moreover, Table 6 alsovpdes evidence that cities look similar
on observables in the pre-period; therefore, theneld have been no plausible reason for
individuals to initially sort into cities based aalroad division.

Finally, in order to believe that railroad divisioan identify the effect of
segregation opeople, it would be necessary to assume that individdalaot move.

This assumption is plainly not credible; howeveis ialso not necessary to identify effect

on places.

D. Sample
My major data sources are U.S. Census Bureau seponnetropolitan
demographics (various years), information off &¢6ntury railroad configuration
extracted from archival maps, measures of metrtgpoiegregation from Cutler and
Glaeser (1997) and Cutler, Glaeser, and Vigdor §1,%nd proximity of the city to the

nearest former slave state.



Ideally, my sample would include all places outdite South that were
incorporated prior to the Great Migration, so ttiegty were potential destinations for
African-Americans leaving the South. Then the gloof the place itself into an MSA
could be treated as an outcome of its potentiakgggion. Because the Census only
provides data for large places, however, it ispussible to get pre-period information
for places that were small at the time of the Ghigration®

My sample of cities is chosen as follows. Cutled &laeser (1997) provide data
for MSAs with at least 1000 black residents. Qdfsth MSAs, | include only those in
states that were not slave-owning at the time efGlvil War, because these were the
states that had few African-Americans prior to @reat Migration. Further, my sample
was limited by the set of historical maps held oy Harvard Map Librar§.The library
depends on donations and estate purchases, aetolldat maps, and therefore there are
gaps in its collection. | have compared the fultl€r and Glaeser (1997) sample to the

sample available from the Harvard Map Library. Thees for which the library could

® Note that if segregation reduces economic devesmpnthen more towns will fail to achieve MSA sgtu
and therefore be censored in the treatment graupttie control group. This will cause an upwashbn
the treatment effect estimate, attenuating it tolwarero. Alternatively, if segregation increasss®mic
development, the bias will run in the other directisince the coefficient sign is now reversed #gain

an attenuation bias. Thus censoring on eventua Bt&tus should bias, if at all, towards a findofgo
result.

" Specifically, | exclude Delaware, Maryland, Wasjion, DC, Virginia, West Virginia, North Carolina,
South Carolina, Georgia, Florida, Alabama, MisgigsiLouisiana, Tennessee, Kentucky, Missouri, Bexa
and Arkansas. Nearly 90% of African-Americansdaediin one of these states in 1910 (author’s
calculation from 1910 IPUMS data).

8 The maps that provide railroad placement infornmatiere created by the U.S. Geological Survey as par
of an effort to document the country’s topogragigginning in the 1880%.These maps display elevation,
bodies of water, roads, railroads, and (in mangsgamdividual representations of non-residential
buildings and private homé&sThe edges of a 15-minute map are exogenouslget:fh round 15-minute
units, so that, for example, a map will extend f@®°3000" longitude and 43°460 latitude (in the
southeast corner) to -90°08 longitude and 44°000 latitude (in the northwest corner).

Because the Harvard Map Library collection is inptete, there are 77 cities in non-South states
available in the Cutler and Glaeser data for whidb not have the necessary map observations. In
addition, in 15 cities | observe only some fractairihe four-kilometer-radius land area | wish tuserve,
since the cities overlap two or more 15-minute sua& | have maps only for some subset of thossare
Finally, in 40 cases the city overlaps multipleagrand | observe all of the areas.



not provide maps appear quite similar in both hiséd and current characteristics
measured by Cutler, Glaeser, and Vigdor (shownrainld 3), differing at the 5-percent
significance level on only 4 of 46 measures. Mwafisample consists of 121 urban areas.
A scatterplot of the cities, with RDI on the x-a®isd segregation index on the y-axis, is

shown in Figure 3.

E. Data
Segregation is captured by an isolation index, Wwinieasures the extent to which

blacks live near other blacks rather than non-tdadkolation is defined as
i black; o black; | [ blacky,
i=1 bl a'thota.l person% personstotal
min[ black,,, lj _[ black,, j
persons PErsonS,,

wherei =1... N is the array of census tracts in the area. liegdrnom zero to one. Note

(2) Index of isolation=

that an index of zero is improbable in the abseagntral planning.

| use the Cutler/Glaeser/Vigdor segregation dav&iged online by Vigdor
(2001). These data come from various decennias@s, and include T&nd 28
century historical segregation indices and metritgrolcharacteristics from Cutler and
Glaeser (1997), 1990 GIS-dependent measures adgagpn based on Census data from
Cutler, Glaeser, and Vigdor (1999), and additiateth from the 2000 Census from
Glaeser and Vigdor (2001). These data includeigwi indices for every decade from
1890 to 2000. In addition, they provide four othexasures of segregation, all based on
those developed in Massey and Denton (1988). Tinekele an index of dissimilarity,

available for every decade from 1890 to 2000, wipiclvides a different way to organize



the same information contained in the isolatioreidnd is highly correlated with the
isolation index. Supplementary measures of clusjeconcentration, and
centralization—all of which rely on geographicatalabout the proximity, size, and
location of a city’s census tracts—are availablelf@0. Isolation is a standard measure
of segregation in the literature, and | use th&atsmn index throughout the paper because
it exhibits a slightly stronger relationship withilroad division than do the other
measures. The results, however, are broadly rabuke use of the other standard
measures.

Aggregate city characteristics by race are taken from publishexsGs reports.
Outcomes, represented yn equation (2), include the proportions of a ‘sitylacks and
whites who are poor, unemployed, high-school drégaollege graduates, or who have
household incomes above $150,000. The first tovdeomes should reflect primarily
characteristics of a city’s low-skilled populatiomho are more likely to be on the margin
of poverty, unemployment, and dropping out of hsghool. The last two outcomes
should reflect primarily characteristics of a c#tyiigh-skilled population. Proxies for
aggregate demand for cities by race include pemfthie black and white populations
that are new to the MSA, median rent by race, aodding.

F. Econometrics

° | collect city outcomes from published Census rep(J.S. Census Bureau 2005). Although at the tim
that tracks were laid each of these cities wasipalg separated by open space from other citiesy the
last century urban growth has meant that many distéict metropolitan areas are now conglomerates.
To surmount this problem, | collect data for theading area which best centers on the origingl cénter
without containing other original city centers. uBH use MSA-level data for the 64 cities that have
remained independent MSAs. For MSAs in which mlgticity centers are each in a separate county, |
assign to each city the characteristics for thengothat holds that city’s original urban cent&oing so
allows me to differentiate between the effect obaginal center on its county level outcomes arel t
combined effect of several centers on MSA-levetonies (e.g. outcomes for the New York-Northern
New Jersey-Long Island Consolidated MSA). Fiftyethcities are in unique counties but share an MSA



Because RDI-induced segregation is virtually ranlyasssigned, the relationship
between segregation and outcomes can be capturedsimple equations. Segregation

can be modeled as a classic endogenous regreteciiragf outcomes at the city level,
)Sg=a,Z+a,X+u
(2)Y=pSg+p,X+e,

and then estimated using two-stage least squaedgseésr The right-hand side variable of

interest in equation (2)%eg, represents a city’s current level of segregatibins a

vector of instrumental variables, including: praxfer the supply of segregation
technology, i.e. the RDI; the demand for segregaigehnology, i.e. black inflows as
predicted by proximity to the South; and the intéicn of supply and demand, i.e. the

product of RDI and proximity.

[l Results and interpretation
A. Two-stage least squares estimates

Table 4 shows two-stage least squares estimateg effects of racial
segregation on a variety of current urban charesties. Black outcomes and white
outcomes are shown separately. The top panelld&Bademonstrates that RDI-induced
segregation causes a truncation of the left taihefdistribution of outcomes for a city’s
white population. A 10-percent increase in segieggredicts a 1.2-percentage point
decrease in the white poverty rate, a 1.3-percernpagt decrease in the white high-
school dropout rate, and a 0.7-percentage pointdse in the white unemployment rate;

all of these effects are statistically significabhtonventional levels. In contrast, RDI-

with at least one other city. Finally, for the difles that share a single county with another, ¢igssign



induced segregation causes a fattening of thedigtf the distribution of outcomes for a
city’s black population. A 10-percent increases@gregation predicts a 2.3-percentage
point increase in the black poverty rate, a 2.@@etage point increase in the black high-
school dropout rate, and a 0.2-percentage pointdse in the black unemployment rate;
the first two effects are statistically significattconventional levels.

The middle panel of Table 4 shows that RDI-indusegdregation has negative
effects on the characteristics at the upper erideo$kill distribution for both blacks and
whites. A 10-percent increase in segregation lewlee fraction of a city’s whites who
are college graduates byl.8 percentage pointshenfiaction of blacks by 2.5 percentage
points. Similarly, it lowers the fraction of wh#evith household incomes above
$150,000 by 0.6 percentage points and the fractiditacks by 0.4 percentage points.
The negative effects on these characteristicsigtdyhsignificant for blacks and
marginally significant for whites.

The bottom panel of Table 4 shows migration andshmumarket characteristics
by race from 2000 Census statistics reported atitiban level. Cities with more RDI-
induced segregation have significantly fewer nesidents, both black and white. A 10-
percent increase in segregation leads to 1.1 pegempoints fewer new white residents

and 2.4 percentage points fewer new black residents

Unfortunately, because the Census does not suppdyah city-level out-
migration, | cannot distinguish between low demand low supply as explanations for
this result. It may be that there are fewer nesidents because out-migration is lower,

leading to few vacancies. However, the evidenchausing values in Table 5 suggests

the characteristics of the politically-defined ditself to the observation.



that segregated cities are in fact in less dem&imst, more segregated places have
significantly lower median rents for both blackslamhites (results are similar for
mortgage costs and home values). These effeatstda@ppear to be driven by lower cost
of living in more segregated cities, since renesaso lower as a fraction of income
(significantly lower for whites). Second, lowerp@nditures on housing also do not seem
to reflect lower consumption of housing in morersggted cities; blacks and whites in
more segregated cities are significantly lessVikellive in crowded homes (that is,

homes with more than one person per room).

In sum, segregation cauggsaces to have low-skilled whites who are better off,
and blacks and high-skilled whites who are worge G all but one measure, the
magnitude of this difference is greater for blatkan for whites. In addition, segregated

cities have lower rents and less in-migration, €stjgg that they may be in less demand.
B. Robustness and falsification checks

As discussed above, for the RDI to be a valid umetnt for segregation, it must
not predict city characteristics in times or plasaghout black population inflows.
Table 5 presents a series of tests of this hypmthéds the left-hand panel are shown tests
of the predictive power of the RDI, proximity toetlsouth, and the interaction between
them on a variety of characteristics of cities 81Q, prior to the start of the Great
Migration. These include 1910 segregation of Eaespethnic immigrant§ population,
percentage black, and physical size. In the namepare shown tests for predictive

effects on a variety of 1920 characteristics, mesbafter the beginning of the Great

19 European ethnic immigrant segregation was théts &telatively low) historical peak, according to
Massey and Denton (1993).



Migration. These include percentage black jusrdftack inflows commenced, the
literacy rate, labor force participation, and thare of employment in trade,
manufacturing, and railroads. Only one of thetyhooefficients of interest, that of
closeness to the South on 1910 physical areggngfisant at the five-percent level.

The bottom panel of Table 5 tests the propositiat the railroad division should
more strongly predict outcomes in cities that aqgeeted to have greater black inflows.
Here, instead of interacting proximity to the Sowith the RDI, | present the reduced-
form effects of railroad division on outcomes sapally by whether cities are within 400
miles of the South (400 miles is the median distandhe sample). Because the total
sample size is cut in half for each regression,yntdrthe estimates become insignificant.
Nonetheless, it is clear that overall the relatiops reported in Table 4 persist in those
cities within 400 miles of the South, and are umiity weaker in cities more than 400
miles away.

In sum, the instruments do not predict segregaiiotisnes and places where
there were not large black inflows. They do n@&dict pre-period characteristics,
including the segregation of groups that were séigmed prior to the arrival of blacks
and the structure of industry. After the Great Mtgn, railroad division does not
predict outcomes in places that were too far froenSouth to receive large black
inflows. These results provide evidence thateait division drives current city

characteristics through racial segregation ratian through some other mechanism.

C. Comparison to OLS results



Ordinary least squares estimates of the relatipnséiween segregation and
outcomes are shown in Table 6. OLS estimates tdbmbstrong correlations between
segregation and white outcomes; only the estimatetate poverty is statistically
significant. OLS does find strong negative relasioips between segregation and black
outcomes across the board.

Relative to two-stage least squares estimates, €&lLifates do not differ
significantly from IV for educational outcomes ar black unemployment. However,
OLS estimates appear to significantly understatgotbsitive effects of segregation on the
low end of the white outcome distribution, spedaifig segregation’s role in reducing
white poverty and unemployment. In addition, OLg#icantly understates the negative
effect of segregation on black poverty and undastthe negative effects on the income
of high-skilled whites and blacks. Overall, coatedns between segregation and
outcomes seem to understate the extent to whialegaton drives better outcomes at
the low end of the white distribution at the expenéthe average characteristics of

others.

IV.  Discussion

Overall, segregated cities seem to have low-skilbdes with better
characteristics and other groups with worse charitics. These equilibrium
characteristics could reflect differences in theafof segregation opeople—for
example, segregated cities could transfer resotocesv-skilled whites at the expense of
blacks and the high-skilled. Alternatively, it ¢dueflect strictly the effect of
segregation oplaces through differential migration—for example, whitegh low

education could prefer segregated cities, whilewngnoups prefer less segregated cities.



Moreover, these effects could reinforce each agbehat in equilibrium both are at work.

Previous research on this topic has failed to ifietitese effects of segregation
on places because researchers have lacked a gingnent for segregation. They have
therefore been unable to separate the effect oégagjon on aggregate city outcomes
from reverse causality and omitted variables. €whd Glaeser (1997) identify this
problem but are unable to surmount'it.Instead, for their main results they rely on a
differences-in-differences strategy, using whitesiore vs. less segregated cities as a
control group. This strategy requires two identifyassumptions that preclude the
results | find. First, they must assume that sgafien only affects blacks; therefore they
cannot estimate effects of segregation on whiBecause this strategy misses the
positive effects of segregation on whites, it otegess the negative effects of segregation
on black poverty, unemployment, and high-schoopdta rates. Second, they must
assume that city populations are fixed; therefbey ttannot estimate effects of
segregation on city demand. They limit their asedyo the characteristics of 22- to 30-
year-olds on the premise that doing so sidestepseras about migration.

However, when | replicate their analysis by usimgjvidual data on 22- to 30-
year-olds, | again find that the main effects ofIRIDd the interaction of RDI and
proximity to the South predict positive outcomesléawv-skilled whites and negative
effects on high-skilled whites. Again, | find thithe net effect of RDI, RDI*proximity,
and the interactions of those with being black mtegkegative effects on African-

American characteristics. | am, however, hesitamtscribe these results to effects on

™ One instrument they attempt to use, rivers (Hok®9?), has only a weak relationship with segregatio
and fails to meet the excludability criterion falidity.



individual people rather than places. After dkge outcomes could be affected by
selective migrations of previous generations as. wel

Other recent research has examined residentianerefes for neighborhoods
within cities, examining the question: why has sgation persisted since the Fair
Housing Act? Boustan (2006) argues that segraegatithin metropolitan areas between
municipalities is an efficient mechanism for diaces in willingness to pay for public
goods. Bayer, Fang, and McMillan (2005) argue imditziduals prefer neighborhoods
that are racially and economically homogeneous,Smav (2006) finds evidence that
individuals prefer racially homogeneous municipadt

My results suggest reinterpreting these findingsamsng strategies that are
relevantwithin segregated urban areas. As modeled by SchellBigl{, segregated
equilibria may be difficult to change through midiual market action. But Cutler,
Glaeser, and Vigdor (1999) find that Americansdifierentially migrating to less
segregated MSAs, and my results suggest that tigition occurs in the face of higher
prices in less segregated MSAs. It is plausibd¢ the tastes for integration reported in
survey research (Bobo et al. 1994) are real, laitvithin segregated areas people prefer
to live in neighborhoods with others like themsslvather than in neighborhoods where
they are isolated. Such decisions would reinfeegregation, but would represent the
type of market failure outlined in Schelling (19%a&jher than preferences for
segregation.

Collins and Margo (2000) have argued that ghettodg became bad for black
outcomes only after the civil rights movement. hlagh that question is beyond the

scope of this paper, recent results are consigtiémtsuch a hypothesis: Ananat and



Washington (2006), using railroad division to potdiegregation, show that the rise of
black political power has been weaker in more sgagesl cities. In future research, | will
further explore the mechanisms through which segiely appears to affect city
characteristics. Besides political power, platwesitiiannels through which segregation
may affect city outcomes include the location ofaities and disamenities, economic

redistribution, and school finance.



Appendix. The History of U.S. Railroad ConstruatiolVhy were tracks laid where they
were laid?

Taylor and Neu (1956) argue that the first prattiadroads, in the early 19
century, were a product of pre-capitalist mercamtil Typically, a city and its leading
businessmen would fund the building of a shortagtise line from an agricultural area to
its downtown as an incentive to farmers to chobss & shipping destinatidh.

Wellington, in the encyclopedi€conomic Theory of the Placement of Railways
(1911), goes into great detail about how the es@dies of railroads were selected. At
this point in American history, both labor and ¢apwere scarce, while land was
plentiful (Atack and Passell 1994). Consequemfgllington focuses on land gradient
and physical obstructions as the economic detemtsrat placement. These factors
determined the necessary quantity of track, labtmisity of construction, and fuel
efficiency, the costliest aspects of building ar@imtenance. As Atack and Passell
(1994) note, “American railroads avoided topograpbstacles rather than level them,
bridge them, or tunnel through them” (p. 444).

To insure that other cities did not benefit froreitirailroad investments, cities
often deliberately chose unique track gauges. ohtidhd, Maine, the developers of a
through line to Montreal consciously chose a gangempatible with existing Portland-
Boston lines, for fear that otherwise “Boston wooégture their trade and make them
merely a satellite city” (Taylor and Neu, 1956,8).1The Maine legislature forbade
existing lines to change their gauges in response.

During the Civil War, it became clear that havinqitdreds of short unconnected

roads rather than a national network inhibited tamli activities. In addition, by the post-



bellum period railroad transport had become a ampsion good in itself rather than
merely a subsidy used to capture trade (for omggthirains by this point were people-
movers as much as goods-movers). Therefore rdiltompanies became interested in
connecting urban railways through town, in ordesdwe “switching costs,” that is, the
cost of unloading and reloading passengers anghfrei

This combination of economic and security inter@sthe post-bellum period led
Congress to impose a standard gauge on all ragraad to subsidize private companies
to create a single network throughout the counlriyich of the placement of railroads
was determined by this goal of a national network.

Many people resisted the movement to standardideannect railroads in towns
that had these discontinuities. A clear threah&independence between railroad
placement and other town characteristics wouldt éxisfferential resistance was based
on concerns about city topography—that citizenecteid that railroads would divide
neighborhoods or cause other disamenities. In fetever, the historical record makes
no mention of railroads’ use and effects as a tbaaier at the time they were being
laid (one reason may be that most towns were ssnalligh that such barriers or local
disamenities didn’t have significant meaning). Tn&@n objection instead was to
connectiorper se. Businesses complained because towns with digobad trains had
developed an economy of middlemen, such as handlefsight and service
establishments for waiting crew and passengerdd@iand Neu 1956).

The strong incentives for connection, however, ieeddd the switching industry,

and at the same time development in the West dtweonstruction of a truly

12 For instance, the Boston and Worcester line waigyded by Boston merchants to divert trade between
Worcester and Providence (Taylor and Neu 1956).p. 4



transcontinental network. Here, a clear threghéindependence of the initial
positioning of railroads and other neighborhoodrabgeristics would arise if railroads
had systematically been built on land with deprégsees because it was less desirable.
At the time, however, land was so plentiful than@eess was literally giving it away
under the Homestead Act and other public land éilimations. In fact, government gave
land to railroads just to get them to build, anagnany cases had to give massive
amounts—up to 40 miles on alternating sides oftlael—because the land was worth so
little when undeveloped (Atack and Passell 1994ptérs 9 and 16). Thus, it made poor
business sense to emphasize land cost over thefowstterials, labor, and energy
consumption, which were functions of the factorpkasized by Wellington (1911).

By the end of 19 century, the national network of railroads wasrtyeeomplete:
over three-quarters of all U.S. tracks ever laidena place by 1900. All populated areas
were completely included in the network. All oéthities from which | draw my
sample—defined as those that later grew large dntmgecome MSAs with at least
1000 blacks—had railroads by 1900.

From this evidence on the relationship betweemaad placement and other local
characteristics, | argue that relative railroaddsuilsion of a city’s topography is
uncorrelated with other relevant city charactersstand therefore that it satisfies the

exclusion restriction as an instrument for the effd segregation on cities.
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Figurel.

Binghamton, NY York, PA

~—

19" century railroads, shown in red within the 4-kileter radius historical city center,
divide York, PA into a larger number of smallergi@orhoods than do the railroads in
Binghamton, NY. Thus, even though the two citiad Bimilar total lengths of track,
similar World War 1l labor shortages, and similaamafacturing bases (in fact,
Binghamton was somewhat more industrial than Yorkyk became more segregated,
as can be seen from the smaller, more concentaaéedof African-Americans near the
railroad-defined neighborhoods at the city’s centivers are shown in blue.



Figure2. Measuring therailroads of Anaheim, CA

Figure 2a. 1894 15’ map showing Anaheim, CA, whgmarked in green.

Figure 2b. The outline of the densely occupied afeAnaheim, defined as dense
housing (each house is represented by a dot) gudbrestreets. The centroid of the
occupied area is marked in blue.



Figure2c. Thehistorical city center isdefined asthe 4 kilometer-radiuscircle
around the centroid of the historical city, and isshown herein red.

Figure 2d. Every railroad within the 4-kilometércte is marked and measured—detail
is shown here in violet.



Figure 2e. Neighborhoods are defined as polygoeeted by the intersection of
railroads with each other and with the perimeteraAeim contains five neighborhoods,
shown here in orange. The area of each neighbdrisotalculated and used to calculate
a RDI measuring the subdivision of the historiagt center.
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Figure 2f. Year 2000 censustractsare shown in green. Notethat current
neighborhood borders, as defined by the US Census Bureau in 2000, closely follow
historical railroad tracks.
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Table 1. Mean outcomes for cities with above- bheldw-median railroad division

t-stat for significance

Low-RDI High-RDI of difference in
cities cities means
Segregation (isolation
index) 0.143 0.285 -4.466
Outcomes: among:
Poverty rate whites  0.106 0.083 3.953
blacks 0.253 0.275 -1.570
Percent of adults who
are high school dropouts whites 0.168 0.147 1.860
blacks 0.240 0.263 -1.334
Unemployment rate whites  0.055 0.048 2.735
blacks 0.124 0.126 -0.312
Percent of adults who
are college graduates whites 0.267 0.244 1.313
blacks 0.166 0.135 2.209
Percent of households
with more than $150,000
in income whites 0.045 0.038 1.245

blacks 0.020 0.015 2.220




Table 2. First stage relationship between railro@aafiguration and segregation

Isolation Dissimilarity Clustering Concentration Centralization Isolation Dissimilarity Clustering Concentration Centralization

RDI 0.472 0.357 0.511 0.506 0.285 0.680 0.493 0.780 0.751 0.317
(0.100) (0.088) (0.120) (0.188) (0.152) (0.161) .1p®) (0.197) (0.280) (0.196)
Proximity to
the South -0.00032 -0.00021 -0.00043 -0.00039 -0.00005
(0.00019) (0.00014) (0.00018) (0.00036) (0.00029)
RDI*proximity 0.00068 0.00049 0.00078 0.00078 0.00004

(0.00026) (0.00020)  (0.00027) (0.00048) (0.00037)
Track length

per square
kilometer 35.514 18.514 56.263 -0.668 -7.183 2D.51 13.319 51.149 -7.103 -6.355

(13.962) (10.731)  (14.355) (10.956) (4.601) (11.208)  (8.512) (11.870) (8.009) (4.654)




Table 3. Mean characteristics of cities in andafigample

p-value of t-

test for the

difference in
Cutler-Glaeser-Vigdor variable Not in sample  In péen means
Isolation index--1890 0.049 0.053 0.698
Isolation index--1940 (tract-level) 0.355 0.310 984
Isolation index--1940 (ward-level) 0.234 0.203 Q42
Isolation index--1970 0.343 0.365 0.572
Isolation index--1990 0.229 0.214 0.584
Dissimilarity index--1890 0.385 0.383 0.956
Dissimilarity index--1940 (tract-level) 0.736 0.745 0.771
Dissimilarity index--1940 (ward-level) 0.570 0.575 0.896
Dissimilarity index--1970 0.744 0.741 0.883
Dissimilarity index--1990 0.574 0.569 0.805
Percent black--1890 0.030 0.027 0.532
Percent black--1940 0.058 0.040 0.029
Percent black--1970 0.056 0.061 0.502
Percent black--1990 0.067 0.061 0.669
Population--1890 129,829 66,044 0.242
Population--1940 390,895 203,708 0.203
Population--1970 919,239 680,997 0.371
Population--1990 689,768 587,824 0.525
# of wards--1890 17.778 13.421 0.288
# of wards--1940 15.929 14.238 0.542
# of tracts--1940 146.059 101.583 0.389
# of tracts--1970 211.118 162.013 0.430
# of tracts--1990 203.687 137.439 0.128
Total area--1900 19,283 11,748 0.143
Total area--1940 32,855 26,909 0.592
Total area--1970 2,344 1,626 0.187
Total area--1990 2,387 1,819 0.253
Per capita street car passengers--1915 204.214 4294. 0.247
Percent of blacks employed as servants-1915 0.210 .2100 0.984
Increase in urban mileage in 1950s 0.237 0.248 .70
# of local governments--1962 62.925 56.114 0.587
Inter-governmental revenue sharing--1962 0.262 .24 0.264
Centralization index--1990 0.741 0.771 0.244
Clustering index--1990 0.207 0.178 0.248
Concentration index--1990 0.556 0.657 0.001
Income segregation--1990 0.230 0.217 0.061
Black income segregation--1990 0.554 0.548 0.653
Educational exposure index--1990 -0.084 -0.088 B.61
Manufacturing share--1990 0.172 0.189 0.121
Median income 31,484 31,647 0.857
Median education -0.162 -0.143 0.390
Share of moms who are single 0.236 0.261 0.320
Average commuting time 0.823 -0.452 0.040
Person-weighted density 1808.075 1271.729 0.047




Table 4. 2SLS estimates of relationship betwegnegmtion and city outcomes

Percent of
households with
Percent of adults Percent of adults  more than
who are high who are college  $150,000 in
Poverty rate  school dropouts  Unemployment rate  graduates income
white  black  white  black white black white  black iteh black

Segregation

(instrumented) -0.118 0.228 -0.013 0.205 -0.067 1®.0 -0.180 -0.254 -0.062 -0.037
(0.036) (0.077) (0.058) (0.091) (0.018) (0.042) (0.104)(0.070) (0.034) (0.012)

Track length

per square

kilometer 0.775 -8.543 -0.403 -2.948 3.064 1.436 .17@¢ 2460 1.849 1.153

(1.388) (3.405) (3.102) (3.808) (1.184) (2.212) (5.069)(3.174) (1.611) (0.630)

Share of
Percent of households with
residents who Median rent as a more than one
are in-migrants ~ Median rent percent of income person per room
white black  white black white black white black

Segregation

(instrumented) -0.108 -0.244  -572 -597 -12.350 -4.875 -0.134 0.20
(0.044) (0.068) (168)  (133) (2.377) (3.490) (0.030)0.044)

Track length

per square

kilometer -0.591 0.274 23436 17337 455.253  143.540.023 7.432

(1.922) (2.538) (7252) (6043) (166.493) (212.102) (2.127B.632)




Table 5. Specification checks

1910 city characteristics 1920 city charactarssti

RDI

Proximity to the South

RDI*proximity

Track length per square
kilometer

Share of
Share of employment Share of
Ethnic Physical Percent Percent  Percent Labor force employment in employment
segregation area Population black black literate  participation  intrade manufacturing in railroads
-0.080 23290 510357 -0.013 -0.005 0.119 -0.018 -0.028 0.265 -0.061
(0.130) (17447) (398246) (0.024) (0.027) (0.062) (0.041) (0.146) (0.222) (0.059)
1.770E- -6.800E- -1.102E-
0.000 -48.406  -744.810 08 06 04 7.620E-05  -8.230E-05 -1.201E-04 -2.060E-05
(2.32E- (2.75E-  (6.28E-
(0.000) (18.298) (392.108) 05) 05) 05) (5.58E-05)  (1.30E-04) (3.42E-04) (3.57E-05)
3.220E- 5.040E-
0.000 35.197 916.524 05 05 1.316E-04 -1.028E-04  1.533E-04 3.991E-04 3.52BE-
(3.39E- (3.99E-  (7.83E-
(0.000) (31.735) (631.729) 05) 05) 05) (7.58E-05)  (1.78E-04) (4.63E-04) (5.16E-05)
-9.144 -38668 4238265 13.905 13.763626103479  -3.432072  -0.8333482 13.78445 1.395946




Table 5 cont'd. Specification checks
Effect of RDI on outcomes among cities above arldvbenedian proximity to

South
Outcome: among: <400 miles >400 miles
Poverty rate whites -0.127 -0.024
(0.047) (0.030)
blacks 0.175 -0.046
(0.087) (0.078)
Percent of adults who are high
school dropouts whites -0.093 0.021
(0.062) (0.073)
blacks 0.031 -0.119
(0.084) (0.111)
Unemployment rate whites -0.054 -0.009
(0.017) (0.014)
blacks 0.003 -0.051
(0.036) (0.054)
Percent of adults who are
college graduates whites -0.121 -0.081
(0.087) (0.129)
blacks -0.127 -0.014
(0.063) (0.075)
Percent of households with
more than $150,000 in income whites -0.020 -0.012
(0.036) (0.040)
blacks -0.009 0.002
(0.012) (0.016)




Table 6. Comparison of OLS and 2SLS estimates$fe€tof segregation on outcomes

OLS 2SLS
white black white black
Poverty rate -0.048 0.074 -0.118 0.228
(0.014) (0.035) (0.036) (0.077)
Percent of adults who are high
school dropouts 0.004 0.154 -0.013 0.205
(0.027) (0.033) (0.058) (0.091)
Unemployment rate -0.008 0.033 -0.067 0.016
(0.007) (0.018) (0.018) (0.042)
Percent of adults who are college
graduates -0.040 -0.184 -0.180 -0.254
(0.041) (0.033) (0.104) (0.070)

Percent of households with more
than $150,000 in income 0.005 -0.013 -0.062 -0.037

(0.016)  (0.006)  (0.034)  (0.012)




Table 7. Reduced form estimates of effect of ggien instruments on individual outcomes of 223@eyear-olds
High school College Household Never-
dropout In poverty graduate  income>$150k Idle married mom
RDI -0.068 -0.056 -0.093 -0.036 -0.098 -0.038
(0.097) (0.112) (0.144) (0.037) (0.072) (0.017)
RDI*black 0.046 0.246 -0.158 -0.010 0.189 0.218
(0.033) (0.042) (0.035) (0.007) (0.027) (0.020)
Proximity to the South 1.782E-04 7.620E-05 -1.08¢9E-  1.400E-05 1.351E-04 5.170E-05
(1.43E-04) (9.31E-05) (1.30E-04) (3.03E-05) (6.62%- (1.80E-05)
Proximity to the South*black -8.280E-05 -1.919E-04 2.756E-04 2.190E-05 -1.830E-04 -1.184E-04
(1.23E-04) (9.47E-05) (6.24E-05) (7.71E-06) (6.888- (3.07E-05)
RDI*proximity -3.801E-04 -1.391E-04 1.985E-04 -20E405 -2.096E-04 -8.160E-05
(2.38E-04) (1.20E-04) (1.74E-04) (3.72E-05) (9.41- (2.75E-05)
RDI*proximity*black 3.360E-04 4.306E-04 -4.403E-04 -2.970E-05 3.117E-04 2.534E-04
(2.26E-04) (1.81E-04) (1.06E-04) (1.61E-05) (1.0BH- (5.31E-05)
Track length per square kilometer -13.529 -11.342  12.017 1.682 4.304 0.784
(11.923) (8.601) (12.646) (2.500) (7.268) (1.363)
Track length per square
kilometer*black 32.118 18.354 -5.818 0.340 18.041 6.313
(14.547) (13.288) (9.809) (1.810) (11.544) (6.011)
p-value of f-test for joint significance
of:
RDI and proximity 0.272 0.302 0.033 0.514 0.081 016.
RDI, RDI*black, RDI*proximity, and
RDI*proximity*black 0.247 0.000 0.000 0.128 0.000 0.000
RDI*black and RDI*proximity*black 0.154 0.000 0.00 0.185 0.000 0.000




