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ABSTRACT

Economists have studied the effects of racial prejudice on urban

residential structure using a set of:models that focus on conditions

at the bofder between the black and white areas. This paper is a

review of the theoretical literature on these border models and an
A investigation of their generality. The main result derived in the

paper is that border models are logically inconsistent without unfealistic
" assumptions either about the incomes of blacks relative to the incomes
of whites or about the extent of white prejudice. The paper concludes

with several suggestions for more satisfactory modeling of prejudice

and urban structure.
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ON MODELS OF RACTAL PREJUDICE AND URBAN RESIDENTIAL STRUCTURE

Introduction and Summary

Understanding the effects of racial prejudice on urban residential

structure is important for (at least) two reasons. First, prejudice

is a powerful and pervasive attitude that affects the residéntial
location decisions of many families, Second, it is important for
policy purposes to separate the effects of prejudice per se, which .
does not necessarily imply discrimination, from the effects of dis-
criminatory behavior.1 In particular, it is necessary that we de-
termine how much (if any) of observed residential segregation and

observed racial differentials in housing prices can be explained

 simply by attitudes rather than by discrimination.

A major analytical tool used by economists to study these issues:
has.been a set of models that we call 'border models."2 As this ﬁame
implies, these models apply to completely segregated cities (with
blécks assumed to locate in the city center) in which price and
1pcatiénal adjustments are made with feference to conditions at the
border between black and white areas. The purpose of this paper is

to review and extend the theoretical literature on border models., In -

pérticﬂlar, we are concerned with determining the génerality of these

models and with suggésting alternative approaches to studying those
scots of situations for which the models are shown to be inapplicable,
To these ends, the paper is organized as follows. In section I,

we consider the '"granddaddy" of border models, developed by Bailey




(1959). We show that without substantially stronger assumptions than
were made 1n its original statement, the Bailey model is internally
inconsistent as an equilibrium.model of ?esidential structure.

In section TI, we consider a general equilibrium border model
developed iﬁdependently by Courant (1973) and Rose-Ackerman (1975).
The results of that work are briefly summarized and the model is
explicitly solved for the case of Cobb-Douglas utility functions.

In section III, the two types of border models presented earlier
are amended to allow for the possibility of differences in income
between and within the racial groupé. Given this amendment, it is
shown that the original Bailey model cannot be made internally con-
sistent without patently contrafactual assumptions about income dis-
‘tributions., Furthermore, it is proved that the assumption that blacks
inhabit a central annulus, an assumption that is fundamental to all
of the border models, is not generally consistent with distributions
of income in which some blacks have substantially higher incomes than
some whites, Finally, the case of Cobb-Douglas utility with different
incomes 1s presented as an example, and it is shown that border models
are internally consistent only under very high levels of white prejudice.

In section IV, the implications of these findings for the
appropriateness of border models are discussed in some detail, and a
number of suggestions are made for alternative ways of modeling the

effect of racial prejudice on urban structure.



i. Bailey's Border Model

The original border model was presented by Martin Bailey (1959).

- It has been used and extended somewhat by Muth (1969 and 1975). The
Bailey border model is based on the assumptions that the population of
a city is divided into two groups, X and Y; that Group X prefers to
live near Gréup Y; and that Group Y prefers to live away from Group X.
Although he does not identify these two groups, it is clear that
Bailey inteﬁds Group X to represent blacks and Group Y to represent
whii:es.3 Our subsequent discussion will refer to blacks and_whites
instead of Group X and Group Y.

Bailey assumes that blacks and Whites are completely segregated
with blacks living on blocks A, B, C, and D, and whites living on
blocks E, F, G.... Those people on adjoining or border blocks, D and E,
are considered to be near to the other group; everyone‘else is c§n~
sidere& to be far from the §ther group,.thét is, in their owm
"interior" area. |

These aséumptions lead directly to the conclusion that unit
: housing pfices ére higher at D than in the black inferidr, and lower

at E than in the white interior. The equilibrium relationship between
the housing prices for the two groups depends, aécqrding‘to Bailey,
.on ;he naturé of ‘the houéing industry, If blocks.D,‘E, and F are
'-ownéd by a single firm, then, in equilibrium, prices in.the black
:intarior will be équal to prices in the white Interior. If, on the‘
other hand, the housing industry is made up of many small firms,

an equilibrium will be reached when the two border prices are the same.




These conclusions can be further explained with reference to Figure

1.}

The Bailey model operates under perfect (but segregated) compe-
tition, so the price that can be charged Ey any firm for a'single house
is given by BB' in the black area and by WW' in the white area., If a
single firm owned blocks D, E, and F, a shift of the boundary one block
to the right would bring an increase in its revenue on block E equal
to (B'-W)N, where N is the number of houses on one block. Such a move
would also bring a loss on block D equal to (B'-P)N and a loss on block
F equal to (P~W)N. Thus, assuming that a one-block boundary shift
does not change supply in the two areas enough to shift the BB and WW
curves, the single owner would clearly not benefit from a one-block
move to the right,

If there were many housing firms, however, each of which owned a
single house, every firm on block E would have an incentive to sell
to blacks since it would increase its.revenue by an amount equal to
(B'-W). Thus the border would move to the right, As it moved, the
supply of houses in the (growing) black area would increase and the
BB' curve wéuld shift downward., An equilibrium would be reached when
the price in the black border area, (B') equaled the price in the white
border area (W), At such an equilibrium, the price in the white
interior would be higher than the price in the black interior.

In short, Bailey's border model predicts that buyer tastes will
lead to either higher prices in the white interior than in the black
interior or higher prices for blacks at the border, depending on the

nature of the housing industry,
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Closer examination reveals that Bailey's border model does not
have an equilibrium either in the.case of large firms or in the case
of individual owners. Let us begin with the case of large firms.

If a firm owned blocks A-F, a one-block move to the right would not
benefit the firm, but a two-block move would increase its revenue by
pushing the low=-rent houses on the black border into the next owner's
territory.5 The next owner would then benefit from yet another move
to the right because such a move would bring the high-rent houses on
the black border into his territory. This process would continue,

as it would in the casé of many small firms, until the price at the
black border equaled the price at the white border.

The above argument is still incomplete, however, because it
assumes that firms are unaware of the shifting of the BB' and WW'
curves that accompanies the rightward progress of the border. If
firms have foresight, an owner of both border blocks might want to
prevent the border from shifting to the right in order to avold losses
from the downward shifting of the BB' curve. In fact, such an owner
might maximize his profits by moving the border to the left, thereby
raising the BB' curve. In this case, prices would be higher in the
black interior than in the white interior--a contradiction of Bailley's
main result.6

In short, the case of large firms is inconclusive unless further
assumptions are made about the way the BB' and WW' curves shift and
about the foresight of housing firms, As a result, Bailey's border
model cannot determine the effect of prejudice on the pattern of

housing prices in the case of large housing firms, We will henceforth



concentrate on the case of many small firms, since.it appearé to be
more realistic (see, for example, the evidence presented By Sternlieb
(1969, ch. 6)).

The Bailey model indicates that when thére are mény small housing
firms prices will be higher in the white interior than in the black
interior. However, this result does not fepresent an equilibrium unless
one makes the additional assumption that city size is fixed. If city
silze wéfe not fixed, housing firms would ‘attempt to capture the
economic rent associated with housing in the white interior by building
new all—white‘housiﬁg at the outer edge of the city., Thus, competition
would drive down the price of housing in the white interior., If fhe
black-white border responded to such a downward shift in the white
price éurve, as the Bailey logic indicates that it would, then the
city would continue to grow and the black-white border Wbuld cohtinue
to move outward, This movement would stop only when the city reached

some set of physical barriers to further expansion-~that is, when it

- reached some fixed size.

 Note that the existence of nonresidential use for land, such as

,égriculture, aoes not lead to an equilibrium in the Bailey model, If-

competition lowered the price of land in the white interior to the

nonresidential rental rate, and if a Bailey ”equilibriuwh were obtained
with border prices équal, theﬁ nonresidential users woﬁld be»ﬁilling

to pay moré for land than owﬁers of housing in the black interiorlor

at thé black~white border.: Thus nonresidential acti&ities would

mbve into the center of the éity, the black price curve would shift
upward, and the rightward movement_bf the black-white border would

continue,



II. General Equilibrium Border Modéls

Both Courant (1973, 1974) and Rose-Ackerman (1975) have extended
Bailey's border model concept by introducing racial prejudice into a
general equilibrium model of urban residential structure as developed
by Alonso (1964), Mills (1967, 1972), and Muth (1969). These extensions
not only lead to an equilibrium in a border model (by tying a city
together with commuting cost); they also lead to several precise
statements about the effect of prejudice on urban structure,

The Courant and Rose-Ackerman models of prejudice and urban
structure assume, like Bailey's model, that blacks and whites are
completely segregated with blacks concentrated in the city center.7
They also assume that white utility is affected by distance from
blacks——~an assumption in the spirit of the Bailey model if gomewhat
different in its specification. On the other hand, they assume that
blacks have no preferences with regard to the race of their neighbors.

The white utility function is

v, = U (z, H D) , (L)

where Z is a composite consumption good, H is housing services and D
is "social distance" from blacks, All the partial derivatives of this
function are assumed to be positive. In addition, social distance is:

an increasing function of physical distance, Thus,
D = D*(u-u*) = D(u) , (2)

where u 1s the distance from the CBD at which the white family lives,

and u* is the location of the black-white border (in miles from the CBD).



Since white utility increases with distance from the border, D'(u) is
positive. It is also reasonable to assume that DY (u) is négative
and, indeed, that D'(u) reaches zero at some large value of (u-u*).

Finally, whites face the budget constraint
Y = PZZ +fPW(u)H + T(Y,u) , (3)

where Y is income, PZ is the price of Z, Pw(u) is the price paid by
whites per unit of H (a function of u), and T is round—trip'commuting
costs. The maximization of (1) subject tob(3) results in the following

locational equilibrium condition for whites:

aU
Sy D' (@) = A(B(WH +.T,) =
Or8
| i, | |
RI(u) = T /H + 5 D' (u) /2E . @

This equatipn”cénbbe interpreted as a market equilibrium condition—--that
is,‘it defines the P%(u) function that makes thtes indiffereﬁt to thelr
location.

Equatiqn (4) reyeals that P%(u) is ambiguous in‘sign; and in
pérticular that P%(u) méy be ianeasing near the black—white border
where D' (u) is large. An_example of such a White price4distapce functidn
is presented'iﬁ Figure 2. | |

By assuming some form for_tﬂe utility function, one can solve
this type -of model explicitly for the price-distance function, Py (u).

For example, suppose that per—mile-cémmuting costs (t) are constant and

thatvwhites have the following Cobb-Douglas utility function:
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Figure 2.
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U= a; log Z + a, log H+ a, log D . (5)

w 3

In this case it can easily be shown that the demand function for H is
H = (az/(a1 + az))(Y - tu)/PW(u) = k(Y ~ tu)/PW(u) . (6)
It can also be shown that
A= az/PW(u)H .. o A | (7)
Substituting (6) and (7) into (4) yields
| = e — ' 1
PW(u) tPW(g)/k(Y tu) + a3D (u)PW(u)/aZD(u) | 4"
or
1 F - - '
PW(u)/PW(u) t/k(¥ - tu) + 33D (u)/aZD(u) . (8)
Integrating both sides, we find that

a./a '
P (s) = K(Y - ) ) 3 2, | (9)

‘where K is a constant of'integration.<.By anchoring this price-distance .

function at the outer ‘edge.of the city (u) using the equation

P @ =P ’. S (10)

we obtain

- a,/a
(Y - )/ @ - )M Ro@mEn Pt . av

Ew(u)

The price~distance function will, of course, take on a different form

if different assumptions are made about the utility function.




12

The terms in this price-distance function that reflect white
prejudice can be given a simple interpretation: they indicate the
proportion by which the unit price of housing, as determined by
commuting costs, must be lower at u in order to compensate whites
for their nearness to blacks., It will prove useful to define the
inverse of these terms, evaluated at u = u*, as

- - a3/2,

D= [D@)/D(u*)] . (12)
This expression is an indicator of the strength of white prejudice,
It gives the proportional increase in the unit price of housing that
whites would be willing to pay (if there were no transportation costs)
in order to live (u - u*) miles away from blacks instead of right next
to blacks.

Five main results about urban structure can be derived from this
type of general equilibrium border model:10

1. The white price~distance functionjg flatter when whites have
racial prejudice than when they do not (because moving farther from
the CBD leaves whites farther from blacks) and may be ﬁpward-sloping
near the black-white border. (See Courant, 1973, p. 56 and
Rose~-Ackerman, 1975, p. 91). Courant points out that, in models of
the type under consideration, higher housing prices imply higher land
prices and thus higher capital-land ratios in housing production. This
has the testable implication that there will be capital substitution
near the black-white border--that is, that there will be a belt of
relatively high~rise buildings at some distance from the border

(Courant, 1973, p. 70).
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2. Blacks will‘pay less for housing and live atilower aensities
when whites are prejudiced than when whites are not prejudiced
(Courant, 1973, p. 61; Rose-Ackerman, 1975, p. 92). This is comsistent
with the results of many nonspatial competitive modéls in which whites
"'pay for their prejudice."

3. Most whites, but not those near tﬁe black~white border, will
pay more for housing and live at higher densities than they would in
a city without white prejudice (RoseFAckerman, 1975, p. 92).

4, TUnder certain values of the parameters of the white price-~
distance function, there will exist a zone of nonresidential land
use béfween the Black and the white residential areas., In this zone,
land used for housing has a margiﬁal value product less than the non- !
:esidential rental rate, and thus no_housing is produced (Courant,
1973, p. 56). This condition, referred to as a "greybelt" in section
III, occurs when whites offer i;ss for housing at u* than~at u.

5., A city will be larger in area, for a given'populatibn size,
When it contains prejudiced whites than when it contains no prejﬁdiced

vhites (Coﬁrant, 1974, p. 11; Rose-Ackerman, 1975, p. 92)..

III, Border Models with More Than One Income Class

.The 'logic of border models depends on the assumption of a single
income class. In this section we will show that when more than one
income class exists in a city, both’Bailey's and the general equil-

ibrium border models apply only to a very restricted set of cities.
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To understand why the single~income~class assumption is so important,
it 1s helpful to emphasize one characteristic of the Bailey ﬁodel:
Blacks are assumed to prefer living with whites but to always end up
living apart from whites. This combination of assumptions is somewhat
disturbing. If blacks prefer to live with whites, why do they mnot
simply move iInto white neighborhoods? Muth answers this question by
adding a further assumption to the model: "If B-~types [that is, blacks]
prefer integration with A-types [whites], . . . it is assumed that they
are willing to offer less of a premium to live among A~types than
other A-types" (1975, p. 87). To put this assumption another way,
all whites must be willing to pay more to live in a white neighborhood
than are any blacks. Muth does not offer any evidence to support this
assumption, but it does make the Bailey model consistent; that is,
it describes a situation in which blacks prefer integration but do
not achileve it,

However, Muth's assumption is not plausible when there is a range
in black incomes. The amount a family is willing to pay to live in
a white area is a function of its income as well as of its attitudes,
Therefore, for any given amount that a white is willing to pay to live
in a white area, there i1s some income that will lead a black to be
willing to pay even more, So if there is a range in black incomes,
the Bailey model is consistent only if yet another assumption is
made: Not only must the black taste for integration be less strong
than the white taste for segregation, but the income of the richest
black must be sufficiently low relative to the incomelof the poorest
white that the richest black will not outbid the poorest white for

housing in a white neighborhood.
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In our view, this second additional assumption is so strong that
it leaves the,Bailey'model without practical interest, Table 1 pre-
sents some evidence to support our view: It indicates that in a variety

of cities, about one-quarter of the black families have incomes above

the mean income for white families.

By introdﬁcing transportation costs, the Courant and Rose-Ackerman
models lead to equilibriumAin a Bailey-like world and enrich our

understanding of the effect of prejudice on urban structure. We will

. proceed to show, however, that these models are also unsatisfactory

when there is more than one income class. In particular, we will show
that, if some blacks are significantly richer than some whites, then

the models are logically inconsistent unless there is a great deal of

. white prejudice. Furthermore, we will show that when the models are

consistent it is possible that there will be a greybelt between the
black and white areas.
By way bfireview, general equilibrium border models combine several

assumptions about perfect competition in the housing market with

several Bailey-like assumptions about white prejudiée. 0f particular

interest for what follows is the assumption that blacks and whites

each live in one and only one region of a city so that there is a

single black-white border.

Four proberties of the‘price—distance functions in these models
are also impprtant for the discussion that follows.

1. Whenever the income elasticity of demand for housing is uﬁity

or greater; both the black and the white price-distance functions



Table 1

Summary of Income Distributions of Black and White
Families in Selected Cities

% of Families Mean Black Mean White 2 of Blacks % of Blacks % of Whites % of Whites

City That Are Black Income Income over $10,000 over $15,000 under $10,000 under $5,000
Los Angeles 16,98 8055 13619 31.05 10.45 42,51 15.89
Chicago 29,60 8733 12455 35,77 13.54 41,79 13.54
Baltimore 41,66 8065 11394 27.41 9.32 48,06 16.67
Boston 16.50 7182 12004 25.10 6.53 52,50 18,53
Detroit 40.49 9292 12051 40,22 15.80 42,93 15.67
Mobile 30.43 5420 11451 11.22 2,64 50,72 16.85
Orlando 25,49 5561 10995 13,85 3.33 55.43 20.68
Rochester , 14,56 8240 11139 32.45 10.51 47,04 16.23
Tulsa 8.93 5899 12077 16.29 3.76 47.80 14.94
Chattanooga 31,79 5646 9566 13.37 3.65 62.66 25.32
Atlanta . 47,72 7287 13689 24,76 7.90 46 .40 16,21
Trenton 33.79 7829 10679 31.15 8.66 53.11 18.42
Columbus, O. 17.18 8268 11010 33,68 10.60 49,09 15.75
Wilmington, N.C. 23,35 5072 10533 10.30 2,96 76,25 19,93
Omaha 8.89 6939 12028 22,81 4,71 45,76 13.53
Sacramento 8.95 7715 11344 29,44 9.63 50,03 18,93

—

Source: U.S. Bureau of the Census, 1970 Census of Population.

91
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become fiatterAas income rises. ‘(See Muth, 1969, ana Mills, }972.)
This result can easily be derived in the Cobb-Douglas case by:differ—
‘entiating equation (4') with respect to ihcome.

2., TUnless there is a greybelt, the black énd white price-distance
functioﬁs meet at u*; that is, PW(u*) = Pb(u*). This property is a
product of competition; unless the black and white prices are equal at
u*, either blaéks or whites will be willing to pay more than the
éther gfdup on either side of the border, and the border will move,

3. The ﬁhite priée-distanée function is flatter.than'it would
- otherwise be, ﬁecause of white prejudice, and may be upward sloping
near u¥, |

4, At distances far from the black-white border, white prejudice
has no efféct on the slope of the priée—diétance function., It is
assumed that the slope of the social distance function (that is, D' (u))
. equals zefo at distances far from u*; this property thefefore follows
directly from equation (4). .. o | |

These four properties are sufficient to prove that if black incomes
are higﬁer than wﬁite incomes, the biack and white frice—distance
functiéns will cross at éome u greater than u*. It follows from
pr0perties‘(2) and (3) that just outside u* the white price-~distance
function is above the black price—distance funétion.11 Furthermore,
it foilows from prpperties (1) and (4) that at locations far from u%
the black price-distance function will be flatter than thé whitev
price~distance function whenever black inéémes are higher than white
incomes. Therefore, the white price-distance function willveventually

fall to a point at which the black price-distance function intersects
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it from the left, It should be clear that the higher black incomes
are relative to white incomes, the lower will be the value of u at
which the two price-~distance functions cross.

If the point of intersection between the two price-distance
functions occurs within the urban area (that is, if 4 is less than
u), then blacks will be willing to pay more for housing than will
whites both inside u* and outside G. Under these conditions rich
blacks will "hop" over poorer whites and the equilibrium solution to
the model will involve two black areas——thereby contradicting one of
the assumptions of the model, In this case, in other words, the
border model is logically incomsistent. Figure 3 glves an illustration
of price~distance functions thét lead to this inconsistency. This
contradiction is important because the assumptions about white prejudice
depend on the existence of a single black-~white border, The model
provides no way to determine the effect that white prejudice will
have on the equilibrium price-~distance function if blacks live in
two areas—-so that there are two black-white borders.

If the black price~distance function intersects the white price-
distance function outside the urban area (that is, if u is greater than
ﬁ), then the general equilibrium border model is logically consistent;
in equilibrium, there will be only one black area and one white area,
and blacks will live in thé city center. It does not follow, however,
that there will literally be a black-white border. Tf prejudice has
a strong effect on the white price-distance function, then whites

may bid more for housing at u than at u* (that is, PWCG) may be greater



Location

Figure 3.
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than Pw(u*)). In this cése, wvhich is illustrated in Figure 4, non-
residential users of land will outbid both whites and blacks for
land near u* and, in equilibrium, there will be a greybelt of
nonresidential land use between the black and white areas,

Only if Pw(ﬁ) is less than PWﬁu*) and G occurs beyond u is there
a logically consistent border model that actually involves a
black~white border. As we will see, this case is possible even if
black incomes are infinite, but it appears to involve very high
levels of white prejudice., This case is illustrated in Figure 5,

These results are summarized in the following theorem, which
is already proved.

THEOREM. Given the assumptions of general equilibrium border
models, and assuming that some blacks have higher incomes than some
whites, equilibrium in the location of blacks vis-a-vis lower-income
whites requires that one of the following cases occur:

1. Blacks are willing to pay a higher unit price than are whites
for housing beyond some u (where u¥ <u < 1), so that, in equilibrium,
there will be more than one black area. In this case the pattern of
racial segregation assumed by border models 1s not an equilibrium
and the models are logically inconsistent,

2, White prejudice is so strong that whites are willing to pay
a highef unit price for housing at u than at uw*, In this case, the
pattern of segregation assumed by the models is an equilibrium and,
in addition, there will exist, in equilibrium, a zone of nonresidential
land use between the black and white areas. In this case, therefore,
border models are logically consistent but do not involve a black-white

border.



21

P ------- g T TTT=T==T==== :
' b .
o !
P .
t greybelt !
Lg;l_y ' L Location
u* u. - '
Figure 4.




22

Location

Figure 5.



23

3. If'the black and white price~distance functions do not
intersect between u* -and ﬁlénd,the ﬁhite price~distance function is
lower at 4 than at u*, then the pattern of segregation assumed by
bofder models is an equilibrium and there exists a black-white
Eorder. This is the case that most closely coinéides with the spirit
of the original Bailey model.

The reasoning béhind this fheorem is complicated soméwhat by
the‘introduction of several white income classes, but the ébpve state~-
ment Qf'fhe theorem is still valid. Since price—distance functions
are more downward-sloping.at lower incomes, the intrqduction of
white low~income classes near u* makes larger the range of parameters
under which blacks hop. Similarly, the introduction of white high-
income classes in the suburbs lessens the down#ard slope of the white
price~distance function and makes smaller the rénge of parameters under
which hopping occurs. |

It is also possible to extend the model to include the attitudes
of blaéké.\ If, as'surveys indicate, many blacks prefer to live in
iﬁtegrated neighbérhoods, then blapks may fe williné_to offer moré to
live in white neighborhoods than the models presented here assume.

.If this is so, the black price~distance functions will be flatter
and the likelihood of. hopping will be greater.

A;though the logic behind our theorem is perfectly rigorous, it
is apﬁropriate to sfate the results in more mathematical térms. The
following mathematical derivation of the theorem assumes a Cobb~Douglas

utility function and linear commuting costs, but the theorem does

not depend on these somewhat restrictive assumptions.
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As shown earlier, the equilibrium condition for prejudiced

whites is:

: a,la
P () = BIY, - £ w)/Y, - £ DI D@/o@®1 ¥ 2, a3)
The analogous condition for blacks isl2
P () = P (w)[(Y, - tu)/(¥, -t u)]/* (14)
b W b~ % b~ %% .

To determine whether or not blacks will have an incentive to hop over

, . 1
whites, we need to determine whether or not 3

Pb(ﬁ) > PW(E) =P | (15)

If inequality (15) holds, then blacks will bid more than whites for
housing at u and therefore will not be in equilibrium in the city

center, Now from equations (13) and (14) we find that

(_) — D(u* 3.3/32, YW ~ twu* 1/k Yb - tbu 1/k ( )
Bt T *?2—1 ' p) . (16
b D() Y, -t0 "Y"""""'""‘"‘b T ot
Thus inequality (15) will hold if
1/k
’ —-—
D(u*) 83/a2 Y - twu* 1/k Y, -t
u 5 > 1 (17)
D(u) Y - tu Y, -t u

Linear commuting costs for group i can be expressed in the form

t, =t _ +t Y,
i o yi ,

where t, 1s the per-mile operating cost and ty is the pérdmile time
cost of a round trip to the CBD, Substituting this expression (for

both blacks and whites) into inequality (17), we have
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V - '; ; /k
- Y, (1 ~tu —-tu
1Y/ b v ) ,
(ﬁ J\Ba g =g o 9
where
- - \L/k
(Y (1 -tu)-tu
W= < 2 \l (20)

YW(.'L - tyu*) - tou*/
and D is defined by equation (12).
As indicated on page 12, the value of D is the proportional increase
'in the unit price of housing that whites are wiiling to pay, for
racial reasons, to live at u instead of at u*. Thus 1f D has a value
of 1.10, whites are willing to pay a 10 percent higher price to live
far away from.blacks. The only convincihg estimate of D of which We'
are aware is the estimate by King and Mieszkowski (1973), who found
that white apaftment rentals were 7 percent lower in the black-white
border area than in the white interior., This estimate implies a value
of D of (1/(1—;07)) = 1.075.
In analyzing inequality (19), it is useful to begin ﬁy detgrmihing
' thelhighest'level of white prejudice at which hopping by blacks can |
occur, Now since as Yb approaches infinity the ratio of (Yb(l'— tyﬁ)
- toﬁ) to (Yb(i f tyu*) - tou*) approacpés a - tyﬁ)/(l - tyu*), it
follows from inequality (19) that hopping is logically possible as

long' as ' . ' |

WBDIA - £ D/ - e VEs e




26

The level of D at which inequality (21) holds as an equality can
be called the no-hop point; that is, it is the level of white prejudice
above which blacks, no matter how high their incomes, will never have
an incentive to hop over whites, In symbols, if Dh is the no-hop point,

then

D, = WML - e D/ = ea]E L (22)

It is also possible to determine when greybelts will form. As

indicated earlier, greybelts will form if

P (u¥) <P (3) =P (23)
or
a,/a
P - a0/, - e DI pEy/m@1 P 2 <P (2w
or
1/bw <1 . (25)

The level of D above which greybelts will form will be referred

to as the greybelt point and labeled Dg' Thus
Dy = 1w . (26)

Finally, we can determine the minimum level of income at which
blacks will have an incentive to hop over whites. By making ine-
quality (19) into an equality and solving for Y, , we obtain

e Ia - (WD) Kue]

Y, = : (27)
LA £ - ad)<a - t,u%)
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Further insight into the conditions under which h0pping will
occur and greybelts will exist can be gained by differentiating Dh
and Dg with respéct to the parameters of the model, Thg sigﬁs of
the resulting parﬁial derivatives are preéented_in Table 2.

These results indicate that the higher white incomes, the larger

the black area, the greater the proportion of income spent on

housing, the smaller the city, and the smaller the costs of commuting,

- the less white prejudice is required to eliminate the possibility

of black hopping. Similarly, the lower white incomes, the smaller
u# and k, and the greater u, ts and ty’ the less white prejudice
is required to lead to greybelts.

These results can easily be extended in several ways. Two ways
will be'described briefly here. First, if there are three white
income élasses referred to by the superscripts H, M, and L,‘the
price—distance functions for all white income classes must meet at

the boundaries between the classes. Thus,

Py (k) = P (uh) | | - (28)
i =5,y \ )
p M) = B G, o 1))
p B @) = P | R e

where ug and u, refer to borders between income classes, From these
conditions (and the assumption that white prejudice does not vary

by income class), we find that'Pb(ﬁ) will exceed P if14

WAL - £ @) (1 —_tyu*)]l/# >1 . G
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Table 2

Signs of the Parital Derivatives of Dh and Dg

Parameter oD aD
) h g
Y - -
W
u%* - -
u + +
t + +
0
t + +
y
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where _
W= W ' (33)
ﬁH 1/k

I}

I(YWF(l - tya) - toa)/(YWH<1 - £u) - )] (34)

[N - e = e/ @@ = £ ) = e up1E 35)

/k

W= Ir M - e - e /@A - e e w15 (36)

Inequality (32) is identical to inequality (21) except that W has been
replaced by W%, It follows that formulas (22) and (26) for Dh and Dg
are still valid in the three-income-~class case if W is‘replaced by W*,

These fofmulas can easily be extended to ény nuﬁber of white
income classes or to the case in which white prejudice varies with
income class.

Second, black attitudes can be introduéed in a manner analogous
to that of white prejudice. In this case the black price~distance

function becomes

1/k ag/a,

Py (w) = B (@) [(¥, = )/ (¥, = t,w*) ]/ ¥[D, (a)/Dy ()] (37)

where Db is the social-distance function perceived by blacks, Since

many blacks prefer integration, it is assumed that blacks, like whites,
gaih utility by moving outside the black-white border. By substituting
equation (37) for equation (14) it can easily be shown that the no-hop

" point is now

b, = B,/MILQ = £ B/ - £ a9/ - (38)
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where

= = 23/2,

B, = [D,(@)/D, ()] : (39)
Not surprisingly, a black preference for integration increases the level
of white prejudice required to eliminate the possibility of hopping
by blacks,

The results of this section can be illustrated by some numerical
examples., Let us assume that operating costs are 15 cents pér mile,
that commuting proceeds at 12 MPH and travel time is valued at
one-half the wage rate, that whites earn $10,000 per year, and that
people spend one-fifth of their income on housing. Translated into

daily terms, these assumptions imply that

t = .3

0]

t_ = ,0104
y

Y =40

w
k = .2 L]

Now let us examine two cities with the dimensions shown in Table
3. Note that in an urban model these dimensions are determined by
the sizes of the total and of the black populations; however, if there
is hopping or a greybelt, these assumed values for u and u¥ are not

cqa 15

equilibrium values.

Using equations (22) and (26); it is now possible to calculate
D, and Dg. The results are presented in Table 4. This table indicates

that for the possibility of black hopping to be eliminated in city A,
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Table 3

Dimensions of Cities A and B

City
A B
u 15 10
u* ‘ 2 3
Table 4

The No-Hop Point and the Greybelt
Point in Cities A and B

City
A B
Dh' 1.8928 1.3766
D 3.9788 2,0344 -
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whites must be willing to pay 89 percent more for their housing in
order to avoid blacks. The analogous figure for city B is 38 percent.
The table also indicates that there will be a consistent border model
with a black-white border in city A(B) only if whites are willing to
pay between 89 and 298 percent (38 and 103 percent) more for housing
in order to live as far from blacks as possible,

It is also possible to calculate, using equation (27), how high
the incomes of the richest blacks would have to be at various levels
of D in order for those blacks to have an incentive to hop over whites.
Such calculations for cities A and B are presented in Table 5. This
table shows that at low levels of white prejudice blacks will have an
incentive to hop if their incomes are only slightly greater than
white incomes. As white prejudice approaches Dh’ blacks will not have
an incentive to hop unless their incomes are many times those of the
poorest whites,

Thils example can be further extended in several ways, First,
additional white income classes can easily be added by making use of
inequality (32), Take, for example, two cities with white income
classes earning $5000, $10,000, and $20,000, and with the dimensions
shown in Table 6. In light of the data presented in Table 1, these
distributions of white income appear quite fealistic. Calculations

h

of white higher-income classes to this example decreases the range of

of D, and Dg for cities A* and B* are given in Table 7. The addition

parameters for which blacks have an incentive to hop, and the addition
of white lower-income classes increases this range. The overall effect

is to slightly increase Dh and Dg'
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Table 5

Levels of Black Income Above Which Black Hopping Will Occur,
for Various Levels of White Prejudice

City

b Daily ¥, . Yearlvab Daily Y, Yearly Y,
1 $40,00 $10,000 $40.00 $10,000
1.05 43.06 10,765 . 46.82 11,705
1.10 46,49 11,623 56.08 14,020
1.20 54,78 13,623 90.26 22,565
1.30 65,80 16,450 213,49 53,376
1.3766 77.09 19,273 o o
1.40 81.22 20,305 - -
1.50 104,42 26,105 - -
1.60 143,36 35,840 - -
1.70  222.55 55,638 - -
1.80 472,03 118,008 - -

1.8928 © ) : - -
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Table 6

Dimensions of Cities A% and B*%

City
A% B*
u* 2 3
uy 6 5
u2 11 8
u 15 10
Table 7

The "No~Hop" Point and the Greybelt
Point in Cities A* and B*

City
A% B*
Dy 2.0105 1.4309
D 4,2262 2,1147
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-Finally, the effect of black attitudes can be calculated using
equation (39). Table 8 describes calculations of‘Dh for cities
A* and B*~—~the level of white preference that eliminates black in-
centive to hop~~for various wvalues of black preference for- integratiom.
For example, the table indicates that if blacks are willing to pay
5 percent more for housing in white than in black neighborhoods, the
no-hop point in city B* goes frdm 43 to 50 percent. The introduction
of black preferences does not change the greybelt point.

It should be noted that in all of these cases the level of preju~
dicé necessary to achieve the no~hop point, and thus to render the
border model internally consistent, is much larger than that found
by King and Mieszkowski (1973) and larger than is easy to believe.

The implications of this finding are discussed in section IV.

IV, Implications of the Analysis

‘The preceding discussion casts serious doubt on the appropriate-
ness of both general equilibrium models and simple Balley models as
frameworks fof the study of the effects of racial prejudice on urban
structure, When realistic aésumptions about the distribution of
income are added to the models, the Bailey model simply collapses,
and the general equilibrium models are logically inconsistent unless
there ére extremely high leﬁeIS'of white prejudicé. In particular,
if some blacks have higher incomes than some whites, the assumptipn
that blacks live in a single gﬁetto is contradicted by the logic
of the models, In the Cobb-Douglas case investigated in section III;

the level of white prejudice necessary for consistency in the general
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Table 8

No~Hop Points in Cities A* and B#*, for
Various Levels of Black Preference for

Integration
Level of City
Black Preference A B#%
for Integration
1.05 2,1110 1,5025

1.10 2,2116 1.57406
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equilibrium models was, under the weakest set of assumptions made,
over five times as high as the level reported in the best empiiical
study of how ﬁuch whites are willing to pay to live far from blacks
(King and Mieszkowski, 1973). We thus conclude that since many
blacks have much higher incomes than many whites, one of the most
attractive features of the border models~~their assumption of one
ghetto in a world where one ghetto is the rule rather than the
exception—-is inconsistent with the models themselves., Having con-
cluded this, we suggest that the following areas of research hold

some promise for better modeling of the questions the border model was

designed to address.

1. It may be possible, although it looks very difficult, to
create models of urban structure iﬁ which borders themselves are
endogenous, Having established that equilibrium solutions to border
models will require, given sufficient dispersion of income, that not
all blacks live in one annulus, it ﬁust be true that any segregated
equilibrium solutions to competitive monocentric models of urban
structure ﬁust involve spatial allocations of residenées such that
biacks of different incomes are separated by whites of different incomes,
The constructioﬁ of models permitting such solutions, however,
requires that rather than assuming a specified number of black ringé
the modéler permit the model to solve fbr the equilibrium configuration
of spatial sorting by race and income, given an assumption about the
distribution of income. While the development of a model capable of
salving for endogenous borders might "save" the border model concept,
we know that 1t will not generate single ghettos, which are what Qe

observe, Further, the procedures involved in designing such a model
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will be much more complicated than those involved in the simple
border models heretofore developed, and we know of nothing in the
literature that tells us where or how to begin,

2. A related line of inquiry involves the construction of models
of cities in which the ghetto is not circular. Suppose, for example,
that the ghetto is wedge~shaped, thus permitting one continuous
area of black location in which members of high-income classes have
accessg to distant locations without hopping over whites. Again, we
know nothing about how to build such models, except that preliminary
attempts on our part to model the relationships at the borders of
a wedge strongly suggest that the set of conditions under which com-
petitive equilibria at these borders exist is very small, if not
empty.

3. Another possibility is that the effects of prejudice on a
competitive housing market can be modeled in ways other than those
implicit in the border models, In particular, Courant (1975) has
shown that if there are positive costs of search for housing, and if
some whites are averse to dealing directly with blacks, blacks
rationally may choose not to search for housing in white parts of town
even if they are willing to pay more than the going price of housing
in those parts of town. Thus, there may be é barrier to black hopping
due to search costs. However, this will not, in general, be an
impermeable barrier, and Courant also suggests that it will be most

permeable for higher-income blacks.,
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4, Finally, it may well be that competitive ﬁodéls are simply
not the appropriate vehicle for analysis of this problem. One of
the clear implications of our analysis is that it is very much in
the interest of prejudiced whites, as a group, to organize housing

markets in a manner that prevents high-income blacks from hopping

- even when the logic of the border model suggests that théy will do so.

To see why this ié true, note that after hopping takes place all
whites have additional disutility from nearness to biacks; Thus, the
competitive models presented here have within them a strong suggestion
that housing markets in fact may not be competitive——that there are
strong Incentives for the larger, richer, and more powerful elements
of society to coilu&e. A similar conclusion has been reached by

Yinger (1975b) using a different spgcification of raéial prejudice

in an urban model, Yinger'sﬁows that if whites prefer not to live with
blacks and if some blacks prefer to live in integrated neighborhoods,
then cpmpetition cénnot generate a stable equilibrium distribution

of blacks and whites in an urban area. In this situation it is in

" the interest of whites to buy neighborhood stability by restricting

the areas into which blacks can move.
. : 16
-Kain, in a number of works with a number of collaborators, has
suggested that whites do organize housing markets to artificially

restrict the range of locations available to blacks. Yinger (1975b)

~ and Courant (1973) document a number of ways in which two important

institutions in the market, real estate brokers and bankers,,fihd
it in their interest to promote racial segregation through their

market behavior, For the case of realtors, Helper (1969) finds a

- great deal of evidence to support the contention that collusive,

discriminatory behavior does indeed take place.
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Economists have tended to ignore what they perceive to be the
essentially sociological question of whether or not a society in
which racial prejudice is pervasive might organize itself so that
the shared attitude is reflected in its institutions. And the
sociological literature strongly suggests that prejudice does per-
vade institutional and individual behavior.l7 To ignore these
findings in studying the effect of racial prejudice on urban

structure is to leave unturned what may be a very large stone.
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NOTES

lFor one statement showing that prejudice does not imply dis-
crimination see Becker (1957). For a more complete discus&ion see
Simpson and Yinger (1972).

%See for example Bailey (1959, 1966); Courant (1973, 1974);
Rose~Ackerman (1975), King and Mieszkowski (1973); Muth (1969 1975),
Daniels (1975).

3A note on these assumptions about tastes is in order. Surveys
reveal that most whites prefer not to live with blacks and that
most blacks prefer to live in integrated neighborhoods., (See
Pettigrew, 1973.) These results do not imply, however, that whites
are prejudiced and that blacks have "reverse" prejudice, since the
surveys cannot separate purely racial attitudes from attitudes
about the public service levels in neighborhoods with different
racial compositions.

brhe diagram can be found in Courant (1973);.Yinger (1974);
and Muth (1975), Note that BB' and WW' are price curves determined
by the intersection of demand curves and vertical supply curves,

5We are grateful to Robert Dennis for pointing this out.

6Bailey recognized the possibility of a leftward movement of the
border in the case where a large firm gained control of the border
blocks when the border pries were equal (1959, p. 289); however, he
did not recognize either the possibility that such a leftward movement
might not be profitable or the possibility that the leftward movement
beyond the point where the interior prices were equal might be

' profitable, It is not difficult to think of cases in which shifts

in the BB' and WW' curves lead to either of these results.

_ 7Rose—Ackei:man (1975, p. 90) justifies this assumption by arguing
that blacks have lower incomes than whites, on average, and that it

1s well known that in urban models of the type under consideration
- higher~income groups locate farther from the city center than lower-

income groups, Courant proves that if incomes are equal or if all
blacks have lower incomes than any white the only equilibrium solution
to the model will be one in which blacks inhabit the central annulus

of the city. (1973, p. 68; 1974, p. 16.,) In section III of this paper
it will be shown that the assumption that blacks inhabit only the
central annulus is not, in general, consistent with a situation in
which some blacks hawe significantly higher incomes than some whites,
The average incomes of the races are irrelevant to the question.
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8Although the notation is different, our equation (4) is the
same as Rose-Ackerman's equation (7), except that she neglected
to include A,

9Given__the production function for housing, a unique P will be
implied by R, the opportunity cost of agrifcultural land. See Mills
(1972, ch. 5) for complete discussion of the model.

10Note that these results do not depend on the functional form
used in the above exposition,

llIf there is a greybelt, the black price at the inner edge of
the greybelt equals the white price at the outer edge of the greybelt
(equals B). 1In such a case, therefore, this sentence should conclude:
"just outside the greybelt the white price—distance function is
above the black price-distance function." This restatement does not
affect the following argument,

12There are two differences between the white and black functions:
(1) Since blacks are assumed to be indifferent to the race of their
neighbors, soclal distance does not affect equation (13). (2) The
black price-distance function is anchored to the white price-distance
function at u*; hence, P (u*) in equation (14) is analogous to P
in equation (13) If thére is a greybelt, u* is the outer edge of the
black area and the black price-distance function is anchored by the
equation P, (u*)=P, Finally, note that subscripts to denote black and
white have been added to the right-hand sides of equations (13) and (14).

3In general, if there are many whitg income classes, and borders
between white income classes are denoted u, we need only determine if
P, () > P (u), for any 4, The logic of the argument is most easily
followed, however, if the discussion takes place in terms of U, In
doing this, we are not arguing that in order for the theorem to hold
the richest blacks must outbid the richest whites,

14Note again that it is still possible for blacks to hop over
some, but not all, whites. As before, one can compute the condition
for hopping to an arbitrary u, a location where a white income class
poorer than blacks and one richer than blacks have a border.

151n an urban model of this type, either population or the
dimensions of the city must be exogenous, Here we are assuming that
population 1s given and that u and u¥* adjust so that there is room
for the given population. It is also possible to assume that u and u¥*
are fixed and let net migration occur until population just f£ills up
the area of the city.



43

16See, for example, Kain (1969) and Kain and Quigley (1970).
See also Quigley (1974).

l7See, for example, Chapter 4 in Simpson and Yinger (1972)

and the references cited therein.




45

REFERENCES

Alonso, William, 1964, Location and Land Use, Cambridge, Mass,:
Harvard University Press. ' ‘ '

_Bailey, Martin J. 1959, "A Note on the Economics of Residential
Zoning and Urban Renmewal." Land Economics 35: 288-292,

. 1966, "Effects of Race and Other Demographic Factors on the
Values of Single~Family Homes." Land Economies 42: 215-220,

Becker,'Gafy S. 1957. The Economics of Discrimination. Chicago:
University of Chicago Press. :

Courant, Paul N. 1973.. "Economic Aspects of Racial Prejudice in
Urban Housing Markets." Ph,D, dissertation, Princeton University.,

. 1974, "Urban Residential Structure and Racial Prejudice,"
Institute of Public Policy Studies Discussion Paper No, 62,
Ann Arbor: University of Michigan.

. 1975. "Racial Prejudice, Search Theory, and the Urban Housing
Market," Institute of Public Policy Studies Discussion Paper No.
70. ~  Ann Arbor:  University of Michigan., '

Daniels, Charles B, 1975, '"The Influence of Racial Segregation on
Housing Prices." 'Journal of Urban Economics 2: 105-122,

Helper, Rose. 1969. Racial Policles and Practices of Real Estate
Brokers., Minneapolis; University of Minnesota Press,

Kain, John F. 1969, "The Effect of Housing Market Segregation on Urban
Development,”" In Savings and Residential Financing: 1969

T. Pratt, Chicago: U.S. Savings and Loan League,

Kain, John F., and Quigley, John M, 1970, 'Measuring the Value of
Housing Quality." Journal of the American Statistical Assoc¢iation
65: 532-548,

King, A. Thomas, and Mieszkowski, Peter. 1973. '"Racial Discrimination,’
Segregation and the Price of Housing." Journal of Political
Economy 81: 590-606. ‘

' Mills, Edwin S. 1967. '"An Aggregative Model of Resource Allocation
in a Metropolitan Area," Américan Economic Review 57: 197-210,

« 1972, Urban Economics. Glenview, I1l,: Scott, Foresman
and Company.




46

Muth, Richard F. 1969. Cities and Housing. Chicago: TUniversity
of Chicago Press.

. 1975. Urban Economic Problems, New York: Harper and Row.

Pettigrew, Thomas F. 1973. "Attitudes on Race and Housing: A
Social-Psychological View." In Segregation in Residential Areas,
edited by Amos H. Hawley and Vincent P. Rock. Washington,

D. C.: National Academcy of Sciences.

Quigley, John M, 1974, "Racial Discrimination and Housing Consumption
of Black Households.'" 1In Patterns of Racial Segregation, Volume
I: Housing, edited by George M. vonFurstenberg, Bennett Harrison,
and Ann R. Horowitz. Lexington, Mass.: D. C. Heath and Company.

Rose~Ackerman, Susan, 1975, "Racism and Urban Structure," Journal
of Urban Economics 2: 85-103.

Simpson, George Eaton, and Yinger, J. Milton. 1972, Racial and Cultural
Minorities: An Analysis of Prejudice and Discrimination. New
York: Harper and Row.

Steinlieb, George. 1969. The Tenement Landlord. New Brunswick,
N.J.: Rutgers University Press.

Yinger, John., 1974, "Three Essays on the Economics of Discrimination
in Housing." Ph.,D. dissertation, Princeton University.

« 1975a, "Racial Prejudice and Locational Equilibrium in
an Urban Area." Institute for Research on Poverty Discussion
Paper No. 251-75. Madison: University of Wisconsin.

« 1975b. "An Analysis of Discrimination by Real Estate Brokers,"
Institute for Research on Poverty Discussion Paper No, 252-75,
Madison: TUndiversity of Wisconsin.





