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Abstract

In this paper we study the life cycle locational choices of heterogeneous households and
characterize the dynamics of metropolitan areas. We develop an overlapping genera-
tions model for households in of a system of multiple jurisdictions. At each point of
time households choose among the finite number of jurisdictions, pick consumption and
housing plans, and vote over education expenditures and tax policies. A household’s
composition changes over the life cycle as children grow up and leave the household.
These changes in turn impact the household’s need for housing and for local public ser-
vices, particularly education. Households face frictions in relocating. A household may
relocate as needs change, bearing the associated financial and psychic costs of moving.
Alternatively, the household may choose to remain in a community that suited its initial
needs, finding the costs of relocation to be greater than the potential benefits of moving
to a community better suited to its changed housing and public education. Our quanti-
tative analysis shows that mobility costs are likely to have a large impact on household
sorting patterns. Mobility costs also impact the political decisions that determine local
tax and expenditure policies. Finally, we compare centralized and decentralized mech-
anisms for providing education and their impact on human capital accumulation and

welfare.

JEL classification: D72, D91, H31, R12



1 Introduction

A fundamental premise in modeling local jurisdictions is that households make their
location decisions taking account of the public good bundles available in alternative
jurisdictions. This hypothesis, first proposed by Tiebout (1956), has been the subject
of extensive formal modeling and empirical analysis. Early empirical work, pioneered
by Oates (1969), investigated the extent to which differentials in housing prices across
jurisdictions reflect differentials in quality of local public goods and property tax rates.!
Much recent empirical work has focused directly on the extent to which households
stratify based on differences in the quality of local public goods.? Both research on
capitalization and research on stratification of households across jurisdictions supports
the hypothesis that households do in fact take account of differences in local public good

bundles in making location choices.

In research to date, both theoretical models and empirical research have largely
focused on static equilibrium models or cross-sectional empirical studies.®> However the
same logic that suggests households sort based on tastes for local public goods implies
that households have incentives to change location over the life cycle. For example,
a household’s consumption of local public education begins when its first child enters
kindergarten and ends when its last child leaves high school. Thus, one would expect
that households with school-age children would place weight on the quality of local
public schools when considering location choices, but that those same households would

place little weight on quality of local public schools when their children have left school.

IBlack (1999), Epple and Romano (2003), Figlio and Lucas (2004), Bayer, Ferreira, and McMillan
(2007), and ?) have extended this analysis to investigate whether differences within jurisdictions in the

quality of local public goods are capitalized into house prices.
2See, for example, Epple and Sieg (1999), Epple, Romer, and Sieg (2001), Bayer, McMillan, and

Reuben (2004), Bajari and Kahn (2004), Sieg, Smith, Banzhaf, and Walsh (2004), Ferreyra (2007), and

Ferreira (2005).
3Examples of theoretical models using static frameworks are Ellickson (1973), Westhoff (1977), Epple,

Filimon, and Romer (1984), Goodspeed (1989), Epple and Romer (1991), Nechyba (1997), Fernandez
and Rogerson (1996), Henderson and Thisse (2001), and Rothstein (2006). Exceptions are Benabou
(1996a, 1996b), Durlauf (1996), Fernandez and Rogerson (1998), Glomm and Lagunoff (1999), and
Ortalo-Magne and Rady (2006).



Indeed, one would expect households would tend to move to locations with good quality
public schools when they have school-age children while moving to locations with lower
housing prices and lower quality public schools when their children have left school.
Departure of children from high school presages their departure from the household, and
the associated decrease in need for housing reinforces the incentives for relocation that
accompany the decrease in need for local public services. These incentives for relocation
over the life cycle in turn create incentives for young households to make their initial
location choices and housing purchases taking account of the likelihood that they will
relocate in the future. A dynamic equilibrium model embodying household life cycle
choices offers the potential to improve understanding both of community characteristics

and of housing markets.

The main contribution of this paper is a new life cycle model of community formation
with limited household mobility. Our model captures three important dimensions by
which households differ: income, moving cost, and age or family structure. Income is
clearly a key factor influencing a household’s ability and willingness to pay the moving
cost and housing price premium to relocate to a community with higher quality public
services. Moving costs, both financial and psychic, are important factors in the decision
process. In addition to transactions costs, relocation often entails costs associated with
moving away from friends, neighbors, and familiar surroundings and the associated costs
of becoming established in a new neighborhood. While financial costs will typically be
roughly proportional to house value, psychic costs are likely to exhibit greater variation
across households. Finally, our model also captures the fact that relocation incentives
vary over the life cycle. These incentives are largely driven by the presence or absence

of children at home at various points during the life cycle.

We derive the stationary equilibrium of our model and characterize its properties.
In our model, adults live for two periods and thus can live in at most two different
locations. One important property of equilibrium is that many community pairs that
could be chosen over the life cycle are strictly dominated by other pairs in equilibrium.
This result is important since it reduces the dimensionality of the choice set. Restricting

our attention to community pairs in the relevant choice set, we can provide conditions



that guarantee that households stratify by wealth (conditional on moving costs) in equi-
librium. Old households have few incentives to move to a community that has higher
levels of public good provision than the community chosen when young. We show that
this conjecture is correct if the relative weight placed on the local public good is higher

when young than when old.

Equilibria do not have analytical solutions. Nevertheless, we can provide a general
characterization of the partition of household types into residential plans. Moreover, we
develop an algorithm that can be used to compute equilibria numerically. To illustrate
some of the quantitative implications of our model, we calibrate our model and compute
equilibria for economies with multiple communities. We find that our model can generate
equilibria in which a reasonable fraction of households relocates to a different community
when old in equilibrium. This property of equilibrium is consistent with evidence on
turnover in local housing markets. This feature of our model has important implications
for the political decisions made in the communities. We find that older households
are typically in the majority in communities with low levels of public good provision,
while young households dominate in communities with high levels of expenditures. Our
model thus captures the intergenerational conflict in collective choice processes within

municipalities.

We use our model to consider two policy experiments. First, we compare our baseline
equilibrium with a model in which there is partial equalization in expenditures which is
achieved by a foundation grant system. We find that that moderate levels of foundation
grants — similar to average levels observed in reality — have small effects on the equi-
librium sorting of households and public policies. Second we compare our decentralized
equilibrium with a centralized model that fully equalizes expenditures and tax rates. We
find that the decentralized equilibrium yields higher average expenditures and as a con-
sequence higher steady state mean incomes than the centralized equilibrium. However,
the welfare differences are small, with lower income households gaining in the centralized

equilibrium and higher income households losing.

The rest of the paper is organized as follows. Section 2 develops our theoretical model.

Section 3 defines equilibrium and discusses its properties. We discuss how to compute



equilibria in Section 4 and introduce a parametrized version of our model. Section 5

examines the quantitative properties of our model. Section 6 offers conclusions.

2 An Overlapping Generations Model

We develop an overlapping generations model to study the life cycle location choices
of heterogeneous households, the associated demographic composition and public good

provision of communities, and the dynamics of metropolitan areas.

2.1 Communities

Consider a closed economy in which activity occurs at discrete points of time ¢t = 1,2, ....
The economy consists of J communities. At each point of time, each community provides
a congested local public good ¢, which is financed by property taxes 7. Each community
has a fixed supply of land, and thus a housing supply that is not perfectly elastic. Let
p" denote the net of tax price of a unit of housing services, h, in a community; and

p = (1+ 7)p" the gross of tax price.

2.2 Households

There is a continuum of individuals each of whom lives for three periods, one period
as a child and two periods as an adult. Thus at each point of time individuals in the
economy consist of three over-lapping generations, denoted child (c), young (y), and old
(0). Each household has one child who attends school and lives at home.> Children
become young adults at the same time that young adults transition to old age. Hence,

there are no children in old households. Each young adult household is characterized by

4We often suppress the time subscripts for notational simplicity. Subscripts have the obvious ranges

unless we state otherwise.
5Since we assume that each generation has the same mass, we implicitly assume single parents. We

could also assume two parent households that have two identical children. Variation in the ability and

age of children in a household would add considerable complications to the model.



a lifetime wealth level denoted by w and achievement of the household’s child, denoted
a. The achievement of the child, a(g), is determined by government spending in the

community occupied by the young household in which the child resides.
Assumption 1 We assume that achievement a(g) is increasing in g.

Households have additive, time-separable utility. The period utility when young is
defined over housing h, child achievement, and a numeraire good b. The period utility
when old is defined over housing, the local public good, and the numeraire. Period utility
for a young household is denoted U¥(b, h,a(g)) and U°(b, h, g) for an old household. For

notational convenience we write UY(b, h, g) = UY(b, h, a(g)).

Assumption 2 The current period utility function of a young household UY(b, h, g) and
the utility function of an old household U°(b, h, g) are increasing, twice differentiable, and

concave in (b, h,g).

Thus, the presence of children in young households induces different preferences for
public goods and housing for young than for old households. Since there is no uncertainty

about future equilibrium outcomes in this model, we make the following assumption:

Assumption 3 Households behave as price takers and have perfect foresight about cur-

rent and future prices, tax rates, and levels of local public goods.

2.3 DMobility Costs

When they finish school and leave their parents’ homes, young households are not com-
mitted to any community. We assume that they can pick any community of residence in
the first period without facing mobility costs. Old households have already established a
residence when they were young adults. If they decide to relocate to another community
as they enter old age, then they face mobility costs. Mobility costs are denoted by mc.

We assume that households have heterogeneous mobility costs.



Assumption 4 The joint distribution of lifetime income and mobility costs at time t,
denoted by Fy(w,mc), is continuous with support S = R% and joint density fi(w,mc)

with fi(+) everywhere positive on its support.

The assumption that the f;(-) are everywhere positive on their supports simplifies some

of the arguments, but is not crucial for the main results.

2.4 The Decision Problem of Households

Households are forward-looking and maximize life-time utility, which is time separa-
ble with constant discount factor 3. Households recognize that locational and housing
choices in the first period will have an impact on their well-being in the second period.
Households must choose a community of residence in each period. Let d¥, € {0,1} de-
note an indicator that is equal to one if a young household lives in Community 7 at time

t and zero otherwise. Similarly define d5, € {0, 1} for old households.

Households also determine consumption choices for housing and the composite pri-
vate good numeraire. A young household at date ¢ with characteristics (w;, mc;) maxi-
mizes lifetime utility:

max Zd UY( bkt7 ktvgkt + B ZdltJrl U°( lt+1>hlt+17glt+1) (1)

Y pY pY
dy ,hg by 7dt+17h?+17b?+1 k=1

subject to the lifetime budget constraint

J J J
Z d%t (ke h%t + b%t) + Z let—H (Prt+1 tht—H + bZt+1) = wy — Z Z 1{d%t = lt+1 =1} me

k=1 =1 k=1 l#k

and residential constraints:

J

Sy = 1 (3)

k=1

Z dlt+1 = 1

I=1
where 1{-} is an indicator function. The last two constraints in (3) impose the require-

ment that the household lives in one and only one community at each point of time.



Also, w; is the present value of lifetime income, thus assuming perfect capital mar-
kets.% Finally, we have abstracted from discounting of future prices just for simplicity

of exposition.

It is often convenient to express this decision problem using a conditional indirect
utility (or value) function. Given a household with wealth, w, moving cost, mc, and
community choice k£ when young and [ when old, we can solve for the optimal demand
for housing and other goods in both periods. Substituting these demand functions into

the lifetime utility function yields the indirect utility function which can be written:

Vi = V(w — dme, gi, pr, 91, Pr) (4)

where 0;; = 1 if k # [ and zero otherwise. Similarly, the indirect utility function of an
old household that occupied community £ when young and is occupying community [

when old is:
VO(wy, g, i) = max U(wy, — pihy, by, g1) (5)
It

where w? = w — dpyme — pphi — bY.

Define the set of young households living in community j at time ¢ as follows:
cy = {(wt,mct)‘ df, = 1} (6)

The number of young households living in community j at time ¢ is given by:”

nY, = //c” fe(wg, mey) dwy dmey (7)
gt

Similarly define the set of old households living in community j at time ¢ as follows:
cy = {(wt,l,mct,l)‘ dj, = 1} (8)

The number of old households living in community j at time ¢ is given by:

ng, = //co fr—1 (w1, me—q) dwy—y dmeg—y (9)
gt

6 Abstracting from uncertainties is obviously a strong assumption, and the consequences of uncer-

tainties are of interest to study.
"Expressions (7) and (9) make sue of the fact almost every household of a given type makes the same

community choice.



2.5 Housing Markets

In this model all households are renters.® Housing demand functions h%(-) and h2(-) can
be derived by solving the decision problems characterized above. Below we introduce
subscripts t to indicate the dependence of housing demands on prices young and old
households confront during their life.” Aggregate housing demand in community j at

time ¢ is then defined as the sum of the demand of young and old households:
Hf, = H}, + Hj, (10)
where
Hj, = //Cyt Ry (we, mey) fo(wy, mey) dwy dme,

HY = // hS (wi—1,mei1) froa(wiy, mei1) dwiy dme;
jt

To characterize housing market equilibria, we need to specify housing supply in each

community.

Assumption 5 Housing is owned by absentee landlords. Housing supply is stationary

and exogenously gien by H? (p?t), a non-decreasing continuous function.

This ownership assumption is primarily imposed for simplicity. The alternative would
be to assign property rights over land. Households would then obtain revenues from
rental income. The income effects from this would be very minor. This would, however,
significantly complicate the public choice problem for households who happen to live
where they own land.!® We avoid the additional complexity by assuming absentee owners

of land.

The housing market in community 7 is in equilibrium at time ¢ if:

H]('it = H;(p?t) (11)

8We discuss the implications of housing ownership in the conclusions.
9Housing demand when young and old solve (1) and thus depend on the vector (p?,, g7,, pg, 1 9041)-

Since these variables are predictable, we use the subscript ¢ to indicate this dependence, thus greatly

simplifying notation.
10Gince households are atomistic and thus no one household affects voting equilibrium, residential

choices would not be affected by land ownership.



2.6 Community Budget Constraints

We assume that each community provides a congested local public good gj; that is
financed by property taxes 7;;. Community budgets must be balanced at each point of
time. We assume that the public good primarily reflects expenditures per student on

education. Hence we can express the community specific budget constrained as:
h
Tt Pjt Hj = gjtn?t (12)

The right hand side of equation (12) equals public expenditure on young households,

consistent with young households having one child in public education.

2.7 Voting

Next consider public choice of the tax rate and public good provision in a community.
Households have the opportunity to vote twice in their lives, once when they are young
and again when they are old. Households vote to maximize their lifetime utility from
that point forward. To specify fully a voting model, we need a) to describe the set
of alternatives that are considered to be feasible outcomes by the voters; b) define

preference orderings over feasible outcomes; and c¢) define a majority rule equilibrium.

Defining the set of feasible outcomes requires specifying the timing of decisions. We

assume the following timing structure.

Assumption 6 Fach young household chooses their initial community of residence and
rents a home there. The young household also commits to their old-aged community of
residence. Housing markets then clear. Young households then vote taking as given the
net housing prices, which have already been established, but also g and p in their future
community of residence. Numeraire and public good consumption take place. The old
household then occupies the community planned when young and consumes housing. The

old household votes, and, last, old-aged numeraire and public good consumption occur.

The timing and voter beliefs incorporated in Assumption 6 make the problem

tractable. The key simplification is that young voters take their future community



choices and the variables that characterize their old-aged community as given when
voting. Of course, these variables will be those that arise in equilibrium and the future
choice of community will be optimal given the equilibrium values. For example, a house-
hold that has committed to move to another community when it becomes old will in
fact find it optimal to do so. But voters will not account for changes that would become

optimal out of equilibrium, tremendously simplifying the voting problem.

A majority voting equilibrium is a public good provision level g;; that at least half
the population (weakly) prefers in pairwise comparisons to all other feasible levels of

provision. We have the following result:
Proposition 1 A voting equilibrium exists in all communities.

Proof of Proposition 1:

Consider a community 5 which is characterized by a pair of housing price and public
good provision (pji, gj¢). Combining the equation relating net and gross housing prices,
it = p;-‘t(l + 7jt), and the community budget constraint, we obtain:

Y
Gty

it (13)

bt = p?t +

Given our timing assumptions, all variables in this expression except (pj:, gj+) have been
determined prior to voting. Thus the set of feasible alternatives yields a linear relation-

ship between the choice of g;; and the resulting gross-of-tax housing price pj;.

In each community j, there are two types of voters, young and old. Given the correct
beliefs of each voter about feasible alternatives in equation (13), we can characterize each

voter’s decision problem and thus characterize the voter’s behavior.

First consider an old household that has chosen to live in community j after living
in community ¢ when young. The household’s old age income is given by wg, = w;—1 —
pit—1hly_1 — b1 — d;;mei—1. The household’s budget constraint when old is given by:
wp, = pjthg, + 05, Let hj, be the amount of housing the household has chosen. The
quantity A%, is then fixed at the time that voting occurs. Substituting the community

budget constraint that prevails at the time of voting into the voter’s budget constraint,

10



we obtain:

o - h 10 gjtn?t o 0
wy, = pihd + 77 h%, + 0%, (14)
Jt
The voter’s utility function is U°(gj, hg;, 0%). At the time of voting, all elements of the

preceding budget constraint and utility function have been determined except (gjq, b?t).
Quasi-concavity of the utility function and convexity of the budget constraint imply that

the voter’s induced preference over g;; is single-peaked (Denzau and Mackay, 1976).

Next consider a young voter that lives in community j at ¢ and plans to live in
community k in t + 1. The development is analogous to that for old voters, and we
thus summarize briefly. At the time of voting in community j, this household will have

purchased housing A%,. The budget constraint of the young voter is then:

y
gjt 1 o o
wy = p;lthgt + ]H< I hgt + bé/t +pkt+1hkt+1 + bkt—i—l + 5]k mc (15)
J
The young voters utility function is: UY(b%, h%;, gj) + BU°(0% 41, hiyy1s Gres1). At the

time of voting, the community tax base, Hj;/n%, and the voter’s housing consump-

Y

tion, hj;, have been determined. The voter takes current and future prices (p;-‘t, Drt+1)

and future government provision, g1, as given. Quasi-concavity of the voter’s utility
function, UY + SU°, and convexity of the budget constraint then imply that induced
preferences over g;; are single-peaked (Slutsky, 1975).

The existence of a voting equilibrium follows from single-peakedness of preferences

of all voters. Q.E.D.

Note that the median voter is not necessarily the household with median income. In
general, the identity of the median voter will vary not only with income but also with

the age composition of the community.

3 Equilibrium Analysis

3.1 Definition of Equilibrium

Definition 1

An equilibrium for this economy is defined as an allocation that consists of a se-

11



quence of joint distributions of income and wealth, {Fi(w,mc)}2,, a wvector of
prices, tazes, and public goods denoted by {pit, Tit, Gits - Dat, Tty Gt }oo1, consumption
plans for each household type, and a distribution of households among communities,

y y .
{CY, ..., CY,, C%y o, €932, such that:

1. Households maximize lifetime utility and live in their preferred communities.
2. Housing markets clear in every community at each point of time.
3. Community budgets are balanced at each point of time.

4. There is a majority voting equilibrium in each community at each point of time.

3.2 Intergenerational Income Transmission and Stationary
Equilibrium

The last component of our model deals with the intergenerational income transmission

process. We make the following assumption.
Assumption 7 A child with achievement a;, starts as a young adult with lifetime wealth
Wi

Inwy = (J(Gm W, €t+1) (16)

where €;11 denotes an idiosyncratic shock. The dependence of children’s income on
parental income, wy, captures intergenerational income persistence. Moreover, we as-

sume that q(+) is increasing in all three elements.
We are then in a position to define a stationary equilibrium for our economy:

Definition 2
A stationary equilibrium is an equilibrium that satisfies the following additional condi-

tions:

1. Constant prices, tax rates and levels of public good provision, i.e. for each com-

munity j, pjr = pj, Tjt = T4, and g; = g; Vt.

12



2. A stationary distribution of households among communities, i.e. for each commu-

nity j, we have C5, = CF and C}, = CY Vt.

3. A stationary distribution of household wealth and moving costs, i.e. Fi(w,mc) =

F(w,me) Vt.

The remainder of the paper focuses on properties of stationary equilibria.

3.3 Equilibrium Residential Choices

Upon entering adulthood, young households choose an initial and an old-age community
of residence, correctly anticipating housing prices and local public good provision. Let
k and [ denote, respectively, the initial and old-age communities, k,I € {1,2,...,J}.
If £ # [, then the household bears moving cost with present value of mc. We adopt
the convention of numbering the communities so that g;1; > g;. Since households
correctly anticipate g’s and p’s, gross housing prices will also ascend with the community

number.!!

We now place some restrictions on the form of the household utility function that

greatly facilitate the analysis.

Assumption 8 The utility function
Ub,h,g) = ug(g) + u’(b,h), a € {y,o}, (17)

is separable and u®(b,y) is homogeneous of degree p.

Recall that V¥(gg, g1, Pk, p1, W) denotes the indirect lifetime utility of a young house-

hold choosing residential plan kl, where W = w — dymc is lifetime wealth adjusted for

1We do not examine cases where communities have the same value of g and thus p. If two communities
had the same values, then households would be indifferent between them, and we assume they would
randomize so that the distributions of (w,mc) would be the same in the two communities. In turn,
this would imply there is no difference between the two communities, so they could be treated as one
community (with the usual aggregation of housing supplies). Thus there is no loss in generality in
requiring that communities be different (as a case with two clone communities is equivalent to another

case with one fewer distinct communities).

13



any moving cost. Given Assumption 8, we show in Appendix A that the indirect utility

can be written as:

Vii(ar, 906,01, 0) = G(ge, 1) + 0 PW (pr, p1); (18)

with G an increasing function of (gx, ¢;) and W a decreasing function of (pg, p;).

Define Vi = V¥(g, g1, pr, pi, w). The optimal residential choice plan of young adults
maximizes V}] over (k,1) taking anticipated p’s and ¢’s as given. It is also convenient
to adopt a notation in which locational choices can be characterized by a single index
subscript i. Let ¢ € Iy, Iy = {kl|k,l = 1,2,...,J}, indicate a residential plan. Let
P, = —W(py, p1) for i = kl, which we refer to as the composite price of residential plan i.
Note that P; is increasing in (py, p;). Using this definition, we have that indirect utility

from residential plan ¢ is given by:
VY = G; — (w—0;me)"P (19)

where G; = G(gx, g;) for i = kl. As a final step, let T' = mc/w denote proportional

moving costs and again rewrite indirect utility using type-dependent price PT.

VY = G; — wPPL; (20)

K3 3

where

- P, if i does not move (k =1)
Pl = : (21)
P,(1—T)"*if i moves (k # 1)

Household type (w,T') then chooses a residential plan ¢ to maximize V¥ in (20) taking

(G;, P, i € Iy , as given.

Household choices then satisfy the following three properties:

e (P1) Indifference curves VY = const. in the (G;, PT) plane are linear with slope

wr.

e (P2) Indifference curve satisfy single crossing, with “slope increasing in wealth

(SIW).”

14



o (P3) dPT/dT > 0 for k # I; choices with moving are effectively more expensive

as mc rises.

Properties (P1) — (P3) are intuitive and simply confirmed. (P1) will greatly simplify the
analysis that follows. The single crossing property in (P2) means that the indifference
curves defined in (P1) cross at most once, and with slopes increasing in wealth. (P2)

and (P3) are keys to the character of sorting over communities over the life cycle.

With J communities, there are J? residential plans that could feasibly be chosen.
Using properties of the choice problem, we can develop restrictions on the set of plans
that are actually chosen and then develop an algorithm for mapping household types

into their equilibrium residential plans. Let B? = {GZ-,P,L»T i € Iy} denote the set

of bundles, corresponding to residential plans, that are feasible for households with
T = mc/w. Let H” denote the convex hull of B° and let BY(T")denote the set of
residential plans (G;, PI') on the lower boundary of H?. Formally, B%(T)is defined:

B(T)={(Gy, P ¢ BT‘ no distinct (Gy, PT) € H exist with G; > G;and PT < P}
(22)

Figure 1 shows two examples from some of our computational analysis of these concepts

for a case with J = 4. We have the following main result that characterizes the relevant

choice set:

Proposition 2

Households with relative moving cost T choose in equilibrium any and all residential
plans in B*(T). As a consequence, we have:

(i) Any and all non-moving residential plans chosen by households with the mazimum T
comprise the non-moving residential plans chosen by all households.

(ii) Any and all moving plans chosen by households with the minimum T comprise the

mouving residential plans chosen by all households.

We can also show that equilibrium satisfies an “ascending bundles” property and is
characterized by a conditional wealth stratification property. Let .J, < J? denote the

number of residential plans chosen by any household.!? Number these plans 1,2,...,.J,

2L ater we show that J, < J? under reasonable restrictions.

15



such that G; < Gy < ... < G, . We make the following assumption:
Assumption 9 The mazimum T prohibits moving in equilibrium for all wealth types.
The following proposition formalizes key properties of our model:

Proposition 3

(i) Ascending Bundles: Given residential plans chosen in equilibrium by household with
T satisfying G; > G, then Pl > P

(ii) Conditional Wealth Stratification: For given T, if we > wy and household with wealth
wy chooses plan with G; and household with wealth wy chooses plan with G; (j # i), then

1> 7.

The proof of Proposition 2 and the remaining propositions are collected in an appendix.

Note that the hierarchical ordering of residential plans is consistent across types T
though the composite prices differ and the subset of the .J. plans chosen by different
T types vary. Figure 2 shows an example from our computational analysis with J = 4
of the partition of young households by type (w,T") across residential plans kl. In this
example, only five of the residential plan entailing moving arise in equilibrium. There

are four no-moving plans and thus J, = 9.

In our computational analysis below, we adopt the following lifetime utility function:
1
U'=a+ lahi + abl + Bogl + Bli + B, p < 0 (23)
and the following achievement function:

a
a = p*ggﬁa, (24)
The specification in (23) and (24) is a variant of a CES specification that satisfies our

general assumptions and is tractable while retaining substantial flexibility. Note that if

p = pa, the standard CES case arises.

Substituting the achievement function into the utility function, we obtain:

U = [pgg,’;“ @glp] p[ahhp + apbly + Brhy + Bbf], p < 0; (25)
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After some manipulation one obtains indirect utility:'3

VY = G; — (w— 0;me)’Py; (26)
where:
1 _ Qap . ap e Qp.__p_
Pi = P - T—p — T—p —) 1-p | :
pZ’“l ah(ahpk:) + ay + 5;1(5}1])5) + Bb(ﬁb> ;
) __1 (873 __1 Ay __1
2 = —pr) T+ 1tp(p) T A (5) T 27
Kl [pk(ahpk) pz(ﬁhpl) (ﬁb) ] (27)
a B
GZ — ggpa + ggp .
S2gfr + g

and where we have assumed again residential plan i = k.

Keeping in mind that p < 0, one can see that all the properties of the preceding
more general case are satisfied. In particular the composite public good G; is increasing

in the ¢g’s and the composite price P; is increasing in the p’s.

Another type of restriction on equilibrium residential plans derives from limits on
the relative values of the parameters of the utility function. We can provide conditions
such that no household will move when old to a community with higher g. We assume

that:

Assumption 10 The utility function satisfies the following parameter restrictions:
ag(an/ap)™D > B,(8/B)" Y and pa > p. (28)

Proposition 4
No household will choose a community with higher (p, g) pair when old than when young

i a stationary equilibrium.

The willingness to pay a higher housing price to live in a community with higher ¢
increases with the coefficient on ¢ in the period utility function and decreases with the
coefficient on housing. While the presence of children when young indicates that both

ag > B and ap > ), are to be expected, the condition of Proposition 4 implies that

13A minus sign does not arise with the exponent p in (25), in contrast to the general development

leading to (19), because p is negative in this CES example.
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the relatively stronger preference for ¢ when young outweighs the relatively stronger
preference for housing so that moving to a higher (p, g) community when old would not

result.

4 Quantitative Analysis

Equilibria of this model can only be computed numerically. We next turn to the quan-
titative part of the analysis. We first present an algorithm that can be used to compute
equilibria. To implement the algorithm, we must fully specify the model choosing func-

tional forms and assigning parameter values.

4.1 Computation of Stationary Equilibria

Given a stationary distribution of wealth and moving costs, a stationary equilibrium in
this model is determined fully by a vector {p;, g;, 7; }3]:1. Computing an equilibrium is,
then, equivalent to finding a root to a system of 3 % J nonlinear equations. For each
community, the three equations of interest are the housing market equilibrium in (11),

the balanced budget requirement in (12), and the majority rule equilibrium requirement.

The full algorithm, therefore consists of an outer loop that searches over admissible
distributions of wealth and moving costs and an inner loop that computes a stationary
equilibrium holding the joint distribution fixed. The algorithm in the inner loop finds
a root of 3 x J dimensional system of linear equations. More specifically, the algorithm

can be describes as follows:

1. Fix the joint distribution of wealth and moving costs.
2. Compute equilibrium for that distribution:

(a) Given a vector (p;, 7j, g;) we can compute p? from the identity p; = (147 )p?

(b) For each young household type (w,mc), we can compute the optimal resi-
dential choices for both time periods. Hence we can characterize household

sorting across the J communities.
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(c¢) Given the residential decisions, we can characterize total housing demand, as

well as total government revenues for each community:.

(d) Given p?, we can compute housing supply for each community, and check

whether the housing market clears in each community.
(e) Given g;, we can check whether the budget in each community is balanced.

(f) For each young household and each old household living in community j
determine whether the household prefers lower expenditures than the status

quo and check whether g; is a majority rule equilibrium

(g) Iterate over (p;,7;,g;) until convergence obtains.

3. Update the joint distribution of wealth and moving costs using the law of motion

in (16).

4. Check for convergence of wealth and moving cost distributions.

4.2 Parametrization and Calibration

We calibrate the eight parameters of the utility function as follows. We set p, = p as
explained below, leaving 7 parameters. The strategy is then to set parameters to match
predictions of the baseline model to empirical estimates of expenditure shares and de-
mand elasticities. The a’s and (’s are set so that equilibrium predictions approximately
conform to empirical values of: (i) relative expenditure of lifetime wealth while young
versus old; (ii) the housing expenditure shares while young and old; (iii) proportional
expenditure on local public goods; and (iv) a constant share of expenditure on the nu-
meraire good while young and old. Since the ordinality of utility makes one parameter
free, calibrating to the latter five conditions pin down the a’s and 3’s. We employ data
from the Consumer Expenditure Survey to obtain the shares in (i) and (ii), treating the
data as if it pertains to a single cohort moving through the life cycle. We take households
aged 35-44 as typical of young households in our model, and households aged 65-74 as
typical of old households who have relocated.'* We then find that households spend

4We opt for a somewhat older group of households in calibrating consumption than in calibrating

mobility so as to obtain expenditure data typical of households who have completed relocation.
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60% of lifetime wealth when young and 40% when old. We also find that approximately

26 percent of expenditures at each life stage are for housing services.

While we have emphasized education as a key factor influencing household location
choices, we include in local government expenditure the other components that poten-
tially influence location choices in estimating (iii); specifically expenditures for public
safety (police and corrections), fire, sanitation, health, transportation, debt expense, and
government administration. These totaled $901.8 billion in 2004. Personal income in
2004 was $9,731 billion, implying local government expenditure equal to 8.7% of income.
Of this total, $474 billion (52.5%) was for education. (Sources: Statistical Abstract,
2008, Table 442. Local Governments Expenditure and Debt by State: 2004). Using this
strategy, we obtain: «y, = 0.096, 3, = 0.053, ay = 0.075, B, = 0.028, o = 1.00, and
By = 0.57. We then choose p = —.4 as this yields price elasticities between -.7 and -.8

for all goods.'®

Our algorithm requires that we specify an initial distribution of household income.
We approximate the initial income distribution using a log-normal. In 2005, U.S. mean
and median incomes were $63,344 and $46,326. These imply that p,, = 10.743 and
afny = .626. We treat each of the two periods of adult life in our model as “representative
years.” This implies that wealth equals twice annual income, w = 2y, and hence In(w) =
In(2)+In(y). This and the distribution of In(y) imply In(w) ~ N(11.436,.626). The mean
and standard deviation of w are then $112,638 and $78,018. Calibrating wealth as twice
annual income is convenient in then permitting us to interpret the equilibrium values of

variables as typical annualized values for a young and an old household respectively.
Our achievement function is given by equation (24). We assume that the logarithm
of wealth when an adult for a child with achievement a is given by

lnth = Tp Q¢ +’Yw lnwt + €11 (29)

where €41 is normally distributed with mean p. and variance 2. To calibrate the

€

intergenerational income transmission function, we consider the stationary equilibrium in

15Note that these parameters are consistent with Assumption 10 so that no household will “move

up” as they age in equilibrium.
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the one community-case. In stationary equilibrium, the distribution of wealth is invariant
across generations. Moreover, we require that the transmission function generates an
income distribution that is log-normal with mean and variance reported above. This
provides two moment conditions for the four parameters to be calibrated. The other
two moments are obtained the correlation of parent and child earnings and the elasticity
of spending on educational outcomes. In particular, the literature suggests that the

correlation of parent and child earnings is approximately .4 (Solon, 1992).

The effect of spending on educational outcomes is more difficult to establish since
there is a lack of agreement in the empirical literature about the magnitude of this
effect. Fernandez and Rogerson (2003) adopt a utility function that also has education
spending entering the utility function is the same way as our function above. Fernandez
and Rogerson (1998) review evidence regarding the elasticity of earnings with respect to
education spending, concluding that the evidence suggests a range of 0 to .2. We choose

an elasticity, .1, in the middle of this range.'

We choose parameters of the income transmission function which, in equilibrium,
satisfy the four moment conditions discussed above. It is then straight-forward to show
that there is closed-form solution that maps the moment conditions into the parameter

estimates. We obtain the following estimates pu. = 7.11, o = .573, 7, = 49.32, and
Yo = 4.

To calibrate moving costs, we take moving costs as a share of income, T, to be log-
normally distributed. To gain some insights into the importance of moving costs, we
consider the age distributions in metropolitan areas. Figure 3 plots the ratio of old to
young households as a function of median community income for the 92 municipalities
in the Boston SMSA in 1980. We define cohorts representative of our young and old
households. For the former, we choose age 35 to 49 and, for the latter, age 55 to 69.17

16They also review the evidence, concluding that the exponent on expenditure is in the range from
0 to —3. The value p, = . — 4 that we have chosen for the other component (p) of utility falls within

this range.
1"The metropolitan population in the former cohort is 7% larger than the metropolitan population

in the latter. Since our model presumes equal cohort sizes, we increase all community populations in

the 55 to 69 cohort by 7%.
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We find that the proportion of old to young households, young and old as defined above,
is inversely related to community income. In our framework, this arises as households
locate in municipalities with high school quality and high housing price premia when
they have children of school age, and then relocate to municipalities with lower school
quality and lower housing price premia when their children exit school.'® It is also of
interest to note how the pattern observed for 1980 compares to the pattern in a non-
stationary environment. With the emergence of the baby boom generation, the cohort
aged 35 to 49 in the Boston SMSA was 69% larger than the cohort aged 55 to 69. The
ratio of old to young by community income for 1990, illustrated in the lower panel of

Figure 3, exhibits a less pronounced pattern of variation by age

The plots in Figure 4 suggest a calibration of the distribution of moving cost so
that our model can replicate the observed age ratios. To formalize this procedure, we
combined the 92 communities by income into four groups with population proportions
approximately equal to those in our four-community equilibrium. Next, we calculated
the ratio of old to young households in each of these groups. The results are in column 2
of Table 1. One might argue that households will typically be in the age range 30 to 44
when their first child enters school. Hence, as a second calculation, we treated the young
as cohort 30 to 44. The results are in column 3 of Table 1. It is important to note that
the 30 to 44 cohort in 1980 is substantially larger than the 35 to 49 cohort, the former
being heavily influenced by the baby boom generation.!® Thus, while we present it for
completeness, the 3rd column is of questionable value for calibration of our stationary
equilibrium. One might also argue that households do not contemplate relocating until
their children have completed college. Hence, as a third calculation we defined ages 60

to 74 as the old cohort, with results in column 4 of Table 1.

It is useful to note that the cross-sectional comparisons in Table 1 tend to understate

18 A natural concern is that the pattern exhibited in Figure 3 might arise because wealthier households
exit the metropolitan area when their children complete school. If fact, however, the proportion of old
to young households in the Boston metropolitan area in 1980 (93%) was higher than the nationwide

ratio (86%), suggesting, if anything, some migration by older households into the metropolitan area.
19Tt is for this reason that we focus on data for 1980. The data for 1990 and 2000 would be even

more strongly impacted by the baby boom.
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the extent of mobility. For example if an old household moves from community 4 to 3,
another moves from 3 to 2, and still another from 2 to 1, these three moves would generate
a change in the cross-section that would be indistinguishable from movement by a single
household from community 4 to community 1. Aggregating into four groups also may
lead to understatement of mobility since a relocation from one community to another
within a group would not be reflected in the aggregate numbers. The cross-sectional
analysis may also overstate mobility. As we noted above, the cohort aged 35 to 49 is
larger than the cohort aged 55 to 69.2° If this smaller cohort size reflects migration out of
the metropolitan area by wealthier old households, our procedure might then overstate
the extent of intra-metropolitan mobility. This latter concern is somewhat ameliorated
by our previous calculating showing substantial intra-metropolitan relocation by older
households. Despite these limitations, we view the calculations in Table 1 as providing

useful guidance for calibrating our model. We chose parameters of our moving cost

Table 1: Cohort Ratios

1980

1 2 3 4 ) 6

Foundation | No Foundation

Community | (55-69)/(35-49) | (55-69)/(30-44) | (60-74)/(35-49) | Grant Model | Grant Model

1 1.128 1.025 1.155 1.179 1.178
2 1.184 1.181 1.231 1.104 1.123
3 0.926 0.956 0.910 0.966 0.989
4 0.742 0.804 0.683 0.707 0.777

distribution to generate an equilibrium with cohort ratios roughly in accord with those
summarized in columns 2 through 4 of Table 1. With some experimentation, we settled

on In(7T) ~ N(.00925,.0026) with a correlation of In(7") and In(w) equal to zero. This

20The low ratio in community 1 is because young households tend to locate in the city (Boston) for
reasons not fully captured in our model. If we remove Boston from community 1, the ratio is much

higher-which can be seen by inspection of Figure 3.
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yields the cohort ratios in column 5 of Table 1.

Finally, we assume that the housing supply has constant elasticity 6 and is given by
H;t = [p?t]e (30)

Thus we assume that communities have the same housing supply function and in this

sense are of “equal size.” We set the supply elasticity, 8, equal to 3.2

4.3 Persistence of Community Characteristics

Finally it is useful to consider the persistence of community characteristics since most
of our analysis is based on a stationary equilibrium concept. To gain some insights
about the persistence of community characteristics, we again consider again the Boston
Metropolitan Area. Our analysis is based on data for the census years 1970, 1980, 1990
and 2000. A distinctive feature of the Boston metropolitan area is that the population
was virtually the same in 1970, 1980 and 1990.22 Thus, the Boston metropolitan area
allows us to investigate interjurisdictional mobility in an environment in which the overall
community population was unchanging. Of course, real incomes were growing over this
period of time and family size was declining. Another striking feature of the data is
that individual community populations also show much persistence, despite the growth
in income and the decline in family size.?> We find that the correlation of the logarithms
of community populations in 1970 and 2000 was .981, revealing an extraordinary degree

of stability of sizes of municipalities over that thirty-year period.

In addition to stability in population size, the data also reveal strong persistence in
community incomes. The median community incomes in 1970 and median community

incomes in the year 2000 have a correlation of .93. We thus conclude that community

2IThis is consistent with empirical evidence as discussed in detail in Epple, Gordon, and Sieg (2009).
22From 1990 to 2000, the Boston metropolitan area population grew by approximately 8%.
2There are 92 (119) municipalities as part of the greater Boston metropolitan area in 1980 (1990).

This list of municipalities includes almost all municipalities that were considered to be part of the MSA
using the definitions for 1970, 1980, and 1990. The Census drastically changed the definition of the
Boston MSA in 2000 and we do not include the municipalities that were added in 2000. A list of all

municipalities in our sample is available from the authors.
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level incomes are highly persistent across decades. We can also analyze the persistence
of community compositions by age and family size. We have calculated the correlation
between median community income and the fraction of the population aged 19 or younger
in each of the four census years that we study. We find the following correlations: .33,
42, .22, and .54. These correlations might simply reflect variation in family size with
income. However, data for the U.S. population reveal that the proportion of individuals
under age 19 is relatively constant across household incomes. This suggests that the
positive correlations between income and population below age 19 reported above are
a result of household sorting across municipalities based on the presence of children
and their income levels. The data also reveal much persistence in the population age
distribution over time. The correlation of fraction of community populations aged 19 or

younger between 1970 and 2000 is 0.66.

Finally, we analyzed the persistence of public policies. We have assembled a compre-
hensive data base that contains the main fiscal and tax variables for all municipalities in
the Boston MSA during the past 25 years. We find that government policies are more
volatile than income sorting patterns. There was a decrease in property tax taxes in the
first part of the 1980’s which was a direct consequence of Proposition 2 1/2. This law,
which was passed in 1981, limited property tax rates to two-and-a-half percent. Since
many jurisdictions had property taxes in the period leading up to 1981 that were higher
than the limits set in Proposition 2%, the law imposed for all practical purposes a bind-
ing constraint on these municipalities. Both tax levies and educational expenditures are

more stable than tax rates and largely track income increases during that time period.

5 Quantitative Properties of Equilibrium

Having fully parametrized and calibrated the model, we can solve the model numeri-
cally. Table 2 illustrates two different equilibria with four communities. In the upper
panel we consider our baseline equilibrium with a foundation grant that is financed by
a given proportional income tax. In the equilibrium with a foundation grant, the pro-

ceeds from the income tax revenues finance a constant economy-wide expenditure on g,
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and jurisdictional property tax revenues provide a local supplement. Since income is
exogenous in this model, an income tax is equal to a lump sum tax. For simplicity we
assume that an income tax is paid by young adult households and the tax base is total
lifetime income. In 2006, state and local government revenues for primary and secondary
education were approximately equal. Thus, we choose the foundation grant to equalize
state and local expenditures on education. As we noted above, education expenditures
are 52.5% of local expenditures. With state funding equal to half this amount in our
calibrated equilibrium, we obtain a foundation grant of $2,600 per young household. In

the lower panel we consider an equilibrium without a foundation.

Table 2 reports expenditures, tax rates, and housing prices in the stationary equilib-
ria. First consider the equilibrium with a foundation grant. Expenditures range from
$4,012 in the low income community to $17,996 in the high-income community. Property
tax rates range from 0.124 to 0.316. This finding is consistent with the observation that
households in the higher income communities prefer much higher levels of expenditures

than the threshold level guaranteed by the foundation grant.

Table 2 also report the fraction of young and old households in each community. We
find that there are more old households in communities 1 and 2 than young households.
This ratio reverses for the higher income communities 3 and 4. This finding reinforces the
notion that households tend to downsize when old and move from high to low amenity
communities. These mobility patterns are also reflected in the average lifetime wealth
of young and old households in each community. In general, we find that old households
that live in a given community have a higher wealth than young households. This finding
is due to the fact that old households that move to a lower community typically have a

higher lifetime wealth than the household that always live in this community.?*

24Note that the difference in wealth distributions across communities of young and old households is

consistent with the “downward” move of all but the wealthiest households.
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Table 2: Quantitative Properties of Equilibrium

Decentralized Equilibrium with $2600 Foundation Grant: 4 Communities

Housing | Government Populations Wealth Voting
p t g fraction | fraction lower g | lower g
community young old young old young old

1 9.117 ] 0.120 | 4,012 | 0.280 0.330 | 43,626 | 55,601 | 0.058 0.798
2 10.935 | 0.236 | 6,959 | 0.249 0.275 78,771 | 89,795 | 0.001 0.952
3 12.391 | 0.313 | 10,406 | 0.238 0.230 | 121,499 | 125,054 | 0.017 | 0.999
4 14.600 | 0.366 | 17,996 | 0.233 0.164 | 224,382 | 249,981 | 0.152 0.982

Centralized Equilibrium with $2600 Foundation Grant: 1 Community
1 11.732 | 0.237 | 8,353 1.000 1.000 | 112,638 | 112,638 | 0.131 0.869

Decentralized Equilibrium

without Foundation Grant : 4 Communities

Housing | Government Populations Wealth Voting
p t g fraction | fraction | income | income | lower g | lower g
community young old young old young old
1 9.979 | 0.429 | 3668 0.209 0.246 | 38,713 | 49,569 | 0.059 0.874
2 11.828 | 0.422 | 6259 0.242 0.272 | 68,958 | 80,022 | 0.001 0.945
3 13.334 | 0.440 | 9297 0.261 0.258 | 107,833 | 110,407 | 0.006 0.999
4 15.901 | 0.428 | 17099 | 0.288 0.224 | 209,096 | 226,496 | 0.119 0.989
Centralized Equilibrium without Foundation Grant : 1 Community
1 12.821 | 0.371 | 8510 1.000 1.000 | 112,909 | 112,909 | 0.131 0.869




We also report the fraction of young and old households that prefer lower expendi-
tures than the equilibrium level for each community. Here we find the expected gener-
ational divide in voting patterns. Young household typically prefer higher expenditure
levels while the vast majority of older household prefer lower expenditure levels. This
finding holds for all four communities and is especially pronounced for the high income

communities in which almost all old households prefer lower expenditure levels.

Comparing the equilibrium with a foundation grant with the one obtained without
the foundation grant, we find that the same qualitative properties of the equilibrium
carry over to the case without a foundation grant. However, there are also some pro-

nounced quantitative difference.

One obvious consequence of the lack of the foundation grant is that property taxes
are uniformly higher since property tax revenues are being substituted for income tax
revenues in all communities. On average expenditures in all communities are slightly
lower in the baseline equilibrium. Less obvious is the finding that the high income
community is larger and thus appears less “selective” under a pure property tax system.
There is a stronger incentive to choose a richer community than under a foundation grant
system since the latter provides somewhat higher expenditures in relative less wealthy

communities.

Table 3 provides some additional insights into the nature of the household sorting
process in both equilibria. As we have discussed in the previous section, not all possible
residential plans are used in equilibrium. For the equilibria in Table 2, there are only nine
residential plans that are optimal for households. There include four plans that involve
no re-locations and five plans with re-locations. We find that households that initially
choose communities 2 and 3 either stay in these communities or move to community 1.
In contrast, households from community 4 move to all three other communities. We also
find that 8.7 % of all households find it optimal to relocate in the baseline (foundation
grant) equilibrium. Slightly less than half of the households that choose community 4

when young move to one of the three other communities as they enter old age.

Comparing the equilibrium with a foundation grant to the equilibrium without a

foundation grant, we find similar mobility patterns. We find that mobility decreases
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Table 3: Quantitative Properties of Residential Plans

Community | Community | Foundation Grant | No Foundation Grant
Young Old Population | Wealth | Population | Wealth
1 1 0.208 38,713 0.280 43,626
2 1 0.017 48,353 0.001 56,096
2 2 0.241 68,975 0.248 78,801
3 1 0.006 75,596 0.011 85,502
3 3 0.254 108,606 0.228 123,195
4 1 0.031 117,577 0.039 133,258
4 2 0.030 169,183 0.026 193,621
4 3 0.003 246,919 0.003 281,539
4 4 0.224 226,496 0.165 249,981

slightly as we move to a foundation grant equilibrium. This is because there are fewer

households moving from communities 3 and 2 to community 1

Figure 2 shows the boundaries of adjacent communities that correspond to the equi-
librium choice plans with a foundation grant. Figure 2 illustrates several general proper-
ties. First, of course, lower moving costs induce more households to follow lifetime plans
where they will move to lower (g,p) communities when old. Second, the propensity
to move rises with wealth until the household is sufficiently wealthy that living in the
highest ¢ community throughout adult life is preferred. Third, there is wealth stratifi-
cation across plans for given moving cost. Fourth, the measure of households indifferent
between plans is zero, corresponding to those households on the boundaries that parti-
tion the type space into residential plans. Those boundaries are horizontal in the (T, w)
plane, i.e., independent of moving cost, when the relevant alternative plans both entail
either moving or not moving. These boundaries are upward (downward) sloping when
one plan involves moving and the other does not if the higher G plan is the moving plan

since maintaining indifference as wealth rises implies higher (lower) moving costs.

Last we provide a comparison between the decentralized equilibrium with four com-
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munities and a centralized equilibrium with only one community. Table 2 reports the
corresponding allocations for the models with and without a foundation grant. We find
that the decentralized equilibrium yields higher average expenditures than the central-
ized equilibrium: $9,524 ($9,639) versus $8,352 ($8,510). As a consequence there is a
higher steady state mean income in the decentralized equilibrium than the centralized

equilibrium: $113,006 ($113,229) versus $112,638 ($112,909).

The welfare analysis implies that lower income households gain in the centralized
equilibrium and higher income households prefer the decentralized equilibrium. Follow-
ingFernandez and Rogerson (1998), we compare the steady state equilibria and adjust
the lifetime income distributions so that average utility is equalized. We find that house-
holds prefer on average the centralized equilibrium over the decentralized equilibrium.
In the foundation grant case, the welfare gains are approximately 1.1 percent of lifetime

income.

6 Conclusions

We have provided a new overlapping generations model for studying the life cycle loca-
tional choices of heterogeneous households and the associated dynamics of metropolitan
areas. Understanding household and community dynamics is an important research area,
and there is ample scope for future research. One interesting avenue for future research
is to analyze the differences between families with and without children. In our model
we have assumed that all families have children when young. However, a substantial
fraction of households never have children. The life-cycle incentives of these individuals
are different, since they do not have reason to pay the housing price premia to locate in
areas with high quality public education. The presence of such households in the model
can be expected to affect the age composition of communities as well as the outcomes

that arise from voting over public good levels.

Another important generalization is introduction of peer effects. There is some econo-
metric evidence that supports the view that income stratification and associated strati-

fication of peers influences expenditure policies, with poorer jurisdictions taxing heavily
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in order to provide expenditures to compensate for schools that have relatively disad-
vantaged peer groups. This is an important issue both from the perspective of providing

a fuller characterization of equilibrium and from the perspective of policy analysis.

We also need more research that captures more fully the incentives affecting voting for
public education. Households with grown children who plan to move have an incentive
to support high provision of education to maintain housing demand and property values.
These incentives depend on whether the household owns or rents, and on the household’s
beliefs about the way in which quality of public services impacts rental prices or the value
of the home. Property owners have different preferences over public good provision than
renters since owners are affected by capital gains or losses that may arise from changes in
public policies. The key complication in such a generalization is in characterizing voting
equilibrium.? Introducing ownership into our dynamic framework is a challenging but

important task for future research.
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A Additional Proofs

The indirect utility is given by:2°

Vo= Mazlug(ge) + uglar) + u’(bi, hue) + u®(br, hu)] (31)
s.t. pyhy, + by, + pihy + b < W
= G(gr 1) + %%S[Uy(bk,hk) + u®(br, )]

st prhy, + 0, + pithy + by < w;

where G(gr, 1) = u¥(gr) + ug(g:) is an increasing function of (gx, g:). Since u®(b, h) is
homogeneous of degree p, it follows from Theorem I in (Lau, 1970) ( p. 376) that the
maximand in the lower line of (31) equals 1474 (%’“, %), a function homogeneous of degree

—p and decreasing in its arguments . Then: VY = G(px,p) + @ "W (pg, p1)-
Proof of Proposition 2:

Households with T maximize V¥ as defined in (20) — (21). Since V;? is increasing in
G; and decreasing in P!, households choose among the residential plans in B(T'). Since
w ranges from 0 to oo, the slope of an indifference curve in the (G;, P!') plane ranges

from 0 to oo as well, implying all plans in EO(T ) are chosen by some households with 7.

(i) Obviously all non-moving residential plans chosen by households with the max-
imum T are in the set of chosen residential plans by all households. To confirm that
only these non-moving plans are equilibrium ones, observe from (21) that, since P! is
increasing in T for moving plans and independent of T for non-moving plans, lowering
T can eliminate but cannot add non-moving plans to B°(T). From the result above
it follows that no households with lower T than the maximum choose a non-moving

residential plan not chosen by a household with the maximum T.

(ii) Let T,, denote the minimum T. Obviously all moving plans chosen by such
households are in the equilibrium set of moving plans. To confirm only such moving
plans are in the equilibrium set of all households, suppose household “2” with (ws, T3),

Ty > T,,, chooses a moving plan [k in equilibrium that is not chosen by any households

with T,,. Consider household “1” with (wy,T7) = (ws f:%i,Tm). Note that w; < ws.

26The discount factor 3 is subsumed in the old age utility function with no loss of generality.
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Households 1 and 2 obtain the same level of utility from all moving plans (by (20) — (21)).
Household 1 obtains lower utility from all non-moving plans than does household 2, since
household 1 has lower wealth (and moving costs are irrelevant). But then household 1

would share household 2’s preference for moving plan [k, a contradiction. Q.E.D.

Proof of Proposition 3: First we show that the plan with G = GGy corresponds to
lk =11 and the plan with G = G, corresponds to lk = JJ.

The residential plans on the lower boundary of the convex hull of all feasible plans
corresponds to just non-moving plans for any types with T that will never move in
equilibrium. Plans [k = 11 and [k = JJ are the endpoints of the lower boundary of the

convex hull for all of these types. The result then follows from Assumption 9.

(i) If P/ > P, then choice of plan j would contradict maximization of V¥ (recall
(20)).
(ii) Using that households chose residential plans to maximize V¥, wealth stratifica-

tion follows from the ascending bundles property and SIW. Q.E.D.

Proof of Proposition 4: The proof is by contradiction, so suppose a household

makes such a choice. Then that choice solves the program:

— % Pa 4 @ p o I p P
hkg}f}ibz U= [p gk 0 gl] IO[Oéhh + Oébb +ﬁhh —Fﬁbb ] (32)

st.w—mec = pk:hk + bk +plhl + bl

with (p, gx) < (pr, 91). Let:

N o 1
L = [“Zgi*+ 2] + ;[ahhg + apbf + Brhf + b)) + (33)

a

ANw —me — prhy — by, — prhy — by

denote the Lagrangian function at the household’s optimum, where A denotes the mul-
tiplier on the budget constraint. Thus, V) (pk, gk, p1,91) = L*(pk, gk, 21, g1)- Using the
latter and (33), compute, respectively, slopes of the indifference curves over (p, g) pairs

while young and (p, g) pairs while old:

dpi __OVi/og 0L /Ogi _ aygpt (34)
dgk V¥ =const. avkyl/apk 8[1*/8]3143 )\hk ’
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and

dp, _ OVyoa 0L /dg _ Gyl
8‘/}5/8}?[ 0L*/0pl )\hl ’

(35)

dgl V¥ =const.

where the last equality in each of (34) and (35) uses the Envelope Theorem. Using the

first-order conditions from (33), one obtains:

w—mc [/« 1/(p—1)
he = () (36)
2kl ap,
1/(p—-1)
w—mc (B
h; = — ) 37
= e () (57

Substituting (37) into (35) and (36) into (34 ) and evaluating slopes at a common (p, g)
point, one finds that the indifference curve over (p, g) pairs while young are everywhere
steeper than the indifference curve over (p, g) pairs while old if o, (v, /) /(P gPa=p >
By(Bn/Bs)/P~Y. This condition holds under Assumption 10.2” In a stationary equilib-
rium, the (p, g) pairs available in each period of life are the same. The steeper curve in
Figure 4 shows the indifference curve of the young household that chooses community
k while young given community [ is available (with (pg, gx) < (pi, g1)). This curve must
pass below the point (p;, g;) as shown, or the household would prefer community [ while
young. (The fact that the household would save moving costs by choosing [ while young,
while the indifference curves assume moving costs are paid, only reinforces the claim.)
The flatter indifference curve shows that of the household through (px,gx) when old,
which implies the household would prefer to choose community k& when old while paying
moving costs. The fact that the household would not have to pay moving costs (since
it resides initially in community k) implies a stronger yet preference for community k

when old, hence a contradiction. Q.E.D.

B Figures

2THere we are presuming g > 1. In economies with realistic wealth levels, the presumption that

equilibrium spending in all communities is more than a dollar per student is innocuous.
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Figure 1: The Relevant Choice Set
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Lifetime Wealth

Figure 2: Residential Plans in Equilibrium

320,000

280,000 (4,3)

4,4)
240,000
200,000 4,2)

160,000 -

120,000 - (4,1) (3.3)

80,000 - (3,1) (2,2)
(2,1)

40,000 -
(1,1)

O I I I I I
.000 .002 .004 .006 .008 .010 .012

Moving Cost as Proportion of Lifetime Wealth



Figure 3: Ratio of Old to Young Households
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Figure 4: Indifference Curves by Cohort
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