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substantially stronger assumptions than are made in its original
statement, this model is internally inconsistent as an equilibrium
model of residential structure. Section Z considers a general
equilibrium border model developed independently by Courant (1973)
and Rose-Ackerman (1975) and briefly summarizes it. -These two models
are amended to allow for the possibility of differences in income
between and within the racial groups in Section 3. Section U4 presents
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the implications of thesz findings for the appropriateness of border
models and makes suggestions for alternative ways of modeling the
effect of racial prejudice on urban structure. The main result
derived in the paper is that border models are logically inconsistent
without unrealistic 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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ABSTRACT

Economists have studied the effects of racial prejudice on urban
residential structure using a set of models that‘focus on cod?itions‘
at the border between the black and white areas. This p&ﬁer ig a
review 'of the theoretical 1iteratu€9 on these borde% models and\an
investigation of their gen;rality. The main result derived in Ebe
Paper 1s that border models are logically incomsistent without uﬁ?ealistic
assumptions eithér about the incomes of blacks relative to the incomes

4
of whites or about. the extent of white prejudice. The paper conclgdgs .

with several suggestions for more satisfactory modeling of prejudice

and urban structure. >
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ON MODELS OF RACIAﬂ.PREJUDICE AND URBAN RESIDENTIAL STRUCTURE .
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Introduction and Summary

Understanding the effects of racial prejudice on urban residential |
structure 1s important for (at least) two reasons., First, prejudice
is a powerful and pervasive attitude that affects the residential
location decisions of many.families., Second, it is important for
policy purposes to separate the effecés of prejudice per se, which

does not necessarily imply discrimination, from the effects of dis-

e,

.. . 1 . . . e
criminatory behavior, In particular, it is necessdtry 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 beeﬁ a set of models that we call "bordet models."2 As this name

implies, these models apply to completely segregated cities (with
blacks assumed to locate in the city cen;;r) in which price and
locational adjustments are made with reference to conditions at the
border between black and white areas, The purpose of this paper is
£§ review and extend the theoretical literature on border models. In
particular, we are concerned with determining the gengrality of these
models and with suggesting alternative approaches to studying those
sets 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

~

4




" (1959). We show that without substantially stronger assumptions than
were maae’;g its original statement, the B(iiey model is internally
inconsistent as an equilibrium model of residential Structure, .

In Section II, we consilder a genéral equilibrium @ordgr model
developed independently.by Courant (1973) and Rose-Ackerman (1975).
The results of that work are briefly s%mmarized 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 groups. Given this amendment, it is
showﬁ that the original Balley model cannot be made internally con-
sistent without patently contrafactual assumptions about income dis-~

tributions, 4 Furthermore, it is proved that the assumption that blacks
R

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 véry high levels of white prejudicé,

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.
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I. Bailey's Bordér Model
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The original border model was presepted\by Martin Bailey (1959).

It has been used and extended somewhat by Mugk (1969 and 1975). ‘The

Bailey border model is based on the assumptioné\that the population of

. a city is divided into two groups, X and Y: that Group X prefers to

live near Grouﬁ Y; and that Group Y prefers ‘to live away from Group X. -

Bailey intends Group X to represent blacks and Group Y to represent
whites.3 Our subsequent discussion will.refer to blacks and whites

instead ¢f Group X and Group Y.

4 .

.
-

<
Balley assumes tﬁat blacks and whites are completely segregated

1
a Although he does not identify these‘two groﬁbs, it is clear’that
1
|
1
with blacks living on blocks A, B, C, and D, anq whites living on
blocks E; F, G..., Those people on adjoining or border blocks, D and E:v
are considered to be near'to the other group; everyone eise is con-~ i
sidered to be far from the other group, that is, in their own
- "interior' area.
_Thesé assumptions lead directly to‘the conclusion that unit
housing prices are higher at D than in the black interior, and lower
at E than in the white interior. The equilibrium relationship between 1
the housing priées for the two groups depends, according to Bailey,
- \ on the nature of the housing industry. 1If élocks D, F, anq F are J
\\ owned by a single firm, then, in equilibrium, prices in the black l

interior will be equal 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.
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These conclusions can be further explained with reference to Figure L
1,4 The Bailey model operates under perfect (but segregated)- compe- J

tition, so thé price that can-'be charged by any firm for a single house

is given by BB' in the black area and by WW' in the white area. If a
Q N

) single firm owned blocks D, E, and.F¥, a shift of the’boundary one block

]
-

to the right Wwould bring an incre%se in its revenue on block E equal

Fl

to (B'-W)N, where N is the number of houses on one block. Such a move

P

would also bring a loss on block D equal to (B'-P)N and a loss on block
F equal to (P-W)N, fhus, 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

a

move to the right.

If there were many housing f[irms, however, each of which owned a

single house, every firm on block E would have an incentive to sell

to blacks since it would £ncrease its revenue by an amount equal to ’
(B'-W). Thus the border would move to the right. As it moved, fﬁe
qupply of houses in the (growing) black area would increase and the
BB' curve would shift downward, An equilibrium would be reached when
.the price in the black border area, (B') equaled the price in the white ;o
boFder area (W), At such an equilibtium, the price in the white
interior would be higher than the price in the black interiﬁr.
In short, Balley's border model predicts that buyer tastes will
* lead to eidther higher prices in the white interior tha;)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 éx;minat%on reveals that Bailey's bordef modelidéés not o
have an equilibrium either in thé‘caée of large firms or in the case
of individual'owneig. -ie; us begin with the case of large firms.

. If a firm owned blocks A—F, a one=-block move to the right would ﬁot
benefit tﬁé firm, but a two-block move would increase its reveﬁqe 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 . Py

to the right because such a méve would bring the higﬁ-rent houses on

Y ~
the black border into his territory., This process would continue,

as it would-in the case, of many small firms, until the price at the .

4

black border equaled the prigg at the white border.

. The above argument is still incomplete, however, because it

assumés 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 bbth border blocks might want to

prevent the border from shifting to the right in order to avo¥d losses

from the downward shifting of the BB' curve. In fact, such an owner

night 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 Bailey's

main result.6

In short, the case of large firms i& 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 Targe housing firms. We will henceforth

.

]
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concentrate on the case of many small firms, since it appears to be

. : - . . ,
more realistic (gee, for example, the evidence presented by Sternlieb /{//

(1969, ch, 6))° T :50 . -

The Bailey model indicates fhat when there are many small housfhg
. ‘ - *

firms prices will be higher in the white interior than in the black °

interior. However, this result does not represent an equilibrium unless
one makes the additional agspmgt{on that‘city size is’fixed. Tf city :
size were not fixed, housing firms would attempt to capture the

economic rent assocfatgd with hoysing in the white interior by building“
new all-white housing at the outer edge of tife city. Thus, coﬁpetit?on
would drive down the price of houfing i the white interior.‘ If the.
black—ﬁhite border responded to such a downward shift in the white

price cﬁrve, as the Bailey logic indicates that it would, then the

.

city would continue to grow and the black-white border woluld co%finue

- * *

to move outward. *This movement would stop only when the city reached
H

=

some set of physical barriers to further expansion--that is, when it
. ' 14 \
reached some fixed size. .

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

agriculture, does not lead to an equilibrium in the Bailey model. If

competition 1oweréé the price of land in the whitq§;nterior to the
[ 4

_nonresidential rental rate, and i1f a Bailey "equilibrium" were ohtained

with border prices equal, then nonresidential users would be willing

to paf more for land than owners of housing in the black interior or

.

at the black-ﬁhite border. Thus nonresidential activities would

»
.

move into the center of the city, the black price curve would shifi

upward, and the rightward movement of the black-white border would

.
-

continue. . P

- .
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II. General Equilibrium Border Models . -

s . N

" Both Courant (1973, 19745.and Rose-Ackerman (1975) havé extended

-

Bailey's border model concept by introducing‘rgcial prejudice into a >

LS < B

v

general equilibrium model of urban residential structure as develoggd

-

. ) .
by Alonso (1964), Mills (1967, 1972), and Muth '(1969). These extersions
not only lead to an equilibrium in a bordér model (by tying a éity ’

together with commuting cost); they also lead to several’preciée .

- * -
. .

statements about the effect of prejudice on urban structure. -

¥y - = -

The Courant and Rose-Acketman models of prejudice and urban

structure assume, like Bailey's model, that blacks and whites are

.g?mpjetely segregated with blacks concentrated in the Eity centef;7

They also assume-that white ut{%ity is affected by distance from .~

blacks-~an assumption in the spirit of the Bailey model if somewhat

different in its specificationﬁ On the other hand, they aégume that e

1)

. blacks have no preferences with regard to the race .of Eh%ir-neighbn;é.

The white utility function is -

« ) , (l) -

- U, =1V (2, H,D) ,

-
-

where Z is a composite consumption good, H is housing services and D

d =

> / . Eed
is "social distance" from blacks. All the .partial derjivatives of this

functalon are assumed to be positive. 1In addition, social distance is

an ihcreasing function of physical distance, Thus, , N

= P

H

: D = Dr(u-u*) = D(u) ,- . (2)

¢ . : .
e = 0

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

and u* is the location of the black-white boEder (ih\ndles from the C3Dh).
. . & -

kY%

%r
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Since white utility increases with distance from the border, D' (u) is

positive. It is also reasonable to assume that D" (u) is negative

and, indeed, that D'(u) reaches zero at some large value of (u-u*),

Finélly, whites face the budget constraint o«
- S Y =P Z+P (WH#TY,u) |, ' (3)
i ‘ ) )
A ) where Y 1s dincome, 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
o costs., The maximization of (1) subject to (3) results in the following

locational equilibrium condition for whites:

;—;3“@—) D'(u) - AR WH+T) =0 . - S
org - - . ‘ .
- oUw < c
Pe(u) = =T, /H + == DY (u)/AH . a RO

w

This equation can be interpreted as a market equilibrium condition~-that

is, it defines the Pw(u) function that makes whites indifferent to*their

4 - -
®
-

location., .

tquation (4) reveals that P&(u).is ambiguods in sign, Aﬁd in
particular that P&(u) may be incceasing near the black-wﬂite border
, where D' (u) is large. An exggple of such a white price-distance function
is presented in Figure 2. ‘

By assuming some form for the utility function, one can solve
this tvpe of model explicitly for the price-distance function, Py (u).
. . ' ~ :
- . For example, suppose that per-mile commuting costs (t) are constant and

-

N that whites haye the foiiowing Cobb-Douglas utility function:

e 12
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U = ;1 log Z + a, log H + a5 log D . (5) '

w 3

A . ©o-

In this case it can easily be shown that the demand function for H is

H = (ay/(ay + 2))) (¢ = tu)/B (u) = k(Y = tw)/P () . (6)

It can also be shown that .
A= a,/P (WH - E\Z)
Substituting (6) and (7) into (4) yields -
PI(u) = -tB, (u)/K(Y = tu) + a;D' (B () /a,D(u) @ ‘
or
P;(u)/Pw(u) = «t/k(Y - tu) + aBD'(u)/azD(u) . (8)
Integrating both sides, we Find that
. a,/a ,
P (u) = k(¥ - Moy 27, ©)

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

function at the outer edge of the city (u) using the equation9

(10)

]
it

P, ()
we obtain . > .

a,/a 4
B - tu)/ (¥ - e *owmE) 2 2 . ab)

Pw(u)

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

if different assumptions are made about the utility function.

*

14
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The terms in this pricejdisEance 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/a2 ] .
. D= [D(u)/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 maln results about hrban structure can be derived from this
type of general equilibrium border model: ™0
1. The white price-distance functionjig flatter when whites have
raclal prejudice thah when they do not (because moving farther from
the CBD leaves whites fargher from blacks) and may be upward-sloping
near the black-white border. (Sée Courant, 1973, p. 56 and
Rose-Ackerman, 1975, p. 91). Courant points out that, in models of
the type uﬁder coﬁsideratioh, higher hoﬁsing prices imély 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-—thét is, that there will be a belt of

relatively high~rise buildings at some distance from éhe border \

(Courant, 1973, p. 70). , , - '
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2. Blacks will pay less for housing and live at lower-densities
wggn whites are prejudiced than when whites are not prejudiced
(Courant, 1973, p. 61; Rose-Ackerman, 1975, p. 92). This is consistent
with the results.of many nonspatial competitive models in which whites
"pay for their prejudice.”

3. Most whites, but not those near the black-white border, will
pay more for housing and live at higher depsities than they would in
a.city without ;hite prejudice (Rose-Ackerman, 1975, P. ;2).

4, quef certain values of the parameters o% the white price-
distance function, there will exist a zone of nonresidential land
use between the'black and the white residential areas. In this zone,
land used for housing has a marginal value product less than the non-
residential rental rate, and thus no housing is produced (Courant,
1973, p. 56). This co?dition, referred to as .a "greyBelt" in section
III, occurs when whites offer less for housing at u* than at u.

5, A city will be larger in area, forva given popuiation size,
when it contains prejudiced whites than when it contains nb prejudiéed
whites (Courant, 1974, p. 1ll; Rose-Ackerman, 1975, p. 92).

-

III, Border Models with More Than One Income Clags

‘

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.




all whites must be

R

/. : L u

To understand why the single-income~class assumption 1s éo important,
it is helpful to emphasize one characteristic of the Bgiley model:
Blacks are assumed to prefer living with whites but to always end up
iivihg apart from whites. °This combination of assumptions 1is somewhat
disturbing., If blacks prefer to live with whites, why do Lhey not,
simply move into white neighbo;hoods? Muth answers this question by
adding a further assumption to the model: '"If B-types [that is, blagks]
prefer integraﬁion with A-types [whites], . . . it is asspmed that they
are willing to offer less of a premium to live among A-types than
other A—types"!(l975, p. 87). To put this agsumption another way, |
{yilling’to pay more to live in a white neighborhood
than are any blacks. Muth does not offer any evidence to support this
assumptiqn, but it does‘ﬁake~the Bailey model céngistent;gthat is,
it dqu;Z;Ls a situation in whichhblécks p;eﬁeg integration but do
not é;hievq it, V‘ } 
’ However, Muth's a;sumption is noﬁgplgusible when there is a range
in black incomes. \The amount a family is‘ﬁiliing té pay to live in
a white area is a function of its incomé 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 is some ificome that wiil lead a black to be
willing to pay even more. So if there is a range in black incomes,

¢

the Balley 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 income of the poorest

white that the richest black will not outbid the poorest white for

housing in a white neighborhood.

1%
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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

L4

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

-

the mean income for white families:. ~-

By introducing transportation)costs, the Courant and Rose-Ackerman

‘ models lead to equilibrium in 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 chgre is more than one income class. In particular, we will show
that, if some blacks are significantly iicher than some whites, then

- -the-models—are—logitally 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. ) Y
By way of review, general equilibrium border models combine several
assumptioqs about_perfect comﬁetition in the housing market with
se&eral Bailey-like assumptions about white prejudice. Of particular
interesg for what follows is the assumption that blacks and whites
each live in one and only one region of auciEy sb that there is a
_single black-white border,

3

Four properties of the price-distance functions in these models

»

.are also important for the discussion thdt follows.
4 .
o ' 1. Whenever the income elasticity of demand for housing is unity

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

Q . .123
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become flatter as income rises. (See Muth, 1969, and Mills, 1972.)

et =

This result can eagfly be derived in the Cobb-Douglas case by differ-

entiating equation (4') with respect to income:

2. Unless there is a greybelt, the black and white pri;e—distance
functions meet at u*3 that is,.Pw(p*) = Pb(u*). T@is property is a
product of competit{on; unless the black and white prices are equal at
u*, either blacks or whites will be willing to pay more than the
other groﬁp on either side of the border, and the border will move.

3. The white price-distance function ig flatter than it would

otherwise be, because of white prejudice, and may be ﬁpward,sloping

near u¥X. .

L

4. At-distances far from the black-white border, white prejudice

A3

has no effect on the slope of the price-distance function. It is
assumed that_the slope of the social distance function (that is, D' (u))

7
equals zero at dictances far from u*; this property therefore follows

3

directly from equation (4). . :
These four properties are sufficient to prove t@aé if black incomes

are higher than white incomes, the black and white price-?istance ‘

functions will cross at some u greater than u*. It follows from

properties (2) and (3) that just outside u* the white price-distance

function is above the black price-distance function.ll Furthermore,

it follows from properties (1) and 14)‘that at locations far from u¥

the black price—dis;;Ebe function will be flatter than the white .

price-distance function whenever black incomes are higher than white

incomes. Therefore, the yhite price-distance functionﬁwill e&éntually

w

fall to a point at which the black’p?iceedistance function intersects

\\\ ) .
20
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it from the left. It shpuld be clear that the higher black incomes
are relative to white incomes, the lower will be the value of u at

which thé two price-distance functions cross.

If the point of intersection between the two price-distance

functions occurs within the urban area (that is, if u is less than .

u), then blacks will be wilIing’t;:pa§ more for housing than will °
whites both inside u* and outside 3. 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
thé assumptions of the model: In this case, in other Qofds, the
borde? model is logically inconsistent., TFigure 3 gives an illustration
of price~distance functions that 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 Qéy to determine th;*éffect’that white prejﬁdice wiil
have on the equilibrium price-distance functian 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

3), then the general equilibrium border model is logically consistent;

in equilibrium, there will be only one black area and.one white area,

3 . f
and blacks will live in the city center. It does not follow, however;

that there will literally be a black-white border. TIf 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, PW(G) may be greater

»

2l ~
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than P _(u*)). In this case, which is illustrated in Figure 4, non-

Clowe

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 P (u) is less than P (u*) and U occurs beyond u is there
a logically consistent border moéel that actually involves a
black-white bo;der. As we will see, this case is possible even if
black incomes are infinite, but it g;pears to involve very high

levels of white prejudice. This case is illustrated in Figure 5,

These results aré)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 ohe of the‘foliowing caées occur:
1. Blacks are willing to pay a higher upit price théﬁ are whites
~ for housing beyond some a (where u* < u < u); so that,'in’eqdilibrium,
’there will be more than one black area, In -this céée the pattern of

racial segregation assumed by border models isanotgaﬁ Eqﬁilibrium
-\ . .
“ . o
and the @ggfif_ane logically inconsistent,

]
2. White prejudice is so strong that whites ‘are willing to pay

a higher unit price for housing at 1 than at u*. In this case, the

-

pattern of segfegation agsumed 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,
> i -

*" border models are 1ogicéily consistent but do not involve a black-white

border, - .-

Q i ) 12{3
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" 3. If the black and white price-distance functions do not

intersect between u* and u and the white price-distance function is

lower at u than at u*, then the pattern of segregation assumed by

3

s border models is an equilibrium and’ there exists a black-white

. - border, This is the case that most closély coincides with the spirit
“ . of the original Bailey model. )

: . A The reasoning behinﬂ thls theoren is complicated somewhat by

the introduction“of several white income classes, but the aNove Stateo-

: ment of the theorem is still “valid.

7-: T+ arg more gownward-sloping at lower dncomes

Since price-distance functions

» the introduction of
- whitte Iow-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 downward slope of the -white

price-distance function and makes smaller the range of parameters under

which hoﬁbing occurs, . T

Tt is also possible to extend the model to include the attitudes

v of blacks. If, as surveys indicate, many blacks prefer to live in .

? integratied neighborhoods, then blacks may be willing to offer more to " {
.f live in white neighborhoods than the models presented here 2gs e, . |
o If this ig so, the black price—ulstance‘functions will be flatter
—15;}J’/

and the likelihood of hopping’ will be greater. . P ’

;: ) : Although the logic behind, our theorem is perfectly rigoruus, it <,
|~f' . ‘ }Q appropriate to state the results in more mathematical terms, The\ ' ﬂ; ) )
;‘ ) following mathematical detivation of the theorem assumes a Cobb Douglas ) '

: }, utility function and linearlcommUting costs, but the theorem does _ )

. hot depend on these somewhat“restrictive assumptions,

-
o < -
.
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As shown earlier, the equilibrium condition for prejudiced

whites is:

: a/a .
) = IO, = e/t - e D1 D@io®1% . s

The analogous condition for blacks is12 -

1/k

Py(w) = B - u) /(Y - £uk)] (14)

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

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

P,(W) > B () = F .o (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

Newky | 3afay [ Y = t u* 17k Yy -‘tbﬂ 1/k
P (u) = B|2$ud| 32w w_ | . (16
b D(u) y Yw -t AR |
Thus inequality (153 will hold if . - ,
: T 1/
ID u*) 33/a, 'Yw -t u* 17k Y, = cbﬁ - -
\ = —_— —_— > 1 (17)
D(U) Y -tu Y - tbu*

w A y b

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

= Y .
TR S ) o

" where t, 1s the }er—mile op%fating cost and ty 1s the per-mile time

“~~— ‘~cost of a round trip to the CBD,: Substituting this expression (for

P

both blacks and whites) into fnequality (17), we have

. ~ ' 2
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- -~ AL/k
( 1 \ Yb(l,- Fyu) - tou b - 19)
S } Yb(l - tyu*) - tou*

- where

Y (1 - tyﬁ) - toﬁ ?/k

W= Y(l-—tu*)-—t\u*/ (20
W y 0

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 willing to pay, for o
‘racial feaSOns, 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 convincing estimate of D of which we
are aware is the estimate by King and Mieszkowski (1973), who found
that white_apartment rentals were 7 percent lower in the blagk-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 by determining
the highest level of white prejudice at which hopping by blacks can '
occur, Now since as Yb approaches infinity the ratio of (Yb(l - tyﬁ)
-t T - *) . * -t T - *
. tou) to (Yb(l tyu ) t,u ) approaches (1 tyu)/(l tyu ), it
follows from inequality (19) that hopping is logically possible as

long as

: ABDIA - e 8/G - w5y o (21)

s ettt
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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
v
above which blacks, no matter how high their incomes, will never have
4
an incentive to hop. over whites, In symbols, 1if D, is the no-hop point,

then
D, = /DA - e D/a - tyu*)ll/k‘ - C(22)

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

-

indicated earlier, greybelts will form if

B (u¥) < P (W) =B (23)

N
~

or

/a2

) |
epwnm@r > <F

P [(Yw -t U/ - 0]

or
Ubw <1 . ‘ (25)

The level 6f D aboveiwhich greybelts will form will be referred

to as the greybelt point and labeled Dg. Thus

!

D =1/ . | i ' (26)
g 1 ;
i

Finally, we can determine the minimum level of income at which
blacks will have an incentite to hop over whites, By making ine-

quality (19) into an equality and solving for Yb’ we obtain

o |
RN H N

Y, = 2 _;k . (27)
1= ;yﬁ - (WD)"(1 - tyu*) .

-

2y
L
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Further inéight into the conditions under which hopping will
occur and greybelts will exist can be gained by differentiating Dy
and Dg with réspect to the paramgters of the model, The signs of .
the resulting partial derivatives are preséﬁie&’iﬁjfable 2.
These results indicate that the higher white incomes, the larger
the black area, the greater the proportion of income épent on
. housing,-the smaller the city, and the smaller the costs of commuting,
the less white prejudice is vrequired to eliminate the possibility
of black hopping. Similarly, the lower white incomes, tﬁe smaller
u* and k, and the greater u, s and ty, the less white prejudice
is required to lead to greybelts. X
These results can easily be extended in several ways, Two ways
© will bé described briefly here, First, If there are three white
income classes referred to by the superscripts H, M, and L, t@e
price—disﬁance functions for all white income classes must meet at

the boundaries between the classes. Thus,

P, (u*) = ng(u*) T ()

. P P(u)) = 2 "(u)) | : (29)

/ P (u,) = Pw}%u;) . (30)

é' o p 1@ = 7 - 3 (1)

4

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

by income class), we find that Pb(a) will exceed P 1rl

(1/DW*)[ (L - £, (L - cyu*)]l/k > 1 : (32)

Q . s - :31) .

o



. Table 2

Signs of the Parital Derivatives of Dh and Dg

.

Parameter - : " 3D . aD "




»

29

where

W

]

it wMAwL . (33)

.

[<YWV<1 - Fyﬁ) - coﬁ)/(Yw“<1 = £, - touz)]l/k (34)

W

. , .
L0, = ) = e 6,1 = euy = e 1TE Gs)
o) =ty

W

| | e
v a - i) - toul)/(wa(; - R e un) 5 (36)

Inequaiity (32) is identical to inequality (21) except that W has been

replaced by W#, It follows that formulas (22) and (26) for D

and D
h =" g

are still valid in the three-income-class case if W is creplaced by‘Q*.

p These formulas can easily be extended to any number of white

income classes or to the case ia which white prejudice varies with

income class.

Second, black attitudes cdan be introduced in a manner analcgous

.

-

to that of white prejudice., In this case the black price-distance

function becomes

a./a
By () = B (LT, = £/ (T, - gue]H ?

5

where Db is the social-distauce function perceived by blacks. Since

many blacks prefer integration, it is assumed that blacks, like whites,
gain utility by moving outside the blackrwﬁite border, By substituting

equation (37) for equation (14) it can easily be shown that the no-hop

poinf is now

D, = B,MIIC - £ B/ - tyu*)ll/k | (38)

[Dy W)/ (0] 7 0 (37)
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where

vy

- 23/2,
D = [Db(u)/Db(u*)] . (32)

Not surprisingly, a black preference for dntegration increases the level
of white prejudice required to eliminate the possibility of hopping
by blacks. '

The resuits of this section can be illustrated by some numerical
examples, Let us assume that operating costs are 15 cents per mile,
that“commuting proceeds at 12 MPH and travel timé 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 o

i

k = .2 *

Now let us examine two cities with the dimensions shown in Table
3. Note that in an urban model these dimengions 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
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

h
¢ that for the p0531bility of black hopping to be eliminated in city A,

34
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Table 3

Dimensions of Cities A and B

Cify
A : B
u 15 10
u* 2 5
{
Table 4_

The &o-Hop Point and the Greybelt
Point in Cities A and B

( City

[ A . B

Dh 1.8928 1.3766

D 3.9788 2,0344
g .

»\
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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 indiéﬁfes 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), ho& high
thg 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;phat at low levels-.of white prejudice blacks will have an
incentive tglhop if their iﬁcomes are only slightly’greater than
white incom?s. As wh;te preju%ice approaches Dh’ blacks wiil‘not have
an incentive to hop unless their incomes are many times those of ‘the
poorést whites, | 4

This 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 whige income
classes earning $5000, $10,000, and $20,000, and\with the dimensions
§hown in Table 6, ‘In light of the data presented in Table 1, these

- AN

distributions of white income appear quite realistic. ‘Calculations
N N

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

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

¢

parameters for which blacks have an incentive to hop, and the addition

E

" of white lower-income classes incréases this range, The overall effect

is to slightly increase D, and Dé.




- Table 5

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

- City
- 5 Daily ¥, ’ Yearly Y, Daily Y, Yearly Y,
; 1 - $40.0D $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 i
1.30 65.80 | 16,450 213.49 53,376 “
" 1.3766 77.09 19,273 o , w
1.40 8L.22 20,305 - - o
1.50  104.42 . 26,105 - -
1.60 143.36 35, 840 - - '
- 1.70 222,55 55,638 - o -’\
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
: ! ¢ 5
‘ - u;_ 11 8
u . 15 10
7 ' :
9
4
4
Table 7 ’

&

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

-~

- . City
A% B*
D, 2.,0105 1.4309
;Ss
D, 4.,2262 2.1147

(A
l""”“ i

o

~
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T

* Finally, the effect of black attitudes can be calculated using
equation (39).A Table 8 describes calculations of Dh‘for cities
. A* and B*-~the level of white preference that eliminates black in-
v ' centive to hoﬂ—-for various §alues of black preference for integpaLlon.
For examﬁle, the table indicates that if blacks are wiiling to pay
5 percent more for housing in white than in blaé& neighborhoods, tﬁé
ﬂo—hop point in city B* goes, from 43 to 50 percent, The introduc}ion
e of black preferences does no; change .the greybelt point. ;
" It should bé noted that #n all of these, cases the, level og preju-
dice necessary/to achievg the no;hop point, and tbu; to render tﬁe

border ‘model internally consistent, is much' larger than that found K

eszkowskil (1973) and larger thdn 1s easy to believe,

by King and

ness of both general équilibrium/$9ﬂéls and simple Bailey models as . ’ .

frameworks for the study of the effects‘of raclal prejudice on, urhan

‘ ; structure. When realistic assumptions about the distribution of

" income dre added to the models, the Baile; model simply collapsés,
and the general equilibrium mohels are logically inconsistent unless
there are extremely'high levels of white Prejudicé. In parti;ular,
if some‘blacks have higher incomes than some whites, the assumption -

~ that blacks live in a single ghetto is contradicted by the logic \

of the models. In the Cobb~Douglas case investigated in section III,

. .

l the level of white prejudice necessary for consistency in the general .

Q {3&5 ) ’
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Table 8

>

No-Hop' Points in Cities ., ¥ and B*, for
Various Levels of Black Preference for

. Integration

Level of ” City
Black Preference AR L gk
for Integration. .

1,05 toe 2.1110 . 1,5025

1,10 02,2116 1.,5740 .

Al N ; «
e
-~

W~
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equilibrium models was, under the -weakest set of assumptions made,

. N .
over five times as high as the level reported in the best empirical
"5

study of how much whites';re willing toﬁpay to live’far from biaéks

(King and Mieszkowski, 1973). We thus conclude that-since m£;§“< o

blacks have much higher incomes than many whites, one of ‘the most . -

- . - ':?
; attractive features of the borde; models—~their assumption of one
/7- * 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
L [ . ’ T
some promise for better modeling of the’ questions the border model was

-
!

. designed to address, )

-

4
’

W © 1. It may be possible, although it looks very difficult, to

™

' create models of urban structure in which borders themselves are

- . K -

- endogénous, Having eétablishgd that equilibrium solutions to border
- // + models will require, given sufficient dispersion of income, that not
) "all blacks live in one annulus, it must be true that any segregated ',

» equilibrium solutions to competitive monocentric models of urban

‘6 ‘ structure must involve spatial allocations of residences such that .
) blacks gf different incomes are separated by wgites of differe;t incomes. ‘
‘ :The‘construction of models permittiﬂgﬁsuch solutions, however, ) -
: requires that rather than assuming a specified number of black rings ‘

. the modeler permit the model to solve for the eqdiribrium.configuratio; . ; s
;/2 . of spatial sorting by race ané dncome, given an assumption aboug the A
H .

' . distribution of income., While the-development of a model capaﬁiq of '

. |
+* solving for endogenous borders might "save" the border model concept,
|

A . we know that it will not generate single ghettos, which are what we .

'obserqe. Further, the prbcedures involved in designing such a model

40 . A
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- ! - I
will be much more complicated’than those involved in the simple

bogger 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,oﬁ models

of cities in which thewghetto is not circular. Suppose, for example,
that‘the ghetto is wedge—shaped, thus permitting one continuous - '
area of black location in which ueubers'of high-income classes have _

access to distant locations without’hopping over white8, Again, we

know nothing about how to build such‘modela, except that preliginary

‘ attempuL on our-part to model the relationships at the borders of

a wedge strongly suggest that the set of conditions under which com-

2
» .

petitive equilibria at these borders exist is very small, if not

kad

empty. ¢

3. Another possibility is that the effects of prejudice on a

- - z

competitive housing market cén be modeled in ways other than thoge
implicit in the border models. In particular, Courant (1975) has

shown that if there are gositive 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

EX

even if they are willing to pay more than the going price of housing

in those parts of town, - Thus, there may be a barrier to black hopping

«

due to sgarch costzs.w 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, ¥inally, it mdy well be that competitive models 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—incomé blacks from hOppin&_
even when the logic of the border model suggests that they will do sol
To seeﬂwhy this is true, note that after hopping takes place all
whites have additional disutility from nearness to blacks. Thus, the
competitive models presentea here have within them a strong suggestioﬁ
that housing markets in fact may not be competitivé—~that there are
strong incentives for the larger, richer, and more powerfq}'elements

L3

of society to collude, A similar, conclusion has been Teached by

* Yinger (1975b) using a different specification of raclal prejudice -

<« v !
in an urban model. Yinger shows that if whites prefer not to live with

’

blacks and if some blacks prefer to live in integrated neighborhoods,

<

then competition-cannot éénerate a stable equilibrium distribution
of blacks and whites in ah urban area. In this situation it is inm
the interest of whites to buy neighborhood stability by restricting

the areas into which blacks can move.

X *

. ) - 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. Yingér (1975b)
and Qourant (1973) document a number of ways in which two important
institutions in the market, real’estate brokers and bankers, find

it in their interest to promote‘racial‘segregation through their
market behavior. For the case of realtors, lielper (1969) finds a

great deal of evidencé to support the contention that collusive, N

disériminatory behavior does indeed take place.

&

s
¢




Economists have tended to igngre what they perceive to be the
eséentiélly sociological question of whether or pot ; societylin
which racidl prejudice is pervasivé migﬁt organize itself so that ~
the shared attitude’is reflected in its‘institutions. And the
sociological literature strongly sugéests that prejudice does. per-
vade institutional and individual behavior.L7 To ig;orngﬁese

findings in studying the effect of racial prejudicé on urban

Structure is to leave unturned what may be a very large stone,

s

I

o




41

NOTES

lFor one statement showing that prejudice does not imply dis-~
crimination see Becker (1957). TFor a more complete discussion see
Simpson and Yinger (1972). . <

2See for example Bailey (1959, 1966); Courant (1973, 1974);
Rose-Ackerman (1975); ‘King and Mieszkowski (1973); Muth (1969, 1975);
Ddniels (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 nelghborhoods. (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 neilghborhoods with different . {
racial compositions.

4The 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.

» h ’ .]
SWe are grateful to Robert Dennis for pointing this out.

®
H

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 moyément
might not be profitable or the possibility that the leftward movement
beyond the point where the interlor 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,

- 4-

7Rose-Ackerman (1975, p. 90) justifies this assumption by arguing
that blacks have lower incomes than whites, on average, and that it
is 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 ITI 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 have 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_thq“productipn function for housing, a unique 5 will bé
implied by R, the opportunity cost of agricultural land., See Mills )
(1972, ch. 5) for complete discussion of the model, ’

-
~

lONote that these results do not depend on the functional form
used in the above exposition. ?

[

llLf 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 P). 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, social 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)., 1If thgre is a greybelt, u* 1§ thé 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 whiq% income classes, and borders
between white income classes are denoted u, we need only determine if
Pb(&) > P (), for any 4. The logic of the argument is most easily
followed, "however, if the discussion takes place in terms of G, In
doing this, we are Dot arguing that 4in order for the theorem to hold

~the richest blacks must outbid the richest whites,

l(“Note 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 3,.a location where a white income class
; poorer than. blacks and one richer than blacks have a border,

40 an urban model of this type, either population ot the
- dimengions of the city must be exogenous.,- Here we are assuming that
| population is given and that u and u* adjust so that there is room
’ for the given population. It is also possible to assume that G and u*
l are fixed and let net migration occur until population just fills up
the: ared of the city, )

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

17See, for example, Chapter 4 in Simpson and Yinger (1972)

and the references cited therein.
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