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Abstract

Despite the predominance of homeownership, general equilibrium urban models assume
that rents flow to absentee landlords or are redistributed to residents. This paper explores open
urban models with more realistic forms of land ownership, namely ownership of sharesin aland
corporation and individual home ownership. These models, which produce capital gains and
losses for residents, can yield different comparative static results than previous open models, with
post-shock bid functions that are flatter at the periphery or steeper at the center. Moreover,
shocks to these models cannot in general be analyzed without knowing the characteristics of al

the urban areas in the system.



WHERE DO THE RENTS GO?
LAND OWNERSHIP IN AN URBAN MODEL

Perhaps the most extreme, and certainly the least explored, assumption in urban models is that
al land is owned by absentee landlords. Like general equilibrium models of other types, models of
urban spatia structure must make simplifying assumptions. In fact, however, aimost two-thirds of
American households own their own homes and, in some cities, many renters live in owner-occupied
buildings. A few scholars have explored urban models with an dternative, but equally unredlistic,
assumption about land ownership, namely that rents are shared equally by all households. This paper
provides a more general treatment of land ownership. In particular, it catalogs possible assumptions
about land ownership and solves urban models with more realistic assumptions. These assumptions
introduce the possibility that shocks to an urban equilibrium can create capital gains and losses for

residents.

Existing Assumptions about Land Ownership

Following the assumptions in the pioneering work of Mills (1967) and Muth (1969), most urban
models assume that land and housing rents are paid to absentee landlords and disappear from the urban
system. This assumption is employed both for closed models, which have a fixed urban population, and
open models, which alow unrestricted migration between urban areas. Wheaton (1974) and Brueckner
(1986) provide comparative static analysis of both closed and open models with general functional
forms and the absentee-landlord assumption.

This standard approach to land ownership has been criticized by severa scholars because part
of the system income escapes to agents who have no impact on the model’ s solution. As an aternative,
Oron Pines and Sheshinski (1973) suggest and Solow (1973) and Robson and Scheffman (1979) implement

closed urban models in which the total rents of an urban area are redistributed equally to all



residents. Wheaton (1977), Pines and Sadka (1986), and Sasaki (1987) solve closed models with
redistributed rents and general functional forms. Fujita (1989) reviews these models and aso
introduces an open model with rents redistributed. In the process, he interprets rent redistribution
as public ownership; a public enterprise contracts for land at the agricultural rental rate and
redistributes excess rents to current residents.

A catalog of land ownership assumptions is needed to keep track of the possibilities. The
first such catalog was provided by Pines and Sadka (1986), who identify open, semi-closed, and fully
closed models. Their open moddl allows both people and rental income to leave the system, their semi-
closed model allows income but not people to leave the system, and their fully closed moddl assumes
redistributed rents and no mobility. Alternatively, Fujita (1989) categorizes models by
distinguishing between mobility and land ownership assumptions. His catalog can be represented by a
two-by-two table, in which the columns identify the two standard mobility assumptions (open and
closed) and the rows identify two land ownership assumptions, namely absentee landlords and

redistributed rents.

Alternative Land Ownership Assumptions

This paper builds on Fujita's catalog by expanding the number of land ownership assumptions,
still in the context of open and closed models.
National Land Ownership

As discussed above, the absentee landlord assumption has often been criticized because rents
escape to unseen agents. As Ross and Yinger (1995) point out, this concern can be avoided for an open

model, because the absentee-landlord assumption is equivalent to national land ownership.



Redistributed rents can be considered nonlabor income, which is exogenous because a shock to one urban
area has a negligible impact on total national rents.

Ross (forthcoming) notes that this approach does not work for a closed model. If aclosed
model isinterpreted as applying to an isolated urban areg, it is unreasonable to assume that non-
mobile residents have a stake in land values a the national level. Alternatively, if a closed model
isinterpreted as applying to alarge dominant urban area or as revealing the effect of events that
occur simultaneoudly in al the areas in a system, national land rents are affected by the shock and
are endogenous.

Land Corporations

Ross (forthcoming) also points out that rents can be redistributed through a private land
corporation, as well as through public land ownership. Thistype of corporation could contract for the
land and redistribute the excess rent equally to stockholders. Assuming that each resident of an urban
area owns the same number of shares, this arrangement appears equivalent to redistributed rents.
Indeed, a closed model with public ownership cannot be distinguished from one with stockholders
because residents are not mobile.

In an open model, however, a corporation that contracts for land and redistributes rents to
stockholders is not equivalent to Fujita’s public enterprise. Any parameter shock to the urban
equilibrium changes the value of urban land, and resident stockholders experience capital gains or
losses on their stock. These gains and losses change their wealth relative to people in other urban
areas who used to be identical to them. Moreover, after the shock, the stockholders may have an
incentive to move out of the urban area. This open stockholder model, which has not appeared in the

literature, introduces a key new element into an analysis of land ownership, namely the possibility



that different individuals have different stakesin the value of urban land, depending on when they
moved in.
Home Ownership

The logical extension of the stockholding concept isto allow different individuas to have
different stakes in the value of urban land that depend on where they live as well as on when they move
in. Mun and Sasaki (1992) provide the only existing model of this type, a closed model of alinear city
in which households own a given property for afixed number of years. At the end of this ownership
period, al property is sold to a new cohort of owners. Households solve, with perfect foresight, a
two-period problem in which their utility depends on land and consumption goods purchased in period
one and on second-period wealth, including the sales price of their land. Mun and Sasaki anchor their
model by assuming that the urban area contains a fixed number of identical individuals and that the
land is originally owned by absentee landlords, who act as profit-maximizing developers with perfect
foresight in deciding whether and when to sell land to households.

Mun and Sasaki use this model to examine the impacts of a transportation improvement on the
urban equilibrium. They examine three possible cases. First, the resale of housing occurs prior to
the announcement of the transportation improvement. In this case, the urban equilibrium is unaffected
because households do not know that land values will change when the houses change hands. Second, the
resale occurs after the announcement. In this case, household bids for housing are affected by the
benefits of higher resale values at the end of the first period and possibly by lower transportation
costs during the latter part of the first period. Third, the resale occurs after the actual
implementation of the improvement. This case yields standard bids because no change in land value is

expected at the time of the resale.



This model represents an important step forward but also places severe restrictions on the
role of land ownership. It assumesthat at the time of resale, the urban areais populated by identical
households with identical utility levels. In fact, however, transportation improvements lead to
capital gainsthat vary by location and therefore create a myriad of household classes, which differ
from the class that originaly lived in the area. This approach only makes sense, therefore, when
households only realize capital gains at retirement (that is, at the time of resale) and then move to
retirement communities where they no longer compete with new households for urban land. 1n effect, the
Mun and Sasaki approach allows for individualized capital gains and losses but then does not allow
these gains and losses to affect the urban equilibrium.

A Complete Catalog

Our catalog is created by listing al the possible assumptions about land ownership for both
open and closed models. Five land ownership assumptions have been discussed here: ignored absentee
landlords, rents redistributed to residents, national land ownership, ownership of sharesin an urban
corporation, and land ownership combined with owner-occupancy. The resulting catalog is presented in
Table 1.

Standard urban models make the first assumption, namely absentee landlords, and therefore fall
into the two casesin row 1 of Table 1. The rents-redistributed-to-residents assumption, row 2, has
been considered extensively in the case of closed models and is solved for an open model by Fujita
(1989). Because migration across urban areasis ruled out, a closed model with rents redistributed to
residentsis equivalent to a closed model with resident ownership of sharesin an urban corporation,
row 4. These two assumptions differ for open models, however, because ownership leads to capital gains
and losses, not simply to changes in annua income. National land ownership, row 3, is equivalent to

the first assumption in an open model (with the addition of a parameter for nonlabor income) but makes



no sensein aclosed model. Finally, home ownership, row 5, in which each household retains the rights
to changes in the value of its own house, has been considered in only one, very specialized case,
namely the two-period, linear city model by Mun and Sasaki (1992).

The two key gapsin this catalog appear in the open-model column. In particular, urban models
in which households have a stake in urban land have been implemented only for closed models. This
paper investigates two types of open models in which such a stake appears. The first model treats
current owners as stockholders in an urban corporation; the second allows each resident to be the
unique owner of the land they occupy. These two models share a common feature, which is new to the
literature, namely the possibility that unexpected shocks to the urban economy generate capital gains
that vary by household—and hence produce new household classes.

These new modelsfill in the open-model column but leave the last row of the closed-model
column only partially solved. We leave it to future research to provide a closed model that explicitly
recognizes the household classes created by individualized capital gains and losses. Existing urban
models with an exogenous income distribution (Beckman 1969, and Montesanto 1972) may be helpful for
such an exercise.? In fact, we develop avariant of the Beckman/Montesanto approach, based on an
exogenous distribution of nonlabor income, to help us analyze the last cell in the open-model column.

The conclusion from our new analysisis striking: Although the bids of new migrants are
unaffected by land ownership, open models with either urban shares or home ownership can yield
fundamentally different comparative static results than standard open urban models. In fact, the
standard results obtain only in a specia case. Moreover, we show that comparative static analysis of
a shock to one urban area cannot in general be carried out without knowing the characteristics of all

the other urban areas in the relevant system.



An Open, Stockholder’s Model

Consider a monocentric, open urban area with agricultural rent R, system-wide utility level
V, constant commuti ng costs per mile t, and urban wage rate W. Identical urban residents then solve
the following optimization problem:

Max U "' U(Z L) subject to Y %W ' Z %R(u)L %tu , (1)
where Z is a composite good with a price of one, L island consumption, u is distance from a spaceless
central business district (CBD), R(u) island rent, and Y is nonlabor income.

The dua of the resident’s problem isto

0
Max R(u) ' Y %W & Z &tu

subject to U(Z, L) ' V . )

Now assuming that t is the sum of operating cost, t,, and time cost, t,,W, the following conditions can

be derived by applying the envelope theorem to (2) (Sasaki 1987):

18t
MR, & M, 1 W, L& R, 1

ML W L W L) W UL ©)

The equilibrium conditions for this urban area are

V& UGY%N & R(u) L(u) &t u, L(u)z

R(U|Y%N&tT, V) ' R
(4)

ﬁ du ,
gnL(u)

where u isthe outer edge of the areaand N is the area’ s population. Wheaton (1974) presents a

comparative static analysis of this model.



Stockholding Households

Initially, each household is required to purchase at market value the same number of sharesin
a corporation that owns and rents a large tract of land with radius A, which encompasses the entire
urban area. The value of the corporation is the total discounted stream of future rents generated by
the land. Under the assumption that the area is not expected to undergo any changes in the future, a

household is required to make a payment equal to

s %‘ BnR(u) du %(A &) R 5)

each period in order to pay for its shares in the corporation

If the area does not experience any shocks, these payments are exactly canceled by the annual
payments generated by the corporation, Y, which constitute each resident’ s exogenous nonlabor income.
In this case, ownership has no net effect on income or housing consumption, and the equilibrium
conditions are identical to equation (4). The absentee landlords ssimply have been replaced with
initial landowners who sold their land to residents through shares of a corporation. The national
ownership interpretation could aso be applied with Y defined as each household’' s exogenous share of
total national land rents.

However, residents in thismodel have a stake in the value of urban land. If an exogenous shock
affects the urban area in which they reside and own stock, residents experience a capital gain or loss.

Speifically,

5B T L T _
— R &UR &| R &UR
)Y <! m (u) du &u m (u) du &u : (6)
5% SL

where the subscripts S1 and S2 indicate that the expression is evaluated at the pre- (1) or post- (2)

shock equilibrium.



Exogenous Increase in W

First, consider the case of an increasein Wto WN. This shock resultsin an increase in the
nonlabor income of the people residing in the urban area where this shock occurs; in other words, the
“original” residents receive a capital gain on the value of their stock. A lower bound on the increase
in'Y can be established by assuming that the area is now inhabited entirely by people who used to live
in other areas. Thisisalower bound because the original residents will remain in the area after the
shock only if they outbid people who have the characteristics they had before the shock. Thus from

eguation (6),
)Y $ % mR(u|Y%NN&tu,\7) du & mR(u|Y%N&tu,\7) du
0 0 (7)

&[JN&J)ﬁ >0 ,

where uNis the outer edge of the area after the wage shock.®> Note that N does not change, because we
are evaluating the capital gain per origina resident, and that, by (3) and (4), both R(u) and u
increase with W.* It follows that the wage shock increases redistributed rents, that is, that the
changeinYis positive.

The origina residents now differ from the residents of other cities, and they may no longer be
indifferent between different urban areas or between different locations within an urban area. To
find out where the origina residents live, we must first determine what happens to the slope of their
bid-rent function. According to the well-known theorem (see, for example, O’ Sullivan 1993, p. 232),
theinitial positive shock to W flattens the bid-rent function if the income elasticity of demand for

housing, 2, is greater than the income elasticity of t, per-mile commuting costs. This theorem



determines what people from other areas would bid for land in the urban area where the shock to W
ocCCurs.
The bid-rent function of the original residentsis affected not only by the increase in W but

also by the resulting increase in Y. Differentiating the first condition in (3) by Y yields

MMR , t M(u), t
WM L(u)? W L(uwyY

2>0 . (8)

Thus an increase in Y always increases the dope of the bid function; after the shock, the bid function
of the original residents is flatter than the bid function of other potential residents at any point
where these two bid functions cross. This result differs from the standard result, because it involves
nonlabor income, which, unlike labor income, has no impact on the time cost of travel and hence no
impact on t.
In equilibrium, groups with flatter bid functions will live farther from the CBD. Inthis
case, however, we cannot ssmply place the original residents on the outskirts of their original urban
area. Unlikein atraditional open model, the origina residents new locations and welfare level can
only be determined using information on the entire system of urban areas. This point isexplained in
Figure 1 and 2. Figure 1 shows, as solid lines, theinitial bid function, the bid function after the
shock in W (which is the new bid function in this area for people from other areas), and the original
residents’ bid functions after the boost in their nonlabor income with their utility held at the
initial level, V. This figure also shows, as dashed lines, severa bid functions with the higher wage
and capital gain but at higher levels of utility. These dashed lines show that some of the original
residents could win the competition for land at the urban fringe at a higher utility level than V.
Figure 2 illustrates several alternative areas to which the origina residents might move.

These aress dl have the initial wage, W, but different values of R. The middle value of R, R, is

-10-



assumed to be the initial one in areathat receives ashock. The origina residents will move to the

set of urban areas that allow them to be on the lowest possible bid function, that is, the one with the
highest utility. If there exist many areas with the lowest value of Iil, then the original residents

will move to these areas because that is where they can outbid other residents with the lowest bids. If
al areas have the same value of R as their origina area, then they will distribute themselves evenly
across al areas. With M areas, /M of the original residents will live in each area, including the
origina one. Finaly, if al other areas have the highest value of R, namely Iia the origina

residents may not move to other areas at all.

Figure 2 illustrates, using a shock to W and variation in R, amore general principle that
applies to al the parameters of an urban model. Residents of an urban area who receive a capital gain
because of their ownership in an urban land corporation will have flatter bid functions than people
from other areas and will gravitate to those urban areas where they can win the competition for land at
the lowest possible bids (and still have enough land to go around).

This principle can be formally derived from the indirect utility function, which is given by
(4) with the demand function for land replacing L(u). According to equation (8), a capital gain
raises bids at al locations, holding utility constant, and, as shown above flattens the bid function.
Thus the question is how much utility can rise in agiven areato bring the original residents' bids at
the outer edge of the urban area back down to the level before their capital gain (or, equivaently, to
the level of the people who did not experience the gain). The origina residents obvioudly will first
move to the urban area(s) where this utility gain is maximized. The changein utility required to hold
bids constant when househol ds experience a capital gain can be found by totally differentiating this
indirect utility function with respect toV and Y and solving for dV/dY =

U,(NZ/NY) %U (ML/NY). Theorigina residents will move to the area(s) where this expression is

-11-



largest. Consider the Cobb-Douglas case in which V= k(Y + W - tu)/R(u)" , where" isthe
coefficient of land in the utility function and k isafunction of . This expression implies that at
U, dV/dY = KR(U) = kR (by the middle condition in (4)). Thusthe utility gain consistent with
holding R(u) constant when Y drops is greatest when R is smallest and the household can buy the most
land with its capita gain.

This analysis indicates where the original resdents will first move, but it does not reveal
their final changein utility. After all, they must compete with each other for land in the most
desirable areas (identified by this analysis) and therefore will end up with alower utility than this
analysisimplies, except in the extreme case in which there exists one urban area for each of the
people who experience a capital gain.
Exogenous Decrease in W

This framework aso alows us to analyze shocks that lead to a capital loss. Consider a
decrease in Win one urban area. Following our earlier analysis, this decrease initialy has an
ambiguous impact on the slope of the bid function in that area, but then leads to a capital loss for the
original residents, which unambiguously steepens their bid function. A steeper bid function implies
that they will outbid other people near aCBD. The question is: To which areas will this new class of
people go?

According to equation (3), a capital loss lowers bids at al locations, holding utility
constant. Thus the question is how much utility must drop in a given area to bring the origina
residents' bids next to the CBD back up to the level before their capital loss (or equivaently, to the
level of people who did not experience the capital loss). These origina residents obvioudly will move

to the urban area where this required utility drop is minimized.
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In this case, the original residents will move to the area where dVv/dYissmallest. Inthe
Cobb-Douglas case, R(0) = [k(Y+ W)/V]Y anddV/dY= K/R() = V/(Y+ W). Thus the utility
loss required to hold R(0) constant when Y drops depends inversely on R(0) and hence on income,
(Y+W). It followsthat the original residents will have the smallest utility loss if they will move
to the areas with the highest income and hence the highest R(0), where the real value of their capita
lossisminimized. These are, of course, the largest areas. As before, if the system consists of M
identical areas, 1/M of the original residents will move to each area—and cluster around the CBD.
Conclusion

These results fundamentally alter a comparative static analysis of an open urban model. Ina
standard open model with absentee landlords (asin Wheaton 1974, or Brueckner 1987), a positive shock
to W, for example, has well defined impacts, asillustrated by the bid function in Figure 1 that
involves only a changein W. With aland corporation, however, this shock could lead to the standard
result (when all the original residents move away), to an urban area with a mix of the original
residents and residents who move in from other areas (with the original residents and their flatter bid
function in the suburbs), or to a much flatter bid function than the standard result implies (when none
of the original residents move away).> Although one can conclude that the now-richer original
residents will live near the urban edge wherever they end up, it is not possible to determine which of
these cases applies without knowing the characteristics of other urban areas. The standard open-model
result only arisesif other areas have features, such as alow value of R, that make them more
attractive to the now-richer original residents than istheir original area. This equivaence should
not be surprising; in either case, al the rents generated by a shock flow out of the urban area.

Finaly, the same ambiguity concerning comparative-static results appears when exogenous

shocks lead to capital losses. In this case, the now-poorer original residents will cluster around the
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CBD wherever they decide to live, but the areas they choose cannot be determined without knowing the

characteristics of al areasin the system.
An Open Model with Owner-Occupants

Owner occupancy is difficult to model because it implies that a shock to an urban area creates
amyriad of income classes al by itself. The change in land rent due a shock varies by distance from
the CBD. Asaresult, urban residents living and owning land in one location may receive a different
capital gain on their property than do residents living in a different location. Even residents who
start out in the same income class may end up, after a shock, with different nonlabor income. To
emphasize that people live on the land they own in this model, we describe them with the term
“homeowner” instead of simply “landowner.”®

The most straightforward way to anticipate such adistribution of nonlabor income is to start
with amodéd that already contains a continuum of income classes. Beckmann (1969) and Montesanto
(21972) provide models of thistype. However, their models focus on an exogenous distribution of income
and do not readily extend to a shifting distribution of unearned income. Moreover, afixed
distribution of income is intractable in an open urban model, which involves equilibrium conditions
across cities based on utility, not income.

Our approach to owner occupancy begins with the assumption that the system-wide utility level,
V, isamonotonical ly increasing function of nonlabor income, Y. This approach differs from that of
Beckman and Montesanto because it alows the income distribution in an urban area to be endogenously
determined by the locational and consumption choices of residents. With this new assumption, applying

the envel ope theorem to equation (2) yields the conditions in (3) except that now

M., 1 W 1 o
W L(u)  WU,L(u) ©)
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The income class residing at location u can be determined by maximizing R(u) with respect to

Y. Therelevant conditionis:

(10)

oY ' Ule(u),Z(u)

%z
z|g

This condition indicates that, in equilibrium, the margina utility of income for a resident who wins

the bid for land at a given location must equal the increase in system utility that arises from

increasing that resident’ s nonlabor income by one dollar.

To determine whether (10) maximizes R(u), we examine the second-order condition:

_ _ L _
MR, 1w} w 1 M oMW 1 1)
Y2 L? WU, WMJZZL W w2U,L

Evaluating this condition at the optimum yields

MR, 1 M, MV
w2 UZL[ W &hyz) =0 (12)

The solution to (10) yields amaximum if and only if this expression is negative.

Equation (10) can be solved for a map between the nonlabor income of residents and location

choice, Y. The manner in which residents sort by income can then be found by replacing Y withY in

eguation (10) and differentiating the result with respect to u. Theresult is

dY~ , MJZ W ! I\‘UzNR
E'{w&w)mm>o' 13)
(& & (&

The term in brackets must be negative by (12), because residents win the bid for housing where their

bid is maximized. Moreover, U, falswith R because an increase in R causes people to substitute

toward Z. Thus, higher-income residents live farther from the CBD.”
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The minimum income in the urban area, YV, is found by determiningY at the center of the area,
that is, at u=0. The maximum income, Y"*¥, is found by evaluatingY at the edge of the area, U. In

addition, u is found from the equilibrium condition:

R' RaU, Y(U)Wwatd, V[Y(U)] 4 - (14)

Comparative Statics without Home Ownership

A model of thistype has not appeared in the literature, even without home ownership, so we
begin by deriving some basic comparative static results with a distribution of nonlabor income and
absentee landlords. We focus on the impact of achangein W. To begin, a change in W might affect
R(u) both directly, by altering the bids of the people who live at u, and indirectly, by changing who

livesat u. Applying the envelope theorem to equation (2) indicates that

dR , 1

aw L

>0 .
aw (15)

ey, %[1&iw) dv
& A U, w

According to (10), the term in parentheses equals zero, so a small change in W does not have an
indirect impact on R(u), and dR/dW must be positive.
The impact of achangein W onY can be found by differentiating (10):
Note that the partial derivatives taken with respect to Y actually are taken with respect to total
— 1
\ N, MV M, dR N
dY,{ Z g ][z %z)<>0

dw VAYZ MR dW W
(& @ ©®»

(16)

resident spending power, (Y + W), and the total derivative of spending power with respect to Wis
one and is therefore omitted from the expression. Two effects can be seenin (16). Theincreasein R
caused by an increase in W lowers U, at any location and lowers the income of people who live there.

However, the impact of an income increase on U, which reflects the income expansion path of
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residents preferences, is ambiguousin sign. Consequently, the overall impact of WonY could be
either positive or negative.

Because the CBD boundary is fixed, the change in Y"'N with respect to W equals the changein Y.
The change in Y"*X, however, depends on the change in bothY and U. Differentiating equation (14)

yields:

du Ei % E%Ei__ M: lE <>0 .
dw M wWoowW ) M W (17)
@ P Q% » ®

Asin the one-class case, absentee-landlord case, raising the wage has an ambiguous impact on u.

Finally, differentiating Y~ with respect to Y and ), we find that

MX ~ ~ —
dy™ , dY % I\)E du <0
dw  dw  MIdw (18)
(%S (% (%)

Adding Homeowners

Now assume that each household purchases the land on which it resides. The value of itsland is
the present value of the future rental stream (imputed or paid) generated by itsland. Under the
assumption that the urban area will not change in the future, a purchasing household would contract to
make payments equal to its rent each period. If the area does not experience any shocks, these
obligations are exactly canceled by the stream of rents generated by the property. Asaresult,
nonlabor income is exogenous, and each household has a nhonlabor income of \7(u), where u represents
the location at which it currently resides—and owns property.

If an exogenous shock hits the urban area, however, the residents will experience a capital

ganor loss. Specifically,

Y(u) ' Y(u) %[R(u|T2) &R(u|TL)] L(u|T) |, (19)

-17-



where T1 and T2 indicate that the expression is evaluated at the pre- (1) or post- (2) shock
equilibrium, and Y (u) is the post-shock nonlabor income of a household located at u prior to the
shock.
Exogenous Change in W

Now return to the case in which Wincreases to WNin one urban area. This shock boosts the
nonlabor income of aresident originaly located at u from Y(u) to Y(u). After this change, this
resident isidentical to the resident of another urban area whose nonlabor income equals \?(u) and to
someone originally located at uN in the same area so long as Y(uN) = Y(u). Moreover, the shock makes
the original residents want to move, both because their bid function is atered by the shock to W and
because they now have higher nonlabor income. These two effects correspond to the two post-shock
curvesin Figure 1, one with the wage effect only and one with the higher wage and the resulting capital
gain. To be specific, aresident originally located at u will move to u* defined by

Y(u) * Y(u [WN (20)
and rent or sell thelr property at market value to households with

Y Y(uwN . (21)

If there is not enough land available at u* for all the original residents of u (plus any other
original residents with the same vaue of u*), some of these now-richer original residents will move
to other areas; after all, thisis an open model in which the utility of a class, defined by nonlabor
income, isfixed. Similarly, if thereistoo much land at u* for the origina residents who want to
live there after the wage shock (and resulting capital gains), members of their new income class will
migrate into the shocked urban area.

These results lead to the surprising conclusion that, except at the edges of the urban area,

the impact of a change in W on the urban equilibrium is the same regardless of whether land is owner
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occupied or rents accrue to absentee landlords. With mobility and aternative urban areas, new
residents enter or old residents exit in each income class so that R(u), L(u), and \7(u) are

determined by the comparative statics problem presented above. To put it another way, the analysis
generally cannot distinguish between a household whose nonlabor income was exogenoudly set at some
value and a household whose nonlabor income reaches the same value because it received a capital gain
or |oss.

At the edges of the income distribution (and hence at the edges of the area), however, income
classes may disappear from the area or appear in the area for the first time. These are the classes
created by adding capital gainsto households at the top of, or giving capital losses to households at
the bottom of, the pre-shock system income distribution. These new classes may not arise. Gains and
lossesin an area may ssmply shift people at the edges of an area’ sincome distribution into classes
that already existed elsewhere. In this case, home ownership does not ater the urban equilibrium.

But if these new classes do arise, analysis of them is analogous to that of the original residentsin
the stockholder model. In some cases, therefore, the location of these classes and the shape of an
ared s rent function cannot be determined without knowing the characteristics of al the urban areas
in the system.

This point isillustrated in Figure 3, which presents bid functions for four income classes,
with Y; as the lowest nonlabor income and Y, as the highest. These bid functions are drawn with the
post-shock wage, WN. Now suppose that before a shock, the urban area contains income classes 1 to 3
and that no household in the system has an income as high as'Y,. Suppose further that the positive
shock to W lead to capital gains that shifted each household to the next higher income class.

Households with original nonlabor income Y; find their nonlabor income boosted to Y,, and so on. After
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the shock, therefore, the original residents of this areafall income classes 2 to 4. Under these
circumstance, Figure 3 describes the post-shock equilibrium bid functions.

However, the peoplein class 1 will al be new residents, since none of the original residents
remain in that class. The peoplein classes 2 through 3 will all be original residents of the area only
if the space available for aclassis less than or equal to the space needed to accommodate the number
of original residents who were in the next lower class before the shock.2 Otherwise, some people from
other areas will have to movein to fill up the areainhabited by that class.

None of the original residents was a member of class4. Thisimplies either that () the
agricultural rental rate was so high in this area that no member of class 4 wanted to live there (as
illustrated by ﬁz in Figure 3) or (b) that nobody in the system of cities had an income high enough to
beinclass4. Inthefirst case, the people who join class 4 because of their capital gain will not
remain in this urban area but will spread themselves out to the other urban areas where people in class
4 currently live.® In the second case, the people in the new class 4 will locate in the areas where they
can achieve the highest utility. If other areas have alower agricultural rental rate (asillustrated
by|5l in Figure 3) then they will al move away. If other areas al have ahigh R and their areahas a
low R, then they will all stay. And if al areas are identical, they will spread themselves evenly
across al areas and their bid function will have to be shifted to the point where they outbid other
groups for the land that they require. Wherever these new classes locate, the equilibrium rent
function will be flatter, and u will be larger, than predicted by a model without home ownership.

A similar analysis applies to the case of a downward shock to W. Original residentsin the
highest income classes who drop down to lower classes because of capital losses are replaced by people
from other areas with the same income the original residents used to have. The poorest origina

residents become even poorer because of their capital losses. If their new class aready existed in
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the system, they will go to the areas (which obviously do not include their original area) where their
new classlives™ If their new classis poorer than any other classin the system, they will locatein
the areas with the highest wages, and hence the highest rents next to the CBD, which could include
their original area. Asin the stockholding model, locating in these areas minimizes the utility loss
these classes experience and stegpens the equilibrium rent function near the CBD wherever they live.

One implication of these resultsis that the comparative statics results with home ownership
are the same as those with absentee landlords if and only if all the income classes created by a shock
to an urban area already existed somewhere in the system. If some of these classes did not exist, one
cannot determine the residential locations of the new classes (or the equilibrium rent functions and
other features of the urban area experiencing the shock) without knowing the characteristics of all
the areasin the system.** Thus comparative static results in models with home ownership can be quite
different from those in models without it.

Moreover, one cannot avoid this complexity by assuming that al urban areas are dike; with
identical areas, a shock to one area inevitably creates income classes that did not exist before at the
top or bottom of the income distribution. In fact, no single assumption ensures that all comparative
statics results are the same with absentee landlords and with homeowners. Assuming arelatively high
Rin agiven areg, for example, implies that awage increase in that area has the same impact
regardless of which landownership assumption is employed. In contrast, the equivalence of these
comparative statics results for a wage decrease requires the assumption that the area with the shock
has arelatively low wage rate.

Finaly, the distinction drawn here between pre- and post-shock income classes in the system
of areas depends on the standard open model assumptions, which are quite strong with a continuum of

income classes. Complete openness requires that the total population in any income class be large
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relative to the population of that classin asingle area. Unless all areas are the same or can be
divided into a small number of types, it is possible that some income classes might be concentrated in
just afew areas. If so, a shock to one of these areas could have a significant effect on the total
number of people within a single income class, thereby altering both the utility of that class and the
equilibrium outcomes in any areawhere that classislocated. Under these circumstances, the total
effect of a shock to one area cannot be found without specifying the entire system, even if no new
income classes are created in the system.

Conclusions

With continuous utility classes and open model assumptions, the urban equilibrium for a
utility class that contains some of the original residents both before and after a shock cannot be
affected by the gains and losses associated with that shock. For people in this class, therefore,
comparative statics results (for rents, populations, locations, and so on) are the same regardless of
whether the model assumes absentee landlords or home ownership. The origina residents may change
utility classes, but the comparative statics results for a given class are the same. Moreover,
comparative statics results are not affected by gains and losses for any utility class represented
among the original residents before a shock, even if none of the origina residents remain in that
class after the shock, or for any class that existed elsewhere before the shock, even if some of the
origina residents enter that class only because of shock-induced gains or losses.

Nevertheless, comparative statics results for open urban models with home ownership are
fundamentally different from those with absentee landlords whenever they generate new income classes
at the top or bottom of the income distribution for the system of cities. Indeed, the location and
utility level for these new classes cannot be determined without information on the characteristics of

al the areasin the system. Moreover, smilar complexities in a comparative statics analysis arise
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whenever the change in an income class in an area that experiences a shock is large relative to the
number of peoplein that class in the entire system. Thus, open models with home ownership can produce

comparative statics results that are very different from those of traditional open models.

Conclusions

This paper tries to bring the most hidden assumption in urban models out into the open. The
vast mgjority of general equilibrium urban models rely on the unrealistic assumption that al land is
owned by absentee landlords so that the capital gains and losses associated with changes in rent
disappear from the analysis. The only alternative assumptions in the literature, namely redistributed
rents or national land ownership, are equally unrealistic. This paper reviews the one existing closed
model with a specia case of individual land ownership (Mun and Sasaki 1992) and devel ops open models
both with ownership of sharesin alocal land corporation and with home ownership. We hope that future
research will complete our catalog by developing a general closed model with home ownership or mixed
models in which some urban residents are renters and others own the land.

Introducing a private land corporation or home ownership fundamentally alters the nature of an
open urban model. Comparative statics results are not affected by this change in one specia case,
namely when no new income classes are created by a shock. However, urban shocks inevitably create a
new highest or lowest income class in a stockholder model that begins with a single class, and the
capital gains and losses generated by such shocks are likely to create new highest- or lowest-income
classes in amodel with a nonlabor income distribution for homeowners. Neither the post-shock
locations of these new classes nor the characteristics of the urban areas where they live, which may

include the area experiencing the shock, can be analyzed by previous models. In fact, the post-shock
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equilibrium outcomes for these new classes and their new locations depend on the characteristics of
all the urban areas in the system.

This result undermines a basic features of open models as they have been presented in previous
literature, namely their ability to collapse the influence of all urban areas other than the one being
analyzed down to a single parameter: the system utility level. Moreover, our analysis reveasthat in
amulti-class setting, the system utility level for a single income class, even one that existed before
a shock, cannot summarize the influence of other urban areas without the strong assumption that the
number of people placed into that class due to a shock in one areais small relative to the number of
peoplein that class elsewhere.

Given that ailmost two-thirds of households in the United States own their own home and many
landlords are themselves urban residents, it is ironic that most general equilibrium models of urban
residential structure depend on the assumption that all residents are renters and all landlords live
in the countryside (or at least in adifferent urban areq). Thisarticleis offered as a step toward

more realistic assumptions about land ownership.
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Endnotes

1. Capozza and Heldey (1989) provide another model of land ownership, but they assume that
residential lot sizeis exogenous and identical regardless of location.

2. Solving a closed model with homeownership appears to be aformidable task. The post-shock
rents at a given location depend on the capital gains of the people who win the competition
there, but everyone's capital gain depend on the increase in the rents at their original
location.

3. If the land corporation only owned urban land, then the upper limit of the first integral
should not have aprime. This lowers the capital gain for the original residents, but does not
change any of our results.

4. People will not commute unless income net of commuting costs is positive, or W-tu>0. Dividing
by Wyidlds 1 - t,, u > tou/W> 0. Hence by (3), MMV > 0. Thisresult can be derived for the
general case of t = t(W), so long as average cost, t/W, exceeds marginal cost, M/M\.

5. New residents may move into the center of the area after the wage shock, thereby creating a
two-class areas even if none of the origina residents move away.

6. The term “homeowner” is appropriate in another sense; Brueckner 1987, shows that comparative
static results from aland-only model carry over to amodel with housing.

7. This result is unambiguous here because commuting costs are assumed not to depend on nonlabor
income, Y.
8. If the space is less than the amount needed, then some of the original residents obviously will

migrate to other areas.

9. An exception to thisrule arises if the upward shock to W makes the area where the shock occurs
desirable to class 5 even though it was not desirable before the shock. This outcomeis
possible because the shock raise the class-5 bid function—and could raise it so much that the

region where it is above other bid functions moves from below R to above R. Inthiscase
some or all of the new members of class 5 may remain in the area, even though no members of class
5 lived there before the shock..

10.  Sinceadropin Wto below the level in some other urban areas can, in principle, drive the
lowest income class away in models without home ownership, it is theoretically possible that
nonresident members of a given low-income class that existed in an area before a negative wage
shock will not want to move in after the wage shock has taken place. This case can be treated
using bid-functions like those in Figure 3, which are evaluated at WN, not W. To consider
this case, the beginning of the preceding sentence in the text should be amended to begin: “1f
their new class aready existed in the system but is not attracted to their original area at
the new wage rate,...”
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11. If arelatively large number of people arein classes that did not exist before anywhere in the
urban area, they might even crowd into the areas inhabited by groups that did exist before and,
because of this competition, alter the utility levels of these groups.
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Table 1.

Alternative Assumptions About L and Owner ship

Open Model Closed Model
Ignored Absentee Landlords ~ O1: Standard Cl: Standard
Redistribution to Residents 0O2: Considered in the Literature C2: Considered in the literature

National Land Ownership 03
Ownership of City Shares 04:
True Home Ownership O5:

01 with nonlabor income?
New, time-related income classes
New space/time related income classes

C3:
C4:
C5:

Does not make sense”
Same as C2°
Specia casein the literature®

aThe only difference between O1 and O3 isthat O3 has an additional parameter, namely nonlabor income.
®Changes that occur in one large urban areaor in all areas ater the level of nonlabor income, contradicting the

exogeneity assumption.

“With no mobility, residents and stockholders are indistinguishable.
4Two-period, linear-city case solved by Mun and Sasaki (1992).
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